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C h a p t e r  1 0

KAPOSI'S SARCOMA
P a t h o l o g y

A ll clinico-epidemiological forms of Kaposi's sarcoma share the same 

histopathological features and the various patterns are the same whether 

in the skin or extracutaneous tissue (Francis et a/.,1986;Gottlieb et 

a/.,1982;Leu et a/.,1985;McNutt et al., 1983). There is some evidence that patients 

with epidemic Kaposi's sarcoma may have some histological features that distinguish 

it from the other forms (Francis et al., 1986) but these are subtle and appear to reflect 

the evolving features of Kaposi's sarcoma lesions during the course of their 

development (Bergfeld et a/.,1987;Niedt et al., 1990;Santucci et al.,1988). With the 

discovery of the human herpesvirus 8 (HHV-8) by Chang et al. (1994), the emphasis 

in Kaposi's sarcoma research switched dramatically from the pathological to the 

molecular and seroepidemiological aspects (Chang et a/.,1994;Sitas et al., 1999). As 

a consequence, there are no studies specifically of the pathological aspects of
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iatrogenic Kaposi's sarcoma, making it somewhat difficult to place our study of the 

pathology of posttransplant Kaposi's sarcoma in perspective. With the minimal 

differences found between epidemic Kaposi's sarcoma and the other forms, it is 

perhaps not surprising that we found essentially the same lesions in our patients as 

are usually described in other forms of Kaposi's sarcoma.

The clinical presentation of Kaposi's sarcoma takes the form of macules-patches, 

papules-plaques, and nodules-tumours with a corresponding histological pattern to 

each of these forms (Chor et a/., 1992). It has been suggested that macules may 

enlarge horizontally to form patches or vertically to form papules or plaques and later 

still nodules and tumors that may ulcerate (Ackerman et a/.,1988). This clinical 

evolution is accompanied by corresponding histopathological changes. Although this 

concept is widely accepted, the evidence for it, admittedly, remains circumstantial 

(Francis et a/.,1986) and it may well be that the evolutionary progression is not as 

orderly as suggested. While the lesions of all clinical types of Kaposi's sarcoma are 

indistinguishable from each other, the reason for variation in the biological behaviour 

in the clinical types of the disease in individual patients remains to be established 

(Friedman-Birnbaum et a/.,1993). Morphologically, Kaposi's sarcoma preserves the 

architecture of the involved organ and initially spreads along surrounding structures 

such as skin appendages and blood vessels before invading the parenchyma. 

Despite the well-recognised histological patterns, a universally accepted 

histopathological classification of the disease is still lacking (Kalengayi et 

a/.,1984;0'Connell,1977b;Reynolds et a/.,1965;Taylor eta!., 1971).

HISTOLOGICAL FEATURES
Although there have been several advances in the clinical evaluation of the patient 

with Kaposi's sarcoma (Del val Gomez et a/.,1994;Deziel et a/.,1991;Gottesman et 

a/.,1993;Lee et a/.,1991 ;Presant et a/.,1990;Primack et al., 1994), histology remains 

the only proof of diagnosis. Kaposi's sarcoma has three main histological features 

(Leu et al., 1985): the spindle cell, the abnormal vascular channels, and the 

inflammatory cell infiltrate consisting of mononuclear cells. Other features of the 

tumour include the extravasation of red cells in the vascular structures, deposition of 

hemosiderin within tissue macrophages and the presence of eosinophilic globules.
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The spindle cell

The spindle cell is the main neoplastic cell in Kaposi's sarcoma. Typical of Kaposi's 

sarcoma, these cells are sparse in the early forms of the disease and are often 

limited to a cuff surrounding dermal vessels. In the advanced stages of the disease, 

however, these cells predominate. As the lesion evolves from the patch to the 

nodule stage the degree of cellular atypia and amount of mitotic activity increases 

(Blumenfeld etal., 1985).

Origin

The cell of origin in Kaposi's sarcoma remains one of the greatest enigmas of the 

disease (Becker et a/.,1991;Gray et a/.,1991;Herndier et a/.,1994;Huang et 

a/.,1993;Karasek,1994;0'Connell et a/.,1993;Roth et a/.,1992;Zhang et a!., 1994). 

The main contenders are the dermal dendrocyte (Nickoloff et al., 1989), pericyte 

(Ruszczak et al., 1987), mesenchymal cell, vascular or lymph endothelium (Schulze 

et a/.,1987;Schwartz,1996). Although a pluripotential mesenchymal stem cell is a 

likely possibility more recent evidence from a variety of sources favour the 

endothelial cell, most probably of lymphatic origin. This conclusion is based on light 

microscopic and morbid anatomical observations, and is further supported by the 

unique distribution of lesions in the skin and in the submucosa of the gastrointestinal 

tract, following lines of lymphatics; by the remarkable predilection of Kaposi's 

sarcoma for lymph nodes (often without skin involvement) and absence of lesions in 

organs that are devoid of lymphatics such as the brain and the eyeball 

(Dorfman,1988).

Immunohistochemistry of spindle cells has shown consistent and extensive positivity 

for CD34 and often CD31 (see Fig. 10-6, page 10-39) (Calonje, 2000). There is a 

general pattern of reactivity to other endothelial antigens including factor Vlll-related 

antigen, laminin, EN4, and lectin binding with Ulex europaeus agglutinin (UEA-1) in 

the spindle cells strongly favouring lymphatic endothelial derivation of the tumour 

(Jones et al., 1986). The synthesis and expression of endothelial leucocyte adhesion 

molecule-1, tissue factor and thrombomodulin in Kaposi’s sarcoma tissue, using 

immunocytochemistry and mRNA expression by in situ hybridisation, provides further 

evidence for the vascular origin of Kaposi's sarcoma (Schulze et a/.,1987;Zhang et 

al., 1994). The lack of desmin and cytokeratin and S-100 argues strongly against the
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derivation of the spindle cells from epithelial, smooth muscle or Schwann cells (Leu 

et al., 1985).

The ultrastructural examination of cells lining the vascular spaces reveals the 

presence of characteristic organelles such as Weibel-Palade bodies, microfilaments, 

pinocytic vesicles, tight junctions and basement membrane (Holzhausen et 

a/.,1988;Leu et al.,1985). There is no clear distinction between endothelial cells and 

those cells lying outside the vascular channels (Leu et al., 1985). The spindle cells 

may lack basement membrane and only rarely contain Weibel-Palade bodies. 

Spindle cells and vascular tumour cells are frequently involved in the phagocytosis of 

extravasated red cells. Fibroblasts, macrophages, and other phagocytic cells often 

participate in the process (Schenk,1986). This phenomenon of erythrophagocytosis 

seems to be particularly prominent in Kaposi's sarcoma cells of AIDS patients 

(Schenk, 1986). In addition, Kaposi's sarcoma lesions of patients who have HIV 

infection have tubuloreticular bodies, often in large numbers, which are absent in 

patients with the classic form of the disease (Konrad et al., 1986). Beside these 

minor differences, electron microscopic findings are identical in all forms of Kaposi's 

sarcoma (Leu et al., 1985). However, other investigators have been unable to confirm 

many of these ultrastructural findings (Bosman et al., 1996).

The central idea is that chronic stimulation of endothelial cell results in 

transdifferentiation of the cell and its remarkable and permanent conversion into a 

spindle cell (Karasek,1994). The only other cell in the body with a similar capacity to 

alter its phenotypic expression is the Langerhans cell, but the alteration is less 

dramatic (Valcuende-Cavero et al., 1994). Although the weight of evidence is in 

favour of an endothelial origin of the Kaposi's sarcoma malignant cell, the proof is by 

no means incontrovertible and ongoing investigation will no doubt continue until this 

important issue is conclusively resolved.

Malignancy or hyperplasia

Another important observation is that HHV-8 is latently present in the vast majority of 

Kaposi's sarcoma spindle cells in established lesions (Dupin et a/.,1999); in early 

Kaposi's sarcoma only a fraction of the cells are infected. It has therefore been
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F/'q. 10.1 The principles of the clonality assay o f the HUMARA gene is illustrated 

(Rabkin et al., 1997).

predicted that early lesions are polyclonal hyperplasias while advanced lesions are 

demonstrated that some lesions are polyclonal whereas others, usually the clonal 

tumours (Weiss et a/.,2000). This is supported by recent evidence derived from 

several groups examining the X-chromosome inactivation pattern of the human 

androgen receptor gene in women with Kaposi's sarcoma (Fig. 10-1); the advanced 

lesions were monoclonal (Delabesse et a/.,1997;Gill et a/.,1998;Rabkin et al., 1997). 

However, these studies were performed in small numbers of patients most with AIDS 

(with the uncertain confounding influence of the HIV) and whether the findings can 

be extrapolated to non-AIDS Kaposi's sarcoma patients remains to be seen. Further 

studies involving larger number of patients and with special emphasis on the stage of 

the disease, are required. Parenthetically, clonality is the fundamental characteristic 

of any neoplastic process, and suggests origin from a single cell (Sidransky et 

al., 1992); reactive processes are derived from polyclonal proliferation. These 

molecular observations are supported by the histological paucity of cellular atypia in 

spindle cells, such as nuclear atypia and aneuploidy in early lesions and their 

increase in advanced lesions (Cottoni,1996).
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An alternative approach was used by another group who studied the other 

malignancies caused by HHV-8 (Judde et al.,2000). Judde and his colleagues 

(2000) found monoclonal bands associated with primary effusion lymphoma but in 

multicentric Castleman's disease the bands were polyclonal. An alternative proposal 

is that all cases of Kaposi's sarcoma begin as a neoplasm with the malignant cells 

being rare, and morphologically indistinguishable from spindle cells (Reitz et 

al.,1999). The model for this proposal is Hodgkin's disease where the abnormal 

Reed-Sternberg cells are interspersed among other cells, but in contrast to Kaposi's 

sarcoma these cells are easily identifiable. Thus, whether Kaposi's sarcoma is truly 

a malignancy remains perhaps the biggest enigma of the disease.

Inflammatory infiltrate

The presence of the Kaposi's sarcoma cells triggers an immunological response in 

the host. Morphologically this manifests with mononuclear cells that are present at 

all stages of the disease. Kaposi's sarcoma cells mimic endothelial structures by 

regulating extravasation of lymphocytes into the lesions (Galea et al., 1998). In early 

lesions, the infiltrate is sparse and perivascular but becomes more dense and diffuse 

as the lesions advance (Blumenfeld et al., 1985). This inflammatory infiltrate is more 

prominent in cutaneous than visceral lesions and is independent of ulceration. It has 

been established that the plasma cells are polyclonal in nature (Moskowitz et 

al., 1985). Beside mononuclear cells there is recruitment of other cell types, including 

fibroblasts and endothelial cells by the neoplastic cells as part of a reactive 

hyperplasia (Reitz et al., 1999). The tumour secretes a number of inflammatory 

cytokines that are responsible for this reaction. Interleukin-6 (IL-6) is a B-cell growth 

and differentiation factor whose altered expression has been linked to plasma cell 

abnormalities (Staskus et a/.,1999). As such, viral IL-6 has also been implicated in 

primary effusion lymphoma and multicentric Castleman's disease (both HHV-8 

mediated lesions), in which it also acts as an autocrine or paracrine factor in the 

lymphoproliferative processes common to both (Asou et al., 1998). It is more than 

likely that once Kaposi’s sarcoma lesions are expressed clinically that the 

subsequent behaviour is consequential upon a complex interplay between the nature 

of the host cell-mediated immune response and the putative aetiological factors 

(Matondo et al., 1996).
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Vasculature

Vascular differentiation depends on the stage of the disease. In early Kaposi's 

sarcoma irregularly shaped vessels occur throughout the dermis. The blood vessels 

are thin walled (often consisting of single layers of cells only), dilated and appear 

distorted. They may or may not contain red blood cells. In more advanced forms of 

the disease, atypical but small, well-formed vessels are often present within and 

around a Kaposi's sarcoma nodule and appear to be an admixture of blood vessels 

and lymph vessels (Thijs, 1957). In spindle cell Kaposi's sarcoma the vasculature 

consists of slits (containing red blood cells) between the abnormal tumour cells (Fig. 

10-11). The cells comprising the endothelial cells of the vessels, exhibit little atypia 

or mitotic activity. Extravasated red cells may be seen lying adjacent to the 

abnormal vessels in early stages of the disease. In later stages, red cells are 

haphazardly scattered throughout the tumour. Normal blood vessels and adnexal 

structures may protrude into the newly formed peculiarly shaped, dilated vascular 

spaces in a manner described as the "promontory sign" (see Fig. 10-4) (Tappero et 

al., 1993). This sign is characteristic of Kaposi's sarcoma but it may rarely be seen in 

some benign and malignant conditions (Calonje, 2000;Ackerman et al., 1988). On 

ultrastructure, very characteristically, red cells may be present within the cytoplasm 

of spindle cells. This phenomenon of erythrophagocytosis has been discussed in 

detail above and is considered by some to be the single most useful sign of Kaposi's 

sarcoma (Waldo et al., 1989). We do not routinely perform electron microscopy on 

skin biopsy material at our institution and are therefore unable to verify any of the 

ultrastructural observations. Variable degrees of hemosiderin deposition also occur 

(Reynolds et al., 1965) that can be detected both by light (Figs. 10-5 and 10-9) and 

electron microscopy; these lesions are present especially in the early lesions, and 

typically in lesions arising in the legs, probably as a result of stasis.

Eosinophilic globules are also characteristic of Kaposi's sarcoma (Fig. 10-13). Intra- 

or extracellular hyaline (eosinophilic) globules probably represent degenerate red 

blood cells (Calonje, 2000; Ackerman et al., 1988) because they stain bright red with 

phloxine tartrazine. The globules are also periodic acid-Schiff positive and diastase 

resistant (Fukunaga et al., 1991;Kao et a/.,1990;Massarelli et al., 1989). They 

measure 0.4 to 10 m (Aziz et al., 1985), which makes them smaller than individual 

red blood cells. On ultrastructural examination, these structures have a homogenous
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dark grey colour, characteristic of red blood cells and when they are intracellular they 

lie within the rough endoplasmic reticulum (Aziz et a/., 1985). They are found within 

the spindle cells characteristic of Kaposi's sarcoma, typically in the perinuclear 

region (Ackerman et a/., 1988). The globules are rarely seen in the patch form of 

Kaposi's sarcoma but are found with increasing frequency in the plaque and nodular 

forms of Kaposi's sarcoma (Ackerman et a/., 1988). These are present in all forms of 

Kaposi's sarcoma (Dorfman,1986;0'Connell, 1977b) but particularly in epidemic 

Kaposi's sarcoma (Blumenfeld et a/.,1985). The presence of these globules assists 

in differentiating Kaposi's sarcoma from the myriad of other skin lesions to which 

AIDS patients and renal transplant recipients are prone. The presence of these 

intracytoplasmic, hyaline globules is virtually diagnostic of Kaposi's sarcoma, when 

they occur together with the other features described above (Ackerman et a/.,1988).

CLASSIFICATION

The current histological depiction of Kaposi's sarcoma is a chronological continuum 

with lesions progressing through macule-patch, papule-plaque and nodule-tumour 

stages (Ackerman et a/.,1988;Tappero et a/., 1993); this orderly evolution of lesions 

has however been questioned by some investigators (Francis et a/., 1986). The 

histological morphology of the lesions of the disease has corresponding clinical 

features. The three distinctive stages can overlap in a particular lesion. Harawi 

(1989) has suggested an alternative classification of the lesions based on which of 

the three major histological features of Kaposi's sarcoma (vascular structures, 

inflammatory cells or spindle cells) predominate. This classification, however, 

corresponds with the earlier classification. Most authors still prefer to use the earlier 

classification, with modifications including some of the variants noted by Harawi 

(1989). All epidemiological forms of the disease, and all organs involved, share the 

same spectrum of histological changes (Calonje, 2000). In our own group of renal 

transplant patients there was a fairly close but not a strict relationship between the 

clinical morphology of the lesions and their histological features (see Table 4-9). 

On immunohistochemistry the blood vessels in Kaposi's sarcoma show variable 

reactivity to different endothelial markers (compared to spindle cells that are negative 

for factor Vlll-related antigen and positive for CD34) (Calonje, 2000).
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F/q. 10-2 The classification of Kaposi's sarcoma.
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Fig. 10-2 illustrates that the amount of abnormal vessels, the main feature of early 

lesions, decreases, while the number of spindle cells and abnormal mitotic figures 

progressively increase with increasing maturity of the lesion. In addition, the 

hemosiderin deposition becomes more prominent and eosinophilic globules are 

found more easily. See pathology photographic plates (Figs. 10-3 to 10-14) for 

detailed histological description of the various stages. Rare variants of Kaposi's 

sarcoma are the lymphangiomatous, haemangiomatous, and inflammatory patterns 

(Friedman-Birnbaum et al., 1993). The so-called lymphangiomatous form (see Fig. 

10-14, page 10-49) represents classical patch/plaque stage Kaposi's sarcoma in
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which vascular channels dissect between bundles of collagen (Cossu et 

a/.,1997;Templeton,1981). A rare pleomorphic form has been described almost 

exclusively in endemic Kaposi's sarcoma (O'Connell,1977b;Qunibi et a/.,1988), 

although its existence is questioned (Calonje, 2000). The spindle and mixed cell 

pattern predominates in our cohort of renal transplant recipients and occurred in 

almost 90% of our patients. This is in keeping with most reported cases of classic 

Kaposi's sarcoma (Francis et a/.,1986; Harawi,1989). In AIDS-related Kaposi's 

sarcoma the early pattern is relatively more common (Safai,1984), accounting for 

86% of biopsy specimens from AIDS patients in one report (Francis et al., 1986). 

Although the lesions are similar in all clinical types, the biological behavior differs in 

the different types. As mentioned above, there is currently no explanation for the 

variability in the biological behavior of the disease among individuals in the same 

group (see Chapter 11).

DIAGNOSTIC GUIDES

At every stage of Kaposi's sarcoma there are important clues to aid diagnosis. 

Some of these have already been mentioned and include the "promontory" sign in 

the early stages of Kaposi's sarcoma and the presence of plasma cells at all stages. 

An important point that has also been mentioned earlier is the tendency for changes 

to occur around existing vascular structures. As a result, in the early lesions 

interstitial changes seem to emanate from the vascular plexuses, and the cellular 

proliferations from vascular plexuses that are near adnexa often extend into and 

around the epithelial and non-epithelial structures of adnexa. Other useful features 

of Kaposi's sarcoma are that the presence of neoplastic cells of Kaposi's sarcoma 

with red cells within their cytoplasm (erythrophagocytosis) and the so-called 

eosinophilic (hyaline) globules (Ackerman et al., 1988). Erythrophagocytosis is 

characteristed by one or more red cells in the cytoplasm of spindle cells.

THE EXPERIENCE AT OUR INSTITUTION
To the best of our knowledge none of the reports on Kaposi's sarcoma in renal 

transplant recipients specify the histological variants of the disease, with most of the 

recent publications being on AIDS-related Kaposi's sarcoma. A recent report on the
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Table 10-1 Histological patterns according to clinical types and course in Kaposi's 

sarcoma compared to renal transplant recipients in present study

Early

No. (%)

Spindle 

No. (%)

Mixed 

No. (%)

Haem angiom atous  

n (%)

Lymphangiomatous 

n (%)

Classic (n=41) 11 (27) 13 (32) 15(37) 1 (2) 1 (2)
Slow (n = 31) 9(29) 9(29) 11(36) 1(3) 1(3)

Rapid (n = 10) 2(20) 4(40) 4(40) - -

Iatrogenic (n = 9) 3(33) 3(33) 3(33) - -

Renal Transplant (n = 19)1 3(16) 5(26) 10(53) - 1(5)

Modified from (Friedman-Birnbaum et al. ,1993); Present study

histological patterns and clinical course of classic and iatrogenic Kaposi's sarcoma, 

included only a single case of Kaposi's sarcoma following renal transplantation 

(Friedman-Birnbaum et al., 1993). In our experience the primary lesion may be a 

macule, a patch, a plaque or a nodule. These lesions generally regressed with 

treatment. In the 19 patients in whom tissue was available for review, 10 (53%) had 

the mixed form of Kaposi's sarcoma as the presenting lesion (Table 10-1). This is in 

keeping with endemic and epidemic forms of Kaposi's sarcoma where this is also the 

most frequently diagnosed variant of the disease (Ackerman et a/., 1988;Friedman- 

Birnbaum et a/.,1993;Harawi,1989). In a report from Malawi, approximately 70% of 

299 patients with endemic Kaposi's sarcoma had the mixed cell variety (Kalengayi et. 

al., 1984). Spindle cell Kaposi's sarcoma followed mixed pattern Kaposi's sarcoma in 

relative frequency, accounting for 5 (26%) lesions. The early lesions occurred in 3 

(16%) and the lymphangiomatous form in 1 (5.3%) patient. In patients with AIDS, 

the early form of Kaposi's sarcoma seems to be more common. Francis et al. (1986) 

reported that of 21 biopsies 18 (86%) exhibited the early form of Kaposi's sarcoma. 

None of our patients had the pleomorphic, inflammatory or angiomatous variants, 

which are all rare (Ackerman et al., 1988). The general pattern of Kaposi's sarcoma 

occurring in our patients after renal transplantation is therefore similar to that of the 

other forms of Kaposi's sarcoma. In our study, none of the individual histological 

features or type of cutaneous tumour seemed to be prognostically important, a 

finding which concurs with that of Friedman et al. (1993) and Francis et al. (1986). 

Our experience was that the extent of disease (cutaneous vs visceral) appeared to 

be a more important indicator of prognosis.
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All four of our patients with visceral organ involvement had spindle cell Kaposi's 

sarcoma in the non-cutaneous tissue and this did not correspond with the primary 

histology of the skin lesion, except in one case (Tables 4-9 and 4-10). Of the 4 

patients with visceral organ involvement, the corresponding skin lesions were mixed 

pattern variant of Kaposi's sarcoma in 2 patients and one each of early and spindle 

cell Kaposi's sarcoma. All the patients with visceral organ involvement had a fatal 

outcome. There was no clear-cut age or gender bias in the distribution of the various 

histological forms of Kaposi's sarcoma. The racial make-up of the cohort, with very 

few white patients did not allow a meaningful analysis of the data with regard to 

histological differences.

EXTRACUTANEOUS KAPOSI'S SARCOMA
Kaposi’s sarcoma may involve many other organs beside the skin, with the disease 

only becoming apparent when the tissue is examined pathologically (Amazon et 

a/.,1979;Anthony et a/.,1960;Ecklund et a/.,1962;Temime et a/.,1961). Estimates of 

the proportion of patients with visceral lesions vary widely but are usually thought to 

be in the region of 10% (Ecklund et a/., 1962). However, in a review of 102 

postmortem cases 93 (91%) had evidence of visceral involvement and in many the 

disease would have been clinically silent (Templeton,1972). Templeton (1972) 

therefore suggests that visceral involvement is much more common than is currently 

appreciated and predicted that it occurs in at least 50% of cases. The cases 

reviewed by Templeton (1972) were those of endemic and epidemic Kaposi's 

sarcoma. Our postmortem finding of Kaposi's sarcoma at many sites that were not 

under suspicion clinically, would also support the contention that in renal transplant 

recipients the disease is also generally more widespread than is appreciated.

The histological patterns of Kaposi's sarcoma in extracutaneous tissue including 

lymph nodes resemble that seen in the skin, with lesions going through the same 

evolutionary changes (O'Connell, 1977a). In our experience the histology of the 

lesions in the visceral tissue represented fairly advanced disease (spindle cell 

variant) and the poor prognosis of these patients, who all died of widespread 

Kaposi's sarcoma, corroborated the observation. In lymph nodes the lesion arises 

initially in the nodal capsule and subcapsular sinus and consists of poorly defined
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vascular spaces associated with plasma cells (Harawi.1989). This early stage may 

be mistaken for a non-specific inflammatory infiltrate. From the sinuses the tumour 

infiltrates the interfollicular tissue to resemble fibrous septa. The lymphoid follicles 

appear resistant to infiltration by tumour (O'Connell, 1977a). Early lesions may be 

confined to a few milllimetres and only detected on serial sections of lymph node. 

The changes in the parenchyma of the lymph nodes are variable. In a series of 

African patients, a plasma cell infiltrate occurred around the tumour in almost 90% of 

cases (O'Connell,1977a). Details of other visceral organ involvement are discussed 

below.

HISTOLOGICAL DIFFERENCES BETWEEN THE CLINICO- 

EPIDEMIOLOGICAL TYPES OF KAPOSI’S SARCOMA
The bulk of available evidence suggests that there are no major differences in the 

histological patterns of the various epidemiological types of Kaposi's sarcoma 

(Calonje,2000;Friedman-Birnbaum et a/.,1993;Ruszczak et al., 1987). Some of the 

minor differences have been alluded to above. With increased awareness of 

epidemic Kaposi's sarcoma, it is perhaps not surprising that patch and plaque 

lesions are seen most often in AIDS patients, as early lesions are more likely to be 

biopsied in these patients (Calonje,2000). A major criticism of studies (Chow et 

al., 1990;Leu et al., 1985) that report differences between epidemic Kaposi's sarcoma 

and the other forms of Kaposi's sarcoma is that these are based on very small 

patient numbers that makes it impossible to control for the stage of the disease. 

Comparing lesions at different stages of evolution is unacceptable, as different 

features of Kaposi's sarcoma predominate at different stages as discussed above.

Endemic Kaposi's sarcoma is a disease that is diagnosed long after the onset of the 

lesions because patients remain relatively asymptomatic and ignore what they 

consider are trivial lesions. The lesions seen in endemic Kaposi's sarcoma would 

therefore have a preponderance of advanced lesions (Taylor et al, 1971). Few post- 

renal transplantation patients with Kaposi's sarcoma, in our experience, present with 

early lesions. Of the 19 patients with tissue available for pathological examination, 

almost 90% presented with either plaque or nodular lesions.
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A recent study has suggested that there may be some morphological differences in 

classic Kaposi's sarcoma and that seen in patients who are immunocompromised 

(Castelli et al., 1997). In Kaposi's sarcoma the endothelial and spindle cells, the two 

main components, may exhibit one of two patterns of growth. A dense fibrous 

pseudocapsule, seen in the nodular lesions, limits the expansile pattern of growth. 

The infiltrative pattern is seen in patches and plaques, with the components 

spreading freely through the connective tissue and merging with the normal tissue at 

the margins of the lesion. Although the Kaposi's sarcoma seen in 

immunocompromised patients resembles that seen in classic Kaposi's sarcoma, the 

former is characterised by an outstanding infiltrative pattern (Castelli et al.,2000), 

that occurs in patches, plaques, and nodules at all stages. In the patches and 

plaques it is expressed to such an extent that arborising haematic and lymphatic 

lacunae deeply dissect the collagen bundles, and infiltrate deep into the adventitial 

dermis encircling the adnexae, sometimes completely (Castelli et al.,2000). In 

addition, there is proliferation of endothelial cells with inward protrusion into the 

lumen, giving the impression of a "vessel within a vessel". Moreover, the 

proliferating cells arranged in sheets or forming vessels intrude into the tissue by 

colonising the perineural spaces and following long tracts of nerves.

It has been claimed that the nodules found in immunocompromised patients with 

Kaposi's sarcoma also differ from those with classic Kaposi's sarcoma. The nodules 

lack a collagenous capsule and penetrate host tissue unchecked without any distinct 

boundaries (Castelli et al.,2000). They often involve the deep reticular dermis and 

sometimes even the subcutaneous fat. Whether the lesions are patches, plaques, or 

nodules extravasated red cells are present in much larger numbers than in classic 

Kaposi's sarcoma, which manifests clinically as more prominent bruising (Castelli et 

a/.,2000). Other features indicative of the immunodeficiency-related forms are both 

the greater architectural and cytological abnormalities. A last feature unique to the 

plaque seen in AIDS-associated Kaposi's sarcoma is the presence of intravascular 

papillary projections composed of highly atypical epithelioid endothelial cells that pile 

up toward the lumen (Castelli et al., 1997). The authors conclude that 

"immunodeficiency does impart special features that are related to its clinical picture 

and reflect its biological behaviour", although they do admit that there are no 

histopathological markers distinctive between the two forms. However, the
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conclusions reached by the authors were based on their experience of only eight 

cases of immunodeficiency-related Kaposi's sarcoma, of which only two were 

iatrogenic. Further study will be necessary to confirm their interesting findings. Our 

own study was not designed to compare the morphologies of the different 

epidemiological types with each other, but our impression of the 19 cases of post- 

renal transplant Kaposi's sarcoma is that differences in light microscopy features are 

minor, if any.

DIFFERENTIAL DIAGNOSIS OF KAPOSI’S SARCOMA
A number of benign and malignant skin conditions may pathologically mimic the 

lesions of Kaposi's sarcoma but there are clues that may assist in distinguishing 

other pathological lesions from Kaposi's sarcoma. The differential diagnosis of 

Kaposi's sarcoma varies considerably with the stage of the disease and to some 

extent the clinical morphology of the lesion. It should, however, be emphasised that 

the differential diagnosis of posttransplant Kaposi's sarcoma is not too difficult, 

despite the extensive list: many of the lesions are of import only in epidemic Kaposi's 

sarcoma (e.g. bacillary angiomatosis and dermatofibroma), while most of the benign 

angiomas occur predominantly in children and young adults.

Benign lesions

Stasis dermatitis The vascular proliferation and haemosiderin deposits may be 

associated with plasma cells (Fig. 10-15). However, in contrast to early Kaposi's 

sarcoma the vessels have thick walls and are associated with fibrosis. Small thick- 

walled vessels are not a feature of early Kaposi's sarcoma and are usually a 

manifestation of stasis in specimens taken from the legs (Gottlieb et al., 1989a).

Scars The fibrovascular proliferation seen in granulation tissue may mimic early 

Kaposi's sarcoma. The fibroblasts however tend to be orderly and oriented parallel 

to the skin surface and the vessels perpendicular to the surface (Blumenfeld et 

al., 1985).

Pseudo-Kaposi's sarcoma Acroangiodermatitis of Mali is an exaggerated form of 

stasis dermatitis and is a complication of venous occlusion (Boyle et a/.,1986;Mali et
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al., 1965). Together with the Stewart-Bluefarb syndrome, which is an arteriovenous 

malformation that clinically resembles Kaposi's sarcoma, acroangiodermatitis of Mali 

constitute pseudo-Kaposi's sarcoma (Strutton et al., 1987). The small thick-walled 

vessels seen in acrodermatitis are not a feature of early Kaposi's sarcoma, whereas 

in the Stewart-Bluefarb syndrome an arteriovenous shunt can be identified (Requena 

eta i ,  1997).

Pyogenic granuloma The older literature emphasises this lesion in the differential 

diagnosis of Kaposi's sarcoma but histologically the lesion is easily distinguished 

from Kaposi's sarcoma. It shows marked intravascular oedema, neutrophilic infiltrate 

and has no spindle cells. The deeper vascular component of pyogenic granuloma 

however, might resemble Kaposi's sarcoma (Lee, 1968). On the other hand, nodular 

lesions of Kaposi's sarcoma may ulcerate and this is associated with the proliferation 

of granulation tissue on the surface. Such lesions may resemble pyogenic 

granulomas (Gottlieb et al., 1989a).

Palisaded granulomatous dermatitides This group of dermatitides, especially 

granuloma annulare and necrobiosis lipoidica may have an interstitial component 

consisting of plump cells with round or oval nuclei, and may thus resemble Kaposi's 

sarcoma. Granuloma annulare (Fig. 10-16) mimics the inflammatory type of Kaposi's 

sarcoma but can easily be differentiated. In Kaposi's sarcoma the aggregations of 

epithelioid neoplastic cells are concentrated around the vessels together with a small 

number of lymphocytes and plasma cells. In granuloma annulare there are usually 

only lymphocytes around the blood vessels; in addition, there are plump histiocytes, 

some of which may be multinucleated, in the interstitium, often in a palisade around 

a focus of mucin and collagen degeneration (Ghadially et al., 1989). Necrobiosis 

lipoidica also has a prominent interstitial component often with a number of plasma 

cells but can be distinguished from Kaposi's sarcoma by the absence of the bizarre 

vascular spaces, and the presence of scattered granulomas many of which contain 

multinucleated giant cells (Gottlieb et al., 1989a).

Bacillary angiomatosis This condition, first described in 1983 by Stoler et al. (1983) 

occurs predominantly in patients with advanced AIDS (Berger et al., 1989; Cockerell 

et al., 1987; LeBoit et al., 1988; LeBoit et al., 1989; Stoler et al., 1983). Two species of
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Bartonella, B. quintana and B. henselae cause bacillary angiomatosis and these can 

be cultured from blood, skin and tissue (Cockerell,1995). Clinically, the disease 

manifests with papules that progress to skin nodules and tumours (Requena et 

al., 1997). Histological features are a lobular pattern with capillary proliferation, with 

connective septa intersecting the lesion (Cockerell, 1990; LeBoit et al., 1989; 

Szaniawski et al., 1990). The blood vessels are lined by plump endothelial cells that 

appear epithelioid and protrude into the vascular lumina. An important clue to the 

diagnosis is the presence of neutrophils and leucocytoclastic debris. This makes it 

easy to differentiate from early Kaposi's sarcoma. However, the most characteristic 

and specific differential finding is the presence of aggregates of granular material 

that give a positive Warthin-Starry stain or electron microscopy that reveal masses of 

bacteria.

Neoplastic lesions

Vascular tumours In general, haemangiomas (Fig. 10-18) are composed of 

rounder, better formed, blood vessels with thicker walls that are lined by plump 

endothelial cells. In contrast to lesions in Kaposi’s sarcoma, the endothelial cells 

display a lobular growth pattern and may contain intravascular thrombi (Gottlieb et 

al., 1989a). A number of benign haemangiomas have recently been described that 

are important to distinguish from Kaposi's sarcoma. Spindle cell 

haemangioendothelioma (Weiss et al., 1986b) resembles Kaposi's sarcoma both 

clinically and pathologically. Microscopically, the tumour consists of an admixture of 

dilated vascular spaces and spindle cells reminiscent of Kaposi's sarcoma. The 

endothelial cells may be focally epithelioid with vacuolar changes. This feature 

together with the presence of organising clots and phleboliths permit its 

differentiation from Kaposi's sarcoma in virtually all cases (Harawi, 1989). Targetoid 

haemangioma must be distinguished from a patch-stage Kaposi's sarcoma lesion. 

This lesion is characterised by ectatic vascular structures that sometimes exhibit 

papillary projections and fibrin thrombi. The vascular channels dissect between 

collagen bundles and, in this setting, extravasated red cells and hemosiderin 

deposits as well as mononuclear infiltration may be found (Santa Cruz et al.,1988). 

Microvenular haemangioma also needs to be differentiated from patch-stage 

Kaposi's sarcoma. The lesion characteristically consists of monomorphous, small 

elongated blood vessels with inconspicuous lumina involving the full thickness of the
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reticular dermis. There are no spindle cells or inflammatory infiltrate (Bantel et 

a/.,1989;Hunt et a/.,1991). Acquired tufted angioma affects children and young 

adults. Histologically the lesion has a "cannonball" appearance made up of multiple 

separated cellular lobules within the dermis and subcutaneous fat. The lobules 

consist of whorls of endothelial cells arranged concentrically around a blood vessel. 

The lesion resembles the nodular-variant of Kaposi's sarcoma except that the latter 

consists of interlacing fascicles of spindle cells lining slit like vessels, with the 

presence of an inflammatory cell infiltrate (Macmillan et al., 1971; Nakagawa,1949; 

Wilson Jones, 1976; Wilson Jones et al., 1989). Kaposiform haemangioendothelioma 

is a condition exclusively of children. Histologically, the neoplasm consists of poorly 

circumscribed nodules separated by connective tissue. The nodules are composed 

of a combination of small round capillaries, and solid nests of round and epithelioid 

endothelial cells containing hemosiderin, hyaline globules or vacuoles. Within these 

nodules, fascicles of spindle cells occur with interspersed vascular space containing 

red cells and fibrin thrombi. These areas of fascicular nodules strongly resemble the 

nodular-stage of Kaposi's sarcoma except that the nodules of the latter are not 

multiple and an inflammatory infiltrate usually surrounds the nodules. Atypia and 

mitotic figures are usually absent in kaposiform haemangioendothelioma (Requena 

et al., 1997). Spindle cell haemangioendothelioma is a condition that affects children 

and young adults (Weiss et al., 1986a). The histopathology resembles that of 

kaposiform haemangioendothelioma in that the lesions consist of nodules except 

that these are well circumscribed. The nodules are made up of small blood vessels 

containing organised thrombi and phleboliths. Fascicles of spindle cells are found 

between these dilated vessels, but can be differentiated from those of nodular-stage 

Kaposi's sarcoma by the presence within the fascicles of rounded cells with 

vacuolated cytoplasm. Benign lymphangioendothelioma is a disease of adolescents 

and young adults. Histopathologically the lesion resembles the patch-stage of 

Kaposi's sarcoma with anastomosing thin-walled cleft like vascular channels 

dissecting the collagen bundles. The resemblance is so close that some authorities 

claim that it is impossible to distinguish the two diseases pathologically in the 

absence of clinical information (Sanchez et a/.,1993;Wilson Jones et al., 1990). 

However, clues to the differential diagnosis are the absence of red cells, hemosiderin 

deposits and plasma cells in the early phase of Kaposi's sarcoma.
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Fibrohistiocytic tumours Dermatofibroma (Fig. 10-17) is the skin lesion which is most 

commonly misdiagnosed as Kaposi's sarcoma in the setting of men with AIDS 

(Blumenfeld et al., 1985). Histologically, dermatofibroma consists of a mixture of 

fibroblast-like cells, histiocytes, and blood vessels. The lesion is associated with 

prominent spindle cells that can be mistaken for Kaposi's sarcoma. However, the 

arrangement of the spindle cells is orderly as in a scar or have a storifom pattern 

(Harawi,1989). In addition, multinucleated giant cells are usually present especially 

at the margins of the lesions. In more than 80% of cases there is hyperplasia of the 

overlying epidermis with or without hyperpigmentation of the basal layer 

(Harawi,1989).

Other sarcomas Angiomatous Kaposi's sarcoma may be difficult to distinguish from 

both benign and malignant vascular neoplasms (Uys et al., 1959). Angiomatous 

Kaposi's sarcoma with large anastomosing vascular spaces may resemble 

angiosarcomas. The latter also has areas composed of spindle cells and there are 

often bizarre-shaped, dilated vascular spaces resembling those of early Kaposi's 

sarcoma (Gottlieb et al., 1989a). In Kaposi's sarcoma, however, typical, flat 

endothelial cells line these spaces whereas angiosarcoma the endothelial cells are 

atypical and contain many mitotic figures. Angiosarcoma (Fig. 10-19) may also have 

large aggregates of "epithelioid" neoplastic cells (Gottlieb et al., 1989a). Both classic 

and iatrogenic Kaposi's sarcoma have a predilection for involving the legs and this 

mimics the development of lymphangiosarcomas that involve similar areas in the 

setting of chronic lymphoedema (Muller et al., 1987). Spindle cell Kaposi's sarcoma 

can be distinguished from other monomorphic sarcomas by the presence of the 

characteristic vascular channels, absence of a specific architectural pattern that 

occurs in sarcomas (herringbone, storiform, pallisading) and the occasional 

presence of dense plasma cell infiltrate between the spindle cells.

Other malignancies The late plaque and nodular lesions of Kaposi's sarcoma must 

be differentiated from spindle-cell squamous-cell carcinomas, spindle-cell malignant 

melanomas and leiomyosarcoma. Even with an adequate biopsy the differential 

diagnosis can be difficult and the pathologist may have to resort to 

immunohistochemistry and/or electron microscopy. If the malignant cells show
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evidence of either melanocytic, squamous or smooth muscle differentiation then the 

diagnosis is quite apparent.

POSTMORTEM FINDINGS IN KAPOSI'S SARCOMA

Postmortem examinations were performed on 3 of 4 patients in our cohort dying as a 

direct consequence of visceral Kaposi's sarcoma. Little information is available on 

the postmortem findings in patients with iatrogenic Kaposi's sarcoma (Siegel et 

a/.,1969), but several reports on endemic and epidemic Kaposi's sarcoma exist.

The most striking difference between Kaposi's sarcoma in patients with AIDS and 

those associated with the other clinical forms, is its highly aggressive nature in those 

with AIDS (Gottlieb et a/.,1982). Earlier reports, before the onset of the AIDS 

epidemic, generally described Kaposi's sarcoma as a disease that tended to remain 

confined to the skin for many years (Rothman,2001); in contrast most patients with

Table 10-2 Comparison of sites o f organ involvement in 64 AIDS patients, 34 

Africans and 47 white patients dying with Kaposi's sarcoma (expressed as 

percentages).

Site AIDS Endemic Classic

Skin 94 73 83

Gastrointestinal tract 57 65 60

Lung 52 15 45

Lymph nodes 50 53 45

Spleen 13 12 11

Pharynx/Larynx 11 - -

Adrenals 8 32 19

Pericardium 6 18 19

Rarely: epididymis, conjunctivae, gallbladder, bladder,

bone marrow, thyroid.

Data obtained from postmortem studies: Guarda et al. (1984); Hui et al. (1984); Niedt et al. (1985); 

Reichert et al. (1983); Templeton (1972); Welch et al. (1984).

Note: The number of postmortem studies on renal transplant patients is too small to allow meaningful 

comparisons.
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AIDS develop widely disseminated, multifocal disease within a very short period of 

time. The pattern of involvement of organs with AIDS is similar to that seen in non- 

AIDS Kaposi's sarcoma (Gottlieb et a/., 1989b). The most common sites of 

involvement (excluding the skin) are lymph nodes, gastrointestinal tract, lungs, liver, 

and spleen. The gallbladder, pericardium, bone marrow, conjunctivae, testes, 

epididymis and heart may also be involved. Neural tissue is seldom affected, 

presumably because of the paucity of lymphatic vessels (Table 10-2).

Pathological findings at postmortem examination (Figs. 10-20 to 10-25)

Morphologically, the appearance of Kaposi's sarcoma in viscera is the same as in 

the skin. In addition to spindle cell morphology with slit-like vessels, corresponding 

to a cutaneous nodule, forms appear that resemble the patch and plaque forms of 

cutaneous Kaposi's sarcoma. Forms of Kaposi's sarcoma that resemble 

angiosarcoma (vide supra) or that contain spindle-shaped cells with marked atypia 

also occur (Gottlieb et al., 1989b). Histological patterns of Kaposi's sarcoma are 

characteristic in particular organs.

Lymph nodes (Fig. 10-20) In lymph nodes, Kaposi's sarcoma may be found in either 

the subcapsular sinuses or the medullae. Involvement may range from slight to 

replacement of the entire node with spread beyond. Histologically, the nodular 

pattern is most frequently seen with spindle cells attached to the wall of subcapsular 

sinuses. In our experience all the patients who had postmortem examinations had 

deep lymph node involvement and the morphology corresponded with that of 

advanced disease, as was the experience in the report in patients with AIDS 

(Gottlieb et al., 1989b).

Lungs (Figs. 10-21 and 10-22) The lungs were also involved in all three of our 

patients. In the lungs we observed that the lesions spread along bronchi and 

peribronchial blood vessels, as it did in patients with AIDS-associated and endemic 

Kaposi's sarcoma (Templeton,1972). From these sites the lesion infiltrates the 

parenchyma (Gottlieb et al., 1989b). The peribronchial location of Kaposi's sarcoma 

suggests that the lesions should be accessible by transbronchial biopsy.
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Gastrointestinal tract (Fig. 10-23) In the gastrointestinal tract the patterns of Kaposi's 

sarcoma most closely resemble the cutaneous lesions. All three stages of Kaposi's 

sarcoma (patch, plaque and nodule) may occur simultaneously in the same patient. 

The lesions arise from around the vessels in the serosa or the mucosa and spreads 

from there through the muscularis. The stomach/small bowel was involved in 2 of 

the 3 patients in our postmortem studies. All three patients however, had liver 

involvement. In the liver Kaposi's sarcoma extends for long distances along the 

portal structures and infiltrates the parenchyma. The portal involvement may be so 

severe (Uys et al., 1959) as to result in biliary obstruction or cholangitis (Niedt et 

al., 1985). In this setting the Kaposi's sarcoma may be mistaken for fibrosis or 

cirrhosis. Careful examination will however reveal the characteristic spindle cell 

pattern (corresponding to the nodular pattern). Cavernous haemangioma is the 

other differential diagnosis of Kaposi's sarcoma of the liver (Lothe et a/.,1962;Niedt et 

al., 1985). In one of our patients the renal allograft was also involved by Kaposi's 

sarcoma (Fig. 10-24). The lesion appeared as a subcapsular nodule and the 

histology was that of spindle cell Kaposi's sarcoma.

Spleen The spleen is also occasionally involved in patients with Kaposi's sarcoma. 

Of our three patients, the spleen was involved in one. The surface of the organ had 

"raspberry-like" nodules and morphologically the vascular spaces appeared more 

ectatic than lesions elsewhere in the body. The spindle cells surrounded the 

arterioles and the lesions occurred almost exclusively in the white pulp. It has been 

reported that Kaposi's sarcoma manifests in the spleen as a densely fibrotic area 

with spindle cells on the periphery and occasionally haemosiderin deposition 

(Gottlieb et al., 1989b).

Postmortem findings in endemic Kaposi's sarcoma

The postmortem findings of African patients dying of Kaposi's sarcoma before the 

outbreak of the AIDS epidemic were documented by Templeton (Templeton,1972) 

who compared the findings with those of white patients reported in the literature 

(Table 10-2). Of the 624 patients with the disease postmortem examinations were 

performed on 34 (5.4%) of them. Kaposi's sarcoma contributed significantly to the 

death of 21 (62%) patients and was an incidental finding in 13 (38%). A similar 

proportion of patients died as a direct result of Kaposi's sarcoma in the different
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groups that Templeton (1972) was comparing. The early lesions of Kaposi's 

sarcoma are seldom seen in black patients because the skin pigmentation masks the 

patch and plaque lesions. The more advanced the disease the more extensive the 

visceral organ involvement appeared to be. Morphologically, the diagnosis was 

made without much difficulty. The classical spindle cells and plasma cells were 

found in the majority of patients. Interestingly, Templeton (1972) found remarkably 

little variation in the histology of longstanding nodules compared to rapidly fatal 

cases and he concluded that histological appearance does not correlate with 

prognosis. In the Templeton report (1972), gastrointestinal involvement was 

common but the lesions seldom resulted in complications in the African patients. 

The pericardium was involved in 15 of the postmortem cases overall but no clinically 

detectable disease was produced. Although there are some reports of involvement 

of the brain by Kaposi's sarcoma (Ayer et a/.,1962;Epstein,1957;Nesbitt et al., 1945), 

in the Ugandan series of Templeton (1972) no cases with central nervous system 

involvement were found. The association of Kaposi’s sarcoma with second 

malignancies, particularly lymphomas, is well recognised (Anonymous,1967; 

Berg,1967). In the Templeton report, 4 (12%) of the 34 patients had a second 

malignancy, compared to 1 (2%) of the 47 white patients with classic Kaposi's 

sarcoma. The difference in the prevalence of malignancies in the race groups is 

despite the younger age of the black patients and the more aggressive nature of the 

disease that resulted in their earlier demise. None of our patients with postrenal 

transplant Kaposi's sarcoma has developed a second malignancy thus far. 

Templeton (1972) reflects that both Kaposi's sarcoma and lymphoma may be 

associated with immunodeficiency states (Master et al., 1970), and suggests that this 

may explain why so many of the Ugandan Kaposi's sarcoma patients died of 

infective causes especially tuberculosis. Although we agree with the contention that 

a state of deficient immune responsiveness exists in these patients, our experience 

surprisingly has been that none of our renal transplant patients with Kaposi’s 

sarcoma suffered from or died of tuberculosis, despite their residing in the region 

with the highest prevalence of tuberculosis in the world (Moosa et al., 1997).

The most serious threat to AIDS-associated Kaposi's sarcoma patients is the 

development of opportunistic infections (Francis et al., 1986). This is reflected in 

United Kingdom mortality data which show a 48% mortality in AIDS-patients with
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Kaposi's sarcoma alone but a mortality of 77% in patients with Kaposi's sarcoma and 

Pneumocystis carinii pneumonia (Francis et al.,1986). All 3 of our patients with 

extensive visceral involvement who died had vital organ involvement. All 3 patients 

died of respiratory failure due Kaposi's sarcoma lung involvement. Pulmonary 

Kaposi's sarcoma has a very poor prognosis with 8 out of 10 Kaposi's sarcoma 

patients with proven lung involvement patients dying as a direct result of the disease 

in a recent report (Purdy et al., 1986).

SUMMARY

Histopathologically, lesions of Kaposi's sarcoma are characterised by three main 

features, namely vascular channels, spindle cells, and a mononuclear inflammatory 

infiltrate. As the lesion matures the vascular structures become less prominent 

giving way to increasing amounts of spindle cells. Other relatively unique findings on 

histology are the promontory sign in early Kaposi's sarcoma and the presence of 

hemosiderin and eosinophilic nodules in maturing lesions. The histological 

appearance of all epidemiological forms of Kaposi's sarcoma is essentially the same. 

Ours is the only study to detail the histology of posttransplant Kaposi's sarcoma but 

our experience concurs with the latter observation. On ultrastructure the presence of 

erythrophagocytosis is very characteristic. No universally accepted form of 

pathological classification exists, although the simplest form based on the 

corresponding clinical stages of patch, plaque and nodule remains the most widely 

applied.

One of the most controversial aspects of Kaposi's sarcoma is whether it is a true 

malignancy or hyperplasia. Recent studies of the clonality of the disease seems to 

indicate that at least in the advanced lesion, Kaposi's sarcoma is neoplastic rather 

than hyperplastic in nature. The origin of the neoplastic spindle cell remains a 

mystery although there is increasing evidence of its endothelial origin, either vascular 

or lymphatic. The evidence of the nature of the cell has been largely based on 

immunohistochemical studies.

Stellenbosch University http://scholar.sun.ac.za/



Pathology o f KS 10-25

Although the differential diagnosis of Kaposi's sarcoma in general remains very 

broad, it does depend on the epidemiological form of the disease, the stage of the 

disease, as well as the clinical features. For posttransplant Kaposi's sarcoma the 

differential diagnosis is much more limited than for epidemic Kaposi's sarcoma.

Kaposi's sarcoma can prove fatal in posttransplant Kaposi's sarcoma, probably as a 

result of vital organ involvement. Postmortem examination reveals that the disease 

may affect all organ systems in the body, with the notable exception of the nervous 

system.
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PATHOLOGY

All sections of Kaposi's sarcoma have been derived from our own patients. All the 

common varieties of the disease have been depicted with comments on the main 

features of each. The sections on the differential diagnosis have been supplied 

courtesy of Professor J. Schneider, Head, Department of Anatomical Pathology, 

Faculty of Health Sciences, University of Stellenbosch, from his own collection.
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Fip. 10-3 (A. B) Early Kaposi's sarcoma

The earliest histological changes in the skin in Kaposi's sarcoma are present in 

macules and patches. These early changes in the patch stage can be very subtle
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and can be confused with a number of inflammatory dermatoses The changes are 

seen predominantly in the upper half of the dermis and around pre-existing vascular 

structures. The early lesions have two main features. Firstly, there are the very 

delicate, irregular and thin walled vascular spaces, which dissect between collagen 

bundles (black arrows). These vessels are concentrated around pre-existing blood 

vessels and adnexal structures (such as hair follicles or hair erector muscles), and 

tend to be oriented parallel to the epidermis. Mitoses and cytologic abnormalities 

are not prominent features. The second feature of early Kaposi's sarcoma is the 

presence of aggregations of cells that are fairly uniform and surround pre-existing 

vascular complexes (white arrow). Note the scanty mononuclear inflammatory cells 

that are typically present at all stages of Kaposi’s sarcoma (curved arrow). (B) 

Higher magnification emphasises the subtle dissecting vascular spaces between 

collagen bundles. Note the absence of mitotic figures and the presence of the 

increased number of dilated thin-walled, interconnecting vascular spaces with jagged 

and irregular configurations lined by thin, flat endothelial cells. A sparse 

mononuclear infiltrate is present around some of the vessels.
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F/'q. 10-4 Early Kaposi's sarcoma

The so-called “promontory” phenomenon is illustrated here, with dissecting vascular 

spaces surrounding native blood vessels and cutaneous adnexae with apparent 

separation from the adjacent stroma (arrows). This “promontory” sign is a helpful 

clue to the diagnosis of Kaposi's sarcoma but is not diagnostic because it can rarely 

be seen in haemangiomas. The “promontory” sign is characteristic of the early 

(patch and plaque) stages of the disease.
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Fid. 10-5 Early Kaposi's sarcoma (Perl’s stain)

This stain highlights the blue-staining hemosiderin pigment that occurs in early 

Kaposi’s sarcoma. It is however not a constant finding. Dermal haemorrhage may 

also be present in the early stages of the disease.
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Fig. fO-6 64. B) Ear/y Kaposi's sarcoma immunohistochemistry for CD 31.

Two magnifications of the positive staining for CD 31 antigen that decorates the 

spindle cells between the collagen bundles and confirms their endothelial origin.
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Fip. 10-7 Mixed cell Kaposi's sarcoma

The changes that occur in the papules and plaques of Kaposi's sarcoma are merely 

exaggerations of those of the earlier lesions. This stage corresponds with mixed 

Kaposi's sarcoma and involves the entire reticular dermis and occasionally the 

subcutis. Demonstrated here is a plaque of Kaposi's sarcoma at low magnification 

showing the presence of both dissecting vascular spaces (arrow point) and spindle 

cell areas (arrow) throughout the dermis.
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Fig. 10-8 (A. B, C) Mixed cell Kaposi's sarcoma 

These features are clearer at higher magnification. Note that in addition to the 

vascular spaces (arrow point) and spindle cell areas (arrow) there are hemosiderin 

deposits (circular arrow) and inflammatory cells (star). The malignant cells resemble 

collections of epithelioid histiocytes (and have been referred to the 

“pseudogranulomatous” pattern) but form small spaces that contain a few red cells. 

Many of the interstitial spindle cells line tiny pointed vascular spaces.
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Fia. 10-9 Mixed cell Kaposi's sarcoma

Mononuclear inflammatory cells are well demonstrated in association with the 

vascular proliferation. The process is more cellular but still present are the 

interadnexal and vasocentric changes consisting of the abnormal vascular structures 

with their bizarre shapes and the infiltrate of inflammatory cells. In addition, 

extending well away from existing vascular plexuses, there may be numerous, 

relatively uniform spindle cells between collagen bundles where they are associated 

with prominent clefts.
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Fip. 10-10 Nodular Kaposi's sarcoma

In time some of the earlier lesions of Kaposi's sarcoma become nodules and 

tumours. A nodular lesion may occupy any part or all of the dermis. At this stage 

the lesion consists of predominantly nodular aggregates of spindle cells that involve 

the dermis with occasional extension into the deeper subcutaneous tissue. A nodule 

may be a single, discrete spherical mass (above) or it may be the coalescence or 

juxtaposition of several smaller nodules (see below). Plasma cells are often present.
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F/q. 10-11 (A.B) Nodular 

Kaposi's sarcoma 

The spindles cells that 

predominate in this stage 

form interweaving fascicles 

with red cells trapped in the 

spaces between the spindle 

cells (arrow). In contrast to 

the early stages, spindle 

cells show cytologic atypia 

and pleomorphism.
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Fia. 10-12 Nodular Kaposi's sarcoma

In this stage spindle cells proliferate in long fascicles. Note the blood-filled slits 

between tumour cells (arrow). Tangential sectioning of fascicles with clefts result in 

a sieve-like appearance with numerous extravasated red blood cells (curved arrow). 

The advanced lesions of Kaposi's sarcoma often bear little resemblance to the early 

lesions. Vascular channels both endothelial-lined and formed by the fascicles of 

spindle cells predominate in this stage of the disease and inflammatory cell infiltrates 

are less prominent than in the earlier stages.

Stellenbosch University http://scholar.sun.ac.za/



Pathology o f  KS 10-48

r~  ~ \ i
>> CS?*: lH* Mt n<' «*3 - \  ! 5  ^  <T.

iT f c .3 H

*

1(r .JlH<% jK

* ,
\ 0

% *  • •r*J> ;
fie * <jP\x # ' ;

k M J r l "

• > /  ' • • ; •  *  

*  .1 „ »  J O

A

■ n .  ■**' jh  \  ^  J h 0
& r ± - * :i k '  t *  ■ £ ■  <* '  j r  ! *  4 *  *Sy*-®1'  ̂ ■ •
C \  * # * • •  *  '! 1 i  v j r *

^ 4 .
J  ‘ . * M  J «  f a

t mm • •

■'*4

% flflf 'jt't . ^ 3  r f r  41 ^  ,** ‘ <*■’

- «• _ *■* - f  m 9 
$

,

J H  U i  * ,
/

S ^ S r ^  « i  • i4  ,
*  v ^  ' ' I 1 i  I I  , : .  • s . *  J K i i  , . HiP M r  4 1T  Ji/ 11 m  i s&tt m m  A  s? J T ?  *
F/q. 10-13 Nodular Kaposi's sarcoma (PAS and Diastase)

Characteristic globules within clefts stain positive with PAS and are diastase 

resistant. These so-called hyaline bodies are found within oval and spindle-shaped 

neoplastic cells. They are rarely seen, with increasing frequency in the plaque and 

nodular stages. The hyaline bodies are characterised by many glassy homogenous 

eosinophilic globules that range in size from 1 to 8 microns. The origin of these 

globules remains a matter of dispute but the presence of these intracytoplasmic 

globules is virtually diagnostic of Kaposi's sarcoma.
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Fia. 10-14 (A, B. C) Lymphangiomatous Kaposi's sarcoma

This is rare variant of Kaposi's sarcoma that is characterised by very delicate 

branching and dissecting vascular spaces between collagen bundles without 

significant red blood cells. The lesion resembles lymphatic vessels and must be 

distinguished from a lymphangioma. Focal spindle areas are present (arrows) and 

may indicate progression to a morphologically mixed pattern.

Stellenbosch University http://scholar.sun.ac.za/



Pathology o f  KS 10-50
Stellenbosch University http://scholar.sun.ac.za/



Pathology o f KS 10-51

' ' % §  ' i

Fiq. 10-15 Stasis dermatitis

(A) There is pseudo-epitheliomatous hyperplasia of the epidermis with lobular 

proliferation of capillary vessels (arrows) in a dense fibrous stroma with scarring 

(stars) and focal chronic inflammation (arrow point). (B) At higher magnification 

hemosiderin pigment (arrow) and red cell extravasations (arrow point) can be seen. 

However, there are no dissecting vessels that are characteristic of Kaposi's sarcoma. 

There is also striking lobular arrangement of the small blood vessels. (C) The 

perpendicular orientation of small blood vessels in relation to the epidermis is 

characteristic of dermal scarring.
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Fip. 10-16 Granuloma annulare

(A) Note the “busy dermis” appearance due to an interstitial infiltrate of macrophages 

(arrows). (B) At higher magnification the macrophages are easier to appreciate. 

The basophilic hue of the collagen fibres is due piecemeal degeneration. (C) An 

Alcian-blue & PAS stain reveals abundant stromal mucin between collagen bundles.
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F/q. 10-17 Dermatofibroma

(A) The characteristic epidermal acanthosis associated with this condition is 

demonstrated. Note the lack of involvement of the papillary dermis. The cells in the 

lesion display a very typical storiform growth pattern (arrows). (B) Typical storiform 

growth pattern of cytological bland spindle cells at higher magnification. There is no 

attempt to form vascular channels. (C) Note the entrapment of thick collagen 

bundles by the spindle cells at the periphery of the dermatofibroma (arrow).
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Fia. 10-18 Lobular haemangioma

(A) Lobular haemangioma displays a characteristic exophytic growth pattern and 

consists of well-defined lobules of small capillary vessels. Delicate collagenous 

stroma separates the vascular lobules and there is no evidence of dissecting 

vascular channels between collagen bundles. (B) Endothelial cells without 

cytological atypia line the small capillary-sized vessels. Note the very typical lobular 

growth and collagenous septa (arrow point).

Stellenbosch University http://scholar.sun.ac.za/



Pathology o f  KS 10-58
Stellenbosch University http://scholar.sun.ac.za/



Pathology o f KS 10-59

(A) Irregular, arborising and anastomosing vascular channels (arrows) are lined by 

atypical, hyperchromatic and pleomorphic endothelial cells. (B) Higher magnification 

highlights the cytological features of the malignant endothelial that line the vascular 

channels.
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Postmortem Findings (Patient RJ)

Xbtft

Fip. 10-20 (A . B) Nodal Kaposi's sarcoma

There is extensive replacement of the lymph node by Kaposi’s sarcoma (arrow 

points). There is some residual lymphoid tissue (stars).
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Fiq. 10-21 (A. B) Lung Kaposi's sarcoma

The large blood vessel (star) is surrounded by proliferating vascular spaces and 

spindle cells extending into the interstitial component of the lung (arrows).
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F/'q. 10-22 Lung Kaposi's sarcoma

(A) The fibrous septum shows fibrosis (star) with proliferation of vascular spaces and 

spindle cells that extend into the adjacent pulmonary interstitium (arrows). 

Hemosiderin is present (curved arrows). (B) The alveolar septae are involved 

(arrows); some alveolar spaces are spared (stars) but elsewhere alveoli are 

obliterated by Kaposi’s sarcoma (arrow points).
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Fia. 10-23 Gastrointestinal Kaposi's sarcoma

Stomach and small bowel involvement are common. In this section the gastric 

mucosa is spared (red buttons), but there is extensive involvement of the submucosa 

(arrow points) that abuts the muscularis mucosae (stars). Elsewhere tumour is 

present within the muscularis mucosa and adjacent lamina propria (arrows).
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Fig. 10-24 (A . B) Renal allograft Kaposi's sarcoma

There is extensive involvement of the allograft capsule by Kaposi’s sarcoma (stars). 

Residual tubules (arrows) with interstitial proliferation of vascular spaces and 

occasional spindle cells can be seen (arrowpoints).
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Fia. 10-25 Rare organ involvement in Kaposi's sarcoma

(A) In this section of liver the parenchyma is spared (red buttons) but Kaposi’s 

sarcoma lesions are clearly visible within the liver capsule (arrow points). (B) In this 

section of bone there is nodular proliferation of Kaposi's sarcoma in the region of the 

periosteum (arrow).
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Chapter 11

KAPOSI'S SARCOMA
T r e a t m e n t  a n d  O u t c o m e

A ppropriate management of Kaposi's sarcoma should be based on an 

understanding of the pathogenesis of the disease. The development of 

Kaposi's sarcoma requires (1) the genetic susceptibility, (2) infection with 

human herpesvirus type 8 (HHV-8), and (3) immunosuppression (see Chapter 14). 

Since little is known or understood of the first aspect of the pathogenesis, emphasis 

falls on the other two components of the pathogenesis, viz., HHV-8 infection and 

immunosuppression. The behaviour of iatrogenic Kaposi's sarcoma provides 

interesting clues to the pathogenesis of other forms of Kaposi's sarcoma and the role 

played by immunosuppression. Of all clinico-epidemiological forms of Kaposi's 

sarcoma, the iatrogenic subtype is potentially the simplest, most cost-effective and 

rewarding to treat. It is hoped that an understanding of the treatment if this form of 

Kaposi's sarcoma will provide valuable clues to the aetiopathogenesis of Kaposi's 

sarcoma and can perhaps be a guide to the treatment of other forms of Kaposi's 

sarcoma.
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THE CURRENT EXPERIENCE
First line of treatment

Based on current experience in the literature, the mainstay of treatment of iatrogenic 

Kaposi's sarcoma is reduction or withdrawal of immunosuppressive treatment (Al- 

Sulaiman et al., 1987;Antman et al., 2000;Bhoopchand et al., 1986;Harwood et 

al., 1979; Margolius et al., 1994; Nickoloff et al., 1989; Penn,1983; Penn,1987; 

Penn,1993; Qunibi et al., 1988; Sheil,1977). Although, Kaposi's sarcoma usually 

regresses after manipulation of the immunosuppressive regimen, the price that 

patients often have to pay may be heavy (Frances, 1998): almost half of the patients 

in whom the therapy is withdrawn or reduced lose their grafts (Antman et al.,2000). 

Those patients who reject their grafts after the cessation of immunosuppression may 

benefit from reinstitution of anti-rejection therapy but there are cases where the graft 

has had to be abandoned (Al-Khader et al., 1988). Gotti et al. (1997) state, and we 

concur, that the decision to discontinue all immunosuppression is not an easy one to 

make and should take into account the severity and extension of the cutaneous 

lesions, and the degree of visceral involvement. In the case of renal transplants, the 

patient can return to dialysis but such an option does not exist for most other solid 

organ transplant recipients.

Responses to withdrawal or reduction

Based on their experience Qunibi et al. (1998) have suggested a management 

algorithm that is based on the progressive reduction and ultimate cessation of 

immunosuppression (Fig. 11-1). At least 50% of the patients died or returned to 

dialysis when immunosuppression was discontinued. The remaining patients 

generally experienced varying degrees of remission. The discontinuation of 

immunosuppressive therapy led to the resolution of Kaposi's sarcoma in four of five 

renal allograft recipients in the Johannesburg study (Margolius et al., 1994). In an 

Italian study of 13 patients with post-renal transplant Kaposi's sarcoma, the 

withdrawal or reduction of immunosuppressive treatment (plus radiotherapy and 

chemotherapy in 2 patients) led to complete responses in 9 and partial responses in 

2 of the patients (Montagnino et al., 1994). Of the 13 patients 5 had skin lesions only 

and eight had skin and either mucosal or visceral lesions. However, 4 patients lost
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MANAGEMENT PLAN FOR RENAL TRANSPLANT  
RECIPIENTS WITH KAPOSI's SARCOMA

REMISSION

I
50% REDUCTION IN DOSES .

OF IMMUNOSUPPRESSIVE - f  PROGRESSION - > i  
DRUGS

NO CHANGE

REMISSION FURTHER DECREASE 
DOSES OF DRUGS PROGRESSION

NO CHANGE

REMISSION

STOP DRUGS

STOP DRUGS/START 
RADIOTHERAPY PROGRESSION

RESUME DRUGS IN SMALLER DOSES
I

CHEMOTHERAPY

Fig. 11-1. Algorithm for the management o f iatrogenic Kaposi's sarcoma suggested 

by Qunibi (1988).

their renal allografts. In another Italian study the response to reduction of 

immunosuppression was less satisfactory with only 4 of 10 renal transplant 

recipients with Kaposi's sarcoma having a complete response (Lesnoni La Parola et 

al. ,1997).

Management based on staging

Al-Sulaiman et al. (1994) have taken a slightly different approach. They base their 

treatment protocol on their staging of the disease (see Chapter 10). For stages I and 

II mere reduction of immunosuppressive therapy is recommended and according to 

the authors this is sufficient to result in the regression of the tumour while preserving
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renal function. For stages IIIA and IVA a trial of reduction of steroids should be 

attempted and if there is still evidence of progression of the tumour following 

reduction of therapy then discontinuation of immunosuppressive therapy is 

advocated. However, with pulmonary involvement they recommend cessation of all 

immunosuppression at the time of diagnosis, as disease of this organ is associated 

with a particularly poor outcome. Al-Sulaiman et al. (1994) also advise immediate 

discontinuation of immunosuppressive treatment for stages IIIB and IVB.

An important innovation of our study was the conservative management of 

superficial lymphadenopathy due to Kaposi's sarcoma. In terms of the above 

protocol of Al-Sulaiman et al. (1994), patients with adenopathy would be treated 

more aggressively with possible discontinuation of immunosuppressive treatment. 

Our experience has been that these patients also have a good prognosis and that 

the lymph nodes involute if the same treatment strategy is applied as that for skin 

lesions (see Figure 10-4).

Cessation or withdrawal for cutaneous/nodal disease?

One of the major criticisms of published data is that often no clear distinction is made 

between reduction and withdrawal of immunosuppression, a difference that we have 

found to be critically important. To the best of our knowledge our study is the first to 

directly compare the results of reduction as opposed to cessation of 

immunosuppression. In our own experience, patients with disease localised to the 

skin/mucous membranes and lymph nodes respond well to treatment. We have 

shown that there is little difference in the clinical outcome of the Kaposi's sarcoma 

disease, whether the immunosuppressive agents were discontinued or whether the 

drugs were reduced. The lesions in all patients improved and the Kaposi's sarcoma 

remitted. The main difference in the two management strategies i.e. reduction of 

immunosuppression vs. withdrawal, was in the outcome of the renal allografts, a fact 

which has not been emphasised before and is unique to our study. All the patients in 

whom the immunosuppressive therapy was discontinued returned to dialysis within 

weeks, whereas the only patients in the second treatment strategy group to lose their 

renal grafts were those who had advanced renal failure when they were diagnosed 

with Kaposi's sarcoma. An added benefit of our strategy was the reduction in the 

plasma creatinine values in those patients who retained their grafts (Fig. 4-10). Our
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approach is supported by the experience of Qunibi et al. (1993) who found that all 

five patients in whom they stopped immunosuppression lost their grafts and returned 

to dialysis. On the other hand, of the 15 patients in whom they only reduced the 

immunosuppression only 2 returned to dialysis and the creatinine values remained 

the same or even improved in 10 patients. In our study, adjuvant radiotherapy was 

only necessary in some patients to treat skin lesions that failed to respond to 

reduction of immunosuppression alone, and for the management of painful 

lymphadenopathy.

Importance of time frame

Another problem with published reports is that no time frames are given within which 

initial treatment outcomes are judged, before resorting to other modalities of 

treatment. In the Canadian report, patients were managed with reduction of 

immunosuppression for a minimum of one month only before other forms of therapy 

were introduced (Shepherd et al., 1997). We have shown that extensive lesions may 

take several months to regress, an experience shared by others (Frances, 1998) and 

may in fact show initial deterioration before improvement becomes manifest (Figs. 

10-2 to 10-4). This raises the issue of when alternative therapies should be 

implemented. From our own experience we would recommend a waiting period of at 

least 2-4 months before implementing more potent therapies, realising that there 

might be an initial deterioration of the developing Kaposi's sarcoma lesions before 

improvement occurs. Serial photographs of the lesions provide a useful objective 

tool for the evaluation of the number, size and colour of the lesions. Regression can 

also be monitored by assessment of the size of lesions (Frances,1998).

Results of conservative treatment

In contrast to the excellent results of conservative treatment in our cohort of patients 

who all improved, the literature suggests that complete remission is achieved in less 

than one third of cases with limited cutaneous disease and less than 20% of patients 

who have visceral disease (Penn, 1993). This experience was shared by a Canadian 

study that found that no patient with widespread cutaneous disease or visceral 

involvement responded to withdrawal of immunosuppression alone (Shepherd et 

al., 1997). The shortcomings of the Canadian study have already been commented 

upon (vide supra).
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Visceral disease

With regard to visceral disease our recommendation would concur with those of 

others who suggest that all immunosuppression should be discontinued when the 

diagnosis of Kaposi's sarcoma is made (Al-Sulaiman et al., 1994). The disease is 

often fulminant and rapidly fatal leaving little opportunity for other intervention (Qunibi 

et al., 1993), as was our own experience.

Mortality

The mortality rate of patients with non-visceral disease is very low, even in patients 

who return to dialysis. In our study the one-year mortality was 6% with a single 

patient dying of sepsis, probably related to the Kaposi's sarcoma skin lesions. 

Several other patients died many years later but were clinically free of Kaposi's 

sarcoma disease. The causes of death were infection and heart failure. The Saudi 

experience was similar to ours with infections the commonest cause of delayed 

mortality (Al-Sulaiman et al., 1994).

Which drug to withdraw?

It would appear that exactly which immunosuppressive agent is withdrawn or 

reduced is immaterial. In most reported studies azathioprine was discontinued, with 

or without a reduction in the dose of cyclosporine (Qunibi et a/.,1988;Shepherd et 

al., 1997). Patients may respond to surgical excision and discontinuation of steroids 

(Qunibi et al., 1988). Our own bias was to withdraw the most potent 

immunosuppressive agent, namely cyclosporine. The other reason for selecting 

cyclosporine was that the drug may have direct oncogenic potential (See Chapter 

16) (Hojo et a/., 1999). An added benefit to the choice of cyclosporine, besides the 

saving in the cost of the drug, was the reduction in the plasma creatinine level in the 

majority of the patients. Despite this, none of our patients suffered episodes of acute 

rejection, although this is well described in other studies after reduction of 

immunosuppression (Penn,1995; Petersen et al., 1975). In the Canadian series, all 

the acute rejection episodes were successfully reversed with no patient requiring 

anti-lymphocyte products (Shepherd et al., 1997).
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New immunosuppressive drugs

Some of the novel immunosuppressive agents have also been associated with 

Kaposi's sarcoma. We report in our study a patient who developed Kaposi's 

sarcoma under mycophenolate mofetil; the lesions regressed with discontinuation of 

the latter and maintenance of cyclosporine. Another report (Gomez et al., 1998) 

documents the recurrence of Kaposi's sarcoma in a patient who had previously had 

Kaposi's sarcoma after renal transplantation who went into remission after 

withdrawal of cyclosporine. The patient's renal function remained stable for seven 

years before starting to deteriorate, at which point mycophenolate mofetil was 

introduced. Perhaps, predictably, the Kaposi's sarcoma recurred 90 days later. The 

lesions improved, but did not disappear, after reduction in the dose of 

mycophenolate mofetil and the use of ganciclovir (Gomez et al., 1998). There has 

been a report of the regression of the tumour after maintenance of mycophenolate 

mofetil, but the discontinuation of cyclosporine in a patient receiving both agents 

(Vella et al., 1997). In another case the tumour appeared after changing of 

cyclosporine to mycophenolate mofetil and tacrolimus (Lee et al., 1998). On the 

other hand, conversion of cyclosporine to tacrolimus halted the progression of 

Kaposi's sarcoma disease that relapsed after the use of liposomal doxorubicin 

(Boehringer et a/.,1999). With the development and more widespread use of more 

potent immunosuppressive drugs, neoplastic complications including Kaposi's 

sarcoma will become more frequent.

Other Treatment Modalities 

RADIOTHERAPY

Kaposi's sarcoma is a highly radiosensitive tumour (Cohen,1962;Holecek et al., 1978) 

and before the AIDS epidemic was the primary form of local treatment available. 

The usual indications for radiotherapy in Kaposi's sarcoma are relief of painful 

lesions, lymphoedema due to lymphatic obstruction by infiltrative Kaposi's sarcoma 

or to reduce the mass effect of the tumour (Al-Sulaiman MH et al., 1994). However, 

the multifocal nature of the disease and risk of radiation toxicity limit the use of this 

therapeutic modality. It is the treatment of choice for localised skin lesions in classic 

Kaposi's sarcoma with regression in over 85% of cases (Cohen, 1962;Krown et
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a/.,1992;Mann,1974). Radiotherapy has also been used to good effect in epidemic 

Kaposi's sarcoma with partial or complete regression of skin lesions in over 50% of 

cases (Chak et a/.,1988;Mitsuyasu et al., 1984). Extended field radiation has 

produced good results in renal transplant patients with Kaposi's sarcoma (Harwood 

et a/.,1979;Harwood,1981). We have used radiotherapy for painful nodal lesions in 2 

patients and for occasional relapse of skin lesions in 2 other patients, with 

satisfactory results. Lesions regress faster after radiotherapy but it does pose the 

risk of cutaneous cancer in a susceptible population.

ANTIVIRAL AGENTS
HHV-8 infection is thought to play an important role in the development of Kaposi's 

sarcoma and it would therefore be logical to consider the use antiviral agents in the 

battle against Kaposi's sarcoma.

Specific antiherpes treatment

Although several antiherpetic molecules including cidovir, foscavir, and ganciclovir 

inhibit HHV-8 replication in vitro, none has proven to be effective in Kaposi's 

sarcoma in transplant recipients (Frances,1998). It is doubtful whether the virus can 

be eradicated at all since the HHV-8, like other human herpesviruses, is integrated 

into the genome and remains in the body in a latent state. The role of these specific 

agents in the treatment of Kaposi's sarcoma therefore remains questionable.

Interferon

Recombinant interferon alpha (IFN-a), with its known modulatory effects on the 

immune system and its antiretroviral and antiproliferative properties, has been used 

in the treatment of AIDS-associated Kaposi's sarcoma singly or in combination with 

zidovudine, where it produces partial or complete remission of lesions in 20-60% of 

cases (Abrams et a/.,1986;de Wit et al., 1988;de Wit et a/.,1991 ;Groopman et 

a/.,1984;Krown et a/.,1983;Krown,1987;Lane et al., 1988;Schaart et a/.,1991 ;Stadler 

et al., 1990). Response rates correlate with baseline CD4 counts (Mitsuyasu,1991). 

The dose-limiting toxic effects are fever, myalgia, and bone marrow suppression 

(Gotti et al., 1997). Intralesional IFN-a injection has also been attempted in epidemic 

Kaposi's sarcoma with some encouraging results (Dupuy et al., 1993). Preliminary
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studies of IFN-a in patients with classic and African forms of Kaposi's sarcoma 

showed a major response of cutaneous lesions in 70% of treated patients (Rybojad 

et al., 1990). Recombinant interferon has not been widely used in transplant- 

associated Kaposi's sarcoma. There is a report of its successful use in the treatment 

of Kaposi's sarcoma that developed after a bone marrow transplant (Porta et 

a/.,1991); there is also another report of its use in a child with systemic Kaposi's 

sarcoma after renal transplantation, but the child died before the effect of the drug 

could become established (Fournet et al., 1992). In iatrogenic Kaposi’s sarcoma the 

use of interferon is limited as in most cases, as we have shown, reduction or 

withdrawal of immunosuppression does halt progress of the disease. In addition, 

interferon is known to induce immunologically mediated steroid resistant acute 

rejection (Kovarik et al., 1988;Kramer et al., 1984). The use of interferon in iatrogenic 

Kaposi's sarcoma would therefore be limited to situations where the lesions continue 

to progress despite the discontinuation of immunosuppressive therapy and loss of 

the graft (Al-Sulaiman et al., 1994). Other biological agents including interferon-p and 

-8, tumour necrosis factor and interleukin-2 have been tested less widely and data so 

far are inconclusive despite occasional claims of benefit for systemic interferon-p and 

intralesional tumour necrosis factor injections (Krown,1991).

AIDS and HAART

Currently, the treatment of Kaposi's sarcoma presenting as the initial manifestation of 

AIDS may involve the use of highly active antiretroviral therapy (HAART) with or 

without specific treatment directed against Kaposi’s sarcoma (Antman et a/.,2000). 

The resolution of immunosuppression as a result of HAART may also affect the 

Kaposi's sarcoma (Bennett et a/.,1998;Volm et al., 1997). In one study of 13 AIDS 

patients with Kaposi's sarcoma who were given HAART none had progression of 

Kaposi's sarcoma lesions after a median of 10 (range, 0-41) weeks follow-up (Wit et 

al.,1998). In another report there was shrinkage of the Kaposi's sarcoma lesions and 

a decline in HHV-8 viral loads with HAART (Robles et al., 1999). In other reports the 

Kaposi’s sarcoma responded concurrently with the decrease in serum level of the 

HIV RNA and an increase in the CD4 count (Winceslaus,1998;Wit et al., 1998). In a 

group of patients receiving either focarnet or ganciclovir —  both of which are 

effective against cytomegalovirus —  those receiving foscarnet had a significantly
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longer interval before the progression of Kaposi's sarcoma than those receiving 

ganciclovir (Robles et al. ,1999). Because the response of Kaposi's sarcoma to 

HAART is unpredictable, specific local or systemic therapy is usually instituted 

(Antman et a/.,2000).

CYTOTOXIC DRUGS

The use of cytotoxic drugs in patients with iatrogenic Kaposi's sarcoma is fraught 

with difficulty. The finding of HHV-8 in patients with Kaposi's sarcoma in the setting 

of immunosuppression supports the general principle that the immune system may 

regulate replication of the virus that through various mechanisms has the potential to 

contribute to malignant transformation. Reduction of the cellular immunity as a result 

of the use of immunosuppressive drugs shifts the balance in favour of viral 

replication and tumour growth (Shepherd et al., 1997). Theoretically at least, the 

use of cytotoxic agents that further compromise cellular immunity may aggravate 

Kaposi's sarcoma. This therefore brings into question use of these agents in the 

treatment of Kaposi's sarcoma, a concern shared by others who also consider 

Kaposi’s sarcoma development in organ transplant patients the consequence of 

over-immunosuppression (Revillard,1979; Sheil,1984; Studniberg efa/.,1991).

Use in iatrogenic Kaposi's sarcoma

There are currently no controlled studies available on the use of cytotoxic agents in 

iatrogenic Kaposi's sarcoma and most of the experience has been in other forms of 

the disease. It has been claimed that drugs used for classic Kaposi's sarcoma may 

be effective for iatrogenic Kaposi's sarcoma (Antman et al.,2000). In a Canadian 

study, five patients who had failed to respond to withdrawal of immunosuppression 

or local irradiation received a combination of doxorubicin, bleomycin, and vincristine 

(Shepherd et al., 1997). Two patients had a complete response and two patients a 

partial response. The major criticism of the study is that patients were followed for a 

minimum of one month before treatment was deemed to have failed and this, in our 

opinion, is not long enough.
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Indications

Widespread lesions that fail to respond to reduction of immunosuppressives 

(possibly supplemented by local radiotherapy), lymphoedema, or visceral disease 

have been treated with chemotherapy, viz., vincristine, vinblastine, and bleomycin as 

single agents or in combination (Al-Khader et a/.,1988;Hess et a/.,1984;Penn,1987). 

Other agents that also have activity include liposomal anthracyclines, paclitaxel 

(Dezube,2000) while molecules such as TNP-470 and thalidomide, both 

antiangiogenesis drugs, have been shown to induce a response in Kaposi's sarcoma 

and are being used in clinical or early preclinical trials (Yarchoan,1999). The 

guidelines to therapy still rest however, on studies in AIDS and epidemic Kaposi's 

sarcoma because there are no data on iatrogenic forms of Kaposi's sarcoma.

The AIDS-Kaposi's sarcoma experience with cytotoxics

Early treatment of AIDS-associated Kaposi's sarcoma was largely based on a 

consensus from the US National Cancer Institute workshop held in 1981 (De Wys et 

a/.,1982). Patients with minimal disease were recommended for single-agent 

chemotherapy and those with advanced disease for combined chemotherapy. Three 

molecules were suggested as single agents: etoposide, vinblastine, and bleomycin 

(Hardy et a/.,1976;Richman et al., 1988). The effectiveness of doxorubicin and 

bleomycin appears to be confined to isolated cases (Hengge et al., 1993). Several 

uncontrolled studies in patients with pulmonary or extensive mucocutaneous disease 

showed a better response to combined treatment than single agents (Gotti et 

al., 1997). More severe cases with organ involvement require combination therapy, 

which can consist of bleomycin and vincristine with or without doxorubicin (Odajnyk 

et al., 1985). A new formulation, liposomal doxorubicin has been found to be superior 

when compared with conventional combined therapy in controlled studies (Bennett et 

a/.,1998;Grunaug et al., 1998). A recent introduction to the armentarium against 

Kaposi's sarcoma is paclitaxel, a drug that stabilises microtubules and also has 

antiangiogenic properties (Belotti et al., 1996;Sgadari et al.,2000).

Results of cytotoxic treatment

The cytotoxic drugs with activity against classic Kaposi's sarcoma are also active 

against epidemic Kaposi's sarcoma but are associated with lower response rates 

and shorter responses. Studies have reported rates of partial response of 26% for
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weekly vinblastine (Volberding et al., 1985), 10-48% for doxorubicin (Gill et a/.,1991), 

and 36% for weekly etoposide (Paredes et al., 1995). The most effective treatment 

was the combination of doxorubicin, bleomycin and vincristine which was well 

tolerated and resulted in partial and complete responses of 88% (Gill et al., 1991). In 

a recent report these agents were successfully used in patients with posttransplant 

Kaposi's sarcoma that failed other treatment modalities (Shepherd et al., 1997). The 

newer drugs and combinations include the liposomal anthracyclines that are less 

toxic than the nonliposomal anthracyclines. Liposomal anthracyclines have been 

shown to have response rates of 25 to 62% (Gill et a/.,1996;Money-Kyrle et 

al., 1993;Presant et al., 1993;Uthayakumar et al., 1996). In a randomised study 

comparing liposomal daunorubcin with a combination of doxorubicin, bleomycin and 

vincristine the response rate was similar (25% vs. 28%) (Gill et al., 1996). However, 

in a randomised comparison of polyethylene glycol (PEG)-conjugated liposomal 

doxorubicin with a combination of bleomycin and vincristine the doxorubicin therapy 

was associated with a much better response rate (59% vs. 23%) (Stewart et 

al., 1998). On the basis of this and other studies, liposomal doxorubicin, although 

more myelosuppressive than the bleomycin and vincristine combination, is 

considered to be the first line of treatment for advanced Kaposi's sarcoma (Nasti et 

al., 1999). The new agent paclitaxel was used in three studies totaling 105 patients, 

and response rates ranged from 49% to 71% (Gill et a/.,1999;Saville et 

a/.,1995;Welles et al., 1998), making it an excellent second-line agent. There are 

others who are of the opinion that paclitaxel is the new gold standard for treatment of 

patients with advanced disease (Lee et al., 1996). The experience with liposomal 

doxorubicin (Boehringer et a/., 1999) and paclitaxel (Wu et al., 1998) in posttransplant 

Kaposi's sarcoma has been limited to isolated reports.

LOCAL TREATMENT
Indications for the use of local modalities of treatment include patients with a limited 

number of mucocutaneous lesions, localised disease associated with complications 

caused by mass effects and for cosmetic improvement of isolated lesions (Tappero 

et al., 1993). None of our patients required local treatment of their lesions. In AIDS 

patients the presence of disfiguring lesions are much more of a problem and
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warrants aggressive intervention, as the social stigmatisation and the constant visual 

reminder of fatal illness can cause severe psychological stress (Tappero et al., 1993).

Cryosurgery, cryotherapy, laser or surgical removal yields acceptable cosmetic 

results. Intralesional chemotherapy has also been recommended but is less popular 

because it is painful (Frances, 1998) and is frequently associated with post 

inflammatory hyperpigmentation (Boudreaux et al., 1993). There is little experience 

with these treatment modalities in patients with iatrogenic Kaposi's sarcoma. In 

epidemic Kaposi's sarcoma cryotherapy has an 85% complete or partial response 

rate irrespective of the CD4 count (Tappero et a/., 1991). For both AIDS and non- 

AIDS Kaposi's sarcoma intralesional chemotherapy (with a vinca alkaloid) gives a 

60% to 88% complete or partial response for cutaneous lesions (Boudreaux et 

a/.,1993;Brambilla et a/.,1984;Conant,1995;Klein et a/.,1980;Schofer et al., 1991). In 

AIDS patients laser therapy has been used to treat larger oral lesions (Marcusen et 

a/.,1985;Schweitzer,1988;Schweitzer et al., 1990), but the technique does pose a risk 

to the laser operator (Baggish et al., 1991;Garden et a/.,1988;Sawchuk et 

al., 1989;Starr et al., 1992;Tappero et al., 1992). Laser has also been proven effective 

for macular cutaneous lesions but these recur within 12 weeks (Bacchetti et 

al., 1988).

SUMMARY
Reducing the degree of immunosuppression in patients with Kaposi's sarcoma after 

renal transplantation is now unquestionably the first line of treatment. In our 

experience this is a highly effective therapeutic intervention in patients with 

mucocutaneous disease and disease limited to superficial lymph nodes. Lesions 

regress over weeks to months with additional radiotherapy treatment seldom 

required. The less satisfactory results reported in the literature may be due to the 

failure to allow lesions adequate time to regress. It also makes it difficult to interpret 

the results of other forms of treatment that are used, because any response could be 

interpreted as due to the spontaneous involution of the lesions to 

immunosuppressive drug reduction rather than the effect of the additional treatment.
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We showed conclusively that cessation of immunosuppression had to be 

differentiated from reduction, as therapeutic options: with both, Kaposi's sarcoma 

lesions improved but, with the maintenance of immunosuppression albeit reduced, 

renal function was preserved (see pages 4-25 to 4-27).

With visceral Kaposi's sarcoma, the indications from the literature, and with our 

limited experience we concur, is that all immunosuppression should be discontinued 

when the diagnosis of iatrogenic Kaposi's sarcoma is confirmed and the use of 

chemotherapy considered, especially if there is pulmonary involvement.

There is no proven cytotoxic regimen that has been proven to be superior. The 

mainstay of treatment has been vincristine, bleomycin and doxorubicin in various 

combinations. Newer regimens include liposomal doxorubicin and paclitaxel. None 

of these regimens have been used in control trials in renal transplant patients.

Local treatments beside radiotherapy have limited use in the management of 

iatrogenic Kaposi's sarcoma.
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Chapter 12

SKIN CANCER IN RENAL 
ALLOGRAFT 
RECIPIENTS

Skin malignancies are the most common cancers to occur in patients who 

have received renal allografts and are an important cause of morbidity in 

long-term survivors (Bencini et a/.,1983;Blohme et a/.,1990;Boyle et 

a/.,1984;Gupta et a/.,1986;Hardie et a/.,1980;Hartevelt et a/.,1990;Hoover et 

a/.,1973;Koranda et a/.,1974;Lindelof et a/.,2000;Walder et al., 1971). This must 

however be seen in the context of skin cancers in the general population. 

Nonmelanoma skin cancers are the most common cancers in the general Caucasian 

population of the United States (Boring et al., 1992) as well as in Great Britain, where 

the prevalence was 1.9% in 1970 (Beirn et al., 1970). The incidence appears to be 

increasing, with a 60% to 70% increase being observed between 1973 to 1987 

(Gallagher et al., 1990). Because most skin cancers are diagnosed and treated in 

outpatient or general practitioner's office and not reported to central registries, the
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available statistics both in South Africa and elsewhere grossly underestimate the 

actual number patients with of skin cancer. Basal cell carcinoma is the most 

common skin cancer in white patients and accounts for 75% to 80% of all reported 

skin cancer cases (Roberts,1990;Yiannias et a/.,1988). Squamous cell carcinoma is 

the second most common skin cancer and is estimated to account for 20% to 25% of 

all reported cases. The incidence of skin cancers following renal transplantation has 

been discussed in detail in Chapter 6.

COMMENTS ON INCIDENCE

The increased incidence of skin cancer in solid organ transplant recipients was first 

noted in Australia and New Zealand (Marshall,1974;Sheil,1977;Walder et a/.,1971) 

where it was related the high levels of ultraviolet-B (UV-B) radiation associated with 

extended periods of sunlight (Hardie et a/.,1980;Marshall,1974;Sheil,1977;Sheil et 

a/.,1979;Sheil et a/.,1993;Walder ef a/.,1971). However, whereas skin cancers were 

initially thought to be uncommon in low risk countries such as Europe (Barr et 

a/.,1989;Bencini et a/.,1983;Blohme et a/., 1984;Jacobs et al., 1981), Scandinavia 

(Birkeland, 1983;Lindelof et al.,2000), and the United States (Hoxtell et 

al., 1977;Koranda et al., 1974;Matas et al., 1975), the passage of time has confirmed 

that renal transplant patients in these countries are also at a greatly increased risk of 

developing skin cancer (Hartevelt et al., 1990). In the Australasian experience the 

incidence of skin cancers at 10 and 20 years were 27% and 57% respectively (Sheil 

et al., 1993), compared with 10% and 40% for the corresponding intervals in the 

report from the Netherlands (Hartevelt et al., 1990). In a later study there was an 

even larger discrepancy between an Australian group of patients and a Dutch control 

population (Table 12-1). In a report from Oxford, the authors found that not only 

were skin cancers more common in Australia, but the lesions also appeared earlier 

than in the temperate climates (Liddington et al., 1989). In the latter report no skin 

malignancies were diagnosed in the first three years after transplantation, as was the 

case in a similar report from Sweden (Blohme et al., 1984). This geographical 

difference in incidence is probably due to the influence of solar UV-B radiation but 

both these reports emphasise that the risk of developing skin cancers increases
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Table 12-1. Cumulative incidence of skin cancer (in percentages) in cohorts of 

transplant patients from two different latitudes.

Years Posttransplant 

1 3 5 7 11 15 20 

Australian ~7 16 25 33 45 59 70 

Dutch 0.2 0.7 3 6 16 24 41

Drawn from data from Bouwes et al., 1996. The incidence of skin cancer in this Australian cohort is 

the highest ever reported.

progressively. The rareness of skin cancers in non-Anglo Saxon populations, 

including our own non-white patients was also noted in Chapter 6. This corresponds 

to the observations of Glover and his colleagues (1994) who found no skin cancers 

in patients with skin types V or VI.

REVERSAL OF RATIOS
Another important observation made in Chapter 6, was the change in the proportions 

of skin cancers that develop following renal transplantation in comparison to the 

general population. In the latter, basal cell carcinoma is the most common lesion, 

whereas following transplantation squamous cell carcinoma is 4 times more common 

than basal cell carcinoma in certain reports (Hartevelt et a/.,1990;Walder et al., 1971) 

and equally common in our experience. Compared to the general population, 

squamous cell carcinoma has been estimated to occur with frequencies of between 

40 and 250 times higher (Hardie et a/.,1980;Hartevelt et al., 1990) and basal cell 

carcinoma 10 times higher (Hartevelt et al., 1990). Malignant melanoma is estimated 

to be 5 times more frequent following transplantation than expected (Greene et 

al., 1981).

DEMOGRAPHIC OBSERVATIONS
Gender

We observed that female patients were less at risk of developing skin cancers than 

males, confirming the findings of others (Bouwes et al., 1996; Disler et al., 1981; 

Liddington et al., 1989; Lindelof et al.,2000; Sheil et al., 1985; Sheil, 1994a). The
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reason for this is unclear, although differences in sun-exposure, hormonal responses 

or skin types may all be relevant (Liddington et a/., 1989). In the absence of accurate 

data from the National Cancer Registry, we were unable to calculate the relative risk 

of developing skin cancer. This was done, however, in a report from Scandinavia, 

where it was found that the relative risk of non-melanoma skin cancer was 109 for 

men and 93 for women (Lindelof et a/.,2000). In their study there was no increase in 

the relative risk of malignant melanoma.

Age

The mean age of our patients who developed skin cancers was 43.8 years and it has 

been recognised that, in general, skin cancers occur 20 to 30 years earlier than in 

non-immunosuppressed patients (Beatty et a/.,1980;Sequeira et al., 1992). In 

Melbourne, Australia, the average age at which patients with transplanted organs 

develop their first skin cancers is 47 years. For immunocompetent individuals in the 

same region the average age at which basal cell carcinoma occurs is 64 years and it 

is 72 years for squamous cell carcinoma of the skin (Czarnecki et al., 1991b).

TYPES OF SKIN CANCER (Colour Plates: Figs. 12-2 to 12- 4)
Neoplastic skin lesions that can occur in post-renal transplant patients include solar 

keratosis, Bowen's disease, keratoacanthomas, squamous cell carcinoma, basal cell 

carcinoma, and malignant melanoma. Some cancers present as metastatic 

malignancies or undifferentiated anaplastic lesions (Sheil,1994a). The sequence of 

changes that result in the malignancy have been described (Walder et al.,1971). 

Initially, skin lesions present as areas of thickening or scaliness and are described as 

solar keratosis. These lesions occur in sun-exposed areas and are often multiple. 

These lesions may undergo spontaneous regression but do recur. It has been 

shown that strong association exists between the number of keratotic skin lesions 

and the occurrence of both squamous cell carcinoma and basal cell carcinoma 

(Bouwes et al., 1991b). Patients with solar keratosis also often have areas of 

erythema, that may be flattened or nodular, and histological examination of the 

lesions reveals the presence of Bowen's disease, a premalignant condition. Another 

tumour that commonly occurs in renal transplant recipients, is keratoacanthoma that 

is considered a benign lesion in immunocompetent patients. However, in allograft
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recipients all these lesions have the potential of rapid progress to invasive squamous 

cell carcinoma (Marshall,1974;McLelland et al., 1988). In addition, in these patients 

squamous cell carcinoma tend to be aggressive and often metastasise (Sheil et 

al., 1979). Another important observation is that patients with skin cancers are more 

likely to develop other more fulminant types of cancer than are allograft recipients 

without skin cancer (Sheil,1977).

SITES OF OCCURRENCE
The skin lesions occur predominantly in areas of the body exposed to sunlight, but 

are by no means confined to these areas (Sheil,1994a). At least 2 patients in our 

cohort developed almost generalised squamous cell carcinoma of the skin and 

required repeated operations to have the lesions removed. None of our patients 

had lesions involving the groin or axilla, but involvement of the vulva and vagina has 

been described (Sheil,1994a). Some of these lesions may have their origin in viral 

warts but most do not (Caterson et al., 1984). Approximately 40% of transplant 

recipients develop warts (Koranda et a/.,1974;Spencer et al., 1970). The majority of 

patients who develop warts have a childhood history of the problem suggesting that 

their development after transplantation is the result of reactivation of latent virus 

rather than a primary infection. Patients with widespread warts have been described 

to develop multiple squamous cell carcinoma and it has been suggested therefore 

that these may be virally induced, as a result of activation of immunosuppression 

(Koranda et a/.,1974;Mullen et al., 1976). However, the malignant lesions occurred 

only in sun-exposed areas suggesting interaction between various carcinogenic 

stimuli (Koranda et al., 1974).

AETIOLOGY
The aetiology of skin malignancies in the renal transplant patient is the result of the 

influence of a number of factors, both intrinsic and extrinsic. By far the most 

important extrinsic factors are the exposure to sunlight and type of skin according to 

the classification of Fitzpatrick (Table 12-2). Chemical carcinogens have been 

widely studied especially in animals as agents of cutaneous cancers. Also of 

relevance to transplant patients has been the recent focus on the role of viruses, 

especially human papillomavirus, on the aetiogenesis of cutaneous and mucous
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Table 12-2 Skin type assessment

Skin Type Sunburn and Tanning H istory

I Always burns, never tans

II Always burns

III Burns often, tans gradually

IV Burns minimally, tans gradually (light brown)

V Burns rarely, tans profusely (dark brown)

VI Never burns, deeply pigmented (black)

From Fitzpatrick, (1975)

membrane carcinomas (Barr et a/.,1989;Lutzner et a/.,1980;Lutzner,1978;Lutzner et 

al., 1983). Host genetic makeup and host immunity also play important roles in the 

development of skin cancers as do ionizing radiation and primary irritation 

(Brash,1997).

Exposure to UV light and skin type

Exposure to UV radiation in the form of sunlight is overwhelmingly the most 

important aetiological factor for the development of nonmelanoma skin cancer 

(MacKie et al.,1987; Marks, 1995) as indicated by the occurrence of tumours 

predominantly on sun-exposed sites, particularly in fair-skinned individuals who have 

high levels of exposure to UV radiation (Barr et al., 1989;Beatty et al., 1980;Bouwes et 

a/.,1991b;Boyle et a/.,1984;Hardie et al., 1980). The amount of exposure, the timing 

of exposure and the skin type being exposed determine the rate of carcinogenesis. 

Light-skinned people with blonde or red hair who tend to burn rather than tan 

develop cancer much more readily than dark-skinned individuals who are protected 

by the melanin pigment in their skin (Urbach,1984). We have shown that sun- 

exposed areas of the body are more susceptible to skin cancers. Squamous cell 

carcinoma usually occurs on the head, neck and dorsum of the hands, which are the 

sites of maximal chronic sun-exposure, and development of malignant lesions is 

directly related to the amount of solar radiation received (Bouwes et al., 1991b).
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Sites

An important finding in our study was that basal cell carcinomas were more likely to 

occur in areas not exposed to sunlight than squamous cell carcinomas. Another 

recent study has shown that 97% of squamous cell carcinomas occurred in sun- 

exposed areas of the skin with preference for the dorsum of the hand and the face 

(Hartevelt et al., 1990). However, basal cell carcinomas were frequently found on the 

chest (34%) and did not occur on the back of the hands (Hartevelt et al., 1990). There 

is an increased incidence of skin cancer in Australia as compared with Scandinavian 

countries where the population has similar skin types but the UV light exposure is 

different.

The importance of distance from the equator on the risk of skin cancer is 

demonstrated in Table 12-3: the prevalence of skin cancer correlates inversely with 

the geographic latitude away from the equator (Doll et al., 1970). Although it is the 

cumulative amount of lifetime UV exposure that influences the development of skin 

cancer (Aubry et a/.,1985;Kwa et al., 1992;Luande et al., 1985), epidemiological 

studies indicate that sunlight exposure critical for skin cancer occurs before the age 

of 15 to 20 years (Kricker et al., 1991;Marks et al., 1990). There is currently 

considerable concern about the depletion of the ozone layer of the global 

atmosphere by certain chemicals. The ozone layer acts as a powerful barrier in

Table 12-3. The occurrence of skin cancer in renal/organ transplant recipients

Country No. of 

recipients

No. of patients 

with tumours

Frequency

(%)

Latitude Follow- 

up (Yrs)

Latent Period 

(mo.)

Reference

Brisbane, Australia 1098 271 24.7 27°28'N 2-11 55.2 Hoxtell et al., 1977

Australasia 735 76 10.3 30°52'N 0-11 75.6 Sheil et al., 1980

Cape Town, RSA 542 13 2.4 (7)1 33°55’S 2-22 72.8 Present study

Maryland, USA 6297 21 0.33 39° N 1-20 - Hoover et al., 1973

Toronto, Canada 523 27 5.3 43°40'N 2-20 86.6 Gupta et a/., 1986

Minnesota, USA 495 7 1.4 44°50'N 2-11 43.4 Hoxtell et a/., 1977

Oxford, UK 598 31 5 51°45'N 3-12 84.6 Liddington etal., 1989

London, UK 121 5 4.1 51°50'N 1-21 - McLelland ef a/.,1988

The Netherlands 764 47 6.2 52°N 1-21 109.2 Hartevelt et a/., 1990

Belfast, N. Ireland 223 9 4.0 54°50'N 2-21 NS Brown et al., 1988

Goteborg, Sweden 129 13 10.1 57°43'N 3-16 NS Blohme et a/.,1984

Stockholm, Sweden 5356 172 3.2 59°20'N 0-24 NS Lindelof et al.,2000

' Caucasians only
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absorbing a major portion of UV radiation and preventing it from reaching the earth 

(National Institutes of Health,1991). The chemicals responsible for the depletion of 

the ozone layer include the hydroflourocarbons present in aerosol sprays and 

refrigerators. It is feared that the depletion of ozone over the next few years will 

rapidly increase the incidence of skin cancer (Brash, 1997).

UV radiation and the immune system

UV light may influence the development and progression of skin cancers by affecting 

the host immune system. UV radiation is both mutagenic and in doses equivalent to 

recreational sun-exposure, can cause selective immunosuppression (Parrish,1983). 

Kripke and his colleagues showed that UV-induced cancers in mice are highly 

antigenic and that most are rejected by the host immune system after transplantation 

into a normal, genetically identical animal (Kripke,1974;Kripke,1986). However, the 

primary host in whom the cancer was induced by UV light becomes tolerant to the 

tumour and allows its rapid growth. This tolerance is due the induction of T 

suppressor lymphocytes that may persist for years after exposure to UVB (Fisher et 

al., 1982). Although not yet confirmed in humans, this work suggests that suppressor 

factors and cells develop that act to suppress the host immune system and prevent 

rejection of UV-induced skin cancer. This effect may be induced by the action of UV- 

light on Langerhans' cells in skin, which alters the immune system and allows the 

development and progression of skin cancer (Brash, 1997). What has been shown in 

humans is that in patients with a history of skin cancer, 92% have 

immunosuppression following UVB, indicating that individual susceptibility to the 

immunosuppressive effects of UVB may be a risk factor for the development of skin 

cancer (Yoshikawa et al., 1990a). The effect of UVB on cutaneous immunity may be 

mediated by induction of the tumour necrosis factor-a (TNF-a), a proinflammatory 

cytokine. In support of this is the observation that UVB-susceptible mice are 

converted to contact hypersensitivity responders on receipt of systemic anti-TNF-a 

antibodies administered at the same time that hapten is applied to UVB-exposed 

skin (Yoshikawa et al., 1990b). Moreover, when hapten is painted on skin site that 

has been pretreated with a single injection of recombinant murine TNF-a contact 

hypersensitivity is avoided (Yoshikawa et al., 1990b).
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Fig. 12-1 A model for genetic and cellular events in the onset o f human skin cancer. 

Mutation o f the p53 tumour suppressor gene and selection for p53 mutated cells by 

sunlight exposure occur. See text for details. From Ziegler et al. (1994).

The mechanism whereby TNF-a interferes with cutaneous immunity appears to 

involve epidermal Langerhans cells and dermal antigen presenting cells. TNF-a 

induces cytoskeletal rearrangements in these cells that result in the transient inability 

of the cells to migrate from the skin. These cells are unable to reach the regional 

lymph nodes and the immunological response is therefore halted at this point 

(Vermeer et al., 1990). The molecular mechanism whereby UVB energy is 

transmuted to an increase in TNF-a is thought to be by c/s-urocanic acid, the 

deaminated form of histidine that is produced when by the action of UVB radiation 

from the frans-isoform (De Fabo et a/.,1983;Kurimoto et a/.,1992;Scott et al.,1982). 

After conversion of trans - to cis - urocanic acid, this molecule directly or indirectly 

causes the local accumulation of TNF-a (Streilein et al., 1994). In addition, there is 

evidence that UVB induces tolerance of cutaneous antigens by giving rise to a novel 

dermal-cell population that can capture hapten and deliver it as a down regulatory 

signal to the immune system (Kurimoto et a/.,1994b;Kurimoto et al., 1994a). This 

ability to impair induction of the immune system is genetically determined in mice, 

suggesting that the susceptibility to UVB-induced cancers may also be a genetically 

determined trait (Streilein et al., 1994). Recent studies on p53 protein have 

elaborated the experimental work of Kripke (Kripke,1974;Kripke,1986) and Daynes 

(Daynes et al., 1981).
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p 53 and skin cancer (Fig. 12-1)

The p53 protein is not required for normal development or physiology, but is elevated 

in cells with damaged DNA and cells with cell cycle abnormalities 

(Fisher, 1994;White, 1994). The elevated p53 protein has two effects on cells. DNA 

damage induces the p53 protein, which leads to the arrest of the cell cycle in the Gi 

phase (Fisher, 1994;Hartwell et al., 1994). This so-called "guardian of the genome" 

pathway allows additional time for DNA repair. The other p53 function termed 

"cellular proofreading" is the induction of apoptosis of aberrant cells by induction of 

the bax gene (Miyashita et al., 1995). In skin the cellular proofreading pathway 

appears to be operative after DNA damage. UV mutates the p53 gene (Campbell et 

al., 1993;Hall et al., 1993) and it is largely this gene that prevents UV-B and 

chemically-induced skin tumours in mice (Li et al., 1995). Long-lived mutants of p53, 

that have lost the tumour suppressant effect have been found not only in most skin 

cancers and precancers, but also in the sun-damaged cells adjacent to the malignant 

lesions (Shea et al., 1992). This suggests that UV damage to keratinocytes may 

result in mutation of p53 gene to an ineffective form allowing carcinogenesis to 

proceed.

UV radiation and azathioprine

In addition the two major metabolites of azathioprine (an agent widely used in renal 

transplant patients) 6-mercaptopurine and methylnitrothioimidazole have strong 

photo oxidative activities in the presence of UV light which may cause 

photosensitisation and photoallergy (Trush et al., 1982).

Chemical carcinogenesis

Extensive animal studies have shed some light on the pathogenesis of chemical 

carcinogenesis. Three stages of progression, based on studies on the mouse skin 

tumour model have been identified for chemical carcinogenesis: initiation, promotion, 

and carcinogenesis (Brash, 1997). The initiated cells are terminally differentiated and 

retain their ability to multiply. For the promoter to be effective and cause tumours the 

cell has to be initiated previously (Marks et al., 1986). Animal studies have also 

shown that multiactivational events are required before progression to carcinoma 

occurs (Hennings et al., 1993).
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Immunosuppressive drugs

Azathioprine enhances the speed of development of UV-induced skin cancer in 

murine models (Kelly et al. ,1987b). Other effects of azathioprine include 

chromosomal breaks (Jensen, 1967), and inhibition of repair of UV-induced damage 

(Kelly et al., 1986). Azathioprine may act as a tumour promoter and initiator through 

its active metabolite, 6-thioguanine (Lennard et al., 1985;Taylor et al., 1992). The 

development of tumours in immunosuppressed patients not receiving azathioprine 

suggests that chemical carcinogenesis is not the only factor involved. Animal 

studies have also failed to show either an increase in the incidence, or a reduction in 

latency, of tumours following the systemic use of cyclosporine unless the animal was 

administered a carcinogen, in which case they developed more squamous cell 

cancers (Berger, 1991). In models of UV-induced carcinogenesis, however, systemic 

administration of cyclosporine or azathioprine increased the incidence and reduced 

the mean tumour latency (Berger,1991). In vitro studies have also shown 

cyclosporine has the ability to inhibit antigen presenting and accessory functions of 

Langerhans' cells in the skin of transplant recipients (Bergfelt,1993;Petzelbauer et 

a/.,1992;Servitje et a/.,1991;Sontheimer et al., 1984). This effect is detectable as 

early as 3 days after the initiation of treatment (Gabel et al., 1987). In addition, 

corticosteroids are known to deplete epidermal Langerhans1 cells (Ashworth et 

a/.,1988;Belsito et al., 1982;Berman et al., 1983) and impair their antigen-processing 

ability (Aberer et al., 1984;Ashworth et a/.,1988;Belsito et al., 1982).

Viral Oncogenesis

Human papillomavirus (HPV) has long been recognised as the cause of common 

warts and condylomata acuminata but has also been identified in a variety of other 

skin lesions including verrucous carcinoma, bowenoid papulosis, epidermodysplasia 

verruciformis, and in situ epidermoid carcinoma (Ikenberg et al., 1983; Lutzner,1983; 

Obalek et al., 1985). The role of HPV in cutaneous squamous cell carcinoma in 

recipients of renal transplants is unclear. Many subtypes of HPV have been 

identified of which, especially HPV 5 and HPV 8 have been found in 90% cases of 

epidermodysplasia verruciformis patients that have progressed to squamous cell 

carcinoma (Orth,1987;Ostrow et al., 1982). It is likely that HPV may play a similar 

role in the development of posttransplant skin malignancies.
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Oncogenic HPV

DNA of HPV 5 and 8 has been identified in situ in invasive squamous cell 

carcinomas and viral warts on sun-exposed skin of renal transplant patients (Lutzner 

et a/.,1983;Lutzner et al., 1984). These findings were subsequently confirmed, and 

with the use of polymerase chain reactions and combinations of primers it is now 

possible to detect HPV DNA in 91% of transplant-associated squamous cell 

carcinomas (de Villiers et al., 1997) and 65% of basal cell carcinomas (Harwood et 

a/.,2000). The molecular mechanisms of viral oncogenesis in cutaneous squamous 

cell carcinomas remain unexplained (Iftner et a/.,1988;Steger et al., 1992) but what is 

evident is that the transformation strategies differ from those that give rise to genital 

cancers (Pfister, 1992). It is likely that other factors are required to produce the 

malignant tumour from some of these oncogenic papillomaviruses (Ostrow et 

al., 1982). It has been suggested that in most renal allograft recipients the high rates 

of squamous cell carcinoma arise from synergism between the agents used for long­

term immunosuppression, UV radiation and oncogenic types of HPV (Glover et 

al.,1994a). The relative importance of the different factors will tend to vary from 

patient to patient depending on the degree of exposure to sunlight, skin-type, degree 

of immunosuppression and genetic factors such as HLA type (Bouwes et al., 1991b).

Immunologic factors

The normal cell-mediated defense against skin cancer consists of a non-specific 

protection by natural killer cells, and a more specific HLA-restricted defense through 

cytotoxic T cells (Herberman,1984). In addition, the epidermal Langerhans' cells 

have a well established role in the local processing and presentation of antigens to 

lymphocytes as a critical step in the initiation of immune responses against skin 

cancer (Kelly et al., 1987a).

Immunological surveillance

The concept of immunological surveillance has been discussed above, but briefly it 

suggests that many potentially fatal tumour cells are continuously being detected 

and destroyed by the immune system of the host before they can form clinically 

detectable lesions (Klein et al., 1977). There is still controversy on the veracity of this 

concept because, although antibody-mediated and cell-mediated cytotoxic 

antitumour responses that destroy malignant cells have been detected in animal
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tumours, these reactions have yet to be proven in human malignancies 

(Brash, 1997). The increased incidence of skin cancers could be partly explained by 

this hypothesis but the disproportionate increase in squamous cell carcinomas 

suggests that there are factors other than decreased immunosurveillance influencing 

the development of skin cancer in renal transplant patients (Sheil,1994a).

Immune system and skin cancers

The work of Kripke and his colleagues indicate that a suppressor T cell and 

suppressor factor are produced in mice in response to UV radiation on the immune 

system (Kripke, 1974;Kripke, 1986). The interaction between UV radiation and the 

human immune system has not been well studied. Patients with both primary and 

secondary immunodeficiencies are susceptible to de novo skin malignancies (Walder 

et al., 1971). Renal transplant recipients are also more prone to skin cancers as 

demonstrated in this study and by other reports (Hoxtell et a/.,1977;Koranda et 

a/.,1974;Penn et a/.,1971;Westburg et al., 1973). Patients with lymphoreticular 

malignancies are more prone to nonmelanoma skin cancers and as has been noted 

earlier, skin cancers behave more aggressively in patients who are 

immunocompromised (Berg,1967;Turner et al., 1981 ;Weimar et a/.,1979;Westburg et 

al., 1973). There appears to be some association between the host immune system 

and the development of skin cancer but that relationship remains to be elucidated 

(Brash, 1997). Possibly, long-term antigenic stimulation by a poorly matched graft 

may induce skin cancer either directly or indirectly, by necessitating a higher dose of 

immunosuppressive therapy (Kinlen,1985;Zimmerman et al., 1978).

Genetic Factors

The HLA antigens have an important role in the defense of the host against the 

development and spread of malignancies, especially viral-induced lesions (Dausset 

et a/.,1982;Festenstein et a/.,1986;Hors et al., 1983). The HLA-class II antigens are 

involved in recognition of foreign peptides by CD4 regulatory T lymphocytes (Neefjes 

et al., 1992), whereas the HLA class I antigen mainly serve as restriction elements for 

the CD8 cytotoxic T lymphocytes (Monaco, 1992). In transplant recipients immune 

surveillance against skin cancer is impaired by depressed natural killer cell activity 

(Kelly et al., 1987a;Kelly et a/.,1984;Legendre et a/.,1986;ten Berge et al., 1981). 

Subsequently, more strain is placed upon the functioning of the cytotoxic T cells and
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the role of the HLA class I antigens with respect to antigen presentation might be 

even more crucial (Bouwes et al., 1991a). HLA-associated susceptibility exists for 

several kinds of virus-related malignancies including Kaposi's sarcoma (HLA-DR5) 

and Burkitt's lymphoma (HLA-A1, -B12, -DR7) (Jones et al., 1980).

Importance of homozygosity

Homozygosity for HLA antigens has been reported to be a risk factor for the several 

kinds of cancers (Hors et a/.,1983;von Fliedner et al., 1980). Homozygosity reduces 

the number of different polymorphic class I and class II products with the result that 

there are fewer possibilities of interaction between antigenic peptides and less 

recognition of foreign antigens (Dausset eta!., 1982).

HLA antigens and skin cancer

There is increasing evidence that immunogenic factors may be relevant in the 

development of non-melanoma skin malignancies, with recent studies indicating that 

susceptibility to the immunosuppressive effects of UVB may be genetically 

determined (Yoshikawa et al., 1990a). Studies of non-immunosuppressed American 

(Myskowski et al., 1985) and Sardinian (Contu et al., 1987) patients have shown an 

association of non-melanoma skin cancer with HLA-DR 1, a finding confirmed in 

studies from Australia (Czarnecki et al., 1991a) and Britain (Glover et al., 1993), albeit 

at a lower relative risk. An absence of HLA-A11 in recipients with skin cancer has 

been reported (Bouwes-Bavinck et a/.,1990;Bouwes et a/.,1991a;Bouwes et 

al., 1991b), suggesting that this antigen is associated with resistance to skin cancer 

in these patients. Terasaki et al. have also found a negative association of HLA-A11 

with virus-related carcinoma of the cervix in nonimmunocompromised patients 

(Terasaki et al., 1977). The protective effect of HLA-A11 against skin cancer could 

not be confirmed by a British group of investigators, who interestingly found a new 

association between HLA-DQw2 and non-melanoma skin cancer, a finding that has 

yet to be confirmed (Glover et al., 1993). Other antigens that have been associated 

with skin cancers include HLA-B27 and -DR 7 (Bavinck et a/.,1993b;Coebergh et 

al., 1991;Czarnecki et al., 1992). The association of skin cancer with both class I and 

class II molecules suggests that both the effector and the induction phase of the 

cellular immune response play an aetiological role in cutaneous oncogenesis 

(Bavinck et al., 1993b).
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HLA matching

HLA matching also appeared to influence patients' susceptibility to skin cancer. It 

has been shown that the risk of squamous cell carcinoma was increased in 

recipients mismatched for HLA-B antigens. Homozygosity for HLA-DR was more 

frequent among the patients with squamous cell carcinoma (Bouwes et al., 1991b). 

HLA-A and -DR mismatches did not have an effect nor was basal cell carcinoma 

associated with any HLA mismatches (Bouwes et al., 1991b). The small number of 

patients with skin cancer in our own cohort did not allow us to attempt a detailed HLA 

antigen analysis.

TIME TO SKIN CANCER DEVELOPMENT
In patients exposed to other carcinogens, the latent period between exposure and 

the development of the cancer is generally very long. In posttransplant patients 

however, skin cancers, most of which are de novo, are often diagnosed in the early 

months following renal transplantation. However, as the increased risk of cutaneous 

malignancies persists indefinitely, the average times of appearance of these cancers 

gradually lengthen in concert with the increasing mean follow-up period for transplant 

recipients. In the Australian experience, with follow-up periods averaging 6.3 years, 

the mean time of appearance of skin cancer is 6.3 years (Sheil,1994a). In our 

experience squamous cell carcinoma appeared at a mean period of 5.2 years and 

basal cell carcinoma 6.8 years after transplantation.

INFLUENCE OF CYCLOSPORINE
In our study the incidence of skin cancer did not increase significantly under 

cyclosporine compared with azathioprine (8.6% vs. 5.8%, respectively). This is in 

contrast to the findings of a study from Sweden in which it was found that the relative 

risk of nonmelanoma skin cancers decreased under cyclosporine (Lindelof et 

al.,2000) but this applied only to males and not the female patients in whom there 

was no alteration in risk. The authors suggested that the decreased risk in males 

could be possibly be ascribed to a shorter follow-up period. Other investigators have 

found that skin cancer occurred significantly more frequently in patients treated with 

the combination of cyclosporine and azathioprine than with either drug alone (Disney 

et al.,1997). In the group treated with cyclosporine the incidence of cancers was
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higher for the first six years after transplantation after which it reached levels 

comparable to the group on azathioprine alone (Disney et al., 1997). There is some 

evidence that the link between cancers and cyclosporine may be dose-related 

(Newstead,1998), and it has been shown in a randomised study of renal transplant 

patients that a low-dose regimen with cyclosporine was associated with fewer 

malignancies than a high-dose regimen (Dantal et al.,1998). This was confirmed in 

another report that also found a lower incidence of warts and premalignant skin 

lesions, although there were more rejection episodes in the group on the lower dose 

of cyclosporine (Dantal et al., 1998). The risk of various immunosuppressive 

regimens for cancer development remains controversial, with several studies finding 

no difference in the incidence of skin cancers under varying permutations of 

treatments that included azathioprine and/or cyclosporine with or without steroids 

(Bouwes et a/.,1996;Liddington et al.,1989). The authors of one of these studies 

conclude " ...that it is likely that the increased risk of skin cancer associated with 

immunosuppression is independent of the agent(s) used and is the result of the 

immunosuppression perse." (Bouwes et al., 1996).

MANAGEMENT
Prevention

Prevention of skin cancer is the key management strategy in patients who are 

recipients of renal allografts. All patients who are transplant candidates must be 

forewarned of the potential dangers of skin cancer and advised on strict sun 

avoidance, appropriate clothing and the use of high-factor UV-A and UV-B barrier 

creams on exposed skin surfaces and the lips (Lindelof et al.,2000). However, 

despite verbal advice and written information at the time of hospital discharge for all 

newly diagnosed transplanted patients, only half recall receiving advice and 

compliance with sun protection measures is poor (Seukeran et al., 1998). On the 

other hand, it is uncertain how much difference active prevention actually makes 

(Liddington et al., 1989): much of posttransplantation skin cancer risk probably 

reflects sun-exposure prior to the transplantation, as alluded to earlier. All patients at 

risk should be examined annually and suspicious lesions should be biopsied (Glover 

et al., 1994b). Those patients who have had very high UV radiation exposure and
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have extensive dysplastic lesions should be assessed more frequently especially 

with increasing time after transplantation (Lindelof et al. ,2000).

Treatment

Benign and premalignant conditions should be treated by cautery, freezing or 

excision. All malignant lesions require wide excision with reparative skin grafts if 

necessary. With squamous cell carcinoma or malignant melanoma draining lymph 

nodes may require block dissection, should metastatic involvement be present at the 

time of initial presentation.

Manipulation of immunosuppression

Reduction or withdrawal of immunosuppressive therapy must be considered in 

patients who have rapid, recurrent development of squamous cell carcinoma or 

those with generalised carcinomatous changes (Sheil, 1994a). Substitution of agents 

such as chlorambucil or cyclophosphamide for azathioprine has occasionally 

resulted in regression of the skin changes but has usually resulted in graft loss due 

to rejection. When cyclosporine was substituted for azathioprine the results have 

been disappointing usually with progression of the squamous cell carcinoma lesions 

(Sheil,1994a). Of greater concern are the reports of de novo squamous cell 

carcinoma development in patients in whom azathioprine is replaced with 

cyclosporine for unrelated reasons (Thompson et al., 1985). As with Kaposi's 

sarcoma, the dramatic reduction or withdrawal of immunosuppressive therapy is 

associated with the rapid resolution of the skin lesions, although few patients accept 

this option (Sheil,1994a).

Retinoids

Recently, retinoids have been used in the treatment of squamous cell carcinoma 

both in the general population (Shuttleworth et al., 1988) and in renal transplant 

patients (Hong et al., 1990). A trial of systemic administration of retinoids in 

Australian transplant recipients has resulted in the amelioration of skin lesions 

without adverse effects on the renal allografts (Sheil et al., 1992). However, the side- 

effects, particularly hyperlipidaemia, may limit the use of retinoids in this group of 

patients who are already at risk of ischaemic heart disease (Glover et al.,1994a). 

Although retinoids may benefit some patients, skin cancers may continue to develop
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during treatment (Bavinck et a/.,1993a;Kelly et a/., 1991 ;Shuttleworth et a/., 1988) and 

lesions recur when treatment is stopped.

PROGNOSIS

It has been observed that squamous cell carcinomas are more aggressive in renal 

transplant recipients (Gupta et a/.,1986;Hardie et al., 1980), with a higher risk of 

metastases than in the general population (Gupta et al., 1986). However, the 

outcome of skin cancers was very good in our cohort of patients with none of the 

patients having metastatic disease or dying directly as a result of their malignancies; 

nor was it necessary to significantly modify the immunosuppressive treatment in any 

of our patients. Others have also commented on geographical differences in the 

behaviour of skin cancers. None or very few of the patients in several reports from 

Europe developed metastases or died as a result of causes directly related to the 

skin cancer (Blohme et al., 1984;Hartevelt et a/.,1990;Liddington et al., 1989). In 

contrast, the reports from Australia and New Zealand have noted that skin cancers in 

renal transplant patients may be unusually aggressive with deaths and nodal 

metastases (Sheil et a/.,1985;Sheil,1994a;Sheil, 1994b). The skin cancers in 

temperate Europe may be less of a threat than those occurring in Australasia.

Patient and graft survival

We have observed that in patients with Kaposi's sarcoma, and other authors have 

made the similar observations in patients with nonmelanoma skin cancers, that in the 

early posttransplant period both patient and graft survival are better in those who 

have developed skin malignancies compared with those who do not develop cancers 

(Sheil, 1977;Sheil et a/.,1979;Sloan et al., 1977). In the case of skin cancers, 

however, beyond 7 or 8 years following transplantation, graft and patient survivals 

rapidly worsen in those with malignancies because of death due to the cancer and 

the withdrawal of the immunosuppressive agents in an attempt to control the cancer 

(Sheil et al., 1979). This paradox of improved survival in the early posttransplant 

period in the patients who develop cancers could be the possibility that routine 

immunosuppressive treatment may produce more profound immunosuppression in 

some patients or that such patients may have reduced innate ability to mount 

immune responses (Sheil, 1994a). In either case, while there is improved tolerance
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of the renal allograft there could be reduced ability to withstand viral oncogenesis or 

to eliminate malignant clones. Also, recipients with well functioning grafts are also 

the ones to be exposed to both prolonged immunosuppressive therapy and chronic 

antigenic stimulation of the graft.

THE LIP
The lip is exposed to a great deal of sunlight but the current study did not address 

the lip as a separate site because of the low incidence of disease confined to this 

site in our cohort of patients. In a recent report, however, it was that found that 13% 

of renal transplant patients had leukoplakia by 69 months after transplantation and 

1.2% of the patients had squamous cell carcinoma in the leukoplakia. Exposure to 

sun and smoking were risk factors for malignant lip lesions in renal transplant 

recipients. Of note, is that only men developed malignant and dysplastic lesions of 

the lip, and it was suggested that the use of lipstick by the majority of the women 

may have played a protective role (King et a/., 1995). Other important observations 

made by the authors was that lip squamous cell carcinoma did not portent the 

development of malignant skin lesions on the face or elsewhere; and diagnosing 

serious skin lesions required biopsies to be done because clinically, lesions were 

indistinguishable (King et al., 1995).

SUMMARY
Skin cancer is the most common malignancy both in the general Caucasian 

population and in Caucasian recipients of renal allografts. In our experience, lesions 

occurred exclusively in white patients and predominantly in males, another universal 

observation. Skin malignancies occurring in renal transplant recipients differed from 

the disease in the general population in several aspects:

• It occurred several decades earlier

• It was more aggressive, with greater likelihood of metastases

• The basal cell carcinoma to squamous cell carcinoma ratio was reversed, 

with the result that squamous cell carcinoma was more common than basal 

cell carcinoma (the lesion that is more common in the general population).
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In patients on immunosuppression the aetiology of skin cancer is multifactorial with 

the degree and intensity of exposure to UV radiation, and the genetically determined 

skin type being the most important predisposing factors. The various mechanisms of 

UV radiation induced oncogenesis were briefly reviewed. There is increasing 

evidence of an aetiological role for oncogenic strains of HPV and future studies are 

recommended to elucidate the molecular mechanisms of viral oncogenesis. The role 

of the immunosuppressive agents in the development of skin malignancies has also 

been speculated on, but whether the occurrence of skin cancers is the result of the 

toxic effect of the drugs or the result of the concurrent immunosuppression is still 

uncertain. HLA antigens may also play a role with HLA-B 27 and -DR7 contributing 

to the development of skin cancer, while -A11 is possibly protective.

Solar keratosis and other premalignant skin conditions usually herald the onset of 

skin cancer. Management of skin cancer in renal transplant requires the aggressive 

treatment of these conditions and the biopsy of all suspicious lesions in renal 

transplant patients. Vigilance by both patient and caring physician is crucial to the 

successful management of posttransplant skin cancer. The mainstay of treatment, 

however, is sun-avoidance and the use of protective sunscreens. However, since it 

is the exposure to UV radiation earlier in life that predisposes to skin cancer, it 

remains to be proven whether this advice is appropriate.
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COLOUR PHOTOGRAPHIC PLATES
Figs. 13-2 to 13-4 Skin Cancer

The pathological features of the two most common forms of skin cancer are shown in

the following sections.
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Fig. 12-2 Basal cell carcinoma

There is nodular arrangement of invasive basaloid tumour cells in the dermis and the 

very characteristic clefts between tumour cells and adjacent stroma can be seen. (B) 

At higher magnification the typical nests of hyperchromatic basaloid cells with 

peripheral palisading is revealed (arrows).
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\\

Fig. 12-3 In situ squamous cell carcinoma

In situ squamous cell carcinoma (arrow point) with adjacent infiltration of the dermis 

(arrow).
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Fig. 12-4 Invasive squamous cell carcinoma 

The invasion of the dermis shown (arrow).
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Chapter 13

NON-SKIN CANCERS

Malignancies occurring in renal transplant recipients differ in distribution 

from that of the age- and sex-matched general population (Penn et 

al., 1969; Penn,1994c; Penn,1995a; Penn,1999b). The Cinncinati 

Transplant Tumor Registry (CTTR) found a 3- to 4- fold increase in the incidence of 

cancer compared with age-matched controls but observed no increase in the 

incidence of malignancies that commonly occur in the general population locally, 

which, in order of frequency are carcinomas of the lung, breast, prostate, colon and 

uterine cervix (Penn et al., 1969; Penn,1994c; Penn,1995a; Penn,1999b). The 

commonest malignancies in the different race groups of the general Western Cape 

population are listed in Table 13-1. Of note, in our experience also, was the 

absence, in our renal transplant patients of malignancies most commonly occurring 

in our general population. However, the small number of patients in our cohort 

makes it difficult to draw any firm statistical conclusions on the pattern of the non­

skin and non-Kaposi's sarcoma malignancies in our renal transplant patients.
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Table 13-1. Malignancies in order o f frequency in the general population o f the 

Western Cape by race for the age group 15-60 years.

White Coloured Black

Male Female Male Female Male Female

Prostate Breast Stomach Cervix Stomach Cervix

Colorectal Colorectal Prostate Breast PSU Stomach

Stomach PSU Lung Stomach Lung Breast

Lung Cervix PSU PSU Prostate PSU

PSU Melanoma Colorectal Colorectal Liver Lung

Drawn from data supplied by the National Cancer Registry (1998) 

PSU is primary site unknown

EPIDEMIOLOGY OF POSTTRANSPLANT CANCERS
Incidence

The incidence of various cancers has been discussed in detail in Chapter 6. In brief, 

in our experience 7.6% of patients developed malignancies following renal 

transplantation, of which 53.6% were Kaposi's sarcoma and 31.7% skin cancers. 

Only 4.9% of the lesions were lymphomas. The prevalence of de novo malignancies 

in renal transplant patients has been reported to be between 1% and 6% (Cockburn 

et a/.,1989;Penn,1994b;Sheil et al., 1993) and is similar to that reported in patients 

with genetically determined immunodeficiency disease (Spector et al., 1978). In line 

with our experience, it has also been reported that certain malignancies that are 

common in the general population are less frequent in the renal transplant patients 

(Penn,1994b;Penn,1996b). These include carcinoma of the prostate, breast, lung, 

colon, rectum, bladder and uterus. In situ carcinoma of the uterine cervix occurs with 

the same frequency in renal transplant recipients (31%) as in the general public 

(37%). On the other hand (beside skin cancers and Kaposi's sarcoma that have 

been discussed above), non-Hodgkin's lymphomas, and carcinomas of the kidney, 

liver, skin, lip, vulva, and perineum are much more frequent among renal allograft 

recipients (vide supra), although there are some regional differences as seen in 

Table 13-2.

Stellenbosch University http://scholar.sun.ac.za/



Non-skin Cancers 13-3

Table 13-2 Comparison between the incidence of malignancies in renal allograft 

recipients compared to the general population in different regions (values are relative 

risks)

European Australasia Current Study

Kaposi's sarcoma 400- 1000 82.6 238.4

Skin Carcinoma 100 - -

Non-Hodgkin's lymphoma 28-49 8.03 1.8

Liver carcinoma 20-38 7.3 1.8

Renal carcinoma 8.9 7.0 4.8

Thyroid - 4.5 2.4

Breast carcinoma V 1.0 0.6

Prostate carcinoma I 0.6 -

Lung carcinoma I 2.3 1.7

Colon carcinoma I 2.3 -

Bladder carcinoma I 7.5 -

Uterus carcinoma I 1.4 -

Rectum I 1.4 -

From Montagnino, (2000); Sheil, (1999) 

’ incidence lower than in general population

Differences in the relative frequencies in the different regions may be due to 

differences in the population studied, differences in the criteria for cancer inclusion 

and differences in the average age of patients at transplantation (Penn,1999b). Skin 

and lip cancers generally account for 34% to 46% of total malignancies (Montagnino 

et a/.,1996;Penn,1994b), and are particularly common in countries with greater 

sunlight exposure (Sheil et al., 1993). The racial distribution of certain cancers such 

as Kaposi's sarcoma in Jews, Arabs, Mediterranean and Coloured populations 

(Akhtar et a/.,1984;Montagnino et al., 1994b), skin cancer in Caucasians (Sheil et 

al., 1993), and stomach carcinoma in Japanese patients (Gunji et al., 1990), has been 

discussed in detail in Chapter 6.
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Posttransplant tumours affect a relatively young group of patients whose average 

age in data from the CTTR was 50 years (compared with 45 years in our patients) at 

diagnosis. Of these patients 67% were males, in keeping with the male to female 

ratio of 2:1 of patients who underwent renal and cardiac transplantation (Penn,1989; 

Penn,1994c; Penn,1994a; Penn,1995a).

The incidence of cancers increases with length of follow-up after transplantation. 

This is particularly well illustrated by an Australasian study of 6596 renal transplant 

patients (Sheil et a/.,1993), in whom it was shown that there was linear increase in 

the number of cancers such that the percentage probability of developing cancer 24 

years after cadaveric donor transplantation was 66% for skin tumours, 27% for non­

skin tumours and 72% for any type of cancer. These figures, admittedly, are 

exceptional because of the very high incidence of skin cancers in Australia and the 

actual number of patients surviving 24 years is small. However, these data do serve 

to emphasise the point that all transplant patients should be followed-up indefinitely 

(Penn,1999a).

INTERVAL TO CANCER APPEARANCE
As length of follow-up of organ transplant recipients has increased, it has become 

clear that certain tumours appear at fairly distinct intervals after transplantation 

(Penn,1989; Penn,1994c; Penn,1994a; Penn,1995a) (Table 13- 3). In contrast to 

other known oncogenic stimuli, which often take several decades before they cause

Table 13-3 Average time of appearance o f cancers after

transplantation.

Tumour Mean (mo.) Range (mo.) Median (mo.)

Kaposi's sarcoma 21 [22]1 1-226 13

PTLD 34 0.25-306 13

Skin cancer 75 [73] 1-362 60

Anogenital 115 1-289 114

All 63 [64] 0.25-362 47

Drawn from data obtained from Penn (1999a).

1Our data are shown in square brackets. We only had two cases of PTLD and none of anogenital 

carcinomas.
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Table 13- 4 Factors contributing to cancers in renal allograft recipients

Immunosuppression

Chronic antigenic stimulation

Age

Environment 

Duration of uraemia 

Genetic predisposition 

Duration of transplant 

From Montagnino (2000)

clinical lesions, cancers in renal transplant patients on immunosuppression occurs 

relatively early after transplantation. The first one to appear is Kaposi's sarcoma that 

can occur as early as a few weeks after transplantation. Carcinomas of the 

anogenital region, on the contrary, take longest to appear. When all tumours are 

included the average time of their appearance is 63 months (Penn,1999a).

PATHOGENESIS OF POSTTRANSPLANT CANCERS
There are several factors in common with Kaposi's sarcoma and skin cancers that 

contribute to the development of other cancers (Table 13-4).

Immunosuppression
The role of immunosuppression in development of posttransplant malignancies has 

been discussed in Chapter 16. Our own experience, supported by the literature, is 

that use cyclosporine in renal transplant recipients is not associated with an increase 

in the incidence of malignancies (London et a/.,1995;Montagnino et 

a/.,1996;Penn,1990). This is despite the recent study suggesting that cyclosporine, 

independent of its effect on the host immune system, promotes cancer progression 

by a direct cell-autonomous effect via transforming growth factor p (TGF-p), (Hojo et 

a/.,1999). Indeed, meta-analysis done in Chapter 16 suggests that cyclosporine may 

be associated with a lower incidence of posttransplant cancers. What we have 

found however, and this has been confirmed by others, is that the latent period to the 

development of the first cancer is reduced in patients treated with cyclosporine
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(Montagnino et a/.,1996;Penn,1986). In our cohort the latent period was reduced 

from 87 months under azathioprine to 41 months under cyclosporine, compared to 

the mean of 60-67 months under cyclosporine reported in other studies. The lesion 

with the shortest mean time of appearance is Kaposi's sarcoma (21 months) followed 

by lymphomas (33 months) (Penn,1996b). The predominance of Kaposi's sarcoma 

in our cohort, probably explains why the mean time to appearance of the first cancer 

is shorter than reported elsewhere. There is also some evidence that 

antilymphocyte antibodies enhance the risk of posttransplant lymphoproliferative 

disorders, an effect which is related more to the degree of immunosuppression 

rather than a specific oncogenic effect of these agents (Swinnen et al., 1990).

Environmental Factors
A well-recognised observation is that the incidence of malignancies increase the 

longer the patient survive with their functioning grafts; this has been particularly the 

case in Australasia (Disney et al., 1997), where the incidence of skin cancers 

increases inexorably and it has been predicted that all transplant patients will 

develop a malignancy if they survive long enough (Sheil,1999). This increasing risk 

of cancers can be explained by the length of continuous antigenic stimulation, by the 

natural aging process of the grafted population and the increased time of exposure 

to immunosuppressive agents and viral pathogens (Montagnino,2000). The 

cumulative risks to cancer vary in different regions. In a British series, the overall 

cumulative risk of cancer at 10 years was 18%, and at 20 years 50% (Gaya et 

al., 1995). In an Italian study, probabilities of developing cancer of whatever origin 20 

years after transplantation was 32% (Montagnino et al., 1996). In the Australian 

study, at 24 years the overall risk of tumours was 72% with most of the lesions being 

skin cancers (Sheil et al., 1993). The development of skin cancers is highly 

dependent on exposure to sunlight and probably accounts for the overestimation in 

the Australian series.

Chronic Antigenic Stimulation and Viruses
Chronic antigenic stimulation from the renal allograft (Gleichmann et al., 1975) and 

viral infections (Klein et al., 1977) are recognised causes of malignant transformation. 

At least 15% of all malignancies are associated with viral infections (zur
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Hausen,1991). The human papilloma virus (HPV) is associated with various skin 

(vide supra), oropharynx, oesophagus and bladder carcinomas (Arends et 

a/.,1997;Bouwes-Bavinck et al., 1997). The Epstein-Barr virus (EBV) is considered 

the main aetiological agent of posttransplant lymphoproliferative diseases (see below 

for further discussion) (Ho et al., 1988). Hepatitis virus B and C are well-known to 

cause hepatocellular carcinoma. HPV-16 and -18 have been implicated in cervical 

cancer and HTLV-1 and -2 in human T-cell leukaemia. Finally, HHV-8 has been 

associated with all forms of Kaposi's sarcoma (vide infra) (Moore et 

a/.,1995;Schalling et al., 1995).

Uraemia
Prolonged uraemia may be another pathogenetic factor in the development of 

cancers after renal transplantation. Certain tumours such as liver, thyroid, 

anogenital, and colon carcinomas are as frequent in dialysis patients as in transplant 

patients (Brunner et a/.,1988;Brunner et al., 1995;Fairley et al., 1994). The factors 

contributing to development of cancers in uraemic patients include (Birkeland,1998):

1. Uraemia, which may be considered with a state of immune deficiency (Kramer 

et al., 1985)

2. Previous immunosuppression to treat underlying renal diseases such as 

glomerulonephritis, lupus nephritis, crescentic nephritis etc.

3. The prolonged use of potentially oncogenic drugs such as phenacetin and 

cyclophosphamide.

4. A link between the renal disease and the risk for cancer (vide infra)

Duration of Exposure and Genetic Factors

The risk of malignancies is related to the age of the patient with the older recipients 

having the greatest risk (Montagnino et al., 1996). Aging is characterised by reduced 

reparative cell proliferation and DNA repair capacity after the damaging effects of UV 

radiation (Moriwaki et al., 1996). In addition, the longer the exposure to the 

oncogenic factors the greater the risk of malignancies. Genetic and ethnic diversity 

characterise some lesions. HLA antigens such as -B27 and -DR7 are associated 

with a greater incidence of squamous cell carcinoma of the skin in transplant
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recipients (vide supra) (Bouwes-Bavinck et al., 1991). Kaposi's sarcoma is 

particularly common in the Mediterranean region as mentioned earlier as well as the 

first generation immigrants from these countries (Montagnino et a/.,1994a;Qunibi et 

al., 1988). At the same time, environmental factors may be equally important in the 

causation of Kaposi’s sarcoma since its increased incidence among Mediterranean 

transplant recipients may be related to the higher incidence of HHV-8 infection in 

these populations (Parravicini et al., 1997).

Lymphomas (Posttransplant lymphoproliferative disorders 

- PTLD)

Since Penn et al. (1969) described the first case of posttransplant lymphoma a great 

deal of controversy has surrounded the nomenclature of these lesions. 

Consequently, the non-specific term posttransplant lymphoproliferative disease 

(PTLD) has been used widely (Hanto,1995;Nalesnik et a/.,1994). PTLD therefore 

refers to a syndrome that includes a wide range of abnormal hyperplastic and 

neoplastic lymphocyte growths, ranging from a benign self-limited form of 

lymphoproliferation to an aggressive widely disseminated disease (Frizzera et 

al., 1981;Hanto et a/.,1985;Harris et a/.,1997;Knowles et a/.,1995;Swerdlow,1992). 

Some 85% to 90% of these growths are of B-cell origin (Penn, 1994c), and 90% to 

95% contain the EBV. Patients with PTLD have different histological findings, a 

more aggressive clinical course, respond poorly to conventional treatment for 

lymphoma and have poorer prognosis when compared with immunocompetent 

individuals who develop lymphomas (Penn,1996a).

IMPORTANCE

On a worldwide basis non-Hodgkin's lymphoma is the second most common 

posttransplant malignancy following skin and lip cancers (Table 13-5). However 

PTLD is much more important because these lymphomas are the major cause of 

cancer-related mortality and morbidity and will therefore be discussed in some detail. 

In developing countries posttransplant lymphomas are relatively more common than 

in industrialised countries (see Chapter 6). For reasons that are not clear the
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Table 13-5 De novo cancers in renal allograft recipients - CTTR data

Type of neoplasm No. of Tumours % of Tumours

Cancers of skin/lip 3987 41.2

PTLD 1108 11.4

Lung carcinoma 515 5.3

Uterine carcinoma 406 4.2

Renal carcinoma 393 4.1

Rectal and colon carcinoma 342 3.5

Breast carcinoma 330 3.4

Urogenital carcinoma 272 2.8

Head and neck carcinoma 269 2.8

Bladder carcinoma 236 2.4

Unknown primary carcinoma 217 2.2

Prostatic carcinoma 174 1.8

Leukaemias 174 1.8

Hepatobiliary 170 1.8

Thyroid carcinoma 129 1.3

Stomach carcinoma 125 1.3

Sarcoma (excl. Kaposi's sarcoma) 117 1.2

Testicular carcinoma 75 0.8

Ovarian carcinoma 68 0.7

Pancreatic carcinoma 67 0.7

Miscellaneous tumours 182 1.9

TOTAL 9 6881

Adapted from Penn (2000a) 

'These occurred in 9032 patients.

relative incidence of lymphomas in our experience is similar to that reported in 

developed rather than developing countries (vide supra). According to the CTTR, 

the main repository of data on posttransplant cancers, lymphoma accounts for 16% 

of cancers in transplant patients compared with 5% in the general population 

(Penn,1996a); in our cohort lymphomas accounted for 5% of all malignancies. In 

addition, the relative risk of developing lymphoma after transplantation has been
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reported to be 28 to 49 times greater than in the general population (Boubenider et 

al., 1997), whereas the relative risk in our cohort was a mere 1.8. The reason for the 

lower incidence of this disorder among our recipients may be a lower prevalence of 

EBV infection in our general population and is an area that warrants further study. 

The incidence also varies according to the organ transplanted: it is 1.4% to 2.5% 

among adult renal transplant patients, 2.1% to 2.8% in liver transplant recipients, 

1.8% to 6.3% in heart transplant recipients and 4.5% to 10% in lung transplant 

recipients (Leblond et a/.,1995;Starzl et a/.,1984;Swinnen,1997;Walker et al., 1995). 

The difference is related to the more intense immunosuppression that is used in 

heart and lung transplant recipients (Penn,1995a). Heavy immunosuppression is 

often used in this group of patients to reverse rejection to save their lives, whereas 

with severe rejection in renal transplant recipients physicians have the option to 

abandon immunosuppression and return the patient to dialysis therapy 

(Penn,2000a). Patients who received antilymphocyte globulin or OKT3 monoclonal 

antibodies had an increased risk of PTLD (Swinnen et al., 1990). Other factors that 

determine the frequency of PTLD are the presence of EBV infection before the 

transplantation, adult vs. paediatric population, underlying disease, intensity and 

duration of immunosuppression.

PATHOGENESIS
Role of Epstein-Barr Virus

The pathogenesis of PTLD is complex and multifactorial. Important general host 

factors such as impaired immune surveillance, chronic antigenic stimulation from the 

allograft, type, intensity, and duration of maintenance immunosuppression, have 

been alluded to above. Epstein-Barr virus (EBV) infection, whether primary or 

reactivation, however, is the main aetiological factor. Primary EBV disease in normal 

hosts occurs as a result of salivary contact with an infected individual and presents 

as self-limiting infectious mononucleosis. The host develops permanent antibodies 

but the virus remains dormant for life. EBV seroconversion occurs early in life and 

by adulthood 90% of persons are latently infected with EBV. Essentially all 

seronegative patients will seroconvert after transplantation (Swinnen, 1997). Epstein- 

Barr virus has been demonstrated in biopsy specimens from patients with PTLD by 

DNA hybridisation techniques (Saemundsen et al., 1981). Most PTLD arise from B
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cells that are infected by EBV. The EBV infects B cells by interaction of the viral 

surface glycoprotein gp350/200 with the cell surface protein CD21 of B cells 

(Kieff, 1996). The virus is then endocytosed and brought into the cell nucleus, where 

it circularises and equilibrates into one of several forms of latent infection. Acutely 

infected B-cells express a large number of viral genes that serve as targets for the 

cellular immune system (Montagnino,2000). Acute infection is kept in check by 

natural killer cells and by EBV-specific CD4+ or CD8+ cytotoxic cells. By contrast, 

latently infected B cells express only a limited number of genes: EBV nuclear 

antigen-1 (EBNA-1) and latent membrane protein-2 (LMP-2). It is this restricted 

gene expression that is the mechanism whereby the EBV evades host responses. In 

addition, EBNA-1 is required for the viral DNA to maintain itself in actively dividing 

cells and it can reduce the surface expression of MHC class I and adhesion 

molecules, while LMP-2 allows the virus to limit its gene expression in the latency 

phase (Cohen, 1997). Furthermore, these latently infected B lymphocytes are 

immortalised through the production of an EBV-encoded gene, BCRF-1 that has 

more than 80% amino-acid homology with interleukin-10 (IL-10) (Moore et a/.,1990). 

IL-10 inhibits synthesis of interferon-y by lymphocytes and natural killer cells, which 

protects B cells from apoptosis and favours the proliferation of EBV-transformed B- 

cells (Kieff, 1996). Apoptosis is a protective host response to eliminate virally- 

infected cells. Epstein-Barr virus can modulate apoptosis by inhibition, allowing the 

virus to complete its replication before the cell dies (Montagnino,2000).

Other potential mechanisms that trigger cell proliferation may derive from oncogenes 

and tumour suppressor genes. Bcl-2 protooncogene, which regulates the effector 

phase of apoptosis and promotes cellular proliferation is strongly expressed in PTLD 

(Chetty et a/., 1996). Epstein-Barr virus upregulates Bcl-2, thereby promoting cell 

survival and thus viral replication (Nunez et a/.,1989). Normally, such proliferation is 

inhibited by host immune responses, especially macrophages and T-cells (Birkeland 

and Bendtzen,1996; Birkeland et a/., 1999). If T-cells are functionally compromised 

as is the case in patients on immunosuppression, infected B-cells may be able to 

escape immune control. All these factors impair the ability of the immune system to 

eliminate the virus and lead to the development of polyclonal polymorphic 

hyperplasia that may evolve into a more malignant monoclonal lesion.
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Microchimerism

An important observation is that a substantial number of T-cells and macrophages 

are present within the PTLD lesions (Minervini et a/.,1999). This may represent an 

abortive host response although contrary evidence suggests that there may, in fact, 

be an enhancing response. The intratumoural cytokine environment of PTLD is Th- 

2—like, which is associated with support of B-cell growth (Nalesnik et a/.,1999). 

Finally it has been proposed that host-donor microchimerism, might favour PTLD 

development (Nalesnik et a/.,1997) and may explain the preferential occurrence of 

malignancies in the transplanted graft itself, arising from the donor cells (Goldstein et 

a/., 1996).

Other factors

The incidence of PTLD is increased 7- to 10-fold in patients who had symptomatic 

cytomegalovirus (CMV) infection. In addition EBV replication is regularly observed in 

patients with CMV infection (Tolkoff-Rubin et a/., 1998). The incidence of PTLD is 

related to the dose of cyclosporine (Caine et a/.,1981 ;Gaya et a/.,1995) and the 

addition of azathioprine to full doses of cyclosporine enhances the risk of lymphoma 

(Wilkinson et a/.,1989). The incidence of PTLD is higher in children, in whom this 

lesion represents 53% of malignancies compared with 15% of cancers in adults 

(Penn,1998b). The increased incidence in the paediatric population has been 

attributed to the higher rate of primary EBV infection following transplantation (Dror 

et a/.,1999) and the greater mass of lymphoid tissue than in adults 

(Montagnino,2000).

CLINICAL ASPECTS
Distribution of Lesions

In PTLD the pattern of distribution of lesions is different to that seen in malignant 

lymphoma in the general population (Penn, 1986), with 70% of PTLD lesions 

occurring in extranodal positions (Penn,1998a) - much higher than seen in the 

general population (Table 13-6). In patients with central nervous system 

involvement the brain is usually involved and the lesions are multicentric in 

distribution (Nalesnik et a/.,1992;Penn,1989;Penn,1994c;Penn,1994a;Penn et 

a/.,1995;Penn,1995a). Another notable feature is that in 54% of patients with
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Table 13-6 Localisation of PTLD lesions.

Localisation Percentage

Multiple organs 53

Extranodal 70

Liver 25

Allograft 23

Lungs 21

Brain 21

Bowel 19

Kidney 18

Spleen 12

Drawn from data derived from Penn (1999a)

central nervous system involvement the disease was limited to that site, compared to 

1%-2% prevalence of isolated brain disease in the general population (Penn et 

al., 1995). Also noteworthy was the frequency of either macroscopic or microscopic 

involvement of the graft by PTLD (Penn,1994c;Penn,1995a;Penn,1996c). In 30% of 

cases the disease was localised to the allograft. PTLD involvement must be 

distinguished from allograft rejection, for which it is often mistaken. This may result 

in incorrect management as immunosuppressive therapy is intensified whereas an 

important treatment strategy in PTLD involves reduction of immunosuppression 

(Penn,1994c;Penn,1995a;Starzl et al., 1984).

Period to Onset

PTLD can occur as early as 3 weeks to as late as 25 years after transplantation 

(Penn, 1994c). The disease is however remarkable for the short time interval 

between transplantation and development of the tumour. The period of onset is 

shorter under cyclosporine than under azathioprine (Mihalov et al., 1996). It has 

recently been reported that 47% of cases occur within six months of transplantation, 

62% within 1 year and 90% within 5 years of renal transplantation (Nalesnik et 

a/.,2000).
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Clinical Manifestations

The two affected patients in our cohort presented with contrasting clinical pictures, 

illustrating the variability of clinical presentation of PTLD. Both patients were 

receiving cyclosporine but one received multiple courses of treatment for acute 

rejection including OKT3 monoclonal antibodies. In this patient the disease was an 

incidental finding at postmortem, performed after she died of fulminant CMV 

pneumonitis. There was extensive organ involvement including the renal allograft. 

The malignancy, that was undiagnosed antemortem, no doubt contributed to her 

terminal illness. The second patient was found to have diffuse B cell lymphoma 

when a non-healing leg ulcer was biopsied. The lesion improved when maintenance 

azathioprine treatment was withdrawn. Isolated skin involvement as seen in our 

patient is rare but has been reported (Gonthier et a/.,1992;McGregor et a/., 1993). 

The CMV and EBV status of this patient were unknown. The clinical features of 

PTLD tend to fall within several-defined, albeit overlapping forms (Malatack et 

a/.,1991). These include:

1. An infectious mononucleosis-like syndrome with or without lymphadenopathy

2. One or more nodal or extranodal tumours

3. Fuliminant and disseminated presentation with sepsis

The first mode of presentation is common in children occurring early after 

transplantation and is seen particularly with primary EBV infection. In children upper 

respiratory tract symptoms, which may be quite severe, are often the first 

manifestation of PTLD (Posey et a/., 1999). It is not always possible to distinguish 

clinically between frank PTLD and infectious mononucleosis.

PTLD that occurs later is more likely to be anatomically circumscribed and to be 

associated with gastrointestinal, pulmonary, or central nervous system involvement. 

The allograft may also be involved as was our experience. The frequency of 

involvement depends on the specific type of allograft. PTLDs that arise in lung or 

intestinal transplants involve those organs in 80% of cases; lesions arising in liver 

and kidney allograft recipients involve one third of these organs (Cohen,1991). In 

contrast, the transplanted heart is seldom involved by these tumours (Hanasono et
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al., 1995). The symptoms of PTLD will vary depending on the site of tumour 

involvement.

A fulminant form of PTLD is rare occurring in approximately 1% of cases. These 

patients present with a clinical picture of septicaemia and may also have 

lymphadenopathy or frank tumours (Nalesnik et al.,2000). Exudates in the pleural or 

peritoneal cavities from which malignant cells can be isolated may be present (Ohori 

et al.,2001).

Since no formal staging of PTLD exists, it has been recommended that the Ann 

Arbor classification with Cotswold modification be used (Paya ef a/.,1999).

PATHOLOGY OF PTLD

See Fig. 13.1 (page 13-39) for details of some features of the disease. 

CLASSIFICATION OF PTLD
The classification of PTLD has recently been reviewed by the Society of 

Haematopathology in a recent workshop (Harris et al., 1997) (Table 13-7).

MANAGEMENT
Diagnosis of PTLD requires biopsy of involved tissue. In addition, several 

laboratory tests serve to support or suggest the diagnosis of PTLD. A 

monoclonal gammopathy has been demonstrated in over 70% of transplant 

recipients compared with 27% of patients without PTLD (Ciancio et al., 1997). A 

separate study confirms that PTLD developed in 9% of patients who had 

monoclonal gammopathy (Pageaux et al., 1998). Epstein-Barr viral serologic 

testing may be used to evaluate recent or remote infection, but the diagnosis of 

EBV infection is not synonymous with a diagnosis of PTLD, since the number of 

patients who have the infection who go on to develop PTLD is small. In a 

recent study of EBV-negative paediatric liver transplant patients, 80% 

seroconverted within 3 months. Of these patients 85% remained asymptomatic, 

while only 15% developed PTLD (Smets et a/.,2000). Quantitative estimation of
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Table 13-7 Categories o f posttransplant lymphoproliferative diseases, 

according to the Society o f Haematopathology Workshop.

Early lesions

Reactive plasmacytic hyperplasia 

Infectious mononucleosis-like

Polymorphic PTLD

Polyclonal

Monoclonal

Monomorphic PTLD 

B cell lymphoma

(1) Diffuse large-cell lymphoma (immunoblastic, centroblastic, 

anaplastic)

(2) Burkitt's / Burkitt's-like lymphoma

(3) Other types (e.g. T-NK)

T-cell lymphoma

(1) Peripheral T cell lymphoma, unspecified type (usually large-cell)

(2) Anaplastic large-cell lymphoma (t or null)

(3) Other types (e.g. T-NK)

Other

T cell-rich/Hodgkin's disease-like B cell lymphoma 

Plasmacytoma-like 

Myeloma 

From Harris et al. (1997)

the number of EBV genomes in the peripheral blood is useful because it has been 

shown that patients with PTLD have elevated numbers of circulating viral genomes 

(Hanasono et a/.,1995;Rooney et a/., 1995a;Rowe et al., 1997). On the other hand, 

regression of PTLD is associated with decrease in the number of circulating viral 

genomes, suggesting that this may be a useful technique for monitoring the 

response of the disease to treatment (Rogers et al., 1998).
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It has been suggested that malignant tissue of all patients with PTLD should be 

subjected to clonality testing using cell typing of surface and cytoplasmic 

immunoglobulins (Whiting et al., 1998). Establishing clonality is of prognostic 

importance with polyclonal lesions responding better to treatment. In addition, clonal 

cytogenetic abnormalities revealed by metaphase examinations may disclose 

malignant transformation of benign polyclonal B cell proliferation into malignant 

lymphoma (Hanto et al., 1989).

TREATMENT
Early diagnosis and use of appropriate therapies are essential for the successful 

treatment of PTLD. There is however no universal approach. A graded treatment 

approach for PTLD has been proposed, according to the stage of the disease (Davis 

et a/.,1998;Hanto et al., 1989) and the degree of acute illness of the patient (Dror et 

a/.,1999;Praghakaran et a/., 1999). Polymorphic diffuse B cell hyperplasia still seems 

to be dependent on viral replication and the use of high-dose systemic acyclovir or 

valacyclovir that inhibit EBV DNA replication may be sufficient to treat the disease. 

These antiviral agents have no effect on non-replicating latent EBV genome (Hanto 

et al., 1982). In these cases as well as those with cytogenetic abnormalities, 

reduction or withdrawal of immunosuppression is advocated as the first therapeutic 

step (Swinnen et al., 1995). This alone will result in the regression of PTLD in 25% to 

almost 50% of all cases (Benkerrou et a/.,1993;Heslop et al., 1994a;Starzl et 

al., 1984). The obvious risk with this approach is that of acute allograft rejection. For 

this reason other therapeutic approaches have also been attempted. The routine 

use of prophylactic anti-CMV therapy with ganciclovir or acyclovir has become 

increasingly prevalent (Balfour, Jr. et a/.,1989;Hibberd et al., 1992). Both agents are 

also potent inhibitors of EBV replication (Dorsky et al., 1987;Matthews et al., 1988). It 

has been suggested that this practice should have the beneficial effect of inhibiting 

EBV reactivation or prevention of primary EBV infection (First, 1993;Stephanian et 

a/.,1991), as a result of which the incidence of PTLD would diminish. There are no 

prospective randomised studies to test the efficacy of acylovir or ganciclovir given 

prophylactically. However, a recent study showed that acylovir or ganciclovir given 

preemptively during antilymphocyte treatment reduced the incidence of PTLD to 1 in 

198 consecutive patients from 7 of 179 historical control patients (McDiarmid et
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a/., 1998). However, cases have been reported where a combination of acylovir and 

ganciclovir used as anti-CMV prophylaxis failed to prevent the development of PTLD 

in high risk patients (Aris et a/.,1996;Kuo et a/.,1995b;Kuo et a/., 1995a). The reason 

that these agents fail to be effective could be because they are virostatic rather than 

virocidal and act only on the linear form of the virus and not the latent form that is 

important in PTLD development (Penn,2000b).

Cytokine therapy

The next intervention may be the introduction of interferon-a 2b that is capable of 

enhancing the cytotoxic T-cell activity against EBV thus stimulating the immune 

system to reject the PTLD. A recent review of published reports concluded that 

interferon-a may succeed when there has been no response to reduction of 

immunosuppression (Faro,1998). This agent however, increases the risk of acute 

rejection. The response to interferon-a is rapid - usually within 3 weeks in 50% of 

the patients (Davis et a/., 1998).

Radiotherapy and chemotherapy

If interferon-a therapy fails or the disease progresses rapidly, chemotherapy should 

be considered. Chemotherapy should be combined with radiotherapy or with local 

tumour resection (Penn et al., 1995). The results of treatment with conventional 

chemotherapeutic agents are conflicting (Boubenider et a/.,1997;Morrison et 

al., 1994). Some centres reported complete regression of the disease, while others 

reported low success rates and high mortality rates with this form of treatment. 

Recently, regimens have been modified to both treat the malignancy and to maintain 

an immunosuppressed state, to preserve the allograft (Gross et 

a/.,1998;Swinnen,1997).

Cell therapy

Cell therapy represents a recent innovation in the treatment of PTLD. Donor 

lymphocyte infusions, in a graft-vs-host type reaction, have been successfully used 

to treat PTLD in several bone marrow transplant recipients (Papadopoulos et 

al., 1994). An alternative approach to cell therapy for PTLD was used by other 

groups (Heslop et a/.,1994b;Heslop et a/.,1994a;Heslop et al., 1999;Rooney et
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al., 1995b). Donor T-cells were stimulated with EBV-positive B cells and those cells 

with anti-EBV reactivity were collected and transfused into recipients. Anti-B cell 

antibodies such as anti-CD21 and anti-CD-24 antibodies are alternative forms of 

treatment that may be used in patients with polyclonal tumours who are unable to 

undergo a reduction in immunosuppression (Antoine et a/.,1996;Fischer et al., 1991). 

Preliminary results are encouraging: in a recent report of PTLD treatment by means 

of monoclonal antibodies, there was a 58% response rate (Benkerrou et al., 1993).

PROGNOSIS
With this sequential approach, one series of adult patients has reported success in 

76% of patients (Davis et al., 1998), while a paediatric series reports successful 

treatment in 80% of patients including those with monomorphic or monoclonal 

lesions (Dror et a/., 1999). However, overall response and survival rates are difficult 

to compare because of the wide range of PTLD forms and therapies. A recent 

review of relevant literature shows responses that vary depending on the histology 

and stage of the disease. In two separate series, mortality from polymorphic and 

monomorphic PTLDs ranged from 0% to 20%, and 67% to 87% respectively. PTLDs 

with cytogenetic abnormalities, usually fall into the monomorphic category and have 

a poor prognosis (vide supra). In a separate series, it was observed that 44% of 

PTLD survivors had involvement of only one organ, and involvement of three or 

more organs occurred in 57% of fatal cases (Cohen,1991). In children, mortality is 

also closely related to the underlying transplant procedure. Bone marrow transplant 

and cardiac transplant recipients had higher mortality rates (100% and 55% 

respectively), than liver and kidney transplant recipients (both 0%) (Donnelly et 

al., 1998).

Miscellaneous Cancers
We have described a number of other malignancies in our cohort. The small 

numbers of these cases in the reported literature does not allow meaningful 

statistical evaluation. The incidence and epidemiology of these lesions as well as 

the geographic variation in the patterns of posttransplant malignancies has been 

discussed in Chapter 6. Carcinomas of the lung are the second most common solid
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tumours in patients in the CTTR (Table 13-5) as well as in our study. In a report of 

malignancies in 785 transplant recipients, 8 cases of bronchogenic carcinoma were 

observed. The incidence according to organ transplanted was 2% for heart 

transplant patients and less than 0.5% for kidney transplant patients (Delcambre et 

a/.,1996). The mean age of transplanted patients who developed bronchogenic 

carcinoma was 57 years, compared to the mean age of 63 years of the tumour in the 

general population (Delcambre et a/.,1996). In a report on bronchogenic carcinoma 

in cardiac transplant patients, it was found that all were men and all were heavy 

smokers, as, indeed all our patients who had lung cancer, were. The tumour was 

irresectable in almost all the patients and they were treated with chemotherapy 

and/or radiotherapy. Median survival was only 3 months! (Goldstein et a/.,1996). 

We were impressed by the number of occult thyroid cancers in the South African 

experience. In two of our patients thyroid cancer were incidental findings at 

postmortem examination. One patient died of PTLD complicated by CMV 

pneumonitis, while the other patient died postoperatively following complications of 

transplant surgery. A review of the literature indicates that thyroid cancer is a 

relatively low-grade malignancy that is often found incidentally at postmortem 

examinations of renal transplant recipients (Cassidy et a/.,1982;Disler et 

a/.,1981;Starzl et a/.,1970). It is interesting to note that all the other South African 

centres who reported their experience of posttransplant malignancies reported occult 

thyroid cancers as well (Cassidy et a/.,1982;Disler et a/.,1981;Margolius,1996). In 

cases where the diagnosis is made antemortem, the patients can have extended 

survival after successful treatment of the malignant lesion (Yasumura et a/., 1997).

Prevention of Posttransplant Cancers
Every effort should be made to prevent the development of posttransplant 

malignancies (Penn et a/.,1969;Penn,1994c;Penn,1995a;Penn,1996d). Certain 

guidelines have been proposed to reduce the risk of posttransplant cancers and 

allow their early detection (Montagnino,2000). These are summarised in Table 13- 

8. Immunosuppression should be maintained at the minimum level compatible with 

good renal allograft function. If necessary heroic attempts to salvage failing renal
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Table 13-8 Recommendations for the prevention and early detection o f de novo 

cancers in renal transplant recipients.

Patient Responsibility - Life style modification 

Stop smoking 

Minimize sun exposure 

Reduce fat intake

Minimise intake of salt-cured and smoked foods 

Self-examination of breasts and testes 

Take viral infections seriously

Physician Responsibility - Regular screening

Dermatological evaluation 

Gynaecological evaluation 

Prostatic evaluation (PSA1, sonar)

Native kidney sonar 

Occult blood in stools

1 Prostate specific antigen

allografts should be abandoned and patients returned to dialysis therapy. Viral 

infections should be prevented whenever possible (Penn,1996d). It has been 

suggested that hepatitis B vaccine be used to immunise seronegative potential renal 

transplant recipients to reduce the risk of hepatocellular carcinoma. In the 

prevention of PTLD the use of early markers has been advocated: the presence of 

monoclonal gammopathies may be a clue (Pham et al., 1998) (vide supra). However, 

the avoidance of overimmunosuppression especially the use of multiple agents over 

a short period of time and the use of prolonged or repeated course of antilymphocyte 

antibody preparations is perhaps more important. The use of acyclovir and 

ganciclovir in the prevention of PTLD has been discussed above. Currently there is 

no effective prophylaxis against other potentially oncogenic viruses such as human 

herpesvirus-8 and human papillomaviruses (HPV). As HPV infections are sexually 

transmitted, patients should be advised to use the barrier method of contraception 

(Penn,1996d; Sillman et al., 1984). All post adolescent females should undergo 

regular pelvic examinations and cervical smears. All premalignant lesions including
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condylomata or cervical dysplasia should be treated early to prevent progression to 

cancer (Penn,1996d). Sunlight exposure is important in the causation of skin 

cancers and transplant patients, especially those with fair complexions, blonde or red 

hair and blue eyes should avoid excessive exposure (Euvrard et al., 1997; 

Penn,1994c; Penn,1995a; Penn,1996d; Sheil,1994). Patients venturing outside in 

the sun should be advised to wear wide-brimmed hats, sun visors and appropriate 

protective clothing. In addition use of protective sunscreens that filter out the harmful 

ultraviolet rays should be considered. The skin of patients at risk should be 

examined regularly and any premalignant skin lesions carefully observed or treated. 

The use of retinoids in the treatment of skin lesions is controversial and has been 

discussed further in Chapter 13. The routine screening of the diseased kidneys of 

transplant patients with regular ultrasound examinations to exclude acquired cystic 

disease related malignancies, is not cost effective (Penn,2000b). However, in 

patients who have analgesic nephropathy, regular screening including urine cytology 

and appropriate radiological screening procedures are advisable to detect early 

malignancies (Penn,1995b; Penn,1996d). Tumour markers do not appear to be 

useful screening tools. In a study involving 70 patients with no overt gastrointestinal 

malignant disease serial carcinoembyonic antigen (CEA) and a number of other 

tumour markers were serially monitored starting prior to transplantation. Of the 70 

patients, 1 % to 36% had persistent elevation of one or other of the markers with no 

evidence of malignant disease (Wood et al., 1993).

Pre-existing cancers
Although none of our patients who had been treated for malignancies before 

transplantation suffered a relapse of the original tumour, the question of the safety of 

transplantation in patients who have had a previous malignancy remains a vexing 

one. The predisposition of transplanted patients to development of malignancies is 

well known (vide supra). The recurrence of cancers in patients with pre-existing 

tumours was recently reviewed (Penn, 1997). Among 1297 renal transplant 

recipients the recurrence rate was 21% for cancers treated before transplantation 

and 33% for those treated after the transplant. The rate of recurrence depended on 

the type of tumour. Incidental renal, uterine body, testicular, uterine cervical and
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thyroid carcinomas showed low recurrence rates of between 1% and 7%. Hodgkin's 

lymphoma, Wilm's tumour, prostate carcinoma, and malignant melanoma showed 

intermediate recurrence rates of 11% to 21%. Breast, symptomatic renal cell, 

colorectal, and bladder carcinomas, as well as multiple myeloma and sarcomas had 

recurrence rates of 14% to 23% (Penn,1983; Penn,1993; Penn,1997). Other factors 

that were associated with a low rate of recurrence were a favourable histology, (in- 

situ or low grade malignancy) and a long time interval (more than 5 years) between 

treatment of malignancy and the transplantation (Montagnino,2000). In patients with 

skin cancer, the incidence of recurrence is high (58%) and there is no correlation 

between the time of treatment and the likelihood of recurrence (Penn,1983). In the 

tumours treated after transplantation, 39% of recurrences were from nonmelanoma 

skin cancers, followed by prostatic carcinoma (12%), incidental renal carcinoma (8%) 

and symptomatic renal carcinoma (5%).

Recommendations on delay before transplantation

In patients with low-grade cancers, including skin cancers and in situ cancer of the 

uterine cervix no waiting period is necessary and they can be offered transplantation 

after treatment of the lesions. Patients who have other cancers treated successfully 

should be observed for at least two years before transplantation is considered 

(Penn, 1993). A waiting period of at least 5 years is recommended before 

transplantation for tumours with a high recurrence rate (vide supra), in order to 

minimise the risk of stimulating the growth of dormant metastases (Montagnino, 

2000).

Cancers in Renal versus Non-Renal Recipients (Table 13-

9)
INCIDENCE

A recent single-centre study of 674 solid organ transplant patients established that 

the overall frequency of posttransplant cancers was lower in renal transplant 

recipients compared to non-renal transplant recipients (9% vs. 16% respectively); 

also noted was a longer interval to malignancy (61 vs. 27 months) (Mihalov et 

al., 1996). In a report specifically on Kaposi's sarcoma, it was reported that the 

frequency of Kaposi’s sarcoma was significantly higher in liver transplant recipients
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Table 13-9 Pattern o f cancers in renal transplant recipients versus non-renal 

transplant recipients.

Renal Recipients Non-Renal Recipients

(n = 9508)1 (n = 2155)2

Type of Tumour Number % Number %

Skin cancers 3819 40 587 27

PTLD 1080 11 873 41

Lung carcinoma 505 5 147 7

Kaposi's sarcoma 416 4 51 2

Cervix carcinoma 337 4 19 <1

Renal carcinoma 385 3 30 1

Anogenital 265 3 20 <1

carcinoma

From Penn (1999a)

1ln 8868 patients 

2ln 2087 patients

(1.24%) than in either renal (0.45%) or heart transplant patients (0.41%) 

(Montagnino et al., 1994a). The available data also suggests that lung malignancies 

are seen more commonly after heart transplantation than after renal transplantation, 

while survival data indicate a poorer prognosis in these patients compared to the 

general population with similar-stage lesions (Herr et al., 1979; Kinlen et al., 1979; 

Oberbauer et al., 1996; Tan et al., 1995).

DISTRIBUTION

Many differences in the pattern of tumours in renal allograft recipients compared to 

recipients of other organs have already been alluded to. The difference in the 

lesions in the two groups is indicated in Table 13-9. The most striking feature is the 

frequency with which PTLD occurs in non-renal recipients compared with renal 

recipients. This is most likely related to the difference in the intensity of 

immunosuppression in the two groups as discussed above. Many renal patients 

have been followed up for 10 to 30 years posttransplant, whereas few non-renal 

patients have been followed so long. This may account for the somewhat higher
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frequency of late appearing tumours such as skin, uterine cervix, and urogenital 

lesions in renal recipients. The higher incidence of renal tumours may reflect the 

influence of analgesic nephropathy and acquired cystic kidney disease (Gonthier et 

a/.,1992;Penn,1989;Penn,1994c;Penn,1994a).

BONE MARROW TRANSPLANT PATIENTS
In bone marrow transplant recipients the pattern of malignancies is somewhat 

different. PTLD and leukaemias are the main tumours encountered but other 

common lesions include malignant melanoma, and cancers of the buccal mucosa, 

brain, liver, thyroid, bone and connective tissue. The cancers that develop may be 

related to the treatment of the underlying disease (that necessitated the transplant). 

The treatments used include radiation therapy and chemotherapy, as well as 

conditioning regimens with total body irradiation or limited field irradiation and/or 

large doses of chemotherapy. To further aggravate the problem, patients are placed 

on immunosuppression posttransplantation to prevent or treat graft-versus-host 

reaction (Penn,1999a). Radiation therapy is particularly important in the cancers of 

the thyroid, salivary glands, bone connective tissue and the brain. The mechanism 

of the association between malignant melanoma and high doses of radiation are 

unknown (Curtis et a/., 1997).

SUMMARY
There is a several-fold increase in cancers following renal transplantation. However, 

after skin cancer the most common malignancies are malignant lymphomas. The 

cancers that commonly threaten the general population are no more common in 

these patients. Indeed, in the case of breast and prostate carcinoma these are less 

common in transplanted patients. The exact aetiology of posttransplant cancers 

remains speculative but in PTLD the EBV plays a key aetiological role. PTLD 

manifests in several ways clinically but a high index of suspicion should always be 

maintained. PTLD is relatively more common in non-renal transplant recipients and 

remains difficult to treat. It accounts for significant posttransplant morbidity and 

mortality. The incidence of cancers increases the longer the patients survive with
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their functioning grafts; it is essential that regular examinations be scheduled 

especially in high-risk groups. Prevention of cancers is of paramount importance 

and involves both the patient and his or her physician.

Despite the challenges, the late Dr Penn remained optimistic and gives some 

indication of future directions ". . . Nonetheless the future holds promise. Attempts 

are being made to modify the immune system . . .  to induce states of immune 

unresponsiveness directed specifically . . .  at the foreign antigens of the allograft. . . 

. these efforts should eliminate the need for long-term . . . immunosuppressive 

therapy and the problem of posttransplant malignancies will be relegated to a 

footnote in the history of organ transplantation." (Penn, 1999a).
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COLOUR PHOTOGRAPHIC PLATES
Fig. 13-1 Pathology o f Posttransplant Lymphoproliferative Disease 

A and B are low power images of a skin biopsy from one of our renal transplant 

patients showing an infiltrate of mononuclear cells. The high power image (C) 

clearly shows the presence of abnormal lymphocytes, which on 

immunohistochemistry (D) are B-lymphocytes. (Sections courtesy o f Dr W.B. Bates, 

Senior Consultant, Department o f Anatomical Pathology, University o f Stellenbosch).
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Chapter 14

THE AETIOLOGY OF 

KAPOSI’S SARCOMA

M
any aspects of Kaposi’s sarcoma remain enigmatic and the aetiology of 

the disease is perhaps most so. Beside immunosuppression and 

genetic predisposition, epidemiological and clinical observation has long 

indicated that an infective agent could be associated with Kaposi’s sarcoma.

EVIDENCE IN FAVOUR OF AN INFECTIVE AETIOLOGY FOR 

KAPOSI’S SARCOMA
1. An increased incidence of Kaposi’s sarcoma in elderly patients who were 

immunosuppressed, had congestive cardiac failure or were recipients of blood 

transfusions (Bendsoe et a/., 1990).

2. An upsurge in the cases of classical Kaposi’s sarcoma in women after 1950 

but before the acquired immunodeficiency syndrome (AIDS) pandemic 

(Bendsoe et a/.,1990;Beral et al., 1990).
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3. The more malignant progression of Kaposi’s sarcoma lesions in 15-20% of 

patients with “classical Kaposi’s sarcoma” (Root-Bernstein,1990).

4. The increased incidence of Kaposi’s sarcoma in renal allograft recipients, 

especially in developing countries, following the use of routine pre-transplant 

blood transfusions (Dictor et al., 1988;Penn,1979a).

5. Development of Kaposi’s sarcoma after blood transfusions in patients who 

remained human immunodeficiency virus (HlV)-negative (Mannucci et 

al., 1986).

6. The higher incidence of Kaposi’s sarcoma in HIV-negative gay men 

(Friedman-Kien et a/.,1990;Goriano et al., 1991).

7. Geographic distribution of African Kaposi’s sarcoma resembling Burkitt’s 

lymphoma associated with Epstein-Barr virus (EBV) (Safai,1983;Safai et 

al., 1985) and corresponding with that of malaria (Schatz et al., 1997).

8. A higher incidence of epidemic Kaposi’s sarcoma among sexually 

promiscuous homosexual and bisexual men as compared to the incidence in 

other groups at risk for HIV infection (Archibald et a/.,1992;Beral et 

a/.,1992;Lifson et a/.,1990;Martin e ta i,  1993)

9. An observed decrease in epidemic Kaposi’s sarcoma among HIV infected 

persons practising “safer sex” (Roth, 1991).

10. The frequent association of a second primary malignancy in patients with 

iatrogenic immunosuppression (Safai,1983).

11. Women with AIDS are 4 times more likely to develop Kaposi’s sarcoma if they 

acquired the HIV infection from a bisexual partner rather than from an 

intravenous drug abuser or a blood product recipient (Beral et 

a/.,1990;Franceschi et a/.,1995;Franceschi et a/.,1998;Serraino et al., 1995).

The range of organisms that have been implicated in the pathogenesis of Kaposi’s 

sarcoma is wide and include parasites and bacteria but viruses have been 

considered with the greatest suspicion. Alleged culprits have included 

onchocerciasis (Taylor et al., 1972), mycoplasma penetrans (Wang et al., 1993), 

hepatitis B virus (Siddiqui,1983), human T lymphotrophic virus type-1 (HTLV-1) 

(Siegal et al., 1990), a retrovirus (Gyorkey et a/.,1984;Rappersberger et al., 1990), 

human papilloma virus (Huang et al., 1992), avian leukosis virus (Dictor et al., 1988)

Stellenbosch University http://scholar.sun.ac.za/



Aetiology o f  KS 14-3

and human immunodefiency virus (HIV) (Scinicariello et al., 1991). However it is 

cytomegalovirus (CMV) with or without a second virus that has been always 

considered the top contender (Andersen et a/.,1991;Giraldo et al., 1975;Giraldo et 

a/.,1989;Hashimoto et a/.,1987;Qunibi et a/.,1988;Siegal et al., 1990). However no 

causative role for any of these agents has ever been confirmed (Kempf et 

a/.,1995;0'Leary et al.,1997).

In an in-depth review, Martin et al. (1993) stated that “... the occurrence of Kaposi’s 

sarcoma in HIV-1 seronegative homosexual men suggested an infective “Kaposi’s 

sarcoma agent” with a preferred transmission route (probably sexual) among 

homosexual men -  as a cause independent of the HIV”. The viral cause was

F/q. 14-1. The aetio logy o f Kaposi’s sarcoma. Current evidence suggests that 

Kaposi’s sarcoma occurs in the genetically susceptible, immunologically comprised 

host who is infected with the HHV-8 virus. A certain degree o f immunoactivation is 

also an important factor.
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advanced by the studies of Giraldo et al. (1972). This group established a number 

of cell-lines in continuous culture. Although considerable pleomorphism was found 

in culture, they were able to demonstrate herpesvirus particles in several of the cell- 

lines. Although the complete herpesvirus was not identified, the particles were 

demonstrated to have several antigens in common with EBV (Editorial, 1973). 

Walters et al. (1984) also later demonstrated herpesvirus-type particles in Kaposi’s 

sarcoma but were unaware of the importance of their findings. Although a Lancet 

editorial accurately predicted that the agent would be an oncogenic herpesvirus 

(Editorial, 1973) it was to take another 2 decades for the putative herpesvirus to be 

identified (Chang et al., 1994). The development of Kaposi’s sarcoma would appear 

to require the interaction of several host and enviromental factors (Fig. 14-1).

IMMUNO-DYSFUNCTIONAL STATES
Immunodeficiency has been described to a greater or lesser degree in all forms of 

Kaposi’s sarcoma (Editorial, 1973). Whether it affects the growth of Kaposi’s 

sarcoma directly by impairing immune surveillance or indirectly by allowing the 

proliferation of the oncogenic virus by as yet unknown mechanisms remains 

uncertain (Harwood et a/.,1979a;Qunibi et a/.,1988;Roth,1991). Kaposi’s sarcoma 

however progresses irrespective of the degree of immunosuppression (Spornraft et 

al., 1988). Paradoxically, a certain degree of immune activation seems to be 

essential for the development of Kaposi’s sarcoma (Mitsuyasu et al., 1986; Safai et 

al., 1992; Ziegler, 1990). Older individuals with the classic and endemic forms of 

Kaposi’s sarcoma often present with signs of immunoactivation as evidenced by 

increased inflammatory cytokine production and expansion of CD8+ T cells (Fagiolo 

et a/.,1993;Kestens et a/.,1985;Rizzardini et al., 1996). In AIDS-associated Kaposi’s 

sarcoma the growth of the lesion is dramatically increased during times of 

opportunistic infections (Miles, 1994). Although major increases in the expression of 

certain cytokines such as interleukin - 1 (IL-1) and tumour necrosis factor (TNF)-a 

occur during opportunistic infections, whether this accounts for the accelerated 

growth of the AIDS-Kaposi’s sarcoma lesion has not been clearly demonstrated 

(Miles,1994).
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The concern for solid organ transplant recipients is the observation that steroids 

have a direct stimulatory effect on the proliferation of AIDS - Kaposi’s sarcoma cells 

that are rich in glucocorticoid receptors upregulated by the steriod treatment (Gill et 

a/.,1989;Schulhafer et a/.,1987;Trattner et al., 1993). In addition, steroids also acts 

synergistically with oncostatin M, a potent Kaposi’s sarcoma cell growth factor to 

promote the proliferation of the Kaposi’s sarcoma cells (Miles et a/.,1992;Nair et 

al., 1992). The current evidence suggests that immunodeficiency may be responsible 

for tumour aggressiveness while immunoactivation, mainly the secretion of 

cytokines, play a major role in the initiation and maintenance of the disease (Ensoli 

et al., 1998a). Immunological aspects of Kaposi’s sarcoma are discussed further in 

Chapter 15 of this thesis.

GENETIC SUSCEPTIBILITY
The geographic clustering of cases (Central Africa in endemic Kaposi’s sarcoma, 

developing countries in iatrogenic Kaposi’s sarcoma), ethnicity, increased frequency 

of HLA-DR5 and HLA-DW 19 in classical Kaposi’s sarcoma, HLA-A2, HLA-A19, 

HLA-A23, HLA-B49, HLA-B18, HLA-DR5 and decreased frequency of HLA-DR3 and 

HLA-B8 in iatrogenic Kaposi’s sarcoma (Brunson et al., 1990) suggest a genetic 

predisposition to Kaposi’s sarcoma (Bayley,1984;Garcia et a/.,1989;Qunibi et 

al., 1988). This is further supported to some extent by the gender ratios with marked 

male predominance in classical Kaposi’s sarcoma and the association with 

lymphoma (Moertel,1966). Clear genotype patterns are, however, not seen in 

endemic Kaposi’s sarcoma and familial cases of Kaposi’s sarcoma are extremely 

unusual (Melbye et a/.,1987;Myskowski et al., 1997). Some (Friedman-Kien et 

a/.,1982;Goedert et al., 1987) but not all (Rubinstein et al., 1983) studies of HIV - 

associated Kaposi’s sarcoma have reported an association with HLA-DR 5. A few 

studies (Klein et a/.,1994;Mann et al., 1988) including one in homosexual males 

(Klein et al., 1994) have reported an association between HLA-DR 1 and Kaposi’s 

sarcoma. The evidence therefore seems to suggest that genetic factors and specific 

combinations of HLA alleles may influence the risk of Kaposi’s sarcoma (Strathdee 

et al. ,1996).
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VIRAL AETIOLOGY
Discovery of human herpesvirus 8 (HHV-8)

The understanding of the aetiopathogenesis of Kaposi’s sarcoma was greatly 

advanced with the elegant description of HHV-8 by Chang et al. (1994) using a novel 

technique, “representational differential analysis” (RDA) (Lisitsyn et al., 1993). Chang 

and his colleagues identified two polymorphic DNA sequences by comparing AIDS -  

Kaposi’s sarcoma DNA to DNA extracted from clinically normal tissue from the same 

patient. Of 27 AIDS-Kaposi’s sarcoma lesions examined, 93% contained the 

Kaposi’s sarcoma DNA fragment KS33O233. Examination of non-Kaposi’s sarcoma 

tissues from four additional AIDS-Kaposi’s sarcoma patients demonstrated variable 

detection of DNA sequences consistent with dissemination of an infectious agent. 

All control specimens, including samples from AIDS patients without Kaposi’s 

sarcoma were negative (Chang et al., 1994). Extended sequence analysis confirms 

that these sequences belong to a new human herpesvirus and has been designated 

HHV-8 or Kaposi’s sarcoma-associated herpesvirus (KSHV) (Moore et al., 1996a).

Diseases associated with HHV-8

The virus has now been demonstrated in all epidemiological forms of Kaposi’s 

sarcoma (Boshoff et al., 1995a; Boshoff et al., 1997; Buonaguro et al., 1996; 

Engelbrecht et al., 1997; Huang et al., 1995b; Noel et al., 1996; Weiss et al., 1998). 

HHV-8 is also consistently associated with primary effusion B-cell lymphoma 

(Cesarman et a/.,1995a;Cesarman et a/.,1995b;Renne et al., 1996a) and multicentric 

Castleman’s disease (MCD), both AIDS-related lymphoproliferative diseases (Table 

14-1) (Soulier et a/., 1995). There is a strong association between MCD and Kaposi’s 

sarcoma with 75% of patients with MCD subsequently developing Kaposi’s sarcoma 

(O'Leary et al., 1997). Primary effusion B-cell lymphomas lack c-myc gene 

rearrangements and usually but not always contain EBV as well as HHV-8 

(Weiss,1996), a finding supported by Nador et al. (Nador et al., 1996). Rady et al. 

(1995) have also reported the presence of HHV-8 in other non-Kaposi’s sarcoma 

lesions in renal transplant recipients. However, these findings could not be 

confirmed by other groups who consistently failed to demonstrate herpes-like
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Table 14-1. Detection of HHV-8 in Kaposi’s sarcoma, lymphoproliferative diseases 

and peripheral blood mononuclear cells.

Patient Group HHV-8 Detected Percentage

AIDS-Kaposi’s sarcoma 125/128 98

Classical Kaposi’s sarcoma 49/52 94

Endemic Kaposi’s sarcoma 24/27 89

Iatrogenic Kaposi’s sarcoma 9/9 100

HIV-negative homosexual 5/5 100

Uninvolved skin, Kaposi’s 21/57 37

sarcoma patient

Control:HIV negative 3/95 3

PEL; AIDS 23/26 89

MCD: AIDS 14/14 100

Lymphoma: HIV positive 9/110 8

Lymphoma: HIV negative 18/365 5

PBMC: Kaposi’s sarcoma 37/70 53

PBMC: no Kaposi’s sarcoma, 11/173 6

HIV positive

PBMC: no Kaposi’s sarcoma, 0/211 0

HIV negative

PEL; Primary effusion B-cell lymphoma; MCD; multicentric Castleman’s 

disease; %; Peripheral blood mononuclear cells. Pooled data from 

Ambroziak et a/.,1995;Boshoff et a/.,1995a;Cesarman et a/.,1995a;Chang 

et a/.,1994;Chatlynne et a/.,1998;Collandre et a/.,1995;Dupin et 

a/.,1995;Huang et a/.,1995a;Lebbe et al., 1995;Moore et a/.,1995;Schalling 

et al., 1995;Su et al., 1995.

sequences in transplant patients without Kaposi’s sarcoma (Boshoff et 

al., 1995a;Boshoff et a/.,1996;Noel et a/.,1996).
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Oncogenicity of HHV-8

Having demonstrated the presence of HHV-8 in Kaposi’s sarcoma tissue, the 

question of whether the virus is the cause of the lesions or whether it is a 

“passenger” remained unanswered (Roizman,1995; Schulz et al., 1995; Gallo,1995). 

In AIDS and organ transplantation the presence of HHV-8 may merely reflect a 

decreased capacity of the host to destroy cells harbouring latent HHV-8 because of 

immunosuppression (Roizman,1995). It could also represent an opportunistic 

pathogen that preferentially infects immuno-incompetent patients at risk for Kaposi’s 

sarcoma (Ganem,1995). The absence of HHV-8 from cell lines derived from these 

cancers (Ambroziak et al., 1995) has also called into question the role of this virus in 

this malignancy (Levy, 1997). However, parallels may be drawn between HHV-8, 

and its cousins Epstein-Barr virus (EBV) and herpesvirus saimiri that are also y- 

herpesviridae. EBV can transform B-lymphocytes and herpesvirus saimiri T- 

lymphocytes to produce lymphoproliferative lesions in the appropriate host (Albrecht 

et al., 1992). HHV-8 is similarly found in B cells and is present in large nuclear 

episomes (Cesarman et al., 1995b). EBV is unable to induce malignant 

transformation on its own and rearrangement of the c-myc oncogene is invariably 

present. Concomitant malaria is thought to expand the polyclonal B-cell population 

increasing the number of number of cells at risk for transformation leading to a high 

incidence of Burkitt’s lymphoma. It is interesting that the geographical distribution of 

endemic Kaposi’s sarcoma and Burkitt’s lymphoma are similar and parallels that of 

malaria (Fife etal., 1996).

HHV-8: Pathogen or passenger?

Whitby et al. (1995) addressed this problem by establishing the presence of HHV-8 

DNA by nested PCR in the peripheral blood mononuclear cells (PBMC) of 24 out of 

46 (52%) of HIV-positive Kaposi’s sarcoma patients. This, compared to only 11 out 

of 143 (8%) of HIV-infected patients without Kaposi’s sarcoma. The latter group was 

followed up for a median of 30 months; 11 (55%) of patients with detectable HHV-8 

DNA who did not have Kaposi’s sarcoma subsequently developed the disease, as 

compared with only 12 out of 132 (9%) of patients who initially tested HHV-8 

negative. Moore et al. (1996b) obtained similar results comparing AIDS -  Kaposi’s 

patients with two control groups -  a high risk control group of homo/bisexual males
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with AIDS and a low risk group of HIV-infected haemophiliac patients. These studies 

suggested that the presence of HHV-8 in peripheral blood predicted the development 

of Kaposi’s sarcoma. Whitby et al. (1995) also report that the appearance of overt 

Kaposi’s sarcoma was delayed with 50% of the patients being Kaposi’s sarcoma-free 

at 3.5 years. This suggests that factors and co-factors other than 

immunosuppression are required for the promotion of the development of Kaposi’s 

sarcoma lesions. The easier detection of HHV-8 in patients with low CD4+ cell 

counts suggest that its replication is under immunological control (Whitby et 

al. ,1995).

Miller et al. (1996) using immunoblot and immunofluorescence assays detected 

antibodies to the p40 antigen of HHV-8 in 67% of HIV-positive patients with Kaposi’s 

sarcoma compared with 13% of HIV-positive patients without Kaposi’s sarcoma. 

Gao et al. (1996a) using immunoblot assays for two latent nuclear antigens found 

that 80% of patients with Kaposi’s sarcoma expressed anti-HHV-8 antibodies 

compared with 18% of homosexual men without Kaposi’s sarcoma. They also found 

that patients seroconverted 33 months before the onset of clinical Kaposi’s sarcoma. 

These findings support those of Whitby and his colleagues in suggesting an 

important role for HHV-8 infection in the development of Kaposi’s sarcoma. Gao et 

al. (1996a) also report that the 20% of patients with Kaposi’s sarcoma who had no 

antibodies to HHV-8 had significantly higher CD4+ cell counts than the seropositive 

patients and had developed Kaposi’s sarcoma more rapidly than the seropositive 

patients. They postulated that the failure to develop protective antibodies was 

responsible for the higher CD4+ cell counts and more aggressive disease. Miller et 

al. (1996) also report that patients with AIDS-related Kaposi’s sarcoma had lower 

CD4+ cell counts whereas homosexual patients with HIV-negative Kaposi’s sarcoma 

and patients with classical Kaposi’s sarcoma had normal CD4+ cell counts. The 

findings of Gao’s and Miller’s groups support those of Whitby’s in implicating an 

important role for the immune system in the development of Kaposi’s sarcoma.

KAPOSI’S SARCOMA IN AIDS PATIENTS
AIDS-Kaposi’s sarcoma has been the best studied form of Kaposi’s sarcoma and it is 

likely that all forms of Kaposi’s sarcoma may be initiated by signals inducing the
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activation and growth of a particular type of mesenchymal cell that expresses 

autocrine, paracrine and growth properties. An understanding of this form of 

Kaposi’s sarcoma may provide valuable clues to the pathogenesis of posttransplant 

Kaposi’s sarcoma. AIDS has now reached pandemic proportions but it is interesting 

to recall that the original description of the disease were of three observations of an 

aggressive form of Kaposi’s sarcoma in homosexual men (Borkovic et 

a/., 1981 ;Gottlieb et a/.,1981;Hymes ef a/.,1981).

Although the incidence of Kaposi’s sarcoma as the presenting manifestation of AIDS 

has diminished, its prevalence has not (Northfelt,1994). In addition, with the 

availability of effective anti-retroviral agents and better control of opportunistic 

infections, AIDS patients are now surviving long enough to succumb to Kaposi’s 

sarcoma (Schwartz, 1996). Epidemiological evidence strongly suggests that Kaposi’s 

sarcoma occurring in AIDS patients is caused by an agent other than HIV (Martin et 

al., 1993). In certain cohorts of homosexual men with AIDS, the lifetime risk of 

Kaposi’s sarcoma approaches 50% (Katz et al., 1994) whereas only 1% of 

haemophiliacs and 3% of blood product transfusion recipients with AIDS developed 

Kaposi’s sarcoma (Beral et al., 1990). Children who have acquired AIDS vertically 

from infected mothers have even lower risks of Kaposi’s sarcoma (Ganem,1995). 

The indications are therefore that the agent responsible for Kaposi’s sarcoma is 

sexually transmitted (Beral et al., 1990). AIDS patients have a 20 000 fold increased 

risk of developing Kaposi’s sarcoma (Beral et al., 1990) but the incidence of Kaposi’s 

sarcoma is decreasing in the USA (Beral et al., 1990) with a 4-fold decline among a 

cohort of homosexual men between 1983 and 1990 (Katz et al., 1994). This could 

represent a genuine decrease due to “safer sex” practices resulting in reduction in 

the transmission rate of the Kaposi’s sarcoma infective agent although under­

reporting cannot be excluded.

Clinically, Kaposi’s sarcoma developing in AIDS patients follows a more aggressive 

course than other forms of Kaposi’s sarcoma (Ensoli et a/.,1991). The disease is 

more likely to be complicated by visceral and lymph node involvement (Friedman- 

Kien,1981 ;Gottlieb et al., 1982) and has more extensive cutaneous distribution with 

lesions on the trunk, neck and arms compared with the predominant distribution on
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the lower limbs in the other forms of the disease. HIV-associated Kaposi’s sarcoma 

is also more resistant to treatment (Buchbinder et al., 1992; Friedman-Kien et 

al., 1982). The suggestion therefore is that additional factors may be operative in 

AIDS patients that do not occur in other Kaposi’s sarcoma patients.

HIV-Tat: A progression factor in AIDS-Kaposi’s sarcoma

The aggressive course of AIDS-Kaposi’s sarcoma has been ascribed at least in part 

to the HN-tat gene. The product of this gene is a small intranuclear polypeptide that 

activates viral gene expression early after infection via interaction with structures on 

viral RNA (Arya et a/.,1985;Chang et a/.,1995;Ensoli et al., 1993). Small amounts of 

Tat are released from infected cells (Ensoli et al., 1993). At high extracellular 

concentration, small amounts of Tat can enter cells where it induces the nuclei to 

undergo transactivation. At lower concentrations, the Tat binds to AIDS-Kaposi’s 

sarcoma cells, and promotes cell growth (Buonaguro et al., 1992) and adhesion to 

solid surfaces (Barillari et al., 1993). AIDS - Kaposi’s sarcoma cell proliferation 

induced by the supernatant of HIV culture media was specifically blocked by anti-Tat 

antibodies (Ensoli et al., 1990). The cell culture supernatant is rich in inflammatory 

cytokines that both induce the expression of a5(31 and avp3 integrins that function 

as receptors for Tat, and induce basic fibroblast growth factor (bFGF) expression 

that in turn induces the same integrins (Barillari et a/.,1993;Barillari et 

a/.,1999b;Barillari et a/.,1999a;Stromblad et al., 1996). In vitro studies have shown 

that Tat acts synergistically with bFGF to promote the formation of angiogenic 

lesions in nude mice following subcutaneous inoculation with AIDS -  Kaposi’s cells 

(Salahuddin et al., 1988; Ensoli et al., 1990; Ensoli et al., 1994). Supporting the 

observation is that some transgenic mice expressing tat develop proliferative 

multifocal dermal lesions containing spindle-shaped cells (Vogel et al., 1988). bFGF 

would appear to be essential for the development of Kaposi’s sarcoma lesions and 

Tat, in turn, enhances bFGF activity (Fife et al., 1996). Extracellular Tat is detectable 

in AIDS-Kaposi’s sarcoma lesions (Ensoli et al., 1994a). In addition, endothelial and 

spindle cells of Kaposi’s sarcoma lesions express both bFGF as well as a5pi and 

avp3 Tat receptors to which Tat has been shown to be bound (Ensoli et al., 1994a). 

The suggestion is therefore that the mechanisms described in vitro are operative in 

vivo as well.
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More recent observations have established that Tat protein in addition to promoting 

spindle cell growth also promotes AIDS-Kaposi’s sarcoma and normal vascular cells 

to migrate, to degrade the basement membrane and to stimulate endothelial cell 

morphogenesis (Albini et a/.,1995b;Albini et a/.,1995a;Barillari et al., 1993). Tat has 

also been shown to promote adhesion of monocytes-macrophages to damaged 

vasculature increasing their migration and invasion into tissues (Lafrenie et al., 1996). 

Another mechanism whereby Tat may influence Kaposi’s sarcoma development is 

through activation of cellular gene expression, especially cytokine genes involved in 

the pathogenesis of Kaposi’s sarcoma (Chang et al., 1995). Cytokines induced 

include TNFa, TNFp (Buonaguro ef a/.,1994) and IL-6 (Scala et al., 1994). However, 

much higher concentrations of Tat are required for the activation of cytokines than 

for integrins (Chang et a/.,1997;Chang et a/.,1995;Ensoli et al., 1993). Finally, Tat 

has also been shown to increase HHV-8 viral load (Harrington, Jr. et al., 1997) and to 

activate the expression of oncogene bcl-2 (Zauli et al., 1995). The evidence 

presented therefore supports the hypothesis that Tat may represent the factor in 

AIDS-Kaposi’s sarcoma which accounts for the frequency and aggressiveness of 

Kaposi’s sarcoma in AIDS patients compared to the milder forms of Kaposi’s 

sarcoma in which only bFBF is present (Ensoli et al., 1994a).

Cytokines (Table 14-2)

The study of AIDS-Kaposi’s sarcoma was severely hampered by the inability to 

maintain Kaposi’s sarcoma cells in culture until the discovery by Nakamura et al. 

(1998) that supernatant from retrovirus-infected cell lines could ensure the long-term 

maintenance of Kaposi’s sarcoma cell cultures. They found that these cells 

produced a variety of factors that induced their own growth, and the growth of normal 

and other cell types (Ensoli et a/.,1989;Salahuddin et al., 1988a). In addition, when 

the chorioallantoic membrane (CAM) of 9-day-old chicken eggs was exposed to 

AIDS-Kaposi’s sarcoma cells extensive vasularisation was observed in 3 days. In a 

landmark experiment, it was established that when Kaposi’s sarcoma-AIDS cells 

were injected subcutaneously into the lower back of nude mice, this resulted in an 

angiogenic response resembling Kaposi’s sarcoma (Fig. 14-2) (Salahuddin et 

al., 1988b). These observations therefore indicate that AIDS-Kaposi’s sarcoma cells 

release factors capable of inducing lesions resembling Kaposi’s sarcoma in humans.
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Table 14-2. Contribution of identified cytokines to biologic activities released or 

induced by AIDS-Kaposi’s sarcoma cells.

Biologic Activities Response/Cytokine Expression

A. Effect of Inflammatory cytokines on normal endothelial cells

Vessel activation Expression of ELAM-1, ICAM-1, V-CAM-1, HLA-DR, CD40;

upregulation of a5pi and av[33 integrins (receptors for Tat)

Acquisition of Kaposi’s sarcoma Spindle morphology, expression of the above markers,

spindle-cell phenotype downregulation of factor Vlll-related antigen, production of

bFGF and other activating factors

Induction of Kaposi’s sarcoma-like Angiogenic after inoculation in nude mice

lesions

Induction of the response to HIV-1 Upregulation of Tat receptors; response to the adhesive,

Tat protein mitogenic, and invasive effects of Tat and in vivo

angiogenesis

B. Effect of Inflammatory cytokines on cells derived from Kaposi’s sarcoma lesions

Kaposi’s sarcoma cells with Long-term growth, detection of markers of vessel activation,

endothelial cell markers downregulation of factor Vlll-related antigen, production of

activating factor, expression of MCP-1

Kaposi’s sarcoma cells with Support of their growth, increased vascular adhesion, MCP-1

macrophagic markers production

Tumour infiltrating lymphocytes Survival and phenotype maintenance in T-Cell derived media

cultured lesions

C. In vivo effects of inflammatory cytokines

Angiogenic and Kaposi's sarcoma- Induction of hyperplastic Kaposi’s sarcoma-like lesions in

forming activity nude mice

D.Role of inflammatory cytokines in Kaposi’s sarcoma progression

Activation of Tat transcription and HIV-1 Tat (target)

production, upregulation of Tat

receptors on endothelial cells

Increase of viral replication and load HHV-8 (target)

Modified from Ensoli et al. (1998a)

Ensoli and her group (1989) studied specific cytokines and growth factors 

extensively using messenger ribonucleic acid (mRNA) expression of AIDS-Kaposi’s 

sarcoma cells and comparing expression of cytokines and growth factors capable of 

inducing similar biological effects. AIDS-Kaposi’s sarcoma cells constitutively
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Fip. 14-2. (A) Induction of angiogenic response in a chorioallantoic membrane 

fertilized for 12 days by AIDS-Kaposi’s sarcoma cells. Newly formed vessels are 

indicated by the arrows. (B) In contrast the control CAM shows no 

neovascularisation. (C) Nude mice injected with AIDS-Kaposi’s sarcoma cells show 

angiogenesis at the site of injection of the live AIDS-Kaposi’s sarcoma cells (right) 

with the absence of reaction where fixed cells (left) were injected. (D) The histology 

of the subcutaneous tissue that was injected with AIDS-Kaposi’s sarcoma cells 

reveals marked angiogenic response after 5 days. The lesions show numerous 

small slits and vessels some with blood, and spindle cells. The lesion closely 

resembles the changes seen in Kaposi’s sarcoma. From Salahuddin et al. (1988a).

Stellenbosch University http://scholar.sun.ac.za/



Aetiology o f KS 14-15

expressed very high levels of m-RNA for bFGF, vascular endothelial growth factor 

(VEGF) and IL1-P; moderate amounts of mRNA for granulocyte-monocyte-colony 

stimulating factor (GM-CSF), transforming growth factor (TGF)-p, platelet derived 

growth factor (PDGF) -B and oncostatin-M. The levels of mRNA for aFGF and IL-1a 

were low (Ensoli et al., 1989). In addition, mRNA for PDGF-A and IL-6 were also 

expressed (Ensoli et a/., 1991).

Preliminary data have suggested that TGF-p, IFN-y, oncostatin-M, IL-ip, among 

others, all stimulate growth of Kaposi’s sarcoma cells by induction of IL-6 

(Miles,1994). It has been suggested that IL-6 may be the key cytokine modulating 

the growth of Kaposi’s sarcoma-derived cells (Miles, 1994). However other reports 

have failed to corroborate its proliferative effect and it has been demonstrated that 

the Kaposi’s sarcoma cells with endothelial markers lack IL-6 receptors both in vivo 

and in vitro (Murakami-Mori et a/.,1995;Sturzl et al., 1995). In addition IL-6 fails to 

induce angiogenesis or endothelial cell growth in nude mice (Mantovani et al., 1997). 

Among the angiogenic factors present in Kaposi’s sarcoma bFGF plays a major role 

in the development of the lesion. Ensoli and her group have shown in some elegant 

studies that the inoculation of bFGF in nude mice (Fig. 14-2) also results in formation 

of Kaposi’s sarcoma-type lesions (Ensoli et a/.,1994a;Ensoli et al., 1994b). 

Furthermore, they performed inhibition studies with specific neutralising antibodies 

directed against bFGF mRNA and proved that bFGF was required for formation of 

Kaposi’s sarcoma-type lesions induced by inoculation of Kaposi’s sarcoma with 

endothelial cells markers in nude mice (Ensoli et al., 1994b). IL-1 is produced by 

several Kaposi’s sarcoma cell types and induces autocrine proliferation of Kaposi’s 

sarcoma endothelial cells. Its actions are mediated by induction of bFGF which 

appears to be the final mediator of Kaposi’s sarcoma cell growth (Ensoli et 

a/.,1994b;Samaniego et al., 1995;Samaniego et al., 1997). IL-1 also acts 

synergistically with TNF and IFN-y to induce endothelial cell proliferation and spindle 

cell formation (Fiorelli et al.,21995;Mantovani et a/.,1997;Memar et al., 1995). 

Current data indicate that the interplay between cytokines and growth factors is a “. . 

. key event in the neoangiogenesis characteristic of (Kaposi’s sarcoma) and may
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trigger a cascade of events leading to the appearance and maintenance of the 

disease” (Ensoli et al., 1998a).

SUMMARY AND HYPOTHESIS
The aetiology of Kaposi’s sarcoma has been disputed but there is growing evidence 

that an infectious agent speads the disease. Oncogenic viruses have been 

implicated in the pathogenesis of Kaposi’s sarcoma. The herpes group of viruses, 

especially cytomegalovirus (CMV) have long been the main suspects. The 

involvement of the herpesvirus group in the pathogenesis of Kaposi’s sarcoma was 

confirmed by the description in Kaposi’s sarcoma tissue of new herpes-like DNA 

sequences. These sequences were found to be highly homologous to capsid and 

tegumen protein coding genes of herpesvirus saimiri and Epstein-Barr virus. The 

exact role of the newly discovered HHV-8 in the development of Kaposi’s sarcoma 

remains uncertain but there is now compelling evidence to suggest that HHV-8 is 

important in the pathogenesis of Kaposi’s sarcoma. The unique viral DNA sequence 

detected in all forms of Kaposi’s sarcoma which bears homology to known oncogenic 

herpesviruses (Bencini et a/.,1993;Boshoff et a/.,1995a;Huang et a/.,1995b;Moore et 

al., 1996a) argues strongly in favour of an aetiological role for the virus as does 

development of antibodies to HHV-8 related antigens before the appearance of 

clinical features of Kaposi’s sarcoma (Levy et a/.,1983;Whitby et al., 1995). In AIDS- 

Kaposi’s sarcoma Tat and cyokines/integrins contribute to the aggressiveness of the 

disease. Various studies evaluated the incidence of HHV-8 DNA sequences in 

Kaposi’s sarcoma, non-Kaposi’s sarcoma tumours and normal tissue from 

immunosuppressed patients, but none included skin biopsies from the same 

anatomical site after remission of the skin lesions.

We postulated that if posttransplant Kaposi’s sarcoma is caused by HHV-8 infection:

1. The viral infection should be present in all Kaposi’s sarcoma tissue

2. The viral infection should clear when Kaposi’s sarcoma remits

3. Renal transplant patients with non-Kaposi’s sarcoma skin lesions should not 

express the virus.

Stellenbosch University http://scholar.sun.ac.za/



Aetiology o f KS 14-17

In this study we demonstrate this phenomenon in a group of renal allograft recipients 

who had remitted Kaposi’s sarcoma and note the absence of the virus in a control 

group of renal transplant subjects.

MATERIALS AND METHODS 

PATIENTS AND SAMPLES (Table 14-3)
In the 20-year period 1976-1995, a total of 444 patients received 509 renal allografts. 

Of the 27 malignancies documented, 16 (59%) were Kaposi’s sarcoma. Pathological 

material for the confirmation of the diagnosis of Kaposi’s sarcoma was available on 

all but two patients who were excluded from further analysis. The remaining 14 

patients presented with cutaneous Kaposi’s sarcoma at diagnosis. Autopsy material 

of 2 patients who also presented with visceral organ involvement was available. 

Cutaneous Kaposi’s sarcoma biopsy samples were available from 13 patients, but 

not on patient 14 who had a diagnostic lymph node biopsy. The mean age of the 14 

patients at the time of diagnosis of Kaposi’s sarcoma was 41.5 years (range: 27-55 

years). Caucasians made up 36% of our total transplant population but only 1 (7%) 

developed Kaposi’s sarcoma (P<0.03, Fisher’s exact test). All the patients received 

triple immunosuppressive therapy including cyclosporine, except patient 7 who was 

on azathioprine. None of the patients received anti-lymphocyte globulin therapy. 

The latent period following transplantation and the diagnosis of Kaposi’s sarcoma 

was 21 months (range: 3-64 months). The 11 patients without visceral involvement 

had complete remission of the Kaposi’s sarcoma skin lesions after reduction or 

withdrawal of immunosuppressive therapy.

A follow-up biopsy of clinically normal skin was taken from the same anatomical 

region as the first biopsy, after remission of Kaposi’s sarcoma in the 11 patients. 

The follow-up biopsies were performed at a mean interval of 44 months (range 5-125 

months) after the initial biopsy. The follow-up punch biopsies of skin were divided in 

two and the one section was fixed in buffers while the other half was snap frozen and 

stored at -70°C. Unclotted peripheral blood was collected in EDTA tubes at the time
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Table 14-3. Demographic and clinical data on Kaposi’s sarcoma in our renal transplant patients.

Patient Age Sex Race1 Latency Tissue Immunotherapy Biopsy Graft
(Yrs) (Mo) Sampled Discontinued2 Interval (Mo) Outcome3

1 27 Male Coloured 5 skin CSA 37 Functioning
2 44 Female Coloured 64 skin CSA 6 Functioning
3 50 Male Black 27 skin CSA 42 Functioning
4 48 Female Coloured 14 skin CSA 5 Infarction
5 56 Male Black 56 skin CSA 21 Functioning
6 50 Female Black 9 skin CSA 16 Chronic rejection
74 49 Male Coloured 21 skin IS 126 Acute rejection
8 36 Female Coloured 22 skin CSA 32 Functioning
9 29 Female Coloured 3 skin IS 125 Acute rejection
10 41 Male Coloured 18 skin CSA 18 Functioning
11 30 Male Coloured 34 skin CSA 33 Functioning
125 39 Male Coloured 11 skin IS - Patient died
13 43 Female Caucasian 5 skin

liver
lung

IS

'

Patient died

14

- r r r r r r

40 Female Coloured 9 lung
stomach 
kidney 
lymph node

IS Patient died

P<0.03, Fisher's exact test, Caucasian compared with non-Caucasian (coloured and black) patients who develop Kaposi’s sarcoma. 
^CSA is cyclosporine alone, IS is all immunosuppression.
3Graft outcome refers to status at repeat skin biopsy.
“Patient on azathioprine
5Patient with clinical visceral Kaposi’s sarcoma organ involvement. Postmortem examination not obtained.
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of the second skin biopsy. Sections from a renal graft that was removed following 

severe rejection (patient 4), at the time of the second skin biopsy were also included. 

All patients tested negative for HIV (ELISA, Abbot Laboratories, Chicago, IL). The 

24 control subjects were all renal transplant recipients transplanted at the same 

institution and receiving similar immunosuppressive therapy, who had pathological 

material sent for the diagnosis of a range of inflammatory and dysplastic skin lesions.

The specimens, collected over a 3-year period, included both non-Kaposi’s sarcoma 

malignancies and other benign skin lesions (Table 14-4). Formalin-fixed paraffin 

embedded blocks of Kaposi’s sarcoma and non-Kaposi’s sarcoma tissue specimens 

from the 14 Kaposi’s sarcoma patients and 24 control subjects were retrieved from 

the files of the Department of Anatomical Pathology, University of Stellenbosch and 

Tygerberg Hospital. Hematoxylin and eosin stained sections were examined 

histopathologically in all cases. Using established criteria all histopathological 

variants of Kaposi’s sarcoma were found to be represented in the cohort (Friedman- 

Birnbaum et a/.,1993;Harawi,1989). Venesection and repeat biopsies were not 

performed on the control subjects.

PREPARATION OF CELL LYSATES AND DNA FROM TISSUE 

SECTIONS AND PBMC SAMPLES
Cell lysates were prepared from paraffin embedded tissue sections and frozen tissue 

by a method previously described (Van Rensburg et al., 1996). Sections of formalin- 

fixed and paraffin embedded normal foetal skin tissue were included as negative 

controls and to evaluate the possibility of contamination. Non-Kaposi’s sarcoma skin 

tissue from the control subjects was prepared using the same technique, but 

sections of affected tissue from 2 patients diagnosed with the Kaposi’s sarcoma 

served as positive controls.

Peripheral blood mononuclear cells (PBMC) were prepared by separation on ficoll- 

hypaque (Sigma, St. Louis, MO USA). The buffy coat fraction of each specimen was 

collected and washed with phosphate buffered saline (PBS). Each cell pellet was 

resuspended in 300ul lysis buffer containing 300 ug/ml proteinase K and
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Table 14-4. Details of control subjects (n-24)

Mean age (yrs) 42

Sex (male/female) 15:8

Race (black/white/coloured) 1/12/10

Latency period (mo.) 86.6

Pathological specimens 

Diagnosis:

351

Dermatitis 4

Squamous CA 10

Basal cell CA 3

Solar keratosis 3

Infections 3

Calcinosis cutis 2

Miscellaneous 10

- j-— —
Several patients had more than a single skin biopsy

was incubated at 55°C for 60 minutes. The lysates were then incubated at 95°C for 

15 minutes to inactivate enzymes and proteinase K (Albert et al.,1990). The lysates 

prepared from the blocked and fresh tissue samples, as well as the PBMC samples 

were then put through QIAamp columns (QIAamp blood kit, 05/95, QIAGEN GmbH, 

Germany) for DNA isolation and the manufacturer’s protocol were followed from step

4.

DNA AMPLIFICATION TO DETECT HHV-8 SPECIFIC SEQUENCES
General procedures were followed to avoid contamination during sample preparation 

and PCR (Kwok et al., 1989). All samples were first amplified with (3-globin primers to 

evaluate their suitability for PCR (Saiki et al.,1986). The KS330233 primers were
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used to amplify an HHV-8 specific 233 bp sequence of open reading frame 26 (ORF 

26) (Chang et al., 1994) under the same conditions as previously described 

(Engelbrecht et al., 1997). Nested PCR to amplify a 172 bp was done using the 

primers GTG CTC GAA TCC AAC GGA TT and ATG ACA CAT TGG TGG TAT AT 

as described (Engelbrecht et a/., 1997;Whitby et al., 1995). Dilutions of the plasmid 

KS330Bam (Chang et al., 1994) were included as positive controls and to determine 

the number of HHV-8 target molecules present (Engelbrecht et al.,1995). PCR 

products were analysed by UV transillumination after electrophoresis through 3% 

agarose gels stained with ethidium bromide.

DETECTION OF PCR PRODUCTS BY SPOT BLOT HYBRIDISATION
A total of 8u\ denatured nested PCR products were spotted onto nylon membranes 

(Hybond-N, Amersham International pic, Buckinghamshire, England). The 

KS330Bam fragment, cleaved and purified from the plasmid, was labeled as probe to 

detect HHV-8 DNA sequences (DIG DNA labeling kit; Boehringer Mannheim, 

Mannheim, Germany). DNA hybridisation was done overnight at 50°C according to 

the manufacturer’s instructions. The membranes were washed twice in 2x SSC and 

0.1% SDS for 5 minutes at room temperature, followed by 2x 15 minutes at 55°C in 

0.1x SSC and 0.1% SDS. The DNA hybridisation was detected using the DIG 

detection kit (Boehringer Mannheim, Mannheim, Germany).

DIRECT SEQUENCING
PCR products were analysed for sequence variation by direct sequencing. The 

nested PCR primers (Whitby et al., 1995) were used for sequencing with the 

Sequenase PCR product sequencing kit (USB Catalogue US70170, supplied by 

Amersham Life Science Inc). Standard denaturing gel electrophoresis was 

conducted according to the kit’s manufacturers.

SEQUENCE ANALYSIS

Nucleotide changes were identified in the HHV-8 DNA from our patients with the 

Genepro V5.0 software program (Riverside Scientific Enterprises, Bainbridge Island
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WA.USA) by aligning the sequences to the reference sequence of KS330 (Chang et 

al. ,1994).

RESULTS 
HISTOPATHOLOGICAL FINDINGS

Follow-up skin biopsies done during periods of clinical remission revealed no 

evidence of Kaposi’s sarcoma except in patients 5 and 11 where histopathological 

signs of perivascular inflammation and subtle vascular proliferation were suggestive 

of early Kaposi’s sarcoma. The histopathology of sections from the graft 

nephrectomy (patient 4) was compatible with acute infarction.

DETECTION OF HHV-8 IN BIOPSY SAMPLES AND PBMC (Figs. 14-3 

and 14- 4)

HHV-8 specific DNA sequences were detected in all the initial cutaneous Kaposi’s 

sarcoma biopsy samples. Patients 5 and 9 showed very weak hybridisation signals. 

All formalin fixed follow-up skin biopsies were negative for HHV-8 DNA sequences 

by PCR and DNA hybridisation. However in the equivalent frozen skin biopsies viral 

DNA was detectable in 5 patients (patients 2,5,6,8,10). HHV-8 sequences were 

detected in only two (patients 4 and 10) of the eleven PBMC samples collected at 

the same time as the follow-up skin biopsies. One of these patients (patient 4) was 

on immunosuppressive therapy for the treatment of acute rejection. In patient 10 

viral DNA was also detected in the repeat skin biopsy. The non-Kaposi’s sarcoma 

tissue sample from the graft kidney of patient 4 was negative for HHV-8 DNA. 

Although HHV-8 DNA was detected in the frozen biopsies of patients 2,6 and 8 the 

PBMC samples tested negative. Patient 5 whose frozen biopsy tested positive had 

histopathological features of early Kaposi’s sarcoma. In the two postmortem cases 

all the visceral Kaposi’s sarcoma tissue (patient 13: spleen, liver, lung and patient 

14: spleen, lung, stomach, kidney) and almost all non-Kaposi’s sarcoma tissue 

(patient 13: brain, thyroid, salivary gland, myocardium, aorta and patient 14: brain, 

thyroid, ovary, myocardium) tested positive for HHV-8 DNA sequences (Table 14-5). 

Only the non-Kaposi’s sarcoma specimen of the ovary of patient 13 was negative.

Stellenbosch University http://scholar.sun.ac.za/



Aetiology o f KS 14-23

Fip. 14-3. HHV-8 DNA in skin and PBMC samples of transplant patients.

A, formalin-fixed Kaposi’s sarcoma skin biopsies. B, formalin-fixed follow-up skin 

biopsies. C, equivalent frozen follow-up biopsies. D, PBMC samples at time o f the 

follow-up skin biopsies. Lanes 1-4: patients 1-4; lanes 6-12: patients 5-11. Lane 

A13: patient 12; lane A5: space, B5 and C5: graft kidney o f patient 4, D5: second 

PBMC sample of patient 4. Lanes B13 and C13: foetal skin. E, 1-3: foetal skin, 4: 

reagent control, 5-9: 1,10, 102, 103 and 104 copies o f KS330Bam plasmid DNA.
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Fig. 14-4. HHV-8 DNA hybridisation signal o f initial Kaposi’s sarcoma biopsy 

samples and postmortem (PM) samples from patient 13 and 14. A, initial biopsy 

Kaposi’s sarcoma: 1: skin, patient 13, 2: lymph node, patient 14; 3 and 4: foetal skin.

B, PM samples: patient 13:1:liver, 2:lung, 3 and 4: myocardium, 5: spleen, 6: ovary, 

7: cerebellum, 8: cerebral grey cortex, 9: deep grey matter (brain), 10: brain, 11: 

aorta, 12: thyroid, 13: salivary gland. C, PM samples: patient 14: 1: lung, 2: 

stomach, 3: kidney, 4: cerebral cortex, 6: deep grey matter (brain), 7: spleen, 8: and 

9: myocardium, 10: ovary, 11: thyroid, 12 and 13: foetal skin. D, 1 and 2: foetal skin, 

3: reagent control, 4-8:1,10,102,103,and 104 copies o f KS330Bam plasmid DNA.
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Table 14-5. HHV-8 in 2 autopsy cases with Kaposi’s sarcoma. The virus was 

detected extensively in tissue not phenotypically Kaposi’s sarcoma.

Patient Kaposi’s HHV-8 Non-Kaposi’s HHV-8

sarcoma sarcoma Tissue

Tissue

13 skin + brain -

liver + thyroid +

lung + salivary gland +

myocardium +

aorta -

spleen +

ovary +

14 lung + brain +

stomach + thyroid +

kidney + ovary +

lymph node + myocardium -

spleen +

The foetal skin samples tested negative for HHV-8 by PCR and hybridisation. All 

specimens obtained from the control patients including all malignant skin lesions 

tested negative for HHV-8 DNA. The control samples were tested together with 

tissue from two patients known to have Kaposi’s sarcoma and only these tested 

positive for HHV-8 DNA by PCR and hybridisation. A control patient with a 

herpesvirus simplex skin lesion also tested negative.

DIRECT DNA SEQUENCING AND SEQUENCE ANALYSIS (Table 14- 

6)
Mutations in HHV-8 DNA from 12/14 patients were identified. The HHV-8 DNA of all 

the patients except patient 13 contained 3-5 mutations each and the nucleotide 

positions involved were as follows: position1032 (C>A), 1033 (C>T), 1055 (G>T),
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Table 14-6. Mutations in HHV-8 DNA from South African renal transplant 

patients.

Patient Number Nucleotide

Position

Nucleotide

Change

Codon

Change

1,2, 5, 8,10,12, 1033 C -> T Pro -> Leu

14 1055 G -> T silent

1132 A -» G Asp -> Gly

1139 A -» C silent

3 1033 C -» T Pro -> Leu

1055 G -* T silent

1077 C ->T silent

1132 A -+ G Asp Gly

1139 A -» C silent

4 1032 C -> A Pro -» Thr

1033 C - * T Pro -> Leu

1132 A -> G Asp -> Gly

1139 A -> C silent

6 1033 C -> T Pro -» Leu

1086 C -> T silent

1139 A -> C silent

11 1033 C -> T Pro -» Leu

1132 A -> G Asp Gly

1139 A -> C silent

13 1033 Pro -» Leu
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1077 (C>T), 1086 (C>T), 1132 (A>G), 1139 (A>C). Only one mutation at position 

1033 was identified in the HHV-8 DNA of patient 13. Similar mutations were found in 

7/12 (58,3%) patients and were as follows: position 1033 (C>T), 1055 (G>T), 1132 

(A>G) and 1139 (A>C). The HHV-8 DNA from all the patients sequenced contained 

the C>T nucleotide change at position 1033. The nucleotide changes at positions 

1032, 1033 and 1132 result in a proline to threonine, proline to leucine and aspartine 

to glycine amino-acid changes.

DISCUSSION
Kaposi’s sarcoma is the single most common posttransplant malignancy in our 

cohort accounting for 64% of all malignancies in this group and is second only to the 

reported Saudi Arabian experience where Kaposi’s sarcoma causes 85% of all 

malignancies (Qunibi et al., 1988). The clustering of our cases in the middle of the 

last two decades when the number of transplants had remained relatively constant 

was perhaps suggestive of an outbreak of an infectious agent.

HHV-8 -  DESCRIPTION OF THE HERPESVIRUS FAMILY (Fig. 14-5)
The description by Chang et al. (1994) of the new oncogenic herpesvirus HHV-8 

represented a major advance not only in the understanding of Kaposi’s sarcoma but 

also of virally-mediated malignancies. The newly described virus bears similarity to 

two other y-herpesviruses in the genus Rhadinovirus and is the first member of the 

genus to infect humans (Moore et al., 1996a). HHV-8 shows sequence homology at 

the DNA level to EBV and herpesvirus saimiri (Moore et al.,1996a). These viruses 

infect lymphocytes and are associated with immortalisation and transformation. The 

prototype of this genus is herpesvirus saimiri that is non-pathogenic in its squirrel 

monkey host but is the cause of T-cell lymphoma in other primates (Levy, 1997).

HHV-8 -  DESCRIPTION OF THE VIRUS

The HHV-8 genome is about 170kb in size (Renne et al.,1996b;Russo et al.,1996) 

and contains sequences resembling those of cyclin D, a cell cycle inducer (Chang et 

al., 1996a), cytokines, and other human regulatory and DNA metabolism genes 

(Moore et al.,1996c;Russo et al.,1996). Of note is the presence of the bcl-2-like
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GAMMAHERPESVIRUSES

Rhadinovirus

EHV2 HVS HHV-8

BETAHERPESVIRUS

Members of the family Herpesviridae 

Alphaherpesviruses

Herpesvirus simplex 1 (HSV1) 

Herpesvirus simplex 2 (HSV2) 

Equine herpesvirus 1 (EHV1) 

Varicella-zoster virus (VZV) 

Pseudorabies virus (PRV) 

Betaherpesviruses

Human cytomegalovirus (CMV) 

Human herpesvirus 6 (HHV6) 

Human herpes 7 (HHV7) 

Gammaherpesviruses

Herpesvirus saimiri (HSV) 

Epstein-Barr virus (EBV) 

Equine herpesvirus 2 (EHV2) 

Human herpesvirus 8 (HHV8)

F/q. 14-5. The phylogenetic tree o f the 

herpesvirus family based on amino acid 

sequences o f the major capsid protein ol 

HHV-8 with table listing the members ol 

the family (Moore et al., 1996a)
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sequence that, by inhibiting apoptosis, could confer transforming properties also 

attributed to Epstein-Barr virus (Moore et al.,1996c;Russo et al.,1996). Although the 

exact mechanism whereby the virus triggers the lesion remains to be established the 

detection of the virus in virtually all Kaposi’s sarcoma lesions (Boshoff et 

al.,1995a;Chang et al.,1996b;Huang et al.,1995a;Schalling et al.,1995) and its 

presence preceding development of Kaposi’s sarcoma suggest that the virus plays a 

key aetiological role (Whitby et al.,1995). In this study HHV-8 DNA sequences were 

detected in all cutaneous Kaposi’s sarcoma biopsy samples as well as in all Kaposi’s 

sarcoma tissue examined at autopsy. Our observation that the virus is cleared on 

remission of the Kaposi’s sarcoma lesions further corroborates the importance of the 

virus.

HHV-8 -  TISSUE LOCALISATION
At the Kaposi’s sarcoma lesional level, HHV-8 infects spindle and endothelial cells 

(Boshoff et al., 1995b) as demonstrated by PCR in situ hybridisation (Boshoff et 

a/.,1995b;Li et a/.,1996;Staskus et al., 1997) with the majority of these cells latently 

infected (Boshoff et a/.,1995b;Li et a/., 1996). By contrast, the mononuclear cells 

including the monocytes-macrophages are lytically infected and may support viral 

replication and spread to other cell types (Blasig et a/.,1997;Orenstein et al., 1997). 

This is suggested by recent observations of HHV-8 transmission to peripheral blood 

mononuclear cells, B-cells, monocytes-macrophages, dendritic cells and endothelial 

cells (Monini et a/., 1999). Other supporting evidence is the in situ hybridisation result 

demonstrating recruitment of HHV-8 infected monocytes into Kaposi’s sarcoma 

tissue (Blasig et al., 1997). An important observation is that B-cells are virtually 

absent from Kaposi’s sarcoma lesions. However, viral DNA can be found in 

circulating B cells in some 50% of AIDS patients and 7% of AIDS patients without 

Kaposi’s sarcoma (Whitby et al., 1995). Circulating B-cells therefore represent one 

of the major reservoirs of the virus. HHV-8 has recently been detected in 

monocytes-macrophages (Blasig et a/.,1997;Sirianni et al., 1998), dendritic cells 

(Rettig et al., 1997) and in T-cells (but only rarely and only in patients with advanced 

AIDS (Monini et a/.,1999). HHV-8 has also been detected in the circulating 

monocytes and spindle cell precursors of Kaposi’s sarcoma patients (Monini et
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a/.,1999;Sirianni et al., 1997) suggesting that these cells may play a role in virus 

recruitment into tissues (Ensoli et al., 1998b).

HHV-8 -  ROLE IN KAPOSI’S SARCOMA PATHOGENESIS
O’Leary et al. (1997) have proposed 4 possible mechanisms whereby the virus could 

be involved in Kaposi’s sarcoma, (i) HHV-8 may be an opportunistic infection 

targeting specific B-cells that respond to malignancy. In this case HHV-8 should be 

detected in serological tests as shown by Kedes et al. (1996) and Gao et al. (1996b). 

However the limitation of HHV-8 to Kaposi’s sarcoma (and primary effusion 

lymphoma and MCD) makes this hypothesis unlikely, (ii) HHV-8 infected B-cells 

may indirectly enhance the initial transforming event, in much the same fashion as 

has been suggested for EBV in Burkitt’s lymphoma. This effect is specific and 

tumour restrictive, (iii) HHV-8 infected B-cells may produce cytokines that have a 

proliferative effect on endothelial cells, which subsequently proceed to 

transformation/differentiation into the spindle cell phenotype of Kaposi’s sarcoma. 

HHV-8 may act directly on endothelial cells resulting in activation of the cells and 

their transformation to spindle cells, (iv) Action of HHV-8 may be mediated by a 

variety of cytokines and proteins involved in cell regulation and division. HHV-8 may 

also interact with undefined cellular factors.

The question of whether extravasation of HHV-8 infected mononuclear cells into the 

tissue may be the initiating event of the development of Kaposi’s sarcoma or whether 

these cells are secondarily recruited into an early reactive Kaposi’s sarcoma focus 

has not been resolved. Ensoli et al. (1998b) support the latter hypothesis because 

recent data have shown that in the advanced stage of Kaposi’s sarcoma both the 

latency associated nuclear antigen (LANA) and the kaposin gene (expressed in lytic 

lesions as well) are detected whereas in early lesions only a relatively small number 

of cells express kaposin and LANA is not expressed at all (Rainbow et 

a/.,1997;Sturzl et al., 1997). In addition viral load is much higher in advanced lesions 

compared to early lesions, where the virus may be undetectable (Fiorelli et 

a/.,1998;Maiorana et a/.,1997;Noel,1995). Inflammatory cytokines have also been 

shown to activate HHV-8 and increase viral load (see above). Ensoli et al. (1998b)
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F/q. 14-6. The pathogenesis o f Kaposi’s sarcoma. Multiple pathways leading to the 

formation o f Kaposi’s sarcoma involve HHV-8, integrins and other proteins that 

regulate apoptosis are involved. The possible role o f HIV is portrayed . The exact 

role played by the immune system is uncertain at this time and is not illustrated here 

(Nickoloff et al., 1996).

Stellenbosch University http://scholar.sun.ac.za/



Aetiology o f KS 14-32

therefore speculate that HHV-8 plays a predominant role after the initiation of 

Kaposi’s sarcoma.

The possible role of HHV-8 in the pathogenesis of Kaposi’s sarcoma is illustrated 

(Fig. 14-6). We have however demonstrated the extensive presence of the virus in 

non-Kaposi’s sarcoma tissue of patients dying with widespread Kaposi’s sarcoma. 

This observation therefore suggests that HHV-8 is not restricted to Kaposi’s sarcoma 

or transformed tissue and makes it difficult to accept the Ensoli hypothesis. The 

presence of HHV-8 in non-Kaposi’s sarcoma tissue does however imply additional 

factors are required for induction of Kaposi’s sarcoma.

OTHER FACTORS IN THE DEVELOPMENT OF KAPOSI’S SARCOMA
Other factors essential for development of angioproliferative Kaposi’s lesions are 

extracellular matrix molecules, integrins and cytokines. Extracellular matrix 

molecules such as fibronectin and vitronectin are key factors in endothelial cell 

survival, adhesion, growth, invasion and angiogenesis (Stromblad et al., 1996). 

Integrins are known to modulate angiogenesis directly by influencing apoptosis. This 

complex process involves the potentially transforming genes bcl-2 and bcl-xL that 

prolong cell survival, and bcl-xs and bax genes that promote apoptosis (O'Leary et 

al., 1997). In Kaposi’s sarcoma it is known that bcl-xL is present in endothelial and 

spindle cells and its expression can be directly influenced by certain cytokines. Bcl-2 

is detectable in Kaposi’s sarcoma lesions but at lower concentrations than bcl-xL 

(Nickoloff et al., 1996).

Increased expression of CD40, a member of the tumor necrosis factor 

receptor/nerve growth receptor family, occurs in Kaposi’s sarcoma tumour cells and 

in vessels adjacent to Kaposi’s sarcoma lesions (Pammer et al., 1996). CD40 is a 

signalling molecule that is involved in inhibition of apoptosis, induction of cell surface 

antigen presentation and B-cell proliferation adhesion and differentiation. In B-cells, 

CD40 expression can induce production of cell survival products such as bcl-xL. The 

stimulus for inducing expression of CD40 in Kaposi’s sarcoma cells and endothelial 

cells are not known. Cytokines reported to upregulate CD40 include interferon (IFN)-
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y (Stamenkovic et al., 1989) and interleukin (IL)-4 (Bouwes et al., 1995) for lymphoid 

cells and IFN-y, IL-1 a and tumour necrosis factor (TNF) for epithelial cells (Galy et 

a/.,1992;Stamenkovic et al., 1989). Recently it was demonstrated that IFN-y and -p, 

and TNF increase CD40 on endothelial cells in vitro (Hollenbaugh et 

al., 1995;Karmann et al., 1995). Combinations of cytokines implicated in the 

pathogenesis of Kaposi’s sarcoma appear to act synergistically to upregulate CD40 

expression on Kaposi’s sarcoma tumor cells and on regular endothelial cells in 

Kaposi’s sarcoma lesions (Ensoli et a/.,1992;Fiorelli et al., 1995;Karmann et 

a/.,1995;Roth et al., 1992). It has also been speculated that HHV-8 may be the 

responsible for inducing CD40 expression (O'Leary et a/.,1997;Pammer et al., 1996). 

In support of this hypothesis is the observation that the closely related EBV produces 

latent membrane protein-1 (LMP-1) that can increase CD40 expression (Wang et 

al.,1990). In addition, EBV -  LMP-1, that induces Bel -2 expression in B-cells, and 

another EBV product bhrf-1, an anti-apoptotic protein, are known to protect virally 

infected cells from apoptosis (O'Leary et al., 1997). The role of HHV-8 in the 

pathogenesis of Kaposi’s sarcoma remains speculative.

HHV-8 -  GENETIC STRUCTURE (Fig. 14-7)
A number of HHV-8 genes, which are homologous to genes encoding cell cyclins 

and some G-protein coupled receptors have now been identified (Motokura et 

a/.,1993b;Motokura et al., 1993a). These genes among others may confer direct 

oncogenic ability on HHV-8. Surprisingly, almost 10% of all genes encoded by 

HHV-8 have been suggested to promote Kaposi’s sarcoma development due either 

to mitogenic, anti-apoptotic, chemoattractant, angiogenic or transforming properties 

(Neipel et al., 1997; Russo et al., 1996). HHV-8 genes implicated include ORFK2 (v- 

IL-6), ORFs K4,K6 (v-MIP-ll), ORF16 (bcl-2), ORFK13 (v-FLIP), ORF72 (v-CYC D), 

ORF73 (LANA) and ORF74 (G-coupled receptor). Using in situ hybridisation 

techniques Strurzl and Ensoli (1999) found that of all the HHV-8 genes only v-Cyclin 

D was highly expressed in Kaposi’s sarcoma lesions during viral latency. v-Cyclin D 

can mimic the effect of cellular D-type cyclins and induces the progression of the cell 

from G1 to S-phase of the cell cycle (Chang et al., 1996a). Expression of v-bcl-2, v- 

MIP-I and V-IL6 were undetectable or limited to a few lytically infected cells in
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F/q. 14-7: Schematic representation of the HHV-8 genome showing the 140.5-kb 

long unique coding region (LUR) containing all identified genes.

LUR is flanked by multiple G+C-rich 801 base-pair terminal repeat sequences (about 35 kb) at either 

end which probably ligate together to circularise the genome during cellular portion of the viral 

replicative cycle. LUR is divided into portions that have genes conserved among other herpesviruses 

(thymidine kinase -TK and thymidylate synthetase -  TS), and regions unique to the HHV-8 containing 

regulatory, cytokine, and DNA metabolism genes homologous to cellular genes. The virus encodes 

homologues to complement-binding protein -  v-CBP, three cytokines (two macrophage inflammatory 

proteins- vMIP, and interleukin-6 -  vlL-6), dihydrofolate reductase -  DHFR, bcl-2, interferon 

regulatory protein -  vIRF, interleukin 8 receptor -  vGCR, neural cell adhesion molecule-like adhesin -  

vadh and D-type cyclin -  v-Cyc. Also shown are T1.1 and TO.7, two highy conserved mRNA 

transcripts and KS 330Bam and KS631Bam sequences that were originally described in AIDS- 

Kaposi’s sarcoma lesions. Modified from Levy (1997).

Kaposi’s sarcoma lesions suggesting that these genes had minimal impact on the 

pathogenesis of Kaposi’s sarcoma (Sturzl et a/.,1999). Another important 

observation made by Strurzl and Ensoli (1999), and one that supports the 

observations of other groups is the low copy numbers of the HHV-8 genome in 

Kaposi’s sarcoma lesions. In B-cell primary effusion lymphomas 40-80 HHV-8 

genome equivalents can be found per lymphoma cell (Renne et al., 1996a). In 

Kaposi’s sarcoma tumours, in contrast, the frequency is approximately one HHV-8 

genome per cell (Rainbow et al., 1997;Staskus et al., 1997). This suggests that HHV- 

8 may be more important in the progression of Kaposi’s sarcoma than in the initial 

transformation although it is still possible that a few HHV-8 infected cells can trigger 

early Kaposi’s sarcoma development (Sturzl et al., 1999).
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HHV-8 AND THE IMMUNE SYSTEM
The aetiology of Kaposi’s sarcoma, perhaps like other malignancies, would appear to 

be multifactorial with the complex interplay between immunological, genetic and 

environmental factors. Central to the development of both AIDS-associated and 

posttransplant Kaposi’s sarcoma, is immunosuppression. In immunocompromised 

patients with AIDS development of Kaposi’s sarcoma is related to the degree of 

immunosuppression as evidenced by CD4+ T-cell levels (Gao et al., 1996a). In renal 

transplant patients the use of azathioprine increased the prevalence of Kaposi’s 

sarcoma 4-500 times (Harwood et al., 1979b) and 1000-fold with the introduction of 

the more potent cyclosporine (Cockburn,1987;Cockburn et al., 1989). The drugs 

suppress the immune response at various levels including cell-mediated immunity, 

which in particular is required for both tumour surveillance and suppressing viral 

replication. Impairment of cell-mediated immunity has also been demonstrated in 

classical and endemic Kaposi’s sarcoma (Dobozy et a/.,1973;Harwood et 

a/.,1979b;Master efa/.,1970).

The immune system responds to the development of oncogenic-virus induced 

tumours in the same way that it does to foreign transplant antigens and specific 

cytotoxic T-cells, cytokines and cytotoxic natural killer cells act in concert to eliminate 

these mutations (Goust et a/., 1993;Roitt, 1994). We postulate that in the 

immunocompromised, there is unchecked HHV-8 replication and vascular 

proliferation that may result in neoplastic transformation of endothelial cells and 

subsequent progression to clinically overt Kaposi’s sarcoma; this may be maintained 

because of lack of immune surveillance. The susceptibility of renal allograft 

recipients in particular to Kaposi’s sarcoma may also be due to the chronic antigenic 

stimulation which occur in allograft recipients which may promote the production of 

angiogenic cytokines by activated T-lymphocytes (Ziegler, 1990). This immune 

activation is seen in other forms of Kaposi’s sarcoma and seems to be important to 

the development of Kaposi’s sarcoma as alluded to above (Mitsuyasu et 

al., 1986;Safai et al.,1992).
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REMISSION OF KAPOSI’S SARCOMA
We have observed and other groups have confirmed that complete remission of 

Kaposi’s sarcoma can be achieved solely with reduction or withdrawal of 

immunosuppression (Bencini et a/.,1993;Montagnino et a/.,1994;Pedagagos et 

a/.,1994;Penn,1979b). The absence of HHV-8 DNA sequences in the second skin 

biopsy and PBMCs shows that HHV-8 disappear from the skin and the PBMCs when 

immunosuppressive therapy is discontinued or stopped and remission of Kaposi’s 

sarcoma lesions is complete (the one PBMC sample that still contained HHV-8 was 

from a patient who was on immunosuppressive therapy for graft rejection). We 

postulate that this allows the immune response to be reconstituted sufficiently for 

normal anti-viral mechanisms to eliminate the HHV-8. At the same time malignant 

Kaposi’s sarcoma cells are also removed by the patients’ reconstituted immune 

system.

HHV-8 IN RENAL TRANSPLANT PATIENTS WITHOUT KAPOSI’S 

SARCOMA

Our experience confirms that HHV-8 is not associated with either benign or 

malignant non-Kaposi’s sarcoma skin lesions in immunocompromised renal 

transplant patients. The extent of HHV-8 infection in non-Kaposi’s sarcoma patients 

is uncertain, but is probably low in low-risk populations contrary to the findings of 

Rady et al. (1995) and Monini et al. (1996). Rady and colleagues reported the 

detection of HHV-8 DNA in 82% of samples tested using PCR in 33 skin lesions 

derived from 4 renal transplant patients. In squamous cell carcinomas of the skin 

the prevalence was 93%. The authors suggested that HHV-8 is a widepread latent 

virus that undergoes activation in immunosuppressed patients and is associated with 

proliferating lesions in these patients (Rady et al., 1995). In another report Monini et 

al. (1996) evaluated the presence of HHV-8 in semen, urogenital and prostatic tissue 

of immunocompetent subjects without evidence of Kaposi’s sarcoma. They found 

evidence of the virus in all the biological samples tested. The highest prevalences 

were in normal semen (91%), prostate tissue (44%) and foreskin/glans specimens 

(10%). However, other groups have consistently been unable to corroborate the 

findings of Rady and Monini. Boshoff et al. (1996) investigated the presence of the
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virus in 37 squamous cell carcinoma specimens from a group of both 

immunocompetent and immunosuppressed patients. This group used nested 

primers to detect the presence of HHV-8. Although they initially found that 38% of 

squamous cell carcinoma specimens were positive they established that 

contamination had occurred. On re-testing, all the samples both from the 

immunocompetent and bone marrow transplant recipients were negative. An earlier 

study by the same group failed to reveal HHV-8 in non-Kaposi’s sarcoma tissue 

(Boshoff et al., 1995a). These findings concur with those of other groups (Noel et 

al., 1996) and argue against the suggestion of Rady et al. (1995) of HHV-8 being 

widespread and being reactivated by immunosuppression.

It has been suggested that use of PCR for detection of HHV-8 DNA leads to 

overestimation of infection rate largely due to laboratory contamination despite 

appropriate control measures (Kwok et al., 1989). Serological assays specific for 

HHV-8 have been used now to establish whether the virus is more common in 

individuals at risk for Kaposi’s sarcoma. The recent development of a serological test 

for HHV-8 lytic-phase antigens may allow epidemiological investigations to be 

conducted (Miller et al., 1996).

HHV-8 IN NON-KAPOSI’S SARCOMA LESIONS OF PATIENTS WITH 

VISCERAL KAPOSI’S SARCOMA
In our study nearly 67% of non-Kaposi’s sarcoma tissue from various organs of the 2 

postmortem cases contained HHV-8 DNA. Both these two patients died within a 

few days of the initial diagnosis of Kaposi’s sarcoma being made. We detected 

HHV-8 in a number of Kaposi’s sarcoma-free organs including thyroid, salivary 

gland, myocardium, which have not been described before as well as in Kaposi’s 

sarcoma-affected liver, lung, lymph nodes, stomach and kidney. In other studies, 

HHV-8 DNA was found in Kaposi’s sarcoma-free lymph nodes, female and male 

urogenital tract tissue (especially prostatic tissue), bone marrow, paravertebral 

ganglia, hyperplastic tonsils, Kaposi’s sarcoma-unaffected skin and Kaposi’s
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sarcoma-affected lung and spleen (Corbellino et a/.,1996a;Corbellino et 

a/.,1996b;Monini et al., 1996).

The significance of HHV-8 in the sensory ganglia and brain tissue is not clear. HHV- 

8 is expected to remain latent in B cells and therefore in lymphoid tissue such as the 

spleen, tonsils and lymph nodes like other y-herpesviruses, but not in the neuronal 

cells like a-herpesviruses (Bigoni et a/.,1996;Sears,1990). HHV-8 DNA sequences 

have been described in sensory ganglia of Kaposi’s sarcoma patients and it has 

been suggested that this may explain the symmetrical cutaneous distribution often 

seen in Kaposi’s sarcoma (Corbellino et al., 1996a). The detection of HHV-8 in non­

lymphoid tissue could be the result of a viraemia secondary to immunosuppression, 

and not due to a primary infection of neuronal cells.

HHV-8 DNA POLYMORPHISM
Polymorphism of HHV-8 DNA sequences was detected and nucleotide changes 

were identified in 12/14 of our patient samples. There was a high degree of similarity 

in the mutation profile in most of the 12 patients, and a novel mutation was found at 

position 1077 in patient 3. The patterns of DNA from different postmortem tissue 

samples of patients 13 and 14 were the same for each individual patient and these 

similarities were confirmed by sequence analysis. The HHV-8 DNA identified in the 

PBMCs and cutaneous Kaposi’s sarcoma sample of patient 4 also had the same 

nucleotide sequences.

The nucleotide change at position 1033 (C>T) that resulted in a proline to leucine 

amino acid change was present in the HHV-8 sequences of all 12 patients. The 

nucleotide change at position 1033 is described in 85.7% of HHV-8 DNA from 

classical Kaposi’s sarcoma cases, and in 58.3% of AIDS-Kaposi’s sarcoma cases 

(Dictor et al., 1996). This mutation at position 1033 was the only mutation present in 

patient 13. The sequences of all other patients contained 3 to 5 mutations, and were 

related more to the profile of mutations found in AIDS-Kaposi’s sarcoma cases than 

in those found in African endemic Kaposi’s sarcoma cases (Huang et al., 1995b).

Stellenbosch University http://scholar.sun.ac.za/



Aetiology o f  KS 14-39

Sequence variation in HHV-8 is therefore found in different clinical presentations of 

Kaposi’s sarcoma as well as in different geographical regions.

CONCLUDING REMARKS

The results of our study suggest that viral replication occurs during 

immunosuppression, with viral dissemination to infect nearly every organ in the body 

and further, that HHV-8 is cleared from the blood and skin of renal transplant 

patients after cessation of immunosuppressive therapy and remission of the Kaposi’s 

sarcoma lesions. Advances in the understanding of the aetiology and pathogenesis 

of Kaposi’s sarcoma should lead to novel forms of therapeutic intervention based on 

eliminating the infective agent rather than using chemotherapeutic agents that further 

suppress the immunity.
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Chapter 15

THE IMMUNE SYSTEM 
IN KAPOSI’S SARCOMA

Tumour immunology is the grandfather o f transplant immunology but is also its grandchild.
George Klein

T he immune system plays an integral role in the development of 

malignancies. The exact role however remains the subject of debate. The 

first person to implicate the immune system in malignancies was Paul 

Ehrlich who stated, “. . . in the enormously complicated course of foetal and post- 

foetal development aberrant cells become unusually common. Fortunately in the 

majority of people, they remain latent thanks to the organism’s positive mechanisms” 

(Ehrlich,1957). Ehrlich implied that the latter was immunity and went on to predict 

that a depressed immune response “allows the rapid, parasitic growth of malignant 

cells". This led Thomas (1959) to formulate a concept that was elaborated by Burnet 

(1970) into the theory of immunological surveillance. The basic tenet of the theory is 

that tumour cells are destroyed by the immune system in the early stages of tumour 

formation. Tumour cells present unique antigenic material to the immune system
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and are therefore targeted by the same response that destroys grafts of foreign cells 

(Prehn etal., 1971). Both laboratory and clinical data support this concept:

• Mice treated with anti-lymphocytic serum and infected with an oncogenic 

virus develop a marked propensity for malignancies (Hirsch et 

al., 1968;Schwartz, 1975).

• The polyoma virus failed to induce neoplasms in healthy mice, but 

thymectomised animals readily developed malignancies. Restoration of 

immunologic competence by the addition of lymphocytes resulted in the 

elimination of the neoplastic lesions (Law,1969;Schwartz,1975).

• The marked increase in the incidence of malignancies in allograft 

recipients especially renal transplant patients is perhaps the strongest 

clinical evidence in favour of this theory (Penn,1990;Penn,1993a;Sheil et 

a/.,1992;Sheil,1996).

• Postmortem studies indicated that a number of malignancies go 

undetected clinically (Shaheen et al., 1997) and a significant number of 

cadaveric organ donors are found to have undiagnosed malignancies 

(Stanta et a/., 1997).

• Lymphoid infiltrates are a feature of many tumours, indicating a favourable 

prognosis (Wahl et al., 1974).

• Spontaneous regression of tumours may occur (Bodey et 

al., 1998;Castleberry,1997).

• Tumours occur more frequently when age, drugs or disease compromise 

the immune system (Beverley, 1998).

The immune surveillance theory however fails in several situations. According to the 

theory of immune surveillance, decreased immunity should be associated with an 

increased incidence of malignancy. This however is not a consistent occurrence. 

The cheek pouch of the Syrian hamster is used normally by the animal to store food, 

but is used in experimental situations to store allografts and even xenografts. 

Because this is an immunologically privileged site, grafts are retained indefinitely. 

The lack of any connection to the lymphatic system may play a role in inducing this 

immunologic privilege. According to the theory of immune surveillance this site

Stellenbosch University http://scholar.sun.ac.za/



Immune System in KS 15-3

should be prone to many neoplasms of the mucous membrane and connective 

tissue lining, but this does not appear to be the case (Billingham et al., 1971). Other 

immunologically privileged sites, such as the cornea, the subcutaneous fat pad, and 

the matrix of new hair follicles are similarly not compromised by an increased 

tendency to develop neoplasms (Schwartz, 1975).

The theory of immune surveillance also predicts an overall increased incidence of 

malignancies when the general immunity is depressed. This indeed is not always 

the case in either experimental or clinical situations. Nude mice fail to develop a 

thymus and are severely immunocompromised because of the absence of T- 

lymphocytes. Because of susceptibility to infections the lifespan of these mice is 

limited (Wortis,1971). When Outzen et al. (1975) were able to extent the life- 

expectancy of the nude mice by maintaining a germ-free environment, they found an 

increase exclusively of lymphoreticular malignancies. From a clinical aspect, Metlief 

and Schwartz (1975) reviewed the occurrence of cancers in patients suffering from 

primary immunodeficiency diseases. The incidence of cancers was 10%, which is 

considerably higher than expected. However, of the 58 cases of cancers in 

immunodeficient patients reported 93% were patients with defective cellular 

immunity. Lymphoreticular malignancies developed in 81% of the patients. In other 

reports, almost 70% of patients with primary immunodeficiency states suffered from 

a lymphoproliferative disorder (Mueller,1999;Penn,1994a). In renal transplant 

patients there is an increased incidence of certain malignancies, particularly 

epithelial lesions of the skin and lip but more importantly of non-Hodgkin’s 

lymphomas (Hoover et a/.,1973;Mueller,1999). In acquired immunodeficiency 

syndrome (AIDS) patients non-Hodgkin’s lymphomas and Kaposi’s sarcoma are the 

commonest malignancies (Hermans, 1998; Scandinavian Study Group, 1997). The 

lesions that occur most commonly in the general population, carcinoma of the breast 

and lung do not appear to be any more common in immunosuppressed patients as 

would be predicted by the immune surveillance theory (Penn,1993b; Sheil,1992; 

Sheil, 1996). There are experimental situations where depressed immunity may 

actually inhibit the development of certain neoplasms. Thymectomy at birth resulted 

in the reduction in the incidence of mammary carcinoma in a strain of mice that was 

prone to the lesion (Martinez, 1964). The propensity for the malignancy was restored
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when the immunity of mice was restored by the implantation of thymic tissue (Yunis 

et a/. ,1969).

Common to both experimental and clinical examples of decreased immunity and 

spontaneous neoplasms is the development of lymphoreticular neoplasms. These 

lesions can arise because they are highly immunogenic and only when there is 

immunosuppression can they manifest: a prediction that would fit in with the 

immunosurveillance theory (Schwartz, 1975). Other factors that need to be taken 

into consideration are the effect of the continuous antigenic stimulation. In partially 

immunodeficient mice continuous antigenic stimulation triggers the development of 

lymphoreticular malignancies (Gleichmann et a/.,1975;Krueger,1972;Prehn et 

al., 1971). The renal transplant patient and the patient with acquired 

immunodeficiency syndrome (AIDS) represent the clinical equivalent of this 

experimental model with chronic immunosuppression associated with prolonged 

exposure to antigenic stimuli presented by the allograft and recurrent infections 

respectively (Bencini et a/.,1993;Penn,1994a). In these circumstances defective 

immunoregulation could allow lymphocytes to proliferate unchecked following 

antigenic stimulation (Gil et al., 1998).

The immune surveillance theory, although exciting, fails to explain the high incidence 

of all malignancies in renal transplant patients. The malignancies, which do occur 

more frequently, all have a putative viral aetiology (Mueller,1999; Penn,1981; 

Penn, 1994b). The surveillance of the immune system could therefore be more 

important in preventing the spread of potentially oncogenic viruses and it would 

seem that surveillance against malignant cells are relatively less effective (Purtilo et 

al., 1984). Experimental data from animal studies support this view. Athymic nude 

mice or mice immunosuppressed with anti-lymphocyte serum did not show an 

increase in tumour frequency until they were infected with polyoma virus 

(Sinkovics,1991).
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IMMUNOLOGICAL RESPONSE TO MALIGNANT TRANSFORMATION
Our understanding of the nature of the malignant process is incomplete, as is the 

mechanism of human immune responses to malignant cells. Beside the 

immunosurveillance system postulated there are other mechanisms whereby the 

immune system protects the body against malignant antigens (Stevenson et 

al., 1993). The presence of tumour antigens activates a series of immunological 

defence reactions - both humoral and cellular, which entails the involvement of 

several components of the immune system (Fig. 15-1). Most of the responses in 

specific tumour immunity closely resemble the immunological responses to allograft 

rejection phenomena (Kniker and Bellanti, 1978; Shurin,1996). The responses are 

both innate and acquired. These include T-lymphocytes, B-lymphocytes, monocyte- 

macrophages, natural killer (NK) cells and a variety of soluble products that regulate 

the interaction of different components of the immune response (Roitt,1994; Delves 

et a/.,2000). However, for the different components of the immune system to 

function efficiently the tumour cell has to be identified before it is eliminated. This 

recognition is achieved by expression on the surface of malignant cells of unique 

antigens that do not appear on normal cells (Urban et al., 1992).

Fip. 15-1. Immunological response to tumour antigens
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Modified from Roitt (1991)
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Tumour Antigens

Although the existence of these antigens have been known since the turn of the last 

century, there have been two recent discoveries which have advanced the 

understanding of the processes considerably (Roitt,1994). The first discovery is that 

of the role played by genes that code for predictable tumour-specific mutations. Both 

regulatory and structural genes are implicated (Urban et al., 1992). The second 

discovery, pertinent to this discussion is the demonstration that cytotoxic T- 

lymphocytes are able to recognise intracellular mutant proteins by virtue of the 

expression of peptides derived from these proteins being presented by major 

histocompatibility complex (MHC) molecules on the cell surface, (reviewed in 

Rowland-Jones et al., 1997). A variety of antigens have been identified which are 

expressed on surfaces of malignant cells.

Viral Antigens

Malignancies developing spontaneously in humans are induced by exposure to 

carcinogens, radiation injury or oncogenic viruses (Hall,1997;Poeschla et 

al., 1997;Yuspa et al., 1997). Viruses are increasingly being recognised to play a role 

in the aetiology of malignancies such that up to 20% of all human malignancies may 

result from viral infections (Dawson et al., 1989) (Table 15-1). The infecting viruses 

interact with and disrupt the structure and/or the function of normal DNA including

Table 15-1. Known virus-associated malignancies.

Virus Cancer

Hepatitis B (HBV) 

Epstein Barr virus (EBV)

Hepatocellular carcinoma 

Non-Hodgkin’s lymphoma 

Nasopharyngeal carcinoma 

Burkitt’s lymphoma 

Carcinoma of the cervixHuman papilloma virus 

(HPV16, HPV18)

Human T-cell lymphotropic virus 

(HTLV-1)

Human herpes virus-8 

(HHV-8)

T-cell leukaemia

Kaposi’s sarcoma
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proto-oncogenes and tumour suppressor genes that play an important role in cellular 

proliferation and differentiation of normal cells (Stevenson et al., 1993). 

Experimental studies in animals have shown that malignant transformation can result 

from the integration of retroviral sequences that act as promoter for the transcription 

of normal cellular proto-oncogenes. In addition, viral integration into the host 

genome can produce structural mutations that result in the formation of tumour- 

specific antigens (Ashall et a/.,1982;Fung et a/.,1983;Milligan et a/.,1991). These 

altered molecules do not contain any viral material, but viral peptides are expressed 

on the surface of the tumour cell. Here they are associated with MHC class I 

antigens (Townsend et a/.,1989;Townsend et al., 1986) where they ultimately elicit a 

powerful rejection response from CD8+ cytotoxic cells (Doherty et al., 1974;Doherty et 

al., 1975;Zinkernagel et al., 1974). All tumours produced by an oncogenic virus share 

a common surface antigen (Roitt,1994). In this respect they differ from chemically 

induced cancers which induce immune responses to themselves but to no other 

tumour produced by the same carcinogen (Prehn et a/., 1957;Roitt, 1994). Beside 

the virally controlled antigens, there is a range of other antigens that can be 

expressed on the surface of tumour cells. These antigens may be classified into 3 

categories:

1. Tumour Specific Antigens.

Recent evidence has indicated that structural mutations on oncogenes and 

suppressor genes can occur that result in the formation of mutant proteins that are 

tumour specific. Proto-oncogenes and suppressor genes play important roles in 

normal cellular proliferation and differentiation. When structural mutations occur they 

result in the formation of mutant proteins and thus contribute to the formation of a 

variety of human malignancies (Urban et al., 1992).

1.1 Point mutations

Both the activation of proto-oncogenes and the inactivation of 

suppressor genes may be caused by point mutations involving one or 

more nucleotides. Single point mutations in oncogenes can account 

for the large diversity of antigens found in cancer cells (Urban et 

al., 1992). The ras genes are an example of normal cellular genes that
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EXOGENOUS SIGNAL

EXOGENOUS SIGNAL

F/q. 15-2. Relationships o f proto-oncogene products to control points for cell 

division. It is hypothesised that at least two major control points must be influenced 

by proto- or anti-oncogenes for mitosis to occur: the cell must be subject to factors 

affecting its competence to move through G1 and a second set o f factors which either 

enhance or suppress its ability to progress through the DNA synthetic phase. From 

Roitt (1994).
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become transforming as a result of single nucleotide substitutions. The 

ras proto-oncogene codes for a family of proteins (p21 ras) on the inner 

membrane that play an essential role in the cell cycle (Appleman et 

al., 1996). Uncontrolled growth results because the transforming ras 

protein is locked in the biologically active form (Santos et al., 1989). ras 

oncogenes are the most frequently expressed activated oncogenes in 

human malignancies (Barbacid,1990). However mutations in the p53 

human suppressor gene is one of the most common genetic alterations 

in human malignancies (Levine et a/.,1991). The p53 gene normally 

arrests cells in the late Gi phase of the cell cycle (Martinez et al., 1991). 

It is induced in response to ionising radiation and carcinogens, thus 

preventing a cell that has undergone genomic damage, from replicating 

(Kastan et a/.,1991;Kastan et a/.,1992) (Fig. 15-2).

1.2 Chromosomal Translocations (Fig. 15-3)

Chronic myelogenous leukaemia is a prime example of a chromosomal

F/'q. 15-3. Burkitt’s lymphoma is a lymphoproliferative disorder that involves 

translocation of the c-myc gene to the ju-chain locus in Burkitt’s lymphoma. Most 

lymphomas and leukaemias have chromosomal abnormalities involving translocation 

to B-cell immunoglobulin or T-cell receptor gene loci although c-myc is not always 

involved. From Roitt (1994).
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translocation that results in the formation of chimeric fusion proteins 

(Ben Neriah et al., 1986;de Klein et a/.,1982;Rowley,1973;Shtivelman et 

al., 1985). The leukaemic cells of over 90% of patients exhibit the 

Philadelphia chromosome in which the 5’ end of the c-abl proto­

oncogene on chromosome 9 is replaced with the bcr gene sequences 

of a chromosome 22 (Nowell et a/.,1966;Rowley,1973). The resultant 

chimeric gene encodes a fusion protein with tumourigenic properties 

(Hariharan ef a/.,1989;McLaughlin et a/.,1987;McLaughlin et al., 1989).

1.3 Internal Deletion Mutations

Fusion type proteins can result from deletion mutations within a single 

gene. In malignant glioblastoma, a prime example of this type of 

mutation, the epidermal growth factor gene is structurally rearranged 

resulting in the deletion mutants of this gene (Urban et al., 1992).

1.4 Viral Insertional Mutagenesis

Malignant transformation can occur as a result of the integration of 

retroviral sequences that serve as a promoter activator for the 

transcriptions of normal cellular proto-oncogenes. Viral integration may 

also precipitate structural mutational alterations consequently resulting 

in the expression of tumour specific antigens (vide supra).

2. Aberrantly Glycosylated Molecules

The surface carbohydrate structures of malignant cells display abnormalities which 

may involve blocked synthesis (Hakomori,1989a; Hakomori, 1989b; Lloyd,1990; 

Singhal et al., 1990 ;Thurin,1989), e.g. deletion of blood group A (Roitt,1994). Other 

changes result in the increased expression of intact molecules that are absent in the 

progenitor cells, e.g. (Appleman et al., 1996), some gastrointestinal tumours express 

the Lewis Lea antigen in subjects who are Le (a‘,b') (Roitt, 1994).

3. Amplified Normal Self-Molecules

Under certain conditions there may be a significant immune response to normal self­

molecules that are over-expressed in cancer. These would include growth factors,
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their receptors, and other differentiation molecules (Urban et al., 1992). The 

oncofoetal antigens cc-foetoprotein and carcino-embryonic antigen (CEA) are not 

expressed by fully differentiated cells. They are produced by undifferentiated cells 

and are useful in the diagnosis of certain forms of cancer and for the monitoring of 

remission (Roitt,1994;Urban et a/.,1992).

Several oncogenic proteins expressed on the surface of the cancerous cells 

represent tumour-specific antigens although whether any of them represent rejection 

antigens is uncertain (Urban et al., 1992). Some virally encoded proteins are strong 

tumour rejection antigens that are causally related to the malignant phenotypes. 

Cancers induced by oncogenic viruses are likely to generate stronger resistance to 

growth than those caused by genetic perturbations. The number of novel epitopes 

on the surface of tumours arising from oncogenic viruses is likely to be considerably 

more than those arising from genetic mutations from single point mutations. 

Tumours arising spontaneously therefore produce little or no response (Appleman et 

a/., 1996;Roitt, 1994). This may be one explanation for the excess of virally-mediated 

tumours after renal transplantation.

CELLS INVOLVED IN THE IMMUNOLOGICAL RESPONSE
All components of the immune system play a role in the response to malignant 

transformation (Fig. 15-4). T-lymphocytes however represent the cornerstone of the 

response to the malignant process. They have a dual function as cytotoxic effector 

cells and as the key modulating cells, which control specific cell-mediated anti­

tumour immune responses. Indications are that T-cells play the major role in the 

response to tumour cells compared with B cells, although anti-tumour antibody 

responses undoubtedly occur. The presence of natural antibodies in the serum of 

human cancer patients specific for the autologous tumour cells have been 

demonstrated (Carey et a/.,1976;Old,1981 ;Shiku et al., 1976). Most of these auto­

antibodies were reactive with antigens also found on certain normal tissues and less 

than 10% detected, shared an unique tumour antigen (Lloyd, 1990). Most of the 

antibodies were directed to surface carbohydrates on glycolipids. The B cells are 

able to respond only to antigens expressed on the surface of tumour cells whereas
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Fig. 15-4. Summary of the interaction between natural and adaptive immunity.

Cytokines activate macrophages and NK cells. Activated macrophages produce 

complement components locally which are involved in the development o f the 

inflammatory response. C5a is chemotactic for neutrophils while C3b induces 

macrophage enzymes release. K cells are armed by antibody from tumour-specific 

B cells. This is a simplified interpretation and is based on data derived from in vitro 

studies. ADCC, antibody-dependent cell-mediated cytotoxicity. Modified from 

Dawson et al. (1989).
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the T cells are able to respond to intracellular antigens, provided a peptide chain is 

expressed on the surface in association with MHC (Dawson et al., 1989). The B-cells 

may also induce a humoral response with the production of tumour specific 

antibodies which may result in complement-dependent cytotoxicity of tumour cells or 

may mediate antibody-dependent cell-mediated cytotoxicity (ADCC) in the presence 

of mononuclear cells possessing FcT receptors (Stevenson et al., 1993) (vide infra). 

Some of the antibody effects may however be detrimental: blocking antibodies may 

prevent the recognition of antigenic determinants by cytotoxic T-cells. In addition 

soluble immune complexes formed when anti-tumour antibodies and tumour 

antigens combine, can suppress cytotoxic T-lymphocyte and natural killer cell 

functions.

Natural killer (NK) cells play a vital role in the initial defence against neoplastic cells 

(Pross et al., 1993). The NK activity can be augmented by interferon-Y, interleukin-2 

and adjuvants such as BCG (Whiteside et al., 1990). The monocyte/macrophage 

system is triggered when T-lymphocyte products are released as a consequence of 

antigen recognition. Non-specific cytotoxic mononuclear phagocytes, natural killer 

cells and granulocytes all bear FcT receptors and thus readily interact with and 

destroy IgG-coated target cells as part of ADCC. In addition, these three cell types 

have the capacity to kill tumour targets in the absence of antibody coating: this is 

termed natural killing in the case of natural killer cells and spontaneous killing in the 

case of mononuclear cells and granulocytes. These 3 non-specific effector cell types 

recognise a common membrane marker of malignant cells that appears to be shared 

by many different types of malignant cells. If a tumour target is first encountered by 

a T-lymphocyte, its specific activation may result in the secretion of non-specific 

immunoregulatory factors that are capable of up-regulating the tumour killing function 

of mononuclear phagocytes, natural killer cells and granulocytes (Coulie,1997;Searle 

et a/., 1996).

ESCAPE FROM IMMUNITY
The postulated host defence mechanisms against cancer have clearly failed when 

tumour growth becomes established. Several mechanisms have been postulated to 

explain how tumour cells evade the immune system and grow unrestrained. The
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most credible of the mechanisms are immunoselection and enhancement. In 

immunoselection the subclones with decreased antigenicity that occur in most 

tumour cell populations have an advantage under the selective pressure exerted on 

the tumour cells by the host immunity; the proliferation of these cells will increase the 

general immunoresistance of the tumour. In addition, mutation of MHC class I 

antigens of antigen presenting cells or p2-microglobulin which effectively renders the 

cell incapable of recognition by CD8+ T cells (Browning et a/.,1992;Smith et 

a/.,1989;llyttenhove ef a/.,1980;Wortzel et a/.,1983a;Wortzel et al., 1983b).

Immunological enhancement has been observed in experimental situations where 

animals are immunised with inactivated tumour cells before they are infected with 

live cells. The enhancement is mediated by the production of blocking antibodies 

that bind inconsequentially to antigenic sites of the tumour and yet prevent the 

recognition of the same sites by potentially effective cytotoxic T-lymphocytes. The 

tumour antigen-antibody complexes are serum-blocking factors that have a similar 

effect. The shedding of free tumour antigen may block receptors of cytotoxic 

immune cells and induce the formation of immune complexes that in turn may 

participate in stimulation of suppressor cells. Additionally, activated monocytes can 

also promote malignant cell proliferation by release of growth factors such as IL-2 

and epidermal growth factor (EGF) that are active on transformed cells.

Tumours may dampen the immune response by the secretion of immunosuppressive 

cytokines. Transforming growth factor (TGF) [3-1 and IL-10 are potent 

immunosuppressive factors that downregulate the immune response. Tumour cells 

may either secrete these factors themselves or recruit a class of lymphocytes to the 

tumour that do (Pisa et a/.,1992;Smith et al., 1994). Downregulation of the immune 

response may also occur because the tumour antigens closely resemble self­

antigens. Anergy or clonal deletion may therefore occur. The mechanisms whereby 

this may occur remain to be elucidated, although preferential tumour antigen 

expression by the thymus may be a factor (Boussiotis et al., 1996; Pardoll, 1994; 

Parmiani,1993).
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IMMUNOSTIMULATION
Despite its limitations, the immune surveillance theory currently holds sway despite 

its many limitations. It has undergone many modifications over the years. Prehn 

who has revolutionised thinking in oncological immunoreaction has proposed an 

alternative postulate. He has suggested that all tumours evoke some degree of 

immune reaction and that this is fundamental to the growth of the lesion (Prehn et 

al., 1971). The increased incidence of skin malignancies in immunosuppressed 

allograft recipients compared to the general population suggests that the normal 

immune response usually inhibits the growth of these tumours. The increased 

incidence in renal and cardiac transplant patients is due to a lowering of a tumour 

stimulating immune reaction to a level that is even more stimulatory (Prehn et 

al., 1996). It also explains why the incidence of other common malignancies such as 

breast cancer have a lower than expected incidence in immunosuppressed patients. 

Breast malignancies according to Prehn, are of low immunogenicity and thus 

stimulate an immune reaction that is equal to or less than that required for optimal 

tumour growth. Prehn predicts that in renal and cardiac transplant recipients, the 

incidence of breast cancer would therefore be reduced. The use of 

immunostimulating adjuvants or vaccines may lead to acceleration of tumour growth 

(Prehn et al., 1971 ;1996).

OTHER CAUSES OF MALIGNANCIES
Neoplastic transformation requires the influence of several additional factors 

including loss of tumour suppressing genes and over-expression of normal or 

mutated proto-oncogenes. Cellular insults by certain viruses, chemicals and ionising 

radiation injury are capable of causing the sequential changes necessary for 

transformation (Fig. 15-2) (Roitt, 1994).

EVALUATION OF IMMUNOLOGIC FUNCTIONS IN PATIENTS 

WITH KAPOSI’S SARCOMA
Two major developments of the latter half of the 20th century have emphasised the 

role of the immune system in the development of Kaposi’s sarcoma. Firstly, 

transplantation of replacement organs or tissue to treat disease has become a
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clinical reality. However, the success of transplantation is dependent on the use of 

immunomodulating agents whose mandatory chronic use predisposes patients to the 

development of malignancies of which Kaposi’s sarcoma is one of the most common 

(Rossini et a/.,1999). Secondly, the outbreak of Kaposi’s sarcoma in young 

homosexual males represented one of the first descriptions of acquired 

immunodeficiency syndrome (AIDS) (Friedman-Kien,1981). In both clinical 

situations it has been postulated that immune dysfunction is responsible for the 

development of Kaposi’s sarcoma with the patients who suffer this complication 

being relatively more immunosuppressed (Bencini et a/.,1993;Lane et a/.,1985a).

Renal Transplant Patients

The findings of Lane et al. (1985a) in one of the first studies of its kind suggested 

that AIDS patients who developed Kaposi’s sarcoma represented a subgroup that 

had more severe immunologic derangement. They measured lymphocyte CD4 and 

CD8 phenotypes and undertook stimulation tests with pokeweed mitogen (PWM), 

phytohaemagglutinin (PHA) and tetanus toxoid. Harwood et al. (1979) undertook the 

immunologic evaluation of renal allograft recipients whose clinical course was 

complicated by the development of Kaposi’s sarcoma. They performed mitogenic 

stimulation tests using PWM, PHA and concanavalin A (Con A) and were able to 

demonstrate that the responses in the 3 patients tested were diminished. However, 

beside the small number of patients, no comparisons were made to either normal 

subjects or case controls. Master et al. (1970) were among the first to undertake 

immunologic studies in Kaposi’s sarcoma patients when they evaluated the humoral 

and cellular immunity of African patients with endemic Kaposi’s sarcoma. Although 

immunoglobulin levels were normal, they were able to demonstrate a “striking 

impairment in the delayed hypersensitivity response”. The evidence available 

suggests therefore that patients who have defects of cell-mediated immunity may be 

predisposed to the development of Kaposi’s sarcoma. Because of defective 

immunity of immuno-compromised patients the immune-surveillance fails to respond 

to virus-specific antigens (Purtilo et al., 1984). Although failure of 

immunosurveillance does account for the increased incidence of certain 

malignancies in renal transplant patients, the failure of the incidence of other 

common malignancies such as breast cancer to increase, has led to suggestions of
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other mechanisms whereby the immune system is involved in the development of 

malignancies (vide supra).

AIDS Patients

The immune system has been studied more extensively in patients infected with the 

human immunodeficiency virus (HIV) (Table 15-2) and this may shed some light on 

the alterations that predispose to posttransplantation Kaposi’s sarcoma. Much of the 

early immunological work on AIDS emanated from the laboratory of Anthony Fauci. 

Well before the aetiology and pathogenesis of AIDS were understood the 

devastating effect of the disease on the immune system was recognised. The varied 

clinical manifestations that included increased susceptibility to opportunistic 

infections and neoplasms were indicative of a defective cellular immune response 

(Fauci et al., 1984a; Friedman-Kien,1981; Gottlieb et al., 1981; Gottlieb et al., 1983; 

Masur et al., 1981; Mildvan et al., 1982; Siegal et al., 1981). It is now known that the 

HIV targets the CD4+ cell, which itself plays the central role in “orchestrating the 

immune reactivity in humans” (Fauci et al., 1983; Lane et al., 1985c; Lane et 

al., 1985a; Reinherz et al., 1979). The earliest observations made in patients who 

become infected with the HIV is a reduction in the CD4+ lymphocyte subpopulation 

with a rise in the CD8+ cell number resulting in reversal of the CD4/CD8 ratio among 

peripheral blood lymphocytes (Bowen et a/.,1986;Gottlieb et a/.,1981;Masur et 

a/.,1981;Tsoukas et al., 1994). The typical HIV-infected patient has a gradual fall in 

the CD4+ cell count over several years (McGrath, 1996). Of greater importance is the 

switch from a Th-1 to a Th-2 CD4 genotype. This manifests clinically with a decline 

in the ability to ward off chronic viral infections and cancers, that require Th-1-type 

response, to developing hypergammaglobulinaemia, which characterises the type 2 

response (Levy, 1993). This is associated in vitro with decreased mitogen 

responsiveness and in vivo with decreased delayed type hypersensitivity reactions 

(Fauci,1982;Fauci eta i ,  1984b;Fauci et al., 1984a). Although the primary abnormality 

is at the CD4+ T-cell level, abnormalities have been described at virtually all levels of 

the immune system including B-cell function, macrophage/monocyte function and NK 

cell function (Bowen et a/.,1986;Lane et a/.,1985d). The abnormalities are 

summarised in Table 15-2 (Bowen et al., 1986; Lane et al., 1985b).
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Table 15-2. Immunologic abnormalities in AIDS.

Quantitative abnormalities of T lymphocytes

Decreased numbers of CD4+ cells

Elevated, normal or decreased numbers of CD8+ cells

Functional abnormalities of T lymphocytes in vivo

Host susceptibility to infection

Host susceptibility to neoplasms

Decreased delayed-type hypersensitivity responses

Functional abnormalities of T lymphocytes in vitro

Decreased mitogenic and antigenic responsiveness

Decreased virus-specific cytotoxic lymphocyte function

Decreased ability to help B cells

Functional abnormalities of B lymphocytes in vivo

Elevated serum immunoglobulin and CIC levels

Poor serological response to immunisation

Functional abnormalities of B lymphocytes in vitro

Elevated spontaneous proliferation

Elevated response to B cell growth factors

Refractory response to normal B cell signals

Abnormalities of other cell types

Decreased macrophage/monocyte chemotaxis

Decreased natural killer cell activity 

From Bowen et al. (1986) and Lane et al. (1985b)
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Kaposi’s Sarcoma

In studies specifically looking at Kaposi’s sarcoma, Lane et al. (1985a; 1985b) 

studied lymphocyte profiles and function in groups of HIV-infected patients, healthy 

homosexual males and control subjects. They demonstrated that the more 

advanced the HIV infection the lower the CD4+ count was. The patients with AIDS 

had lower mean values of all measured immunological variables with the exception 

of the CD8+ count. There was no difference in the CD8+ counts in the 3 patient 

groups compared with controls. The CD4+ counts of patients who had opportunistic 

infections were significantly lower than in those patients who had Kaposi’s sarcoma 

(Fig. 15-5). This suggested that the former had more profoundly depressed 

immunological function. This was confirmed by the improved overall long-term 

survival of Kaposi’s sarcoma patients (79%) compared with patients with 

opportunistic infections (44%) (Lane et a/.,1985b;Lane et al., 1985a).

KAPOSI’S SARCOMA AND THE IMMUNE SYSTEM
Levy and Ziegler observed in 1983 that Kaposi’s sarcoma was more common in 

immunosuppressed transplant patients (Levy et al., 1983). They discounted the 

immunosurveillance theory because it failed to explain why the common cancers 

(lung, breast, colon, leukaemia) were not observed in these patients. The 

endothelial cell, which they felt was the cell of origin in Kaposi’s sarcoma, was 

closely linked to the functional components of the immune system (Ashida et 

a/.,1981;Baldwin,1982;Levy et al., 1983). The endothelial cell participates as an 

accessory cell in lymphocyte activation (Ashida et a/.,1981 ;Levy et al., 1983) and 

contains surface Fc and C3 receptors that may modulate interaction between the 

immune system and the vascular endothelium (Baldwin,1982;Levy et al., 1983). The 

immune cells secrete a variety of cytokines that have angiogenic properties (Jones 

et a/.,1978;Nishioka et a/.,1978;Taylor et a/.,1982;Warner et a/.,1975;Ziche et 

al., 1982). They proposed that in AIDS patients, Kaposi’s sarcoma develops as a 

result of “the enhanced secretion of immunomodulating factors with angiogenesis- 

promoting activity by cells attempting to correct or compensate for the disorder”. The 

Kaposi’s sarcoma cells themselves also produce angiogenesis factors (Salahuddin 

et al., 1988). They further suggested that the immunodepression could enhance the

Stellenbosch University http://scholar.sun.ac.za/



Immune System in KS 15-20

1000

to

X0-

100

• •

7?V"7

• •

• •

_L I _L .j »»i * A i

Controls Healthy Chronic Kaposi'* Opportunistic
Homosexual Lymphadenopathy Sarcoma Infaction*

Men Syndrome

Fig 15-5. The CD4+ count o f patients with AIDS. The counts were reduced in 

Kaposi’s sarcoma patients but the more severely immunocompromised patients had 

the lowest counts. From Lane et al. (1985a).

activation of latent herpes viruses that could promote transformation. Bencini et al. 

(1993) suggested that Kaposi’s sarcoma in renal transplant patients was also 

contributed to by immunostimulation, this resulting from low grade persistent 

antigenic stimulation occurring in the allograft (Bencini et al., 1993). Other factors 

that they postulated played a role was the “low immune response” of their patients: 

60% of their patients failed to reject their grafts even months after reduction or 

withdrawal of immunosuppression therapy. They further suggest that cyclosporine
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impairs the immune surveillance and allows abnormal endothelial cells to proliferate. 

Alternatively, immunosuppression disturbed the balance between cytokines 

favouring the promotive effect of viral infections on vascular proliferation (Bencini et 

a/., 1993).

Recent studies have concentrated on the human herpesvirus 8 (HHV-8), the putative 

agent causing Kaposi's sarcoma (Brander et a/.,2000). While herpesviruses are 

renowned for their complex strategies for evading the immune response 

(Ploegh,1998), the HHV-8 has evolved an unprecedented approach. Intracellular 

viruses are detected by the immune system by virtue of the MHC class I molecules 

that deliver fragments of the viral proteins to the surface to be detected and 

destroyed by cytotoxic T-cells. Whereas some herpesviruses downregulate MHC 

class I expression by interfering with the synthesis, translocation or assembly of 

class I chains, the K3 and K5 proteins of HHV-8 accelerate the endocytosis of MHC-I 

molecules expressed on the surface of infected cells (Coscoy et a/.,2000; Ishido et 

al.,2000b). There is also evidence from both these groups that other signaling 

molecules are also targeted. The exact mechanism whereby HHV-8 infection 

predisposes to Kaposi's sarcoma is unclear but these observations “ . . . underline 

the fact that the immune system is very important in the control of (HHV-8) and that 

the virus has equipped itself with the devices to evade it” (Habeck,2000).

Stellenbosch University http://scholar.sun.ac.za/



Immune System in KS 15-22

Summary and Hypothesis

There is little doubt that the immune system plays a vital role in modulating 

malignant transformation. All aspects of the immune system, but especially cellular 

immunity play an important role here. Whether recirculating T-lymphocytes which 

patrol all somatic tissue as part of immune surveillance proceed to recognise and 

destroy the transformed and proliferating malignant cells, or whether Levy and 

Prehn’s suggestion that immunostimulation was the main causative factor will have 

to be tested over time.

Our own observation, that patients with Kaposi’s sarcoma seldom rejected their 

kidneys following therapeutic reduction of immunosuppressive agents, led us 

postulate that these patients had reduced immune-responsiveness and we 

proceeded to investigate aspects of cellular and humoral immunity to test this 

hypothesis.

Materials and Method

SELECTION OF CASES
Kaposi’s Sarcoma Patients

The patients studied were those who were diagnosed previously with Kaposi’s 

sarcoma and who were alive at the time of study. A total of 13 patients were 

available for some form of immunological evaluation. Demographic and other details 

are shown (Table 15-3): the male to female ratio was 7:6 and racial distribution was 

10 coloured and 3 black patients, but no white patients. Eleven patients underwent 

initial lymphocyte phenotyping and subsequent typing and transformation testing. 

Cyclosporine had been discontinued in all patients, but one. The tests were 

conducted between 11-143 months following discontinuation of cyclosporine. This 

was the main therapeutic modality for the treatment of Kaposi’s sarcoma. In one 

patient the tests were conducted when he was initially diagnosed with Kaposi’s 

sarcoma (patient 6). The patients had been on immunotherapy, including 

cyclosporine for 65.6 months (range: 24.1 -  225.1 months). All the patients with
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functioning grafts were receiving methylprednisolone 8mg daily and azathioprine 50 

mg daily. The two patients (patients 9, 11) on haemodialysis had had all 

immunotherapy discontinued when Kaposi’s sarcoma was diagnosed. They were 

restarted on haemodialysis after the grafts failed within 4-6 weeks of discontinuation 

of immunosuppressive treatment. HIV infection was excluded in all patients.

Transplant Controls

For comparison of the immunological status of the Kaposi’s sarcoma patients, a 

group of renal transplant patients who were also only receiving azathioprine and 

methylprednisolone at the time of the study were used. Patients who were 

transplanted in the pre-cyclosporine period were therefore selected. Only 9 patients 

were available for study and their details are shown (Table 15-3). The control group 

was 10 years younger at transplantation, but age at the time of the study in the 

Kaposi’s sarcoma and control group were 45 and 46 years respectively. The male to 

female ratio was 3:6 and the racial breakdown revealed 7 white patients, 2 coloured 

patients, but no black patients. The duration under immunotherapy, not surprisingly, 

was more than 3 fold greater in the control group. Renal function was also much 

better preserved in the control group by a factor of almost 3. All controls were 

negative for the HIV.

Normal Controls

For lymphocyte phenotype studies 47 healthy laboratory staff, and for transformation 

studies 18 healthy laboratory staff, served as normal controls. The controls were 

age-matched, but no attempt was made to match for race. For the immunoglobulin 

studies, normal ranges supplied by the local laboratory were used. Results outside 

the normal range were considered abnormal. For delayed type hypersensitivity 

reactions, consecutive nursing trainees were recruited over a 2-year period. This 

test is a pre-employment requirement at our institution for all new recruits.
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Table 15-3. Demographic and other details o f Kaposi’s sarcoma survivors and 

control renal allograft recipients not receiving cyclosporine.

Age Sex Race Primary renal 
disease

Immuno- Serum Interval off 
therapy creatinine cyclosporine

(mo.) (/jnol/l) (mo.)
Kaposi’s Sarcoma patients (n=13)

1 26.4 Male Coloured Hypertension 55.1 131 50.0
2 35.1 Female Coloured Polycystic kidneys 24.1 113 11.0
3 38.6 Female Coloured Pyelonephritis 82.1 110 18.0
4 47.2 Male Black Glomerulonephritis 88.0 358 61.1
5 46.4 Female Coloured Hypertension 37.1 987 23.0
6 26.0 Male Coloured Pyelonephritis 225.1 376 0.0
7 49.5 Male Black Hypertension 90.1 66 34.0
8 49.3 Female Black Glomerulonephritis 38.0 747 29.1
9 47.5 Male Coloured Polycystic kidneys 22.2 HD 141.1
10 33.4 Female Coloured Scleroderma 67.1 315 45.0
11 28.6 Female Coloured Pyelonephritis 4.5 HD 143.1
12 39.1 Male Coloured Glomerulonephritis 49.0 112 31.1
13 28.0 Male Coloured Glomerulonephritis 70.0 76 36.0
Mean 38.1 65.6 308 47.9

Renal transplant controls (n=9)

1 24.9 Female White Pyelonephritis 191.9 69
2 40.6 Female White Analgesic

nephropathy
163.6 98

3 14.7 Male White Alport's 238.2 113
4 13.3 Female White Alport's 225.2 75
5 28.9 Female White Pyelonephritis 213.1 HD
6 37.7 Male Coloured Pyelonephritis 237.2 122
7 38.9 Female White Pyelonephritis 214.8 147
8 40.1 Female White Pyelonephritis 223.1 81
9 20.1 Male Coloured Pyelonephritis 209.9 153
Mean 28.8 213.0 107

Notes:
1The age is that at initial transplantation
2Mean creatinine value excludes those patients on haemodialysis (HD)

T-CELL FUNCTION
Phenotypic Analysis of T-Lymphocytes by Flow Cytometry

Whole blood was assayed to determine the T-lymphocyte subpopulations by use of 

three-coloured immunofluorescence. In this technique 100 |̂ l of whole blood was 

incubated with 20 \i\ of each of the appropriate antibodies for 20 minutes at room 

temperature. The aliquots were lysed with 2 ml of lysing solution (Becton-Dickinson,
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Johannesburg) incubated for a further 10 minutes and then washed in phosphate 

buffered saline (PBS) (Diagnostic and Technical Services, Johannesburg). The cell 

deposits were fixed in 0.5% paraformaldehyde. The following panel of monoclonal 

antibodies (Becton-Dickinson, Johannesburg) conjugated with either fluorescein 

isothiocyanate (FITC) or peridinin chlorophyll proein (PERCP) was used: CD3- 

PERCP, CD4-FITC, CD8-FITC, CD19-PERCP, CD16-PERCP and CD56-PERCP. 

The lymphocytes were analysed on a flow cytometer (FAC scan, Becton-Dickinson, 

Johannesburg) using Cell Quest software programs. Lymphocytes were gated on 

forward and side scatter. A second gate of CD3+ cells was used to determine the T- 

cell subpopulations. The percentage of lymphocytes expressing the respective 

antigens was recorded and the absolute lymphocyte numbers were calculated using 

the full blood count conducted in parallel.

Skin Tests

The volar aspect of the left arm was used to inject 0.1 ml (2TU/0.1 ml) of tuberculin 

purified protein derivative (PPD) (Vaccinia, Johannesburg) intradermally. The wheal 

raised was marked and read 48 hours later. An induration of 10mm or more in 

maximum diameter was considered a positive reaction. The same volume (1000 

PNU/ml) of Candida albicans antigen was injected intradermally in the opposite arm 

and read in the same fashion as the tuberculin reaction.

Lymphocyte Transformation Assays

Antigens are presented to lymphocytes by macrophages which release interleukin 1 

(IL-1). This, together with the MHC class II antigen -  foreign antigen complex 

activates the T-lymphocytes and initiates an immune response. The method used to 

measure the activation and proliferation of lymphocytes is a cell culture technique 

whereby mononuclear cells and mitogens are incubated together under specific 

conditions. Antigens induce differentiation and division of cells. The mitogens used 

in this study were phytohaemagglutinin (PHA) (Wellcome, Scientific Group, Cape 

Town) and concanavalin A (Con A) (Sigma, Sigma-Aldrich, Cape Town), both strict 

T-cell mitogens, and pokeweed mitogens (PWM) (Sigma, Sigma-Aldrich, Cape 

Town), a T-dependent B-cell mitogen. An optimum response is achieved with PHA 

and Con A after 3 days of incubation compared with 5 days for PWM. After
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incubation, lymphocyte proliferation is measured by the uptake of radio-labelled 

metabolites required for DNA synthesis. In this study 3H-thymidine (Amersham, AEC 

Amersham, Cape Town) uptake was measured by harvesting the cells and counting 

the incorporated radio-activity.

The method used for lymphocyte transformation commenced with the isolation of 

mononuclear cells from whole, heparinised blood on a Hypaque-Ficoll density 

gradient (Sigma, Sigma-Aldrich, Cape Town). The mononuclear cells were washed 

in TRIS (Sigma, Sigma-Aldrich, Cape Town) and then resuspended in 1ml of 

complete medium. Cell counts were adjusted to a concentration of 1 x 106 ml. 

Using a 96 well cell culture plate (Sterilab Services, Cape Town), 1 x 105 cells were 

mixed with 100 jd of mitogen (PHA, Con A, or PWM). The tests were conducted in 

triplicate. Trays were incubated at 37°C in a CO2 incubator. After 2/4 and AV2 days, 

20 of 3H-thymidine were added to 3 day and 5 day trays respectively. The trays 

were then incubated for a further 18 hours before harvesting. Counting was done on 

the Beta counter (Beckman, Beckman-Coulter, Cape Town) after the addition of 3ml 

scintillation fluid (Beckman, Beckman-Coulter, Cape Town) to the vials. The mean 

counts for each mitogen reaction and the background control were established. The 

stimulatory index (SI) was calculated by dividing the mean mitogen count by the 

mean count of the control. Results were expressed as the stimulatory index of the 

patient to a particular antigen divided by the stimulatory index of the control 

multiplied by 100.

VENEPUNCTURE
Venesection was performed at approximately the same time of the day (7am to 

10am). All tests were conducted on the same day that blood was collected. Blood 

samples were transported to the laboratory within 4 hours of being drawn. Blood 

was not collected from patients if there was recent evidence of acute or chronic 

infection. The lymphocyte phenotypes were repeated in 9 Kaposi’s sarcoma patients 

between 1 and 12 months later.
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IMMUNOGLOBULIN AND OTHER BIOCHEMICAL TESTS
Serum immunoglobulin levels were assayed by immuno-electrophoresis using a 

Beckman Array analyser (Galway, Ireland) and other proteins by electrophoresis on 

a Beckman Coulter Paragon analyser (Fullerton, OA). Serum immunoglobulin levels 

were correlated with age, sex, and race. Other proteins were correlated with age 

and sex.

STATISTICAL ANALYSIS
The data were analysed by non-parametric techniques because of the non-normality 

of the results. Where patients were compared with a normal control or case control, 

the Mann-Whitney U test was used. The %2 - test was used for other comparisons. 

Significance was set at the 5% level. Data was analysed using software from Stat 

Soft, Inc (1999), Statistica for Windows (release 5.2), Tulsa, Oklahoma, USA.

Results
HUMORAL IMMUNITY
Humoral immunity was evaluated in the Kaposi’s sarcoma patients and renal 

transplant control patients, by measurement of serum immunoglobulin levels, 

quantitative assessment of B cell phenotypes was established by flow cytometry, 

while B cell function was assessed using pokeweed mitogen (PWM). Natural killer 

cell phenotype analysis as a measure of innate immunity was also performed.

Serum Immunoglobulin Levels (Table 15-4)

Comparisons of study patients and both Kaposi’s sarcoma and renal transplant 

controls were made with the normal laboratory ranges for race, age and gender. 

Values below the normal range were considered abnormal. Of the 13 Kaposi’s 

sarcoma patients 8 (62%) had normal serum immunoglobulin levels while 5 (38%) 

had abnormal levels. Only one patient (patient 12) had more than one abnormal 

serum immunoglobulin level. There were 2 abnormalities each of immunoglobulin A 

(IgA),
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Table 15-4. Serum immunoglobulin levels and skin tests in immunosuppressed 

renal transplant patients

Albumin y-globulin IgA IgG IgM Tuberculin Candida
______________(g/l)________ (g/l_______ (g/l_____ (g/l)_____ (g/l) Reaction Reaction
Kaposi’s sarcoma patients

1 42.9 11.9 3.26 14 2 1.34 + 0
2 45.2 8.7 1.87 11..1 1.59
3 40.7 13.1 3.39 12..7 1.59 + 0
4 ia r r 1 9.3 3.6 10..2 E S I o 0
5 1 12.9 " > a  14 .8 0.84 0 0
6 126.84' |3 .9 1.89 0 0
7 |}8.9-r 1 14.2 2.96 16..1 1.08 0 0
8 44.8 15.3 4.84 17.,9 1.27 + 0
9 112.2 3.31 14 0.63 0 0
10 41 10.8 3.55 13..4 0.73 0 0
11 1 12.2 1.54 12,.9 1.21 + 0
12 |38.4„ .VjwjS■ 6.7 2.57 m o 0
13 19.94- I 7-9 MEM| i o - 1 0.82 0 0

Renal transplant control patients
1 49.5 7.7 1.74 8.42 1.04
2 45.4 mi 1.1 7.7 1.8 0 0
3 50.8 9.5 2.82 10.8 0.84 0 0
4 49.1 9.8 1.57 10.6 1.72 0 0
5 6.6 1.3 10.6 0.8 0 0
6 5.8 3.09 8.31 1.17 0 0
7 40.2 10.95 1.82 13.6 0.69 0 0
8 W 2 .1 9 1 -23 0 0
9 p f f e '  H 7.5 1.82 9.7 0.87 0 0

immunoglobulin G (IgG) and immunoglobulin M (IgM). No patient had abnormal 

serum levels of all 3 immunoglobulins. Only one of the 9 (11 %) case control patients 

had an abnormal serum immunoglobulin level (IgG). No patient in either group had 

increased serum levels of immunoglobulins. More abnormalities were observed in 

the Kaposi’s sarcoma patient group, but the differences were not significant (p = 

0.16, Fisher’s exact, 2-tailed). Of note is that all patients who had decreased serum 

immunoglobulin levels, also had reduced serum albumin levels (p = 0.0152, Fisher’s 

exact, 2-tailed). Serum a-globulin levels were preserved in all Kaposi’s sarcoma 

patients and were marginally reduced in 2 controls, one of who had decreased 

serum IgA as well. Serum a-i, a2 and p-globulin estimations (not shown) were also
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performed but all values were either normal or slightly increased. Also of note is that 

no patients with a positive tuberculin skin test had any immunoglobulin 

abnormalities. In Kaposi’s sarcoma patients 8/13 (62%) and in the control group 4/9 

(57%) had low serum albumin, perhaps reflecting the poor nutritional state of our 

transplant patients in general. Of the white patients 2/7 (29%) and of the nonwhite 

patients 10/12 (71%) had low serum albumin levels (p = 0.15, Fisher’s exact, 2- 

tailed).

B-Cell Phenotypes (Fig. 15-6)

The most striking abnormality was marked reduction in B cells in all transplant 

patients, both Kaposi’s sarcoma and controls. The B cell count was less than 100 

cells/mm3 in all patients receiving immunosuppressive therapy. The relative B cell 

count was 5% or less in all patients on treatment. The only patient in whom B cell 

counts were normal, was on haemodialysis after discontinuation of 

immunosuppression following the development of Kaposi’s sarcoma more than 12 

years ago. The mean number of B cells in Kaposi’s sarcoma patients and controls 

did not differ significantly although the former showed much greater scatter.
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Fig 15-7. B Cell Stimulation Studies
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Relative to the other lymphocytes, the percentage of B cells was also comparable in 

the two groups studied.

B Cell Lymphocyte Transformation Assay (Fig. 15-7)

Pokeweed mitogen, which is a polyclonal B cell mitogen was used to induce blastic 

transformation. Compared to healthy controls, control renal transplant patients had 

reduced responsiveness to PWM, but Kaposi’s sarcoma patients did not have an 

altered response compared to either normal or case controls. Although B cells are 

quantitatively significantly reduced, and there are moderate reductions of 

immunoglobulins, B cell function would appear to be comparable in Kaposi’s 

sarcoma patients and controls.

CELLULAR IMMUNITY
The screening tests for T-cell functions are less definitive than those for the 

evaluation of B cell function. Additional tests are therefore required to complete the 

assessment of cellular immunity. Immunophenotyping of T cells and T cell subsets 

has gained prominence over the past few years and provide useful insight into the 

quantitative status of T cells and their subpopulations. The tests however do not 

establish the functional capabilities of the T cells identified by flow cytometry; for this 

lymphocyte transformation tests using T cell mitogens, Con A and PHA were used.

Lymphocyte Phenotypes (Fig. 15-8)

The absolute number of T cells and CD4+ cells were significantly reduced in Kaposi’s 

sarcoma patients compared to healthy controls. Although renal transplant patients 

also had reduced T and CD4 cells, the differences compared to healthy controls 

failed to achieve significance. The difference in counts between Kaposi’s sarcoma 

and case control patients was also not significant. Because of the marked reduction 

in B and NK cells, the relative numbers of T cells were increased, but no differences 

were found between Kaposi’s sarcoma and transplant patients.
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Fig. 15-8. T Cell Phenotypes
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Fig. 15-9. Lymphocyte Transformation Assays
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Lymphocyte Stimulation Assays (Fig. 15-9)

Functional assessment of T cells has traditionally been performed by evaluating the 

T cell proliferative response to polyclonal stimulants. The two mitogens used in this 

study to test T cell function, were Con A and PHA. The blastogenic responses of all 

transplanted patients were reduced compared to normal controls. More importantly 

were the significantly reduced responses of the Kaposi’s sarcoma patients compared 

to the other renal transplant patients.

Delayed Type Hypersensitivity (DTH) Reactions

None of the patients reacted to Candida albicans antigen administered intradermally, 

nor did any of the control patients react to the intradermal tuberculin antigen. Of the 

10 Kaposi's sarcoma patients tested, 4/12 (25%) had a positive tuberculin reaction 

(Table 15-4). This suggests that more Kaposi's sarcoma patients had been exposed 

to tuberculosis. All patients who tested tuberculin-positive were nonwhite. Among 

controls, a clear racial pattern was demonstrated. Of the 59 white nursing recruits 

tested 11 (18.6%) reacted to tuberculin, compared to 45 (64.2%) of the 70 nonwhite 

recruits tested (P = 0.000, x2 -test).

NATURAL KILLER CELLS (NK) (Fig. 15-10)
Beside T and B cell mediated responses, the NK cells form another important arm of 

immunity. The phenotypic analysis of lymphocytes revealed a marked reduction in 

the number of these cells. Functional tests of NK cell activity were not performed.

INTERVAL ANALYSIS (Fig. 15-11)
Initial evaluation of lymphocyte subpopulations was available in 11 patients and 

repeated in 9 patients. The data show that there were some variations in interim 

measurement. The percentages of cells varied the least. The maximum inter-assay 

variation was in that of CD4 cells that varied by maximum of 17%. The absolute 

counts varied by between 13-30%. There was however no significant difference in 

the results of the two analyses, confirming the general reliability of the laboratory 

assays. The CD4/CD8 ratio was preserved in all, but one patient.
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Fig. 15-10. Natural Killer Cells: Phenotypes
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Fig. 15-11. Interval Analysis of Lymphocyte Sub-populations
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Discussion

The immune system plays a crucial role in the development of Kaposi’s sarcoma. 

This is evidenced firstly by the association of Kaposi’s sarcoma with both 

pathological and iatrogenic immunosuppression. Kaposi’s sarcoma is the most 

common malignancy in AIDS developing in 20% to 30% of patients. (Ensoli et 

a/.,1998;Friedman-Kien,1981;Haverkos et a/.,1985;Hymes et a/.,1981;Longo et 

al., 1984;Maurice et al., 1982;Safai et al., 1985). It occurs particularly but not 

exclusively in homosexual and bisexual males but the incidence is decreasing as a 

result of safer sex practices and the availability of effective anti-retroviral agents 

Myskowski et a/.,1997;Schatz et al., 1997). Kaposi’s sarcoma is also one of the most 

frequent malignancies following organ transplantation (Penn,1986; Penn,1990; 

Penn,1993c; Penn,1993b). Of greater importance is the observation that 

decreasing immunosuppression and allowing patients to regain immunological 

competence results in disappearance of Kaposi’s sarcoma lesions (Levy et 

a/.,1983;Longo et a/.,1984;Margolius,1996). The putative cause of Kaposi’s sarcoma 

is HHV-8 and it is likely that the cellular insult caused by the virus leads to the 

multiple sequential changes necessary for malignant transformation (Ensoli et 

a/.,1998;Stevenson et al., 1993). The exact role of the immune system in the 

development of Kaposi’s sarcoma is speculative and has not been fully investigated 

(Levy et al., 1983). There was speculation that the use of immunosuppression 

results in the compromise of the immunosurveillance mechanisms (Bencini et 

al., 1993). On the other hand Levy and Ziegler (1983) suggested that selective 

immunostimulation in AIDS patients and Bencini et al. (1993) proposed that 

persistent antigenic stimulation in allograft recipients resulted in the production of 

factors with angiogenic properties (Bencini et al., 1993). Another important 

observation made by Bencini (1993) which we have been able to confirm, is that a 

large number of Kaposi’s sarcoma patients did not suffer rejection of their grafts 

despite reduction of immunosuppression. These observations therefore suggest the 

development of Kaposi’s sarcoma in a renal transplant recipient is the result of a 

depressed immune response that provides “relative” tolerance of the graft even with 

minimal immunosuppression therapy.
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Our study was designed to address some of the immunological aspects of Kaposi’s 

sarcoma, especially the question of whether patients who developed Kaposi’s 

sarcoma, were immunologically different from their other transplanted counterparts. 

Both humoral and cellular immunity were investigated as well as aspects of the NK 

cell function.

HUMORAL IMMUNITY
Our data show that B cell numbers are markedly depressed in renal transplant 

patients on immunosuppression. Kaposi’s sarcoma patients are affected as 

severely as control patients. Despite the reduction in B cell numbers, 

immunoglobulin production seems to be relatively well maintained with no specific 

pattern of abnormality being noted. Pollock et al. (1989) reported that 35% of 110 

renal transplant patients had low levels of one or more of the serum immunoglobulin 

phenotypes. Our experience in the combined Kaposi’s sarcoma and case controls 

was similar with 27% of transplanted patients having one or more serum 

immunoglobulin level that was low. Although more Kaposi’s sarcoma patients had 

lower immunoglobulin levels (38%) the difference was not significant compared to 

the control group (11%). None of the patients was however prone to recurrent 

infections. Pollock observed an increased incidence of skin cancer in those of his 

patients with abnormal immunoglobulin levels (Pollock et al., 1989).

An important observation in our group of patients, however, was the strong 

association between low serum immunoglobulin levels and low serum albumin. All 

the patients with low serum immunoglobulin levels also had reduced serum albumin 

levels suggesting that malnutrition may well have contributed to the patients’ 

immunodepression. Hypoalbuminaemia is a well-recognised feature of protein 

calorie malnutrition (Rossing,1978). Of the patients with normal serum 

immunoglobulin levels only 13% had low serum albumin levels. Since our control 

group was mainly of a higher social class compared to the Kaposi’s sarcoma study 

patients, the difference in the immunoglobulin abnormalities could be explained by 

the differences in the nutritional status of the patients. However the influence of 

protein energy malnutrition on serum immunoglobulin levels seems to be very 

contradictory (Sail et al., 1994). Various studies in vitro and in malnourished children 

and adults (Chang, 1990) have failed to show significant reductions in serum
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immunoglobulin levels (Revillard et a/.,1990;Schopper et a/.,1976;Stiehm,1980). The 

exception is serum and (McMurray et a/.,1981) secretory IgA which is diminished in 

lung and intestinal secretions of malnourished children (Chandra et 

a/.,1994;Revillard et a/.,1990;Stiehm,1980) in a finding confirmed by laboratory 

studies (Ha et al., 1996;Ha et al., 1997). Hypogammaglobulinaemia seems to 

develop mainly in the very young very severely malnourished patients (McMurray et 

a/.,1981;Schopper et a/.,1976;Stiehm,1980). The abnormalities in immunoglobulin 

experienced by our patients are therefore unlikely to have been related to 

malnutrition. Uraemia is also unlikely to have depressed immunoglobulin levels. 

The serum creatinine levels were almost 3 times greater in the transplant patients, 

but minor immunoglobulin abnormalities have only been described in renal patients 

who have been treated with continuous ambulatory peritoneal dialysis for prolonged 

periods of time (Palop et al., 1997). The alteration of B cell numbers and functions 

can therefore only be ascribed to a depressed immune response, associated with 

the use of immunosuppressive agents. Our functional test, using PWM to stimulate 

B-lymphocyte transformation, however failed to reveal significant abnormality of B 

cell function.

Master and Kyalwazi (1970) evaluated humoral immunity in patients with endemic 

Kaposi’s sarcoma and found normal antibody responses to Escherichia coli (Vi) 

antigen and normal serum immunoglobulin levels. Despite marked quantitative 

deficiencies in B cells, humoral immunity is preserved in renal transplant patients 

whose Kaposi’s sarcoma is in remission. This contrasts with the findings in AIDS 

patients. The initial observations that AIDS patients had normal or elevated 

immunoglobulin levels was interpreted to mean that humoral immunity was spared in 

this syndrome (Friedman-Kien,1981 ;Gottlieb et a/.,1981;Masur et a/.,1981 ;Siegal et 

a/.,1981;Stahl et al., 1982). However, further investigation revealed that these 

patients had intense polyclonal B-cell activation characterised by increased levels of 

immunoglobulins and circulating immune complexes (Lane et al., 1983;Lane et 

a/.,1985b;Lightfoot et al., 1984) and inability to mount an antigen-specific antibody 

response following immunisation (Ammann et al., 1984;Lane et al., 1983), enhanced 

responsiveness to B cell growth factors and impaired response to normal in vitro 

signals for B-cell activation. Unfractionated T-cells from AIDS patients are a poor 

source of help with regard to PWM-induced B-cell differentiation (Benveniste et
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al., 1983;Lane et a/.,1983;Mildvan et al., 1982). This decreased ability to provide help 

to B-cells was shown to be due the decreased activity of CD4+ cells rather than the 

increased suppressor activity of CD8+ cells (Benveniste et a/.,1983;Lane et al., 1983). 

Oligoclonal and monoclonal immunoglobulins were detected in 89% of patients with 

AIDS who developed Kaposi’s sarcoma as opposed to only 13% of patients with 

AIDS who had opportunistic infections (Papadopoulos et al., 1985). This almost 

certainly was a function of the switch of the CD4+ cell from Th-1 genotype to Th-2 

genotype (McGrath, 1996). Monoclonal bands are frequently found in the sera of 

patients with B-lymphocyte malignancies such as lymphomas and chronic 

lymphocytic leukaemia. Paraproteinemias and lymphocytic malignancies have been 

described in patients with classical Kaposi’s sarcoma while lymphomas are more 

common in AIDS patients (Ciobanu et al., 1983). The authors suggested that similar 

mechanisms might be operative in the malignant proliferation of B-cells and 

endothelial cells in patients with AIDS (Papadopoulos et al., 1985). However, a new 

theory has been proposed for the development of Kaposi’s sarcoma in HIV-patients 

based on the impact of HIV infected macrophages (Ensoli et al., 1998). Our study of 

posttransplant Kaposi’s sarcoma did not analyse CD4+ subclasses. In view of the 

importance of the Th-1 and Th-2 subpopulations in the progression of AIDS, it would 

be an useful area for future investigation in our patients.

CELLULAR IMMUNITY
T Cell Phenotypes and Function

The T cells are the main role-players of cell mediated immunity and have functions 

that are far ranging. T cells are both immunoregulatory (the Th and Ts cells) as well 

as effector cells (primarily cytotoxic T cells) (Fleisher,1996). In our patients 

immunosuppression was characterised by reductions in CD3+, CD4+ and CD8+ cell 

lines as well as a reduction (but not reversal) of the CD4/CD8 ratio with Kaposi’s 

sarcoma patients generally being more affected than the case controls. Although T 

cell phenotypes were depressed in our immunosuppressed patients, the reduction 

was less pronounced than the B cell count. T cell function as evidenced by the 

mitogen stimulation tests, however was significantly impaired. Not only were the 

Con A and PHA responsiveness less than in controls, but Kaposi’s sarcoma patients
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had significantly reduced mitogenic responsiveness compared to the case control 

patients. The decreased blast transformation of unfractionated T-cells in vitro to the 

mitogens may be due to the reduced CD4+ cell numbers. Further studies using 

purified T-cell subsets would be required to elucidate the cause of the impaired 

mitogenic responses.

In the case of AIDS patients reversal of the CD4+/CD8+ ratio was a characteristic 

manifestation of the immunological profile (Gottlieb et a/.,1981;Lane et 

a/.,1985b;Siegal et al., 1981). This was found to be due to a marked decrease in 

CD4+ T-cell numbers and either elevated/normal (usually early) and decreased 

numbers of CD8+ T-cells (late in the course of the disease) (Ammann et 

al., 1983;Fahey et al., 1984;Lane et al., 1985a;Schroff et a/.,1983;Stahl et 

al., 1982;Tsoukas et al.,1994). Of note is that the depletion of CD4+ cells occurred 

not only in the peripheral blood but also in the lymphoid tissue (Margolick et 

al., 1997). Despite the phenotypic evidence of enhanced activation of the CD8+ cells 

in vitro Lane et al. (1983; 1985b) found little in vivo evidence of functional suppressor 

activity on the rest of the immune system. In AIDS patients with Kaposi’s sarcoma 

only, the CD8+ count was elevated (Lane et al., 1985a), in contrast to our experience 

in posttransplant patients in whom the numbers were reduced. In AIDS patients 

there are reports that CD8+ T cells are able to suppress HIV replication in CD4+ T 

cells both in vivo and in vitro, the latter even with low numbers of CD8+ T-cells 

(Walker et al., 1986;Walker et a/.,1989;Wiviott et al., 1990). It has also been observed 

that in AIDS patients the T-cell defect can be corrected by purification of cells before 

testing for proliferation and CD4+ cell function suggesting that this restoration of 

function could be due to the elimination of CD8+ suppressor cells (Margolick et 

al., 1985). On the basis of these and other relevant observations Aranda-Anzaldo 

(1991) has postulated that an active CD8+ T lymphocyte population causes down­

regulation of the persistently activated CD4+ cells in an antigen-stimulated host 

leading to a state of immune over-suppression (Aranda-Anzaldo,1991). CD4+ cell 

counts therefore decline with consequent decrease in cytokines essential for the 

activation of macrophages and NK cells. The patient with a renal allograft is also 

subjected to chronic antigenic stimulation (Bencini et al., 1993) and the role of CD8+ 

suppressor T-cell in the development of the opportunistic infections and neoplasms 

such as Kaposi’s sarcoma needs to be investigated despite the findings of reduced
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CD8+ T cells. An alternative proposal for the T-cell abnormalities seen in AIDS 

patients was proposed by Margolick and Donnenberg (1997) and independently by 

Adleman and Wofsy (1996) who coined the term “blind T-cell homeostasis”. This 

hypothesis proposes that as the number of CD4+ cells decline in HIV infection they 

are gradually replaced by CD8+ cells maintaining the T-cells counts unchanged. In 

our immunosuppressed patients this phenomenon has not been observed 

presumably because of the influence of the immunosuppressive agents.

Harwood et al. (1979) were the first to postulate and test the role of 

immunosuppression in the aetiology of Kaposi’s sarcoma in renal transplant 

recipients. They found that on mitogenic stimulation, the responses of the patients 

were reduced compared to controls. However, these responses normalised once 

the patients were in remission. They therefore concluded that the immunological 

deficiency was secondary to the presence of the tumour. Our studies were 

performed when the Kaposi’s sarcoma patients had been in remission for several 

months to years. The patients demonstrated a depressed response when compared 

to controls on the same immunosuppressive regimen. Our observation therefore 

refutes the postulate that Kaposi’s sarcoma was causing the immunosuppression. 

We contend that patients who developed Kaposi’s sarcoma were relatively more 

immunocompromised as suggested by Bencini et al. (1993). Friedman-Birnbaum et 

al. (1991) studied T lymphocyte subsets, CD4/CD8 ratio and natural killer cell activity 

in 28 patients with classic Kaposi’s sarcoma. The CD4+ and CD8+ lymphocytes as 

well as the CD4+/CD8+ ratio were normal in virtually all their patients. Indeed, in 

some of the patients with more extensive disease, the CD8 T-cell count was at the 

upper ranges of normal. It would seem that depression of cellular immunity might 

play a role in the development of iatrogenic Kaposi’s sarcoma, but not necessarily in 

classic Kaposi’s sarcoma. This observation is supported by some earlier studies in 

patients with classic Kaposi’s sarcoma that cellular immunity was not significantly 

impaired (Kamal et a/.,1995;Meneghini et al., 1975). These studies were however, 

small and uncontrolled.

Delayed Type Hypersensitivity (DTH)

Delayed type hypersensitivity (DTH) response is a complex immune function that 

can be used to determine in vivo T-cell function. It is a complex response requiring
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antigen processing, antigen specific T-cells and the recruitment of monocytes and 

macrophages (Lane et al., 1985b). In all our patients the delayed type 

hypersensitivity was impaired in that not a single patient responded to Candida 

albicans antigen and only 4 responded to tuberculin. The lack of response to 

Candida antigen could be lack of exposure to the antigen (unlikely) or it could reflect 

T cell anergy. Fleischer (1996) recommends the use of more than one antigen for 

DTH skin testing. A combination of 2 or 3 antigens should elicit at least one positive 

reaction in a normal adult (Birx et a/.,1993;Phillips et al., 1991). Master and Taylor 

(1970) found impairment of DTH reaction in patients with endemic Kaposi’s sarcoma. 

Delayed type hypersensitivity impairment in our patients was related to the use of 

immunosuppression and Kaposi’s sarcoma patients were not unduly compromised. 

In fact, all 4 positive tuberculin reactions occurred in the Kaposi’s sarcoma patients 

and all were nonwhite, a group particularly prone to tuberculosis in the Western 

Cape (Szende et al., 1997). On the other hand, the ability of Kaposi’s sarcoma 

patients to mount a DTH response to tuberculin, may indicate selective 

immunostimulation as suggested by Prehn (1996) and Levy (1983), which may have 

made them more prone to Kaposi’s sarcoma.

NATURAL KILLER (NK) CELLS

Natural killer cells represent the third arm of the lymphocyte system, distinct from the 

B and T cells. The natural killer cells are large granular lymphocytes that mediate 

non-human leucocyte antigen (HLA) restricted cytotoxicity. They are able to kill a 

wide range of target cells including malignant cells and cells infected with bacteria 

and viruses (Spits et al., 1995). In addition, NK cells produce an array of cytokines 

such as interferon-y that are involved in the elimination of intracellular pathogens as 

well as in the generation of antigen specific immune responses.

Deficiency in natural killer cell function has been observed in a patient with recurrent 

herpesvirus infections emphasising the importance of natural killer cells in host 

defences against this group of DNA viruses (Biron et al., 1989). There is evidence 

that natural killer cells also mediate allograft rejections (Fleisher,1996). 

Abnormalities of natural killer cells may well represent the primary defect
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predisposing patients to the development of malignancies. Our study has clearly 

shown a marked reduction in the number of natural killer cells in all transplant 

patients enhancing susceptibility firstly, to herpesvirus infection and secondly, to the 

development of neoplastic transformation. Experimental evidence has established 

that natural killer cells play a significant role in the first line of defence against 

neoplastic cells (Stevenson et al., 1993). Although we quantified natural killer cells 

by fluorescence-activated cell sorter (FACS) analysis (of CD16 and CD56 bearing 

lymphocytes) future avenues of investigation should include in vitro functional testing 

of natural killer cells by evaluating activity in a standard cytotoxic assay with labelled 

cell lines as targets (Whiteside et al., 1992). Alternatively, antibody dependent 

cellular cytotoxicity (ADCC) should be assessed (Whiteside et al., 1992). 

Lymphocyte-activated killer (LAK) cells are natural killer cells that have been 

exposed to IL-2 which increases the level of cytotoxicity and range of susceptible 

target cells (Grimm et al., 1982). This, together with interferon enhancement of 

standard natural killer cell activity represent additional tests which can be performed 

to complete the study of this population of cells (Grimm et a/.,1982;Weigent et 

al., 1983;Whiteside et al., 1990).

Cyclosporine inhibits IL-2 production via the calcineurin pathway (Kahan,1989; 

Schreiber et al., 1992). The influence of cyclosporine on natural killer cells may well 

result in depression of LAK formation thus accounting for the increased incidence of 

both viral infections and malignancies in cyclosporine treated patients. Patients with 

AIDS typically have normal numbers of NK cells in the peripheral circulation but 

defective NK cell activity. However, in vitro cultivation of the lymphocytes of these 

patients with IL-2 results in marked enhancement of NK cell activity suggesting that 

in AIDS patients there is defective induction that is normally provided by the CD4+ 

cell (Rook et al., 1985). There appear to be no studies that specifically address the 

issue of NK cell numbers and function in Kaposi’s sarcoma patients.

Recent studies have demonstrated that interaction with the MHC class I molecules 

on target cells can turn off NK cell mediated cytotoxicity (Blery et al.,2000; 

Lanier, 1998; Long, 1999). In the absence of appropriate interaction between NK cell 

receptors and MHC class I molecules, NK cells can exert their cytolytic function. 

Therefore, NK cells eliminate autologous cells that present quantitative or qualitative
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alterations of MHC class I (Garrido et al., 1997). On the other hand, activating 

signals for NK cells may be initiated by many different adhesion or costimulatory 

molecules (Bakker et a/.,2000;Bottino et a/.,2000). The B7 family and intercellular 

adhesion molecule -1 (ICAM-1) can function as ligands for NK cell mediated 

cytotoxicity-activating receptors (Azuma et a/.,1992;Dang et al., 1990;Galea-Lauri et 

a/.,1999;Wilson et a/., 1999). The strength of this response has been shown to 

override the negative signaling between NK cell receptors and the MHC class I 

molecules (Chambers et al., 1996). A novel effect of HHV-8 has recently been 

demonstrated on the NK cell. The K5 molecule of HHV-8 has been shown to 

downregulate the MHC class I receptor (vide supra). However, although MHC class 

I downregulation may protect KSHV-infected cells from cytotoxic T lymphocyte 

recognition, these cells still become potential targets for natural killer (NK) cell- 

mediated lysis: Ishido et al. (2000a) have elegantly demonstrated that K5 

downregulates ICAM-I and B7, which are ligands for NK cell-mediated cytotoxicity 

receptors. This is a novel viral immune evasion strategy where KSHV K5 achieves 

immune avoidance by downregulation of cellular ligands for NK cell-mediated 

cytotoxicity receptors. Consequently, virus-infected cells are protected from 

destruction by innate effector cells.

MONOCYTE-MACROPHAGE FUNCTION
Monocyte-macrophage function was not addressed in this study but there is 

mounting evidence of the important role played by this group of cells in the 

development of Kaposi’s sarcoma (Ensoli et a/.,1998;McGrath,1996). Macrophages 

are critical for antigen processing and phagocytosis of particulate matter including 

organisms with antibody attached to them (Delves et al.,2000). These are efficiently 

ingested through Fc receptor-mediated phagocytosis (McGrath, 1996). 

Macrophages express the CD4 cell surface marker (Rook et al., 1985) and the cell 

can be infected by HIV both through this marker and the Fc receptor (Takeda et 

al., 1990). Unlike the infected CD4+ T-cell which dies when the HIV replicates the 

macrophage survives for prolonged periods (Crowe et al., 1987). The numbers of 

these cells are maintained until HIV disease is far advanced although this cell 

population is functionally impaired. There is reduced ability to phagocytose (Crowe
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et al., 1994), to present antigen (Ennen et al., 1990), to respond to chemoattractants 

(Poli et al.,1985; Smith et al., 1984) and to disrupt normal cytokine expression (Roy et 

al., 1988). Some of these abnormalities may be related to the blockade of the Fc 

receptor by excess immune complexes (McGrath, 1996). In AIDS patients a number 

of diseases are associated with HIV-infected macrophages including dementia and 

large cell lymphoma. Both these conditions are associated with the production and 

release of cytokines that have a detrimental effect on the host tissue. In a clonal 

form of HIV associated with early stages of Kaposi’s sarcoma, macrophages that 

express HIV also expressed basic fibroblast growth factor, IL-6 and HIV tat (McGrath 

et al., 1995). The macrophages that expressed HIV also co-expressed basic 

fibroblast growth factor, IL-6 and HIV tat. These cytokines are all associated with 

spindle-cell proliferation, the malignant cell found in Kaposi’s sarcoma (Ensoli et 

al., 1998). A new model of tumourigenesis termed sequential neoplasia has been 

suggested (McGrath et al., 1995). In this model HIV integration would cause 

malignant transformation of the infected macrophage to occur. The type of 

secondary neoplasia that the individual patient would be at risk of developing would 

depend on where the HIV is integrated within the macrophage population (Shiramizu 

et al., 1994). No studies on the role of the macrophage in posttransplant patients

have been undertaken but the exciting developments in epidemic Kaposi’s sarcoma
i

promises to enhance understanding of the underlying pathophysiology of Kaposi’s 

sarcoma. This is another potentially fruitful area of research.

SUMMARY

• T cell function and (possibly NK cell activity) may be more severely impaired in 

patients who are prone to develop Kaposi’s sarcoma following renal 

transplantation. This may explain the failure of these patients to develop acute 

rejection following reduction of immunosuppression. It is unlikely that Kaposi’s 

sarcoma causes immunosuppression perse.

• B cell and NK cell counts are the most profoundly depressed.
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• Serum immunoglobulin level abnormalities are common, but invariably 

associated with hypo-albuminaemia.

• The tuberculin skin test may possibly be an early clue to identify patients who 

may be at risk of developing Kaposi’s sarcoma.

Recommendations

• Immunosuppressive protocols should allow for the reduction of 

immunosuppression as early as possible.

• Since it is impractical to monitor the T cell function in allograft recipients, clinical 

suspicion of neoplasms should be high.
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Chapter 16

THE ROLE OF 
IMMUNO SUPPRE S SI VE 

AGENTS

Sustained immunosuppression is associated with an increased propensity for 

malignancy; this remains the price that the renal transplant patient is obliged 

to pay for the privilege of a functioning allograft (London et 

a/.,1995;Penn,1987b;Suthanthiran et a/.,1994;Yokoyama et al., 1991). The risk of 

cancer after renal transplantation was recognised soon after the establishment of 

renal transplantation as a routine therapeutic option (see Chapter 5). The agents 

used initially were azathioprine and/or cyclophosphamide, prednisone or 

prednisolone, and occasionally anti lymphocyte globulin (ALG) (Beveridge et 

a/.,1984;Cockburn,1987;Penn,1987b). The introduction of cyclosporine into routine 

clinical practice in the early 1980s revolutionised solid organ transplantation but also 

raised fears of its oncogenic potential (Penn,1987b;Penn,1987a;Penn et al., 1988). 

However, subsequent experience with the drug has allayed these fears as the 

incidence of malignancies with this agent was comparable to conventional treatment 

with azathioprine (Cockburn, 1987; Penn,1982; Penn,1986a; Penn,1987a). The
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immunosuppressive armamentarium was further broadened by the introduction of 

various monoclonal antibodies (of which OKT3 was the most widely used) and 

mycophenolate mofetil. The introduction of these agents meant that patients were 

often receiving up to 5 different agents in different combinations over short periods of 

time (Penn,2000). However, current evidence suggests the newer agents were not 

associated with any significant change in posttransplant malignancies. A recent 

study compared the malignancies observed in patients treated with tacrolimus and 

with cyclosporine (Jonas et a/.,1997;Wiesner,1998). There was little difference in the 

type of tumours or rates of tumor development. Indeed they differed little from those 

reported previously when azathioprine-based regimens were compared to 

cyclosporine-based regimens (Penn, 1996a). However, with the recently introduced 

agents care needs to be exercised in the interpretation of the data. Posttransplant 

cancers appear an average of 5 years after transplantation and the length of follow- 

up of many patients on mycophenolate mofetil falls well short of this figure 

(Penn,2000).

MECHANISMS OF ONCOGENICITY
It is likely that a number of aetiological factors contribute to the development of 

malignancies in renal transplant patients who are immunosuppressed; lesions are 

likely the result of a complex interplay between these factors rather than due to 

single factor.

Immunological surveillance

The reason for the increased oncogenicity associated with the use of 

immunosuppressive has defied explanation. In the early 1960s the "immunologic 

surveillance" theory gained popular following (Burnet, 1970;Thomas, 1959). This 

theory contended that neoplastic cells arise repeatedly throughout the life of an 

individual but that these clones of cells are detected and destroyed by the host 

cellular immune response. The logical corollary to this theory is that any suppression 

of the cellular immune system would be accompanied by an increase in clinically 

overt malignancies. Based on this reasoning it was hypothesized that patients on 

immunosuppressive drugs would experience an extremely high rate of almost all 

forms of cancer (Hoover, 1977). However, although our own observations and those
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of others have confirmed the increased incidence of malignancies in 

immunosuppressed patients, the increase has only been in certain types of tumours, 

that are rare in the general population; the incidence of tumours that occur 

commonly has remained unchanged, thus placing some doubt on the veracity of the 

“immunologic surveillance" theory (Flattery, 1998; Kehinde et a/.,1994; Min et 

a/.,2000; Penn,1981; Penn,1984; Penn,1986b; Penn,1989b; Schmidt et a/.,1996). 

An additional factor that involves the immune system, is the chronic antigenic 

stimulation that results in a constant immunological battle between the host and the 

allograft (Penn,1982), which may also activate oncogenic viruses (Hoover,1977; 

Swift, 1996).

Chronic glomerulonephritis

Several other hypotheses can be offered to explain the excess of malignancies in 

renal allograft recipients. One is that most of the recipients of renal allografts were 

victims of chronic glomerulonephritis and that chronic glomerulonephritis is an 

autoimmune disease, with the latter condition known to be associated with an 

increase in cancers. However, the current evidence fails to show an excess of 

cancer risk according to the recipients' renal disease (Hoover, 1977).

Uraemia

Chronic uraemia is a state of immunosuppression in itself (Birkeland,1976), and this 

has been suggested as a possible reason for the excess of tumours. However, 

studies comparing the risk of malignancies in patients on dialysis have been 

contradictory with some showing an increased incidence (Herr et a/., 1979; Kinlen et 

a/.,1980; Lindner et a/.,1981; Matas et a/.,1975a; Miach et a/.,1976; Pecchini et 

a/.,1983; Sutherland et a/.,1977) and others little or no increase (Bush et a/.,1984; 

Kramer et a/., 1984; Slifkin et a/., 1977). Most of the former group of studies indicate 

that in contrast to the experience in renal transplant recipients, the types of 

malignancies encountered in dialysis patients are the same as those encountered in 

the general population, but with a high incidence of genitourinary tumours (Kramer et 

a/.,1984;Sheil et a/., 1985). This plethora of conflicting findings means that "no 

scientifically justified conclusions can be drawn from such heterogeneous data 

derived from such diverse and unrelated groups of patients . . .To clarify this issue a 

well conducted study is needed, and indeed is long overdue." (Pateras,1985).
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Oncogenic viruses

There is convincing laboratory evidence that the immunosuppressive drugs facilitate 

infections with oncogenic viruses (Lopez et al.,1974). In addition it is relatively easy 

to obtain oncogenic viruses from the serum and urine of renal transplant patients 

(Matas et al., 1975b). This is in keeping with the observation that the cancers that 

are particularly prevalent in our own patients (Kaposi's sarcoma and skin carcinoma) 

are ones that putatively are caused by oncogenic viruses. The short latent period of 

malignancies such as Kaposi's sarcoma and lymphoma is in keeping with a viral 

aetiology. There are two possible sources of oncogenic viruses in 

immunosuppressed patients: firstly, an immunological reaction may activate latent 

endogenous oncornaviruses (Armstrong et al., 1973) and secondly, exogenous 

oncogenic viruses may become established in individuals with impaired immune 

defenses (Centres for Disease Control,1982; Gottlieb et al., 1983; Penn,1982; 

Penn, 1986a; Selik et al., 1987).

Direct oncogenicity

Immunosuppressive agents may be directly oncogenic. It has been demonstrated 

that these agents cause chromosomal breaks, nuclear abnormalities, cytologic 

dysplasia, and are teratogenic in man and animals but a direct oncogenic effect of 

these compounds remains to be proven (Penn,1977;Penn et al., 1988). These agents 

may operate through another mechanism (Penn, 1977). Extensive in vitro studies 

have demonstrated that the agents commonly used to obtain immunosuppression in 

clinical transplantation enhance the oncogenic potential of physical or chemical 

carcinogens and of oncogenic viruses (Penn,1989b;Penn,1991a;Penn,1993) as well 

as accelerating metastatic growth (Albert et al., 1962; Allison et al., 1968; Baserga et 

al., 1954; Casey,1968; Penn,1980; Schwartz et al., 1966). In experiments with 

hairless mice, chronic azathioprine administration enhanced the oncogenic effects of 

ultraviolet light in causing skin cancers (Koranda et al., 1975). At the same time, the 

prevailing state of immunosuppression also decreases the ability of the immune 

system to reject the cancers (Penn,1980;Starzl et al., 1971). Virtually all cytotoxic 

drugs are immunosuppressive which raises the question whether they are 

carcinogenic through their immunosuppressive properties or by direct effect on 

susceptible cells (Harris et al., 1976; Penn,1974; Penn,1978; Penn,1982; 

Penn, 1986a; Rosner et al., 1982). In vitro studies have, unfortunately, produced
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conflicting results and the matter remains unresolved (Gleichmann et 

a/.,1973;Grundmann et a/.,1973;Schmahl,1977). As regards direct carcinogenicity of 

the commonly used agents, most experimental evidence showed that carcinogenicity 

occurred in the presence of physical or chemical agents, foreign proteins, viral 

infections or in animals such as the NZB mice that suffer from autoimmune diseases. 

However, most agents did not cause spontaneous malignancies when administered 

singly (Hattan et a/.,1971;Koranda et al., 1975).

State of immunosuppression

There is some evidence that instead of being related to any individual 

immunosuppressive agent or cocktail of agents, cancer development is linked to the 

immunosuppressed state per se which, among other factors enhances the 

susceptibility of transplant recipients to a variety of virus-related tumours 

(Penn,2000). This contention is supported by the observation of malignancies in two 

other conditions associated with immunosuppression. In naturally occurring 

immunosuppressive states, there is a 100-fold increase risk of lymphomas, which 

have similar characteristics to posttransplant lymphoproliferative disease 

(Penn,1996b). In AIDS, the risk of certain cancers, especially Kaposi's sarcoma, 

non-Hodgkin's lymphoma and uterine cervical cancer is greatly increased 

(Penn,1996b).

The rest of this chapter is a review of the immunosuppressive agents routinely used 

in our patients with special attention to the mechanism of oncogenesis; it will also 

specifically review the impact of the conventional treatment with that of cyclosporine 

on the development of cancer in renal allograft recipients.

CYCLOSPORINE
Historical background

The history of cyclosporine dates back to the summer of 1970 when a fungus 

classified as Tolypocladium inflatum Gams a member of the Fungi imperfecti family 

was discovered on the inhospitable plains of Hardanger Vidda, in Southern Norway 

(Kahan,1999). It was found that the fungus produced a cyclic undecapeptide that 

had unique immunosuppressive properties (Borel et al., 1976). The first clinical trials
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by Sir Roy Caine (1978) with the new agent, named cyclosporine A, yielded 

encouraging results. However, the nephrotoxic potential of the new drug and its 

narrow therapeutic window became apparent very early.

Mechanism of Action (Fig. 16-1)

Cyclosporine selectively inhibits the synthesis of intereukin-2, interferon-y and other 

lymphokines (Yoshimura et a/., 1986), and to a lesser extent the proto-oncogenes c- 

myc and c-fos and cytokine receptors (Granelli-Piperno et a/.,1986;Granelli- 

Piperno,1990). The site of action of cyclosporine within the cell has been localised 

to the cytoplasm with no effect on membrane-associated signaling or events that 

occur after gene activation (Kahan,1989).

Intracellular action The cytosolic protein cyclophilin has been identified as the 

cellular receptor for cyclosporine (Harding et a/.,1986;Ryffel et al., 1992). Upon 

binding to cyclophilin, the cyclosporine undergoes a marked conformational change 

resulting in a polar exterior surface. The cyclophilin-cyclosporine complex then binds 

to and inhibits calcineurin, a calcium- and calmodulin-dependent serine-threonine 

phosphatase (Liu et al., 1991) that has been shown to participate in signal 

transduction (Clipstone et al., 1992;0'Keefe et al., 1992). Inhibition of the 

phosphatase activity of calcineurin is central to the immunosuppressive activity of 

cyclosporine (Fruman et a/.,1992;Liu et a/.,1991). Inhibition of the phosphatase 

activity of calcineurin prevents the activation of nuclear factors involved in the 

regulation of transcription of genes encoding interleukin-2 and other cytokines 

(Faulds et a/.,1993;Schumacher et al., 1992). Cyclosporine potently inhibits the 

activation and DNA binding of nuclear factor in activated cells (NF-AT), activator 

protein 3 (AP-3) as well as nuclear factor kB (NF-kB). These proteins bind to 

regulatory sites on the human interleukin-2 enhancer allowing the genes to be 

transcribed by upregulation of m-RNA (Emmel et al., 1989;Mattila et al., 1990). 

Calcineurin has also been shown to be a component in the signal transduction 

pathway leading to activation of the interleukin-2 enhancer (O'Keefe et al., 1992). 

Inhibition of these nuclear factors blocks the activation of the interleukin-2 gene thus 

inhibiting interleukin-2 production.
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F/q. 16-1 Schematic representation of the biochemical events associated with T-cell 

activation and the possible site o f action of cyclosporine. See text for details. 

Modified from Faulds et al. (1993).

a  =  activated; AP = activation protein; Ag = antigen; C = cyclosporine; CD = cluster designation; IL-2 

= interleukin-2; IL-2R  =  interleukin-2 receptor; MHC II = major histocompatibility complex II; mRNA =  

messenger RNA; PKC  =  protein kinase C; PLC  =  phospholipase C; TCR = T-cell receptor; TK = 

tyrosine kinase; T Ca** = increased calcium.

New evidence The conventional explanation of the mechanism of action of 

cyclosporine and that of cyclosporine-associated cancer development has recently 

been challenged by Hojo et al. (1999). The conventional mechanism of action of 

cyclosporine has been discussed above and has been extensively reviewed 

(Rao,1995;Schreiber et al., 1992) (Fig. 16-2). There are some limitations to this 

explanation of the mechanism of action of cyclosporine. In vitro studies have
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Fid. 16-2 Summary of cyclosporine action at the cellular level. From Nabel (1999).

demonstrated that when the key cytokine, interleukin-2 is disrupted in transgenic 

animals, the effect on immune function is not the same as treatment with 

cyclosporine (Contractor et al., 1998;Horak et a/.,1995;Kundig et a/.,1993;Schorle et 

al., 1991). A second important observation is that when another molecule in the 

proposed pathway, NF-AT, is knocked out, the effects do not match those of 

treatment with cyclosporine (Xanthoudakis et al., 1996). It has also been held that 

cyclosporine-associated cancers result from the failure of the host immune system to 

eliminate cancerous cells because the use of cyclosporine impairs the ability of the 

immune system to detect and respond to protein associated with the malignancy 

(Kahan,1989;Masuhara et a/.,1993;Shimizu et al., 1989;Van de Vrie et a/.,1997;Van 

der Elst et al., 1986).

Hojo et al. (1999) performed some very elegant experiments that showed that 

cyclosporine induces phenotypic changes, including invasiveness of non­

transformed cells, by cell autonomous mechanisms (Figs 16-3 to 16-6). Their 

studies showed that cyclosporine treatment of adenocarcinoma cells causes striking 

morphological changes. These alterations include membrane ruffling, increased 

pseudopodial protrusions, increased cell motility, and anchorage-independent 

(invasive) growth. Even more striking, was their demonstration that these alterations 

could be prevented by antibodies directed against transforming growth factor-p 

(TGF-p). In addition, in vivo studies performed in immunodeficient SCID-beige rats,
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Fiq. 16-3 Scanning electron microscopy shows the striking morphological changes 

observed following treatment in cells of non-transformed pulmonary adenocarcinoma 

cell line (A-549) with cyclosporine. Untreated A-549 cells have a cuboidal epithelium 

and non-invasive appearance (a, b), whereas cells that are treated with cyclosporine 

show invasive characteristics, which include marked membrane ruffling and the 

formation o f pseudopodia (c, d). The use of anti-TGF-p antibodies prevented the 

cyclosporine-induced phenotypic changes (e, f), while TGF-J3i induced morphological 

changes that were similar to those caused by cyclosporine (g, h). From Hojo et al.

(1999)
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Fiq. 16-4 Cells capable o f invasiveness display exploratory pseudopodia. These 

scanning electron micrographs show A-549 cells grown on two different sized 

polycarbonate membrane filters (0.4um and 3.0 um) in the absence (a, c) and 

presence of cyclosporine (b, d). Those grown with cyclosporine showed increased 

motility. From Hojo et al. (1999).
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F/q. 16-5 Anchorage-independent growth in vitro is a marker o f invasive tumour 

growth. In this experiment phase-contrast microscopy showed that untreated A-549 

cells retained their shape and remained suspended in the culture medium whereas 

cyclosporine-treated cells spread and proliferated strongly on the gel (a, b). To 

show the behaviour of the pseudopodia better, vertical sections of the gel were done, 

which showed that fully grown pseudopodia o f the cyclosporine-treated cells 

penetrated the gel-layer and extended vertically into the gel plate (d) in contrast to 

control A-549 cells that had no pseudopodial extensions (c). From Hojo et al. (1999).
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Fiq. 16-6 Cyclosporine was demonstrated to promote the invasive behaviour of 

renal cancer cells and promote tumour growth in vivo. This scanning electron 

micrographs show renal adenocarcinoma cells incubated without (a) and with 

cyclosporine (b). The lungs retrieved from untreated SCID-beige mice (c) and from 

mice treated with cyclosporine showing cyclosporine-associated increase in renal 

cell cancer in pulmonary metastases (d). From Hojo et al. (1999).
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Fiq. 16-7 A summary of the potential mechanisms for cyclosporine-associated 

tumour progression in transformed cells. See text for details. From Hojo et al.(1999).

showed that cyclosporine enhanced the growth of tumours. Anti-TGF-p monoclonal 

antibodies, but not control antibodies, prevented the cyclosporine-induced spread of 

metastases. This contribution of Hojo et al. (1999), suggests that TGF-p not only 

has an effect on the immune system but also alters the behaviour of malignant cells 

as indicated above. These observations indicate that treatment with cyclosporine 

does not increase tumour growth indirectly by failure of the immune system but 

rather directly through a non-immune mechanism that acts on the tumour itself via 

TGF-p receptors (Nabel,1999) (Fig. 16-7). These provocative findings challenge the 

views of others that cancers in immunosuppressed patients is a function of the 

degree of immune suppression rather than that of a particular compound or 

combination of agents (Penn,2000).
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Following the work of Hojo et al. (1999)(Figs. 16-3 to 16-7), and other groups an 

alternative explanation for the action of cyclosporine has been proposed 

(Nabel,1999). It is known that cyclosporine stimulates the production of TGF-p by 

an as yet unknown mechanism(s) (Khanna et a/.,1994;Li et a/.,1991). This 

observation explains some of the mysterious side-effects of cyclosporine, for 

example, the hepatoxicity, and the thickening and scarring of the kidneys and skin — 

an effect seen also with increased TGF-p (Border et al., 1994). TGF-p is a well- 

known and potent immunosuppressive and the cyclosporine action may well be 

mediated through increased production of this cytokine (and perhaps the inhibition of 

others) (Kehrl et a/.,1986;Roberts et al., 1993).

Caveats There are some caveats that need to be borne in mind in the interpretation 

of the data presented by Hojo et al. (1999). The studies of the group involved cells 

that were already transformed and whether cyclosporine has a similar effect on pre- 

cancerous cells is uncertain. It was also never proven that cyclosporine can induce 

the transformation of cells from a normal to a malignant state. The data does 

however very strongly suggest that the cyclosporine can potentially exacerbate 

tumour growth if used in patients with an underlying malignancy (Hojo et a/.,1999).

Other in vitro studies o f oncogenicity o f cyclosporine There are also a variety of 

animal experiments that have demonstrated the oncongenic potential of 

cyclosporine. In syngeneic rats the administration of cyclosporine promoted the 

development of liver metastases after the intraportal injection of colon cancer cells 

(Van der Elst et al., 1986). Cyclosporine potentiated ultraviolet radiation-induced 

malignancies to proliferate following their transplantation into syngeneic mouse 

recipients probably via its capacity to enhance the dominance of suppressor T-cell 

controlled immune responses (Servilla et al., 1987). It has been demonstrated that 

the administration of cyclosporine to immunocompetent rodents permits the growth 

of xenografts of human cancers (Bennett et a/.,1985;Goodman et 

a/.,1987;Lockshin,1987;Otto et al., 1987). In other studies cyclosporine has caused 

an eight-fold increase in the incidence of thymic lymphomas in mice (that normally 

have a low spontaneous rate of lymphomas) when pretreated with a small dose of N- 

methyl nitrosurea (MNU), a known carcinogen (Shinozuka et al., 1986). Other
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studies have shown that cyclosporine markedly accelerates the induction of thymic 

lymphomas in AKR mice, that naturally have a high incidence of this tumour and this 

may be due its acting as a tumour promoter (Hattori et al., 1986). Rats fed 

cyclosporine develop lymphoproliferative lesions that closely resemble that seen in 

man both in their affinity for gut-associated lymphoid tissues and their morphological 

appearance (Demetris et al., 1984). When these experiments were extended by 

adding MNU to the oral cyclosporine then adenocarcinomas of the bowel occurred in 

60% of treated patients compared to 8% of control animals (Perera et al., 1986). 

Some 12% of non-human primates treated with varying doses of cyclosporine 

developed lymphomas after transplantation of heart and lungs, with the presence of 

a herpes-like virus in the malignant cells (Penn et al., 1988). In summary, animal 

studies also suggest that cyclosporine promotes the development of tumours 

whether spontaneous, transplanted, chemically, or virally induced.

Humans, cyclosporine and cancer The carcinogenic effect of cyclosporine on 

humans however is poorly understood. In vitro studies of human cells have shown 

that cyclosporine induced sister chromatid exchanges (Yuzawa et al., 1986). 

However, the doses of cyclosporine used were much higher than those used 

clinically (Penn,1987b). In studies of peripheral blood lymphocytes of patients 

treated with azathioprine or cyclosporine for more than 1 year, 62% of patients under 

azathioprine showed chromosomal aberrations compared to 68% under 

cyclosporine, suggesting that both agents can be regarded as potentially 

carcinogenic (Goodman ef a/.,1987).

STEROIDS
Mechanism of actions

Corticosteroids exert a variety of actions but those most important to transplantation 

include generalised anti-inflammatory effects, as well as the disruption of antigen 

presenting cell (APC) functions that are necessary for the initial recognition functions 

of the immune response (Kahan and Ponticelli, 2000). The main anti-inflammatory 

effect of steroids is to dampen the interleukin-1 and interleukin-6 costimulatory 

activity; to dampen the synthesis of pro-inflammatory molecules —  platelet activating 

factor (PAF), prostaglandins, leukotrienes —  as well as the release of tumour
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necrosis factor a (TNF-a); to dampen the chemotactic, oxygen burst and cytotoxic 

activities of elements of non-specific resistance; and to stabilize the membranes of 

cells reagarded as targets of immune responses (Kahan and Ponticelli, 2000). A 

generally recognised mechanism of action of steroids in all tissues is the stabilisation 

of the inhibitory factor Ik B, thereby blocking generation of nuclear factor (NF-kB), a 

proinflammatory regulatory factor for cytokine gene transcription. Cortisone binds to 

cytosolic receptors that are present in variable amounts in all cells type, producing 

complexes that migrate into the nucleus. Here it interacts with specific DNA 

sequences in a glucocorticoid receptor element (GRE), a promoter region of specific 

target genes, thereby modulating their transcription (Ashwell et a/.,2000). Dimers of 

steroid-receptor complexes joined head-to-head form a loop binding to the DNA 

sequence at the one end and another copy of the receptor at the other (Torchia et 

a/., 1997). DNA and receptor complexes interactions can have one of three 

consequences: upregulation of gene expression; downregulation of gene expression; 

or interference with the binding of specific regulatory molecules such as Jun-Fos, 

that form the activator protein-1 (AP-1) transcription element. The last mechanism 

explains the inhibitory effect of steroids on genes that have no obvious regulatory 

GRE. Following binding of the steroid to the receptor, the complex enters the 

nucleus where it interacts with transcription factor AP-1, and prevents its association 

with the nuclear factor of activated T-cells (NF-AT), thereby inhibiting the promoter 

functions for proinflammatory cytokines (Kahan and Ponticelli, 2000). Steroids also 

inhibit NF-kB production by promoting the induction and stability of IkB. During T- 

cell activation IkB kinase phosphorylates IkB, which is ubiquinated and then 

degraded, releasing NF-kB to migrate into the nucleus (Auphan et 

a/.,1995;Scheinman et a/., 1995). Little is known of specific mechanism(s) if any, of 

oncogenesis of corticosteroids beside the ones discussed above.

AZATHIOPRINE

The use of azathioprine as an immunosuppressive for solid organ transplants was a 

watershed in the development of clinical transplantation. In the New York 

laboratories of Burroughs Wellcome, Hitchings and Elion started a program to 

deliberately substitute purines and pyrimidines to produce molecules that would be 

falsely incorporated in vital biological processes but then poison the cells and
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prevent their division (Hitchings et al., 1954). One of these agents was 6- 

mercaptopurine, which was used by Schwartz and Dameshek (1959) (Schwartz et 

al., 1959) in experiments to inhibit the clonal proliferation of lymphocytes that occurs 

in response to antigenic stimulation. Caine tested the drug in dogs and found that it 

improved renal allograft survival (Caine et al., 1962). Hitchings and Elion 

subsequently provided Caine with a new variation of the drug, a derivative of 6- 

mercaptopurine later called azathioprine which he found to be a little more effective 

and safer at preventing kidney graft rejection than 6-mercaptopurine itself (Caine et 

al., 1968). Azathioprine in addition displayed more consistent bioavailability than the 

parent drug.

F/'g. 16-8 The metabolism of azathioprine showing the alternative pathway of 

thiopurine methyl transferase (TPMT) vs. 6-thioguanine nucleotides. GST = 

glutathione S-transferase, HGPRT = hypoxanthine-guanine 

phosphoribosyltransferase, XO = xanthine oxidase, IMPDH = inosine 

monophosphate dehydrogenase. Modified from Kahan and Ponticelli (2000).
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Mechanism of action (Fig. 16-8)

Azathioprine, the nitroimidazole derivative of 6-mercaptopurine, acts as a 

competitive inhibitor of both de novo and salvage pathways of nucleoside synthesis. 

The metabolism of azathioprine is complex and still incompletely understood. The 

drug is either converted to 6-mercaptopurine, which is further rmetabolised to 6- 

thiouracil, or alternatively to 6-thioinosic acid and 6-thioguanic acid (Kahan and 

Ponticelli, 2000). These intracellular metabolites are thought to be largely 

responsible for the immunosuppressive effects of azathioprine (Brockman, 1963;Tidd 

et a/.,1974a). In common with other purines, the thiopurine intermediates are 

converted by xanthine oxidase to 6-thiouric acid which is eliminated in the urine. 

Xanthine oxidase is present in many tissues but especially the liver. Methylation of 

6-mercaptopurine or 6-thioinosic acid by thiopurine methyl transferase (TPMT) 

produces 6-methyl-mecaptopurine as well as 6-thioguanine, the primary active 

metabolite of azathioprine (Lennard et a/., 1983). Both of these products are 

incorporated directly into nucleic acids as fraudulent bases (Chan et a/., 1987), 

leading to chromosomal breakage, nucleic acid distortion, interference with DNA 

repair (Elion,1967;Tidd et a/.,1974b), and an increased proclivity to malignant cell 

transformation.

Immunosuppression Azathioprine is useful for inhibiting the primary responses but 

has little effect on secondary responses or on the reversal of acute allograft 

rejections. It blocks T-cell activation at the most distal point compared with steroids 

and cyclosporine. It does not prevent initial gene activation but instead powerfully 

inhibits gene replication and T-cell activation. Azathioprine also decreases the 

number of migratory mononuclear cells and polymorphonuclear cells whilst inhibiting 

the proliferation of promyelocytes within bone marrow. As a result the number of 

circulating mononuclear cells capable of differentiating into macrophages is 

decreased. An increased risk of neoplasia is a recognised adverse effect of 

azathioprine administration (Bach et a/.,1986).
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CELLULAR SITES OF ACTION OF IMMUNOSUPPRESSIVE AGENTS 

(Fig. 16-9, Table 16-1)

The immunosuppressive agents have different sites of action in the cell cycle (Fig. 

16-9, Table 16-1). Corticosteroids inhibit T-cell proliferation, T-cell dependent 

immunity, and the expression of cytokine genes (i.e. interleukin-1, interleukin-2, 

interleukin-6, interferon-y, and TNF-a) (Arya et a/.,1984;Knudsen et a/.,1987;Zanker 

et al., 1990). The actions most important to transplantation include the generalised 

anti-inflammatory effects as well as the disruption of the antigen presenting cell 

functions that are necessary for the initial recognition functions of the immune 

system. After antigen signalling, transduction of the message to produce cellular 

activation during the G0 to the Gi phase of the cell cycle is disrupted by the binding 

of OKT3 antibodies. Thereafter cyclosporine disrupts the progression of the 

activation cascade by dampening T-cell production of proinflammatory cytokines 

(Suthanthiran efa/.,1994).

Azathioprine is an anti-proliferative agent that disrupts the S-phase of the cell cycle 

(Elion, 1967). It disrupts nucleoside synthesis required for proliferation, clonal 

expansion as well as the generation of memory cells. The entire army of T-cells may 

be reduced by monoclonal or polyclonal reagents directed toward surface markers 

that are relatively restricted to elements of the immune system.

IMPACT OF IMMUNOSUPPRESSIVE TREATMENT
Our findings were that the overall incidence of malignancies did not increase under 

cyclosporine. Regarding Kaposi's sarcoma under conventional treatment 2.4% of 

patients had the disease compared with 4.3% under cyclosporine. The difference

Table 16-1. Site o f action o f immunosuppressive agents

Site Immunosuppressive Agent

Antigen presentation Steroids

Go to Gi Cyclosporine

S Azathioprine
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Fig. 16- 9. Mechanism o f acute rejection and the cellular site o f action o f the immunosuppressive 

agents. HLA is the main stimulus for the acute rejection episode; cell surface proteins participate in 

the antigenic recognition and signal transduction; the contribution o f cytokines and various cell types 

are illustrated. The possible sites o f intervention are also illustrated. The main sites o f action of 

steroids are prevention o f cytokine production by antigen presenting cells (site 2) and inhibition o f T- 

cell cytokine production (site 4). Cyclosporine inhibit IL-2 production by T-cells (site 4). Azathioprine 

inhibits clonal expansion (site 7). APC = antigen presenting cell, CsA = cyclosporine , aza -  

Azathioprine, IL-2 = interleukin-2, IFN y = interferon-y, NK cells = natural killer cells. Modified from 

Suthanthiran et al. (1994).
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however was not significant. Penn has stated that the use of cyclosporine is not 

associated with an increase in the incidence of malignancies (Penn,2000). However, 

the evidence for this premise is very tentative and based largely on the data 

reported to the Cincinatti Transplant Tumor Registry (CTTR). Since the data is 

dependent on reporting by various centres and the number of patients transplanted 

is not known the actual frequency of malignancies cannot be calculated although the 

relative frequencies can.

Cyclosporine reduces risk of cancer!

For the purposes of this discussion, we reviewed studies from around the world 

comparing conventional treatment with cyclosporine in renal allograft recipients, as 

well as others from which we could calculate the frequency of malignancies and 

identify clearly the treatment received by transplant recipients (Table 16-2). In the 

meta-analysis of the 22 reports, the number of malignancies identified in the 12 783 

patients receiving conventional treatment was 1272 (10%); under cyclosporine of the 

10 242 recipients 356 (3.5%) developed malignancies. This difference is highly 

significant (p = 0.0000, x2-test) and is graphically represented (Fig. 16-10). This type 

of meta-analysis has never been undertaken before and shows convincingly that the 

overall malignancies are significantly less common under cyclosporine than 

conventional treatment. The implications of this observation are quite profound if 

confirmed to be correct.

Kaposi's sarcoma increases under cyclosporine

Using the data reported to the CTTR, Penn has demonstrated a dramatic increase in 

the number of cases of Kaposi's sarcoma with cyclosporine (Penn et a/., 1988; 

Penn,2000), accounting for 11% of all cancer cases compared with 3% under 

azathioprine. We analysed the number of Kaposi's sarcoma cases in the available 

literature diagnosed before and after the introduction of cyclosporine. However, only 

those reports were considered where the absolute frequency of Kaposi's sarcoma 

could be calculated. The number of studies suitable for our analysis was limited. 

Our meta-analysis, which included 7 studies (Fig. 16-11), clearly indicated an 

absolute increase in the frequency of Kaposi's sarcoma from 1.8% under 

conventional treatment to 4.9% under cyclosporine.
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Table 16-2 The influence of treatment on the frequency and latency of

posttransplant malignancies.

Treatment No. of 
patients

No. of CA
cases

Incidence
(%)

Latency (mo.) Reference

Conventional 281 35 12.4 67.4 Montagnino et al., 1996
Cyclosporine 573 41 7.1 Italy
Conventional 305 28 9.2 61 Mihalov et al., 1996
Cyclosporine Illinois
Conventional 2672 39 1.5 29.5 Birkeland,1983

Scandinavia
Conventional 4241 794 18 66 Sheil et al. ,1987 

ANZ
Conventional 133 6 4.5 48 Kehinde et al.,1994
Cyclosporine 359 21 5.8 UK
Conventional 927 35 3.8 67 Vilardell et al., 1992
Cyclosporine 1295 31 2.4 22 Spain
Conventional 396 15 3.8 98.6 Yokota et al., 1994
Cyclosporine 359 6 1.7 45.5 Japan
Conventional 1165 124 10.6 90 Gruber et al.,1994
Cyclosporine 722 34 4.7 37 Minnesota
Conventional 1317 129 9.8 p = NS Gruber et a/.,1991
Cyclosporine 713 15 2.1 Minnesota
Conventional 340 5 1.5 75.6 Bakr et al., 1997
Cyclosporine 610 17 2.8 49.3 Egypt
Conventional 597 49 8.2 91.9 Glover et al., 1994
Cyclosporine 1113 84 7.5 52 France
Conventional 123 8 6.5 86.9 Present Study
Cyclosporine 419 33 7.9 41.3 Stellenbosch
Conventional 80 8 10.0 95 Ritters et al., 1994
Cyclosporine 466 22 4.7 36 Germany
Conventional 380 13 110 Bordes-Aznar et 

al.,1992
Cyclosporine 3 25 Mexico
Cyclosporine 630 12 1.9 52.6 Askari et a/., 1999 

Pakistan
Conventional 100 14 0.75 90.3 (Thiagarajan et 

al., 1998
Cyclosporine 1464 38.5 India
Cyclosporine 1600 5 0.3 36.4 Kim et al., 1998 

Korea
Conventional 193 14 7.3 32.6 Disler et al., 1981 

Johannesburg
Conventional 209 8 3.8 35 Cassidy et al., 1982 

Cape Town
Cyclosporine 867 21 2.4 42.8 Ghods et al.,2000 

Iran
Conventional 109 3 2.8 Min et a/.,2000
Cyclosporine 516 14 2.7 Korea
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Fig. 16-10 Cancer frequency under two treatment regimens
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Drawn from data obtained from references in Table 16-2. 
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Fig. 16-11 Kaposi's sarcoma under two treatment regimens
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E
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Conventional (n = 811)
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Drawn from data obtained from the present study, as well as from Al-Sulaiman MH et a/.,1994;Ecder 

et a/.,1998;Harwood et a/.,1979;Margolius,1996;Qunibi et a/.,1988;Qunibi et al., 1993.

1 x2 test
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The apparent increase in the number of cases of Kaposi's sarcoma experienced by 

Penn, could be due to the decrease in the relative numbers of lesions such a 

lymphomas and skin carcinomas. The cumulative number of patients receiving 

cyclosporine is progressively increasing and since Kaposi's sarcoma is a lesion that 

develops the earliest it is liable to be diagnosed before other lesions have 

developed. We concur with Penn that longer follow-up will be necessary to obtain a 

clearer impression of the frequency of post-cyclosporine malignancies (Penn et 

a/., 1988). That both the absolute and relative frequencies of Kaposi's sarcoma are 

increasing, however, is cause for grave concern.

Pattern of malignancies

The type of immunosuppression used has been associated with an alteration in the 

pattern of tumours (Table 16-3). Conventional treatment was associated with a 

higher incidence of skin malignancies including anorectal, genital, and lip cancers, 

whereas cyclosporine is associated with a higher incidence of Kaposi's sarcoma and 

lymphomas (Penn et a/.,1988; Rao,1998). In our experience skin cancers 

predominated under azathioprine and Kaposi's sarcoma under cyclosporine. Both 

lymphoma cases that we diagnosed in our study occurred under cyclosporine.

Table 16-3 Difference in pattern o f malignancies under different treatment regimens. 

Our own experience compared with that o f the CTTR.

Penn (1988)%1 Moosa (Present Study)2%

Skin cancer:

Conventional 40 55

Cyclosporine 22 28

Kaposi's sarcoma:

Conventional 3 33

Cyclosporine 11 51

Lymphoma:

Conventional 12 0

Cyclosporine 29 6

1 Based on 3139 tumours

2 Based on 44 tumours
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However, it should be recalled that lymphomas were the most frequent initially in 

patients on conventional treatment but the incidence had been decreasing steadily 

(Penn et a/.,1969; Penn et a/.,1971; Penn,1984; Penn,1991b). It would be 

interesting to follow the pattern of lymphomas under cyclosporine over time.

Latency period under cyclosporine

One area where there has been little controversy is the impact of cyclosporine on the 

average time of appearance of malignancies (Fig. 16-12). For reasons that are as 

yet unclear the use of cyclosporine reduces the time by almost 50%. The latency 

period was calculated using data available from studies around the world and 

showed an overall reduction from a mean of 77 months to 39 months. In the case of 

Kaposi's sarcoma the reduction was even more dramatic from 33 months to 14 

months.

Fia. 16-12 Mean interval to first cancer

All Cancers Kaposi's sarcoma

Drawn from data obtained from this study as well Bakr et a/.,1997;Birkeland,1983;Bordes-Aznar et 

a/.,1992;Ghods et a/.,2000;Glover et a/.,1994;Gruber et a/.,1994;Kim et a/.,1998;Noel et 

a/.,1996;Ritters et a/.,1994;Sheil et al., 1987;Thiagarajan et a/., 1998;Vilardell et a/.,1992;Yokota et 

al., 1994 for all cancers latency, and Al-Sulaiman MH et a/.,1994;Ecder et 

a/.,1998;Farge,1993;Harwood et a/.,1979;Qunibi et a/.,1988;Qunibi et al., 1993 for Kaposi's sarcoma 

latency periods.
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LATENCY PERIOD OF TUMOURS
It has become evident that as the length of follow-up of organ transplant recipients 

has increased that certain tumours occur at particular intervals after transplantation 

(Penn, 1989a;Penn,1994a;Penn, 1994b). In contrast to other oncogenic stimuli in 

man, that may take 15-20 years or more to manifest clinically, cancers were 

diagnosed a relatively short time after renal transplantation in our patients. In our 

experience and that of others Kaposi's sarcoma is the first to appear. In Penn's 

experience this occurred at a mean of 22 months with the shortest time being 1 

month (Penn,1999). Lymphomas followed, appearing at an average of 34 months 

after transplantation, while skin cancers appeared at 75 months (Penn,1999). 

Another observation made by this study was that the latent period to the 

development of visceral Kaposi's sarcoma was shorter than Kaposi's sarcoma 

confined to the skin. This observation has never been made before, and may imply 

a more aggressive form of the disease or more severe infection with the putative 

causative virus. It is of note that all these tumours have a putative viral aetiology 

(Kuper et a/.,2000) and this may explain their early manifestation in patients who are 

severely immunosuppressed. The mechanisms whereby viruses cause cancers will 

be discussed elsewhere.

SUMMARY
The nature of the immunosuppressive drugs has been discussed together with their 

cellular and molecular mechanisms of action. The oncogenic potential of the agents 

remains to be proven conclusively although convincing data for cyclosporine is 

starting to accumulate. We have speculated on the possible mechanisms whereby 

these agents may contribute to carcinogenesis.

The clinical application of cyclosporine has manifested in the following ways as 

regards posttransplant malignancies:

• Reduction in the overall frequency of cancers

• Increase in the absolute and relative frequency of Kaposi's sarcoma

• Change in the pattern of malignancies with less skin cancers and more 

Kaposi's sarcoma and lymphomas

• Reduction in the time to the appearance of cancers by almost 50%.
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Chapter 17

SERO-EPIDEMIOLOGY 
OF HHV-8

Overwhelming evidence suggests a key role for the human herpesvirus-8 

(HHV-8) in the aetiopathogenesis of all epidemiological forms of Kaposi's 

sarcoma (see Chapter 14) (Schulz,1998;Weiss et al., 1998). We have also 

shown in the preceding chapters of this thesis that Kaposi's sarcoma is by far the 

most common malignancy in our renal transplant population, as well as that of many 

other developing countries. The question of why this is so, arises. Could it be that 

the high prevalence of Kaposi's sarcoma in our renal transplant patients is due to the 

high prevalence of HHV-8 infection in the general population? There are several 

cross-sectional epidemiological studies supporting the hypothesis that HHV-8 

infection is more prevalent in regions where there is a higher prevalence of Kaposi's 

sarcoma (Cattani et a/.,1999;Cottoni et a/.,1996;Gao et a/.,1996b;Kedes et 

a/.,1996;Kedes et a/.,1997;Lennette et a/.,1996;Lospalluti et a/.,1995;Simpson et 

a/.,1996;Viviano et al., 1997) and that when other factors are also present this can 

contribute to the development of Kaposi's sarcoma. Longitudinal studies, which are
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critical in the evaluation of causality, have shown that HHV-8 infection precedes the 

development of Kaposi's sarcoma (Gao et a/.,1996a;Lefrere et a/.,1996;Whitby et 

al., 1995). The other question that arises that is equally important is how is the virus 

transmitted to transplant recipients? Sexual routes of spread have been implicated 

in epidemic Kaposi's sarcoma (Blackbourn et a/.,1999;Caterino-de-Araujo et 

a/.,1999;Howard et a/.,1997;Kedes et al., 1997;Martin et a/.,1998b;Monini et 

a/.,1996;Simpson et al., 1996;Sosa et al., 1998;Zhang et al., 1998). The strongest 

evidence for sexual transmission of the virus is from studies that show that the 

prevalence of anti,-HHV-8 antibodies is highest in homosexual men living in the hot 

spots of the acquired immunodeficiency syndrome (AIDS) epidemic and that human 

immunodeficiency virus (HlV)-negative homosexual males have a higher 

seroprevalence than heterosexual males (Beral et al., 1990; Rutherford et 

a/.,1989;Wang et al., 1995). In contrast, in endemic Kaposi's sarcoma nonsexual 

routes appear to be the main manner of spread of HHV-8 (Cattani et a/.,1999;Enbom 

et a/.,1999). Little is known about the spread of the virus in renal transplant 

recipients but the donor graft has been suggested as a possible route (Frances et 

a/.,2000;Regamey e ta i, 1998a).

HHV-8 SEROPREVALENCE
Europe and USA

Epidemiological studies have shown that the incidence of Kaposi's sarcoma differs in 

various parts of the world and in different categories of patients with AIDS (Fig. 17-1) 

(Beral et al., 1990), with serology of HHV-8 antibodies generally fitting a similar 

pattern (Weiss et al., 1998). Among all the different categories of AIDS patients from 

North America and Europe, HHV-8 infection occurs most commonly among 

homosexual men and least among haemophiliacs (Lennette et a/.,1996;Simpson et 

al., 1996). Heterosexual acquisition of HIV in Africa is also associated with Kaposi's 

sarcoma. Geographically as well, the detection of HHV-8 antibodies is associated 

with areas such as Greece, Italy and Uganda, which have a high incidence of 

Kaposi's sarcoma (Whitby et al., 1998b). However, areas such as the Western Cape, 

Saudi Arabia and other developing countries, which have a very high incidence of 

posttransplant Kaposi's sarcoma are not traditionally known to be associated with a 

high incidence of Kaposi's sarcoma in the general population (Qunibi et al., 1988).
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Fig. 17-1 The prevalence of antibodies to HHV-8 in various risk groups. The upper 

figure was drawn from data obtained from Simpson et al. (1996) and the lower figure 

from Lennette et al. (1996).
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In a cross-sectional study, Qunibi and his colleagues established that among renal 

transplant patients with Kaposi's sarcoma the prevalence of HHV-8 antibodies was 

93%, compared to 28% among renal transplant patients who did not develop 

Kaposi's sarcoma (Qunibi et al., 1998). The seroreactivity of 28% among renal 

patients, in whom sexual transmission of the virus is considered less likely, is vastly 

greater than the 7% among healthy control subjects and alludes to the possibility of 

acquiring the infection from sources other than the renal allograft. The 7% 

seroprevalence in normal Saudi subjects is similar to that reported in Western 

countries (Davis et a/.,1997;Kedes et al., 1996;Lefrere et a/.,1996;Lennette et 

a/.,1996;Regamey et a/.,1998a;Simpson et a/.,1996;Whitby et al., 1995).

Sub-Saharan Africa

In developing countries the seroprevalence of HHV-8 antibodies is much higher than 

in the general population of Europe and the United States (Davis et a/.,1997;Kedes 

et a/.,1996;Lefrere et a/.,1996;Lennette et a/.,1996;Simpson et a/.,1996;Whitby et 

al., 1995). In sub-Saharan Africa especially, where the prevalence of Kaposi's 

sarcoma is high, the seroprevalence of HHV-8 has been shown to be particularly 

high. In a study from Johannesburg, it was again confirmed that Kaposi's sarcoma 

was associated with the presence of HHV-8 antibodies but not with any other cancer 

(Sitas et a/.,1999). In addition, higher titres of HHV-8 antibodies correlated with the 

risk of the disease as is the case with Epstein-Barr virus (EBV), and Burkitt's 

lymphoma and nasopharyngeal carcinoma (de-The et al., 1978a;de-The et 

al., 1978b). The prevalence of antibodies to HHV-8 in the general population of the 

Western Cape where our Transplant Unit is located is unknown.

ROUTE OF TRANSMISSION
Although there is strong evidence supporting the sexual route of transmission of the 

virus (Blackbourn et a/.,1997;Kedes et a/.,1996;Martin et a/.,1998a;Regamey et 

al., 1998b), it is also becoming increasingly evident that nonsexual modes of spread 

also exist especially in areas where Kaposi's sarcoma is endemic (Enbom et 

a/., 1999). The high seroprevalence of HHV-8 and its detection in young people in 

areas where Kaposi's sarcoma is endemic (Mayama et a/.,1998;Olsen et al., 1998) 

suggests that multiple modes of transmission are possible. Parenteral transmission
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almost certainly occurs as suggested by data from an Eritrean tribe, the Rashaidas, 

among whom prostitution and extramarital liaisons do not occur but skin piercing 

under non-sterile conditions is widely practiced. Among this tribe the prevalence of 

anti-HHV-8 antibodies is 26% compared to 5% among subjects from neighbouring 

regions (Enbom et a/.,1999). As with other herpesviruses horizontal transmission 

possibly via nongenital fluids may in fact play an important role in the spread of HHV-

8 (Bigoni et a/.,1996;Blackbourn etal., 1998; Boldogh et al., 1996; Chang et al., 1996b; 

Koelle et al., 1997; Lennette et al., 1996). There is epidemiological evidence that the 

virus may be spread by the faecal-oral route (DePond et al., 1997), and the 

gastrointestinal tract is a potential reservoir for HHV-8 (Thomas et al., 1996). If these 

nonsexual routes of transmission are indeed important it places the renal transplant 

patient potentially at risk from infected Renal Unit staff and family members. Of 

relevance, not to the transplant patient but from an epidemiological viewpoint, is the 

recent report from South Africa that mother-to-child transmission was an important 

route for acquiring HHV-8 in Africa (Bourboulia et al., 1998), although another 

serologic study from Haiti where Kaposi's sarcoma is not endemic showed, 

contrariwise, no HHV-8 transmission from mother to child (Rabkin et al., 1998).

Donor Organ-Recipient Transmission
In an important study, Regamey and colleagues (1998) studied the transmission of 

HHV-8 infection from renal transplant donors to organ recipients (Regamey et 

al., 1998a). Using an enzyme-linked immunosorbent assay (ELISA) with the 

recombinant HHV-8 protein open reading frame (ORF) 65.2 they analysed the serum 

samples of 220 renal transplant recipients for the presence of antibody at the time of 

transplantation and also a year later. The seroprevalence of HHV-8 increased from 

6.4% at transplantation to 17.7% at one year after transplantation. Of the patients 

who seroconverted, 83% had received organs from donors who were seropositive. 

Kaposi's sarcoma developed in 2 (8%) of the 25 patients who had seroconverted. 

None of the patients who received an organ from a seronegative donor 

seroconverted; also Kaposi's sarcoma did not occur in any of the patients who had 

remained seronegative or were already seropositive at the time of renal 

transplantation. The latter observation is an important one because it suggests, as 

is the case with cytomegalovirus (CMV), that among renal transplant recipients
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primary HHV-8 infection, transmitted through the graft, poses a much greater threat 

of complications than the reactivation of the latent disease (Ho et al., 1975).

Shortcomings

A major defect of this study was that, although the number of blood transfusions 

received within the first year was documented, the HHV-8 antibody status of the 

blood donors was not determined. The possibility that HHV-8 could have been 

transmitted by blood transfusions could not be excluded with certainty. This is 

supported by the following observation: the seroprevalence of HHV-8 antibody was 

6.4% in Regamaney's population of renal transplant patients, which is close to that of 

blood donors (5%) and of the HIV-negative, heterosexual population of Switzerland 

(7%) where the study was done. Following transplantation the increase of 

seropositivity to 17% within a year is greater than the number that could be 

accounted for by transmission through infected grafts. This assumes that the rate of 

transmission of the virus through the infected donor organ is 100%, that the 

seroprevalence in the donor population was the same as that in the recipient 

population and that the presence of HHV-8 antibodies implies both past and present 

infection (Ho,1998). Another problem with the study was that serum samples from 

donor-recipient pairs were not available so that it was not possible to establish more 

precisely the probability of the transmission of infection through an infected organ to 

a seronegative subject and perhaps rule out infection from other sources. One 

would also have been able to determine with greater certainty whether seropositivity 

always indicated the presence of latent, transmissible infection in the donor graft. In 

our study we sought to address some of these issues and bring a developing country 

perspective to the problem. Our findings, interestingly differed from those of 

Regamey et al. (1998) in that we found that reactivation of HHV-8 posed a greater 

threat for Kaposi's sarcoma development than primary infection from infected donor 

organs.
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Aims

The aims of this investigation were:

1. To establish the HHV-8 antibody serostatus of kidney donor-recipient pairs 

and determine whether seropositive donor status was associated with 

seroconversion and subsequent Kaposi's sarcoma development in recipients.

2. To establish the seroprevalence HHV-8 antibodies in various groups of 

healthy individuals in the Western Cape.

3. To establish the seroprevalence of HHV-8 antibodies in the sexual partners 

and family members of transplant patients with Kaposi's sarcoma.

4. To establish the role of blood transfusions in HHV-8 seroconversions.

Subjects and Method

SUBJECTS
All consecutive patients receiving renal allografts in our Unit over a three-year period 

and their donors were tested for the presence of HHV-8 antibodies. Blood was 

drawn from recipients at the time of transplantation and after six months in all 

patients transplanted in the first year of the study. The recipients who had received 

any blood products were identified and every attempt was made to identify the blood 

donors. Stored blood samples from these donors were then tested. Several 

categories of control subjects were tested. Healthy blood donors served as the main 

controls. Specimens were obtained from the Western Province Blood Transfusion 

Service. The samples were randomly chosen from donors who presented for 

venesection over the study period. The second control group was the staff members 

of the Renal Transplant and Dialysis Units of the Tygerberg Hospital. All staff 

members, both medical and non-medical, who had contact with patients and who 

were in the employ of the Hospital over the period of the study were included. 

Family members, residing with renal transplant patients who were previously 

diagnosed with Kaposi's sarcoma, were also invited to be tested. This part of the 

investigation was not limited to the current cohort of patients but included all patients 

who had been diagnosed with Kaposi's sarcoma and whose next-of-kin were still
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willing to participate. Transplant patients whose Kaposi's sarcoma had remitted 

served as positive controls.

SPECIMEN COLLECTION
Aseptically collected patient and control plasma were separated from the red blood 

cells (within 24 hours of collection) and stored frozen at -40°C until ready for testing. 

Repeated freezing and thawing was avoided. The seroevidence of HHV-8 was 

established by determining the presence of antibodies to the virus. Commercial kits, 

from Advanced Biotechnologies (Columbia, Maryland), were used to screen blood 

for the antibodies and confirm the results. The HHV-8 IgG antibody enzyme-linked 

immunosorbant assay (ELISA) was used as the screening test. All positive results 

were then confirmed by using ELISA for the detection of IgG antibody to HHV-8 

latent protein ORF 73.

PRINCIPLE OF THE HHV-8 IgG ANTIBODY ELISA
Primary herpesviral infection generally results in antibody responses, which, 

although insufficient to prevent establishment of a latent infection, typically remains 

detectable for the life of the host (Strauss, 1995). These antibodies persist during 

viral latency, when infection is clinically quiescent and viral DNA is confined to a 

small subpopulation of cells. Thus, the presence of antibodies to herpesvirus 

sensitively denotes past exposure to the virus and is generally accepted to indicate 

ongoing latent infection (Kedes et al., 1996). Accordingly, several assays for 

antibodies to viral antigen specific to cells latently infected with HHV-8 have been 

developed. A HHV-8 whole virus extract has been prepared by Advanced 

Biotechnologies (Columbia, Maryland), from sucrose gradient purified virus that was 

isolated from the KS-1 cell line. The virus antigen from the KS-1 cell line was then 

used for the development of the ELISA kit that measures antibody to the majority of 

HHV-8 structural proteins. At present the diagnosis of HHV-8 infection can be 

confirmed by polymerase chain reaction (PCR) analysis and by immunological 

assays such as immunofluorescence assay (IFA) and ELISA. Even though PCR is 

sensitive it is expensive and less practical in a clinical setting because there are 

more chances of contamination. In addition, a low viral load in latency is 

characteristic of the y-herpesviridae subfamily and excludes easy detection by PCR
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(Verbeek et al., 1998). Such difficulties may account for the conflicting results from a 

number of different laboratories employing PCR-based assays to detect HHV-8 in 

semen (Ambroziak et a/.,1995;Lin et a/.,1995;Monini et al., 1996) or skin carcinomas 

(Adams et a/.,1995;Boshoff et al., 1996;Rady et al., 1995). Serological assays for 

viral antibodies are much better suited to the task of addressing epidemiological 

problems (Kedes et al., 1996). ELISA and IFA immunoassay kits are also useful to 

follow the course of HHV-8 infection.

ELISA has certain advantages over IFA since it can be automated and a large 

number of samples can be tested simultaneously. The ELISA for HHV-8 IgG 

antibody detection is intended for the detection of HHV-8 antibody in human serum 

or plasma. Plastic microwell strips are sensitized by absorption of optimal amounts 

of solubilized HHV-8 whole virus extract. The test procedure involves three 

incubation steps:

1. Test samples at one or multiple dilutions are incubated in the antigen-coated 

microtitre wells. Any antibody present will bind to the immobilized antigen. 

The wells are washed to remove unbound sample components.

2. Peroxidase conjugated anti-human IgG (Fc specific) is added to the wells and 

incubated. The conjugate will bind to the antibody immobilized on the solid 

phase microtitre wells in Step 1. The wells are washed to remove unreacted 

conjugate.

3. The microtitre wells containing immobilized peroxidase conjugate are 

incubated with peroxidase substrate. Enzyme mediated cleavage of the 

substrate results in a colour change. After a period of time, the reaction is 

stopped, and the colour intensity of the solution is measured 

spectrophotometrically. The colour intensity of the solution is proportional to 

the antibody concentration in the test sample.

Excessively lipaemic or otherwise contaminated samples may give spurious results. 

Paired serum or plasma samples to demonstrate seroconversion or significant titre 

increase were collected several months apart, stored, then tested simultaneously.
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General Procedure

The kit components were removed from storage and allowed to warm to room 

temperature (20-25°C). The total number of samples and controls to be tested was 

determined. The reagent blank occupied one well, the positive control was run in 

duplicate wells, and the negative control was run in triplicate wells. Samples were 

run in duplicate. Each blank, control, and sample occupied a separate antigen- 

coated microwell. After the strips and strip frame had warmed to room temperature, 

the protective pouch was opened and the antigen-coated assay plate removed. The 

wash buffer was prepared by diluting one vial of 20X (25 ml) concentrate to 500 ml 

by adding 475 ml distilled or deionized water and mixing well. The 4X specimen 

diluent was prepared by diluting the vial of 4X (25 ml) concentrate to 100ml by 

adding 75 ml distilled or deionized water and mixing well.

All samples and controls were prediluted in 1.0 ml microtitre microtubes before 

addition to the antigen-coated plate. The tubes were held in a rack that had the 

configuration and dimensions of the microtitre plate to facilitate compatibility with a 

multichannel transfer pipette. The rack of dilution tubes was loaded in the same 

sample pattern that was used in the antigen-coated plate. Volumes of 10 j_il of 

positive control (in duplicate), negative control (in triplicate), and samples to be 

tested were added to separate tubes of the dilution tray. Sample diluent (1000 jal) 

were added to each well containing a control or sample to give a 1:101 dilution. The 

same volume (1000 |J) of sample diluent was added to the reagent blank well.

Using a multichannel pipette, 100 (al of each diluted blank, control, or sample was 

transferred to the antigen-coated plate. To ensure proper mixing the samples were 

withdrawn and expelled ten times before the final transfer. A different tip was used 

for each sample. The strips were sealed with the adhesive plate sealer and 

incubated at 37°C for 30 minutes.

The samples were shaken out into a container appropriate for decontamination. 

Using a squirt bottle, each well was gently filled with wash buffer. Care was taken to 

ensure that no air bubbles were trapped in the wells. This process was repeated 

twice more. The well contents were then shaken out and firmly tapped on a paper
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towel to remove residual wash buffer. The plate was visually inspected and tapped 

again if necessary.

One hundred microlitres of the anti-human IgG (y)-horseradish peroxidase (HRP) 

conjugate was added to each well. The strips were sealed with the adhesive plate 

sealer and incubated at 37°C for 30 minutes. The plate was washed as before. One 

hundred microlitres of the HRP substrate (TMB) solution were added to each well 

and incubated at room temperature (20-25°C) for thirty minutes (±5 minutes) in the 

dark. One hundred microlitres of stop reagent was then added to each well. 

Positive samples turned from blue to yellow. Optical densities were measured within 

thirty minutes. The microplate reader was set to read at a wavelength of 450 nm. 

The instrument was blanked on the reagent blank well and the optical density of all 

wells measured.

Measurement of Optical Densities for HHV-8 IgG Antibody ELISA

As per manufacturer’s recommendation, the readings of the three negative control 

wells were averaged and the result multiplied by 3.0 to obtain the cutoff value. The 

optical density (OD) ratios were calculated by dividing the reading of each sample 

well by the cutoff value. Each OD ratio was interpreted as follows:

OD Ratio 

Negative Samples < 0.75 

Positive Samples >1.00 

Equivocal (borderline) 0.76 -  0.99 

All positive results were confirmed using the ELISA for the detection of IgG antibody 

to HHV-8 latent protein ORF 73.

PRINCIPLE OF THE HHV-8 LATENT PROTEIN ORF 73 ELISA
Advanced Biotechnologies Incorporation’s ELISA for human herpesvirus 8 (HHV-8) 

ORF 73 IgG Antibody detection is intended for the detection of HHV-8 latent IgG 

antibody in human serum or plasma. ORF 73, also known as Latent Nuclear 

Antigen-1 (LANA-1), is a latent nuclear protein that is analogous to the nuclear 

antigen EBNA in EBV (Antman et al.,2000; Boshoff et al., 1998; Schulz, 1998; 

Schulz, 1998c; Whitby et al., 1998a). Although the function of the protein is unknown,
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a role has been suggested in cellular transformation and eliciting humoral and 

cellular immunity (Boshoff et al., 1998; Schulz,1998c; Whitby et al., 1998a). ORF 73 

is immunogenic and is expressed during latency together with viral cyclin and viral 

FLICE1 inhibitory protein (FLIP). It is expressed in almost all spindle cells in Kaposi's 

sarcoma lesions and in cell lines from primary effusion lymphoma (Antman et 

a/.,2000; Boshoff et al., 1998; Dupin et a/., 1999; Kellam et al., 1999; Schulz, 1998; 

Schulz,1998c; Whitby et al., 1998a). Antibody to HHV-8 encoded ORF 73 latent 

antigen is detectable in plasma and can be used to assess individuals at risk for 

developing HHV-8 associated malignancies (Antman et al.,2000; Boshoff et al., 1998; 

Schulz,1998; Schulz,1998c; Whitby et al., 1998a). The IFA has been widely used by 

researchers throughout the world to assess latent infection in patients. Although 

informative, the present LANA-IFA for latent HHV-8 antibody detection requires a 

trained technologist to perform and interpret the results. It is also a subjective test. 

Moreover, auto-antibody and non-specific reactivity may also hinder the 

interpretation of the results. The LANA-IFA is amenable to small numbers of 

samples but for large samples that are required for epidemiological studies the 

LANA-IFA is impractical. The ELISA-based test was developed using purified full- 

length recombinant HHV-8 ORF 73 protein for the detection of HHV-8 latent IgG 

antibodies as an indicator of latent infection. When used with the HHV-8 whole virus 

lytic ELISA the manufacturers expect that all HHV-8 positive samples will be 

detected (Advanced Biotechnologies Inc., 2001). Wells of plastic microwell strips 

are coated with optimal amounts of purified HHV-8 ORF 73 recombinant protein. 

The test procedure involves the same steps as described above for the HHV-8 IgG 

Antibody ELISA.

Measurement of Optical Densities for HHV-8 Latent Protein ORF 73 ELISA

The microplate reader was set to read at a wavelength of 450 nm. The instrument 

was blanked on the reagent blank well and the optical density (O.D.) of all wells was 

measured. The results were interpreted as follows (O.D. cut-off was 0.17):

O.D. Value 

Negative Samples <0.17 

Positive Samples >0.17

1 FLICE is Fas-associated death domain protein (FADD) interleukin-1 beta-converting enzyme.

Stellenbosch University http://scholar.sun.ac.za/



HHV-8 Epidemiology 17-13

Table 17-1. The prevalence o f antibodies against HHV-8 in healthy control subjects 

and dialysis patients at the time of renal transplantation.

Subjects Total No. HHV-8 Antibody 

Positive (%)

Organ Donors1 94 6 (6.4)

Transplant Recipients 113 10(8.8)

(Pretransplant)

Blood Donors 66 4(6.1)

Renal Unit Staff 45 2 (4.4)

Transplant Recipients 32 7(21.9)

(Interval)2

Blood Donors of HHV-8+ 118 0

patients

Kaposi's sarcoma patients 11 11 (100)

(Remitted)
T 7 ..........................................

2 Tested at least 6 months after transplantation.

Limitations

False positive results may be obtained if samples are excessively lipaemic or heavily 

contaminated with bacteria. Lipaemic samples may be extracted with silica or freon 

without affecting antibody reactivity. False positive results may also be obtained 

through improper washing. False negative results may be obtained if samples are 

not stored properly after collection. High levels of circulating antigen in the patient 

sample can neutralize antibodies that may be present and cause false negative 

results.

STATISTICAL ANALYSIS
Differences were analysed using Fisher's exact test (2-tailed). Significance was set 

at 5%. Statistical analysis was performed using the software package Statistica for 

Windows, (Release 5.5, 2000; Stat Soft Inc, Tulsa, OK).
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Results

CONTROLS AND DIALYSIS PATIENTS
The results of the serological studies are summarised in Table 17-1. The HHV-8 

ORF 73 ELISA confirmed the screening results. The prevalence of HHV-8 in our 

healthy population is low and comparable to that reported from the USA and UK, but 

considerably lower than that reported from elsewhere in Africa and Italy, which are 

areas associated with high prevalence of Kaposi's sarcoma albeit of different forms 

of the disease.

F/q. 17-2 The seropositive HHV-8 antibody status o f donor-recipient pairs.

Two seropositive recipients received organs from seropositive donors. One of these patients 

developed Kaposi's sarcoma.

In the study period 113 patients with end-stage renal failure received allografts. Of 

these 10 had antibodies to HHV-8. There were 94 donor-recipient pairs of whom the 

HHV-8 serostatus was known (Fig. 17-2). In 19 patients the serostatus of the donor 

could not be established because the organ had been imported from elsewhere but 

none of the patients receiving organs from this group of donors were seropositive or 

seroconverted. All 10 seropositive recipients were from the donor-matched group. 

A total of 3 patients in this cohort of 94 matched pairs developed Kaposi's sarcoma 

(Table 17-2). Of these 2 received organs from HHV-8 positive donors while in one
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Table 17-2. Details of the Kaposi's sarcoma patients according to HHV-8 antibody 

status o f donor - recipient pairs (n = 94).

Patient Donor Latency (mo.)

Patient RB + + 13.3

Patient Dl + - 10.6

Patient ML - - 31.5

the donor was negative. However, the one patient who received a graft from a 

positive donor also had HHV-8 antibodies at the time of the transplant. Of the 94 

donor-recipient pairs, in whom the HHV-8 antibody status was known at 

transplantation 2 (20%) of the 10 HHV-8 positive patients developed Kaposi's 

sarcoma, compared to only one of the 84 (1.2%) who were negative. This difference 

was statistically significant (P = 0.02, Fisher's exact, 2-tailed). Three patients 

developed Kaposi's sarcoma (Table 17-3). The patient who was HHV-8 antibody 

negative and whose donor also tested negative, seroconverted 4 months after 

transplantation and developed Kaposi's sarcoma 32 months after the transplant. 

The last HHV-8 positive patient to be diagnosed has been followed-up for almost 3 

years and remains free of Kaposi's sarcoma. All patients have been followed-up for 

a minimum of two years. The second patient who had HHV-8 antibodies and 

received a graft from a HHV-8 positive donor, remains free of Kaposi's sarcoma, 

more than 3 years after transplantation (Table 17-4).

Table 17-3. Summary o f the HHV-8 status o f donor-recipient pairs.

Pairs (n=94) No. (%) Kaposi's sarcoma

Donor+ Recipient + 2(2.1) 1

Donor- Recipient + 8 (8.5) 1

Donor+ Recipient - 4 (4.2) 0

Donor- Recipient - 80 (85) 1
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Table 17-4. The outcome of patients who received renal allografts from HHV-8 sero­

positive donors.

Patient Outcome Period (mo.)

RB1 Kaposi's sarcoma 32

AF Death 16

JP Death 2

ES HHV-8 neg. 7

CM HHV-8 neg 23

CW1 HHV-8 neg 13

'Patients also had HHV-8 antibodies at transplantation

Blood donors (For HHV-8 seropositive recipients) (Table 17-1)

The blood samples of 118 subjects who had donated blood that was used in one 

form or another in any of the HHV-8 seropositive patients, including those with 

Kaposi's sarcoma, were traced and tested for HHV-8 antibodies. Twenty donor- 

samples of which 13 were donations to one patient, could not be traced. All the 

recent blood samples could be traced and the only ones that were missing were from 

the early part of the last decade. None of the blood donors tested positive.

Relatives and Household Members (Table 17-5)

The response to our request for consorts and family members, resident in the same 

household as patients diagnosed with Kaposi's sarcoma, to present themselves for 

testing, resulted in a response from only 14 households. Despite the small 

response some interesting patterns were revealed that should be confirmed with 

follow-up studies. From Table 17-5 it is evident that 4 of 14 (28.6%) Kaposi's 

sarcoma patients had at least one family member/spouse who had anti-HHV-8 

antibodies. Of 23 family members tested 4 (16.6%) had anti-HHV-8 antibodies. Of

9 sexual partners tested only one had anti-HHV-8 antibodies (11%). As controls, the 

family members of other transplant patients free of Kaposi's sarcoma were requested 

to submit for anti-HHV-8 serotesting and 13 families responded. A total of 22 healthy 

subjects with a similar spectrum of family members as the study group were tested. 

None had anti-HHV-8 antibodies. The difference in the seroprevalence between the
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Table 17-5. Anti-HHV-8 seroprevalence in family members o f patients with Kaposi's 

sarcoma.

Patient Spouse Offspring Other

WB 0 0 +2

WC - + 0

LJ 0 +/- 0

IM - 0 0

KM - - 0

GN 0 0

MO + 0 0

GO - - 0

RT - - 0

RB 0 - _3

JM - 0 0

SG - 0 0

Dl - - _2

ML 0 0

P= 0.1 compared to controls (Fisher's exact, 2-tailed) 

2 Mother;3 Brother

Kaposi's sarcoma and non-Kaposi's sarcoma families, however, was not significant 

(P = 0.1, Fisher’s exact, 2-tailed).

Racial and gender differences

Of the 66 random blood donors supplied by the blood bank, 4 had antibodies to 

HHV-8. All the subjects were black and all were male. None of the 19 white or 

coloured blood donors were seropositive. With regard to the renal patients there 

was no gender difference in the distribution of the viral antibodies, although one 

other study has reported that women have a higher incidence of HHV-8 antibodies 

(Sheldon et a/.,2000). However, none of the 24 white patients in our transplant
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cohort had anti-HHV-8 antibodies compared to 10 (11%) of the 90 non-white 

patients. The difference was however, not statistically significant.

Discussion
The herpesviruses are the largest group of viruses than can be transmitted through 

transplanted organs. All herpesviruses remain latent in some tissue after infection. 

The herpes simplex viruses, HHV-1 and HHV-2, are latent in trigeminal ganglia and 

lumbosacral dorsal-root ganglia. Therefore, transmission through transplanted 

kidneys is unusual and occurs only if the graft is inapparently infected (Ho et 

al., 1995). Varicella-zoster virus (HHV-3) is latent in neural ganglia and hence is not 

transmitted through transplantation of other tissues and organs. Cytomegalovirus 

(CMV) (HHV-5) on the other hand is readily transmitted by the transplanted organ 

and is one of the main viral infections to affect recipients (Ho et al., 1975). The case 

of CMV is paralleled by that of EBV, (HHV-4), which is essential for the development 

of posttransplantation lymphoproliferative disorder. Children are at greatest risk of 

posttransplantation lymphoproliferative disorder because primary infection is the 

most important risk factor (see Chapter 13). The situation with regards to the 

transmission of HHV-6 and HHV-7 through transplantation still has to be clarified. 

There is currently no proof of transmission by this means and the specific effects of 

infection in transplant recipients are difficult to assess (Herbein et al., 1996). 

Although there is overwhelming support for its aetiological role in Kaposi's sarcoma 

of all types, there is still uncertainty as to the epidemiology of HHV-8 and the manner 

in which is transmitted. There are no studies of the epidemiology of the virus in renal 

transplant recipients in South Africa, or in the Western Cape population that we 

serve. More importantly, this is one of the first studies to compare donor-recipient 

pairs with regard to the HHV-8. This was one of the major defects of the study 

reported by Regamey et al. (1998) (vide supra).

DONOR-RECIPIENT RENAL TRANSPLANTS
Organ unlikely source of infection

Our results show that the prevalence of HHV-8 antibodies in renal patients before 

transplantation is 8.8%, which is very close to the 6.4% in the organ donor
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population. Three patients in our cohort developed Kaposi's sarcoma. Although all 

3 patients had HHV-8 antibodies at the time that Kaposi's sarcoma developed, the 

donor was the potential source of the virus in one case only. In the other two cases 

the patients had previously been exposed to the virus. Also important, was our 

finding of one patient who had no antibodies to HHV-8 at the time of the transplant, 

and whose donor was also seronegative, who subsequently seroconverted and 

developed Kaposi's sarcoma. This finding contradicts that of Regamaney et al. 

(1998) and Frances et al. (2000) who both found that no patients who were initially 

negative and whose donors were also negative, seroconverted. In fact, we tested 

the serostatus of 30 seronegative control patients at least 6 months after 

transplantation. Of these 5 (20%) developed HHV-8 antibodies but none had 

received a graft from a seropositive donor. Regamaney et al. (1998) also found, in 

contrast to our own findings that, the only two patients who developed Kaposi's 

sarcoma had been seronegative and had received grafts from seropositive patients. 

In our cohort, 2 patients in whom Kaposi's sarcoma developed were seropositive 

before transplantation.

The other evidence that Regamey et al. (1998) quote for suggesting that the donor 

kidney is the source of the virus is the fact that of the six patients who seroconverted, 

five of the donors were positive although it does not appear that the donors and 

recipients were paired as was the case in our patients. Another observation that is 

used to support their argument is that the number of seropositive patients increased 

from 6.4% to 17.7%. In our own cohort there was also an increase in HHV-8 

seropositivity from 8.8% to 22%, but none of four seroconversions (the serostatus of 

one donor could not be established) occurred in patients who had received grafts 

from seropositive patients. This implies that the virus was acquired from sources 

other than the graft. Alternatively, false negative results could have been obtained if 

the HHV-8 seroassay had inadequate sensitivity to detect persistent but low-level 

antibodies in certain patients. The use of immunosuppression may allow the latent 

virus to become reactivated and for antibodies to develop as has been suggested 

previously (Frances et a/., 1999). Further studies are clearly necessary to clarify 

these issues. Admittedly, although we confirmed all our positive results using a 

second generation ELISA to detect antibodies to the latent nuclear antigen of HHV-8, 

the negative results were not. However, the fact that all our remitted Kaposi's
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sarcoma patients tested positive suggests that the tests had to have sensitivity in 

excess of 90%. Of the 4 seronegative recipients of grafts from seropositive donors, 

neither of the 2 survivors seroconverted (Table 17-5). This confirms the observation 

of others that infection is not an inescapable result of transplantation from a positive 

donor. This is similar to the observation in HIV-positive patients who also do not all 

develop Kaposi's sarcoma after infection by the HHV-8 (Verbeek et al., 1998).

The other possible source of infection could have been blood transfusions 

administered perioperatively. However, of all the blood donors whose blood 

products had been used in the treatment of seropositive patients none had anti-HHV- 

8 antibodies. Part of the explanation for the low infectivity of the blood is that we 

used predominantly white-cell poor red cell concentrate to transfuse patients.

Nonsexual Transmission

In the absence of sexual or parenteral transmission, other nonsexual modes of 

spread of the virus have to be considered. Cattani et al. (1999) used viral DNA 

amplification to investigate the possibility that a nonsexual transmission route was 

involved in the spread of infection and found HHV-8 DNA in almost one-half of the 

saliva and tonsillar swabs of Kaposi's sarcoma patients (Cattani et al., 1999). They 

suggested that HHV-8 replicates in tonsils and then sheds into saliva, which could 

contribute to HHV-8 transmission. This is supported by the earlier findings of 

LaDuca et al. (1998) who detected HHV-8 DNA sequences in several body fluids of 

patients with Kaposi's sarcoma but concluded that the saliva was more important 

than semen or stool in transmission of the virus (LaDuca et al., 1998). HHV-8 DNA 

has also been detected in saliva of patients without Kaposi's sarcoma but who are 

HIV positive, but not from healthy controls (Blackbourn et a/.,1998;Koelle et 

a/.,1997;Lucht et al., 1998). It is possible that immunosuppression due to HIV, 

malnutrition or other severe illness, increases shedding of HHV-8 in saliva and thus 

makes viral transmission via saliva more common in Africa (Schatz et al., 1997). Our 

study was not designed to test salivary spread, but in view of our finding that neither 

the graft nor the transfusion of blood / blood products appear to contribute to HHV-8 

infection in renal transplant patients; this is an avenue for future investigation. The 

immunosuppressed status of these patients may enhance their susceptibility to 

infection from persons shedding the virus.
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We have shown a higher prevalence of anti-HHV-8 antibodies in the family members 

of patients with Kaposi's sarcoma. In a survey from Sardinia, data were presented 

that also showed a high prevalence of HHV-8 infection in relatives of patients with 

Kaposi's sarcoma, suggesting intrafamilial person-to-person or vertical transmission 

of the virus (Angeloni et al., 1998).

HHV-8 in children

The situation of anti-HHV-8 antibodies in children is interesting and holds clues to 

establishing the spread of the virus. It has been shown that the prevalence of anti- 

HHV-8 antibodies increases progressively with age (Enbom et a/.,1999;Gessain et 

a/.,1999;Huang et a/.,2000). In Taiwan the prevalence of anti-HHV-8 antibodies 

peaks at between 10 and 40 years of age. This suggests that the infection, at least 

in Taiwan, is sexually spread (Huang et a/.,2000). However, in reports from Egypt 

and Uganda, the seroprevalence peaked in children aged 1 to 3 years old, 

suggesting that in developing countries HHV-8 infection may be acquired early in life 

through routes other than sexual transmission (Andreoni et a/.,1999).

Reactivation vs. Primary infection

Our data suggest that Kaposi's sarcoma in immunosuppressed renal transplant 

patients is associated with reactivation of latent HHV-8 rather than primary HHV-8 

infection. Similar results were reported by Parravicini et al. (1997b) who found that

10 of 11 Italian renal-transplant recipients with Kaposi's sarcoma had had a positive 

serologic test for HHV-8 before transplantation. A French group came to a similar 

conclusion. They found that 4 of 12 (33.3%) patients who were seropositive before 

transplantation developed Kaposi's sarcoma but Kaposi's sarcoma did not occur in 

any of the patients who were seronegative (Frances et a/.,1999). Combined with our 

own results, there is mounting evidence that in HHV-8 endemic areas posttransplant 

Kaposi's sarcoma occurs in individuals who are HHV-8 infected before 

transplantation (Farge et a/.,1999;Parravicini et a/.,1997b;Sheldon et a/.,2000). 

Since the seropositive patients showed no clinical manifestations of Kaposi's 

sarcoma until after receiving immunosuppressive treatment, our hypothesis that 

immunosuppression is another important factor in the pathogenesis of the disease, is 

further strengthened.
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Table 17-6. The seroprevalence of HHV-8 in different normal subjects from a range 

o f regions.

Country/ Subjects No. HHV-8* Test Reference

Region (%)

Europe

Belgium Blood donors 210 7(3.3) ELISA Sheldon et al. ,2000

UK Blood donors 150 4 (3%) I FA1 Simpson et al., 1996

Italy Blood donors 107 4(4) Immunoblot Gao et al., 1996b

Italy Blood donors 747 103 (14) I FA Whitby et al., 1998b

France Pregnant women 50 1 (2) I FA Couty et a/., 1999

France Blood donors 50 1 (2) I FA Couty et al. ,1999

France HIVKS' 45 1 (2-2) PCR Belec et al., 1998

North America

USA Blood donors 117 0 I FA Simpson et al., 1996

USA Gen. public 437 0 I FA Lennette et al., 1996

N. America Blood donors 122 0 Immunoblot Gao et al. ,1996b

Africa

RSA Blood donors 66 4 (6.3) ELISA Present study

RSA Black Blood Donors 85 17(20) I FA Sitas et al., 1999

Uganda HIVKS' 47 29 (62) Immunoblot Gao et al., 1996b

Central Blood donors 49 11 (23) PCR Belec et al., 1998

Africa

Eritrea Pregnant women 112 6(5) I FA Enbom et a/., 1999

Cameroon Children 258 71 (28) I FA Gessain et al., 1999

Cameroon Pregnant 189 103 (54) I FA Gessain et a/., 1999

Nigeria HIVKS' 52 3(6) I FA Lennette et al., 1996

Zaire HIVKS' 16 13(82) I FA Lennette et al.,1996

Egypt Children 246 21 (9) I FA Andreoni et al., 1999

Latin America/Asia

Haiti HIVKS' 52 15(29) I FA Lennette et al., 1996

Dominican HIVKS' 40 5(13) I FA Lennette et al.,1996

Guatemala HIVKS' 20 2(10) I FA Lennette et al., 1996

Brazil Blood donors 81 6 (7.4) I FA Caterino-de-Araujo et al., 1999

Honduras Blood donors 96 10(10.4) IFA Sosa et al., 1998

Taiwan Spectrum 1201 141 (11) I FA Huang et al. ,2000

1 Antibodies to HHV-8 latent antigen.
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HUMAN HERPESVIRUS 8 IN HEALTHY SUBJECTS
The prevalence of HHV-8 infection differs in different geographical settings (Table 

17-6). Comparisons of different methods for the detection of anti-HHV-8 antibodies 

show relatively good, though incomplete agreement, regarding anti-latent antibodies 

but poor agreement for antibodies to lytic antigen (Rabkin et al., 1998); there is also 

evidence that anti-latent antibodies represent a better predictor of Kaposi's sarcoma 

development (Rezza et al., 1998). Therefore, only the antibodies to latent antigen 

are reported here. The most striking difference seems to be between developed 

countries and developing countries, with a low prevalence in the former (Gao et 

a/.,1996b;Lennette et a/.,1996;Simpson et al., 1996) and higher prevalence in 

countries such as Central Africa and Uganda (Gao et al., 1996b). It has been 

suggested that the mode of transmission of the virus differs. In industrialised 

countries, HHV-8 infection is likely to be acquired after adolescence, during the 

sexually active phase of life (Kedes et a/.,1996;Lennette et al., 1996;Martin et 

al.,1998a). In developing countries the infection is appears to be acquired early in 

life as a possible consequence of transmission in the family and in community 

settings (Andreoni et a/.,1999;Gessain et a/.,1999). Such differences in the age at 

primary infection suggest a different route of HHV-8 acquisition for individuals in 

different geographic and/or socioeconomic conditions. This recalls the EBV situation 

(de-The et a/.,1978a;Niederman et al., 1997), although in Africa it appears that 

children acquire EBV at a much earlier age than HHV-8. In Ghana, for example 80% 

of children have acquired EBV antibodies by the age of 21 months (Niederman et 

al., 1997) and in Uganda 100% by the age of six years (de-The et al., 1978a). 

However, nonsexual transmission of HHV-8 may play an important role only when 

particular environmental factors prevail; these would include the presence of 

overcrowding and poor hygiene and primarily in areas where the background HHV-8 

prevalence is high (Andreoni et al., 1999;Gessain et al., 1999). It is therefore possible 

that the impact of specific transmission modalities may vary across different 

geocultural and socioeconomic contexts. This is supported to some extent by our 

own observation that in both our blood donor and renal recipient populations anti- 

HHV-8 antibodies occurred exclusively in non-white patients. In our white and non­

white subjects from the same geographical region, the prevalence of the anti-HHV-8
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Type or Site of Cancer Presence of Any Positive Signal Presence of High-lntensity Signal
(no. o f patients) i . i , * . i

Oral cavity (86) ----#— *•

Esophagus (306) »

Stomach (51) -----1------- H

Colon or rectum (103) --- -------- # -

Liver (88) ------»  ■■ * -

Lung (117) ----

Kaposi's sarcoma (51) -------* --- ........ ..• -------------

Breast (415)

Cervix (711) »

Ovary (64) ------ ♦ ------- * -

Prostate (202) ----• ----- •»

Other genital (132) -----• ----- ►

Hodgkin's disease (121) --«---
Non-Hodgkin's lyrnphoma (122) --- • ---- i►

Multiple myeloma (108) --- «----- ►

Leukemia (280) --- • -- (►

Other cancers (387) I

Blood donors (85) --- » ----- ■9---------
----- 1----- 1----- 1----- r....- * i v i

20 40 60 80 K>0 20 40 60 80 HDO

Standardized Prevalence (%) Standardized Prevalence (%)

Fig. 17-3 The prevalence of HHV-8 antibodies among 3344 Black South African 

cancer patients and Black blood donors. Only patients with Kaposi's sarcoma had a 

significantly higher seroprevalence. From Sitas et al. (1999).

antibodies varies and corresponds with the incidence of Kaposi's sarcoma in our 

transplant population.

South African Situation

Our own experience with HHV-8 in healthy individuals is comparable to that of 

developed countries which report prevalence rates ranging from less than 5% 

(Sheldon et al.,2000) to 28% (Chang et a/.,1996a;Gao et a/.,1996b;Kedes et 

a/.,1997;Lennette et a/.,1996;Levy,1997;Luppi et a/.,1996;Miller et a/.,1996;Simpson 

et al., 1996). Sitas et al. (1999) in an extensive survey of black South African cancer 

patients, found that 32% had anti-HHV-8 antibodies; this was similar to the 

standardised prevalence among black blood donors (Fig. 17-3) (Sitas et a/.,1999). 

The seroprevalence increased progressively with age and the number of sexual 

partners. Anti-HHV-8 antibodies were more prevalent in black than white blood 

donors and this corresponds to our own experience with seropositivity occurring
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exclusively in non-white patients. The high seroprevalence of anti-HHV-8 antibodies 

in the black patients was associated with a high prevalence of endemic Kaposi's 

sarcoma in the Johannesburg experience (Sitas et al., 1999). Although HHV-8 has 

been implicated in multiple myeloma (Rettig et al., 1997), and prostate cancer 

(Staskus et al., 1997) these reports have not been confirmed (Masood et 

a/.,1997;Munker et a/.,1997;Parravicini et a/.,1997a;Whitby et al., 1997). The South 

African study found an association only with Kaposi's sarcoma and no other tumour 

occurring in black patients. In our study, the prevalence of HHV-8 was considerably 

lower than that reported among patients from Gauteng. If we combine all our healthy 

controls subjects the overall seroprevalence is 5.2% (8% if we exclude the donor- 

specific blood donors). The main explanation for this is the difference in the racial 

mix of the population in the Western Cape compared to Gauteng. In the white blood 

donors the prevalence was also 5% in the north. None of our white blood donors 

tested positive but the number was too small to allow comparison between the races.

F io . 17-4 HHV-8 antibodies in se lected Kaposi's sarcom a risk  groups

40

.,■ • 3 ■ - ' v •> ' - :: .... '■ ■ ■■ ' ' “ , >" ' ‘ • ’ ‘
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■
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;' ' •

n = 300
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Our serological data therefore indicate that, unlike most herpesvirus infections, HHV- 

8 infection is not ubiquitous in man, a finding supported by others (Gao et 

a/.,1996b;Strauss,1995). Indeed, HHV-8 seropositivity is limited to a rather small 

proportion of the population. Populations at risk of HHV-8 infection are those 

exposed to sexually transmitted diseases like syphilis and HIV (Kedes et al., 1996).

HIV and HHV-8 (Fig. 17-4)

A strong association exists between HHV-8 seropositivity and HIV infection. The 

most important observation however, is that not all HIV-positive patients are equally 

at risk. Homosexual patients are much more likely to have HHV-8 antibodies than 

patients who acquired HIV infection parenterally through the use of clotting factor 

concentrates or other blood products (Kedes et al., 1996). Thus, HIV infection per 

se is not always associated with a high risk of developing HHV-8; this suggests that 

the higher rates of HHV-8 infection in other HIV-positive cohorts is not simply due to 

the immunodeficiency produced by HIV but also reflects their sexual activity (Kedes 

et al., 1996). The low rate of HHV-8 infection in HIV positive haemophiliacs and 

transfusion recipients correlates strikingly with the low risk of Kaposi's sarcoma that 

has been documented in these groups. The estimates of Kaposi's sarcoma in 

haemophiliacs and transfusion recipients is 1-3% (Beral.1991), a range strikingly 

close to the prevalence of HHV-8 antibodies that have been observed in these 

patients (Fig. 17-4). Similarly, the risk of Kaposi's sarcoma in homosexual men with 

AIDS is 15-30% (Beral et a/.,1990;Beral,1991), a number in the same general range 

as the 35% seroprevalence that has been observed (Kedes et al., 1996). Infection 

rates among homosexual men have remained relatively constant and unlike other 

viral cancers (such as hepatocellular cancer) the risk of getting Kaposi's sarcoma 

after HHV-8 infection may be less dependent on duration of infection (Gao et 

a/.,1996b;Verbeek et al., 1998). One explanation for this is that the expression of 

Kaposi's sarcoma is tightly regulated by host immunity among persons infected with 

HHV-8. Thus the risk of developing Kaposi's sarcoma is largely dependent on 

immunologic integrity in those who are infected with the virus regardless of the 

length of time of their infection.
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Racial/Geographic variations in the distribution of anti-HHV-8 antibodies.

The South African experience including our own seems to indicate that there is a 

racial discrepancy in the distribution of HHV-8 serologically in normal subjects in the 

same geographical region with white subjects having a much lower prevalence of the 

virus compared to black donors (Sitas et al., 1999). A recent Belgian study found a 

higher incidence in patients from endemic areas (Sheldon et al.,2000). Sheldon et 

al. (2000) reported that renal transplant patients who originated from the 

Mediterranean region of the European Community had a significantly higher rate of 

anti-HHV-8 antibodies than local patients (15% vs. 5%). In a comparison between 

Americans, Italians, and Ugandans it was found that the latter had the highest 

prevalence of anti-HHV-8 antibodies (62%) among HIV-negative patients without 

Kaposi's sarcoma (Gao et al.,1996b). None of the American blood donors and only 

4% of the Italian donors had anti-HHV-8 antibodies. A recent study from Italy, a 

region known for endemic Kaposi's sarcoma, observed that most patients with 

posttransplant Kaposi's sarcoma were already infected with HHV-8 before the 

engraftment (Parravicini et al., 1997b). Further studies have confirmed 

racial/geographic differences.

SUMMARY
The development of Kaposi's sarcoma appears to be the result of reactivation of 

latent HHV-8 virus rather than primary infection from a donor graft or peri-operative 

blood transfusion. The transplant of a graft from a seropositive donor does not 

invariably result in primary infection in the recipient. The high number of 

seroconversions after transplantation, in the absence of evidence of parenteral or 

graft organ spread, suggests that nonsexual spread of the virus occurs. Candidate 

routes in adults are most likely salivary and faecal-oral.

All the patients who developed Kaposi's sarcoma were known to have HHV-8 

antibodies prior to the development of the disease. The important corollary to this 

observation is that HHV-8 is not a consequence of Kaposi's sarcoma as has been 

suggested by Roizman (1995), and it almost certainly is a vital aetiological factor.
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There is a great deal of variation in the prevalence of HHV-8 geographically and/or 

along socioeconomic lines. The higher prevalence in poorer communities including 

our own, and in developing countries suggests that conditions prevailing in these 

circumstances facilitate the spread of the virus. However, the variation in the 

prevalence of anti-HHV-8 antibodies may be influenced by technical factors such as 

the poor sampling methods, different levels of test sensitivity and the lack of a 

standard HHV-8 antibody assay. However, the unique epidemiology of Kaposi's 

sarcoma seems to support the hypothesis that the cause of Kaposi's sarcoma is 

multifactorial and that one of the cofactors (essential or at least enhancing) is HHV-8 

which predisposes immunosuppressed renal transplant patients to Kaposi's 

sarcoma.
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Chapter 18

CONCLUSIONS AND 

RECOMMENDATIONS

Some of the main findings of this dissertation are listed here with appropriate 

recommendations. Transplant patients should be observed and screened for 

the presence of malignancies on a regular basis. Perhaps the most 

important aspect of the management of this issue is the education and cooperation 

of the patient. What is clearly evident is that there are.still many uncertainties with 

regard to this complication after transplantation. It is also abundantly clear that there 

are regional differences in the behaviour of posttransplant malignancies. Whether 

these are based on environmental, genetic or socioeconomic factors remains 

unknown. What is evident is that information from one area cannot automatically be 

extrapolated to other areas.

• Renal transplantation is the treatment of choice for patients with end-stage renal 

failure.

1. Results of renal transplantation are comparable in white and nonwhite 

patients.
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2. Cyclosporine markedly improves renal allograft survival in the first year. 

Long-term graft survival under cyclosporine, however, is not superior to 

conventional treatment and consideration should be given to discontinuing 

cyclosporine after a period of time; one year seems to be an appropriate 

interval. Further studies are needed to address this issue.

3. Graft salvage at all costs carries a significant mortality and should be 

abandoned. With the option of dialysis a failed renal allograft is not 

necessarily a death sentence for a uraemic patient but aggressive 

immunosuppression may well be.

4. Patients with hypertension as the primary disease resulting in renal failure 

have a poorer outcome when transplanted. Reasons for this are not clear 

but deserve further study. Optimal control of blood pressure after renal 

transplantation is advisable.

• Our patients have a similar incidence of posttransplant malignancies as that 

generally reported.

1. The pattern of malignancies however is different from that reported in 

developing countries but is similar to that reported in other third world 

countries.

2. Kaposi's sarcoma is the commonest malignancy in our patients compared 

to skin cancers reported by the world’s largest registries.

3. The pattern of malignancies differs in white and nonwhite patients who 

come from the same geographical region, making it a unique report of this 

type of racial difference in posttransplant cancers. The white and 

nonwhite patients epitomise the difference between developed and 

developing countries.

4. Skin cancer is the commonest cancer to occur in, and is in fact limited to, 

white patients. The disease occurs almost exclusively in males.

5. Cyclosporine-based immunosuppression reduces the time interval to the 

development of the first cancer but does not increase the risk of its 

development.

• Kaposi's sarcoma is the commonest malignancy in our patients.
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1. The relative risk for the development of Kaposi's sarcoma after renal 

transplantation was 235 in our patients.

2. The incidence of Kaposi's sarcoma was similar in males and females 

although the relative risk was higher in the males.

3. All 21 patients who developed Kaposi's sarcoma had skin involvement. 

Almost 30% of patients had extracutaneous involvement. The lower limbs 

were most commonly affected.

4. Visceral organ involvement was associated with a universally fatal 

outcome. Disease limited to peripheral lymph nodes, in contrast, had a 

good prognosis.

5. Kaposi's sarcoma develops within 2 years of transplantation with the 

earliest diagnosis being made at 3 months after transplantation.

6. Withdrawal or reduction of immunosuppression result in improvement of 

the skin and peripheral nodal lesions, with adjunctive radiotherapy being 

required only in a minority of patients.

7. Reduction of immunosuppression is all that is required as primary 

treatment of Kaposi's sarcoma limited to the skin and/or peripheral lymph 

nodes. Complete withdrawal of therapy with consequent graft loss is not 

necessary. Although in practice the reduction or withdrawal has been 

recommended, ours is the first study to prove that reduction should be the 

first line of treatment.

8. Reduction of immunosuppression is not associated with acute rejection; 

renal function remains preserved in well functioning grafts.

9. Kaposi's sarcoma lesions (skin/ peripheral lymph nodes) may take several 

months to heal and improvement is best monitored by serial photographs.

10. Disseminated Kaposi's sarcoma can affect any organ system in the body 

(including the renal allograft) with the exception of the nervous system.

11. The majority of lesions of Kaposi's sarcoma are either mixed type or 

spindle cell pathological variants corresponding to the more advanced 

plaque and nodule clinical stages.

12. The cell of origin of Kaposi's sarcoma remains a mystery.

13. Posttransplant Kaposi's sarcoma shares the same histopathological profile 

with all the other epidemiological forms.
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• Skin cancer is the commonest cancer in white patients.

1. Skin cancer occurs exclusively in white patients.

2. Skin cancer occurs predominantly in males.

3. Squamous cell carcinoma is more common than basal cell carcinoma in
;

reversal of the ratio that occurs in immunocompetent patients.

4. The mean time interval to the development of skin cancer is 6 years.

5. Sun-exposed areas are at much greater risk of cancer development.

6. The disease is usually treated with excision biopsy and has a good 

prognosis.

7. Prevention should be encouraged using sun-avoidance techniques, 

although whether this makes a difference remains to be proven, as the 

bulk of damage is already done earlier in life.

• Cancers that commonly occur in the population do not occur with increased 

frequency after transplantation.

• Cellular immunity is impaired and natural killer cells are reduced in patients with 

Kaposi's sarcoma.

1. Kaposi's sarcoma patients have evidence of both immunosuppression and 

immunostimulation.

2. Immunosuppression should be tapered to lowest levels commensurate 

with good graft survival as soon as possible

3. A high index of suspicion for malignancies, especially Kaposi's sarcoma 

should be maintained and especially in patients who are treated for acute 

rejection.

• The role of the immunosuppressive agents in the development of Kaposi's 

sarcoma and other malignancies remains uncertain.

1. Withdrawal of immunosuppression results in the improvement of Kaposi's 

sarcoma and localised lymphoma.

2. A meta-analysis undertaken for the first time in this study reveals that the 

use of cyclosporine is not associated with an increase risk of 

malignancies.
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3. Cyclosporine is however associated with a reduced time to the 

development of the first posttransplant cancer.

• HHV-8 is important in the development of Kaposi's sarcoma.

1. The virus is present in all Kaposi’s sarcoma tissue and disappears after 

resolution of the lesion.

2. The virus is present in the spindle cells, endothelial cells and leucocytes of 

Kaposi's sarcoma lesions.

• Seroepidemiological studies show that HHV-8 is not ubiquitous.

1. The seroprevalence of HHV-8 is less than 6% in our general population.

2. Although the transplanted organ and to a lesser extent blood transfusions 

may be the source of the virus in renal transplant patients, the majority of 

patients who acquire the virus after renal transplantation do so from 

sources that are yet to be identified.

3. Seropositivity is a prerequisite to the development of Kaposi's sarcoma.

4. Routine testing for HHV-8 in allograft recipients may alert one to the 

patients at risk of Kaposi's sarcoma but in practice education of the 

patients and a high index of suspicion are the most vital tools to early 

detection.
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To deny the hope of progress is the ultimate fatuity, the last word in poverty of 

spirit and meanness of mind. There is no need to be dismayed because we have 

not discovered the final solution to any of the problems that confront us: 

political, economic, social or moral, that is, having to do with the conduct of 

life. We are still beginners, and for that reason may hope to improve . . . there 

can be no contentment in proceeding.

Sir Peter Medawar
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THE DEVELOPMENT OF MALIGNANCIES IN RENAL 
ALLOGRAFT RECIPIENTS:
THE TYGERBERG HOSPITAL EXPERIENCE.

M R Moosa. McBryne A.

Department of Internal Medicine, University of Stellenbosch and Renal 
Transplant Unit, Tygerberg Hospital, Parow, Cape Town.

The immunosuppressed recipient o f a renal allograft is at increased risk of 
developing a malignancy compared to the general population. The risk of 
malignancy increases progressively with the increasing duration of 
immunosuppression. There have been conflicting reports on the change in 
the pattern of malignancies following the introduction o f ciclosporin. The 
purpose of our study was to establish the frequency and type of 
malignancies that occur after renal transplantation and determine if the 
application of ciclosporin influenced the disease process.

A retrospective analysis of all patients transplanted between 1976 and the 
end o f 1995, and who had a minimum of eighteen months follow-up post­
transplant were included in the study. Over the 20 year period 444 
patients received 509 kidney transplants. Conventional treatment was 
given to 112 while the rest received ciclosporin as part of triple 
immunosuppressive therapy. Overall 27 patients developed malignancies 
to give an incidence o f 6.1% over the 20 years. Kaposi’s sarcoma (KS) 
accounted for 16/27(59%) of the malignant lesions. Under ciclosporin the 
incidence of KS was 70% compared to 28% in the conventional group (p 
< 0.03). Skin cancer accounted for the majority o f the rest of the 
neoplastic lesions, occurring in 7/27(22%) patients all o f whom were 
white.

Malignancies are an important complication in patients on prolonged 
immunosuppression, with KS being a particularly serious problem in our 
cohort o f patients, especially under ciclosporin. Skin malignancies affects 
white patients exclusively.
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DETECTION AND SUBTYPING OF HUMAN 
HERPESVIRUS-8 IN RENAL TRANSPLANT PATIENTS 

BEFORE AND AFTER REMISSION OF KAPOSI’S
SARCOMA

M. Rafique Moosa, Florette K. Treumicht, Estrelita J. van Rensburg, Johann W. Schneider, H. 
Francois Jordaan, and Susan Engelbrecht

Departments o f  Internal Medicine, Medical Virology, Anatomical Pathology, and Dermatology, 
University o f  Stellenbosch and Tygerberg Hospital, Tygerberg, Cape Town 7505, South Africa

Background. Kaposi's sarcoma (KS) is a complication o f renal transplantation. If the human 
herpesvirus-8 (HHV-8) causes KS, the virus should be present in all KS lesions and be drastically 
reduced or cleared from involved tissue on remission o f the KS.

Methods. Fourteen renal transplant patients with cutaneous KS, including autopsy material from two 
cases, were investigated for the presence of HHV-8. A second skin biopsy was taken from 11 
survivors, after remission of KS, from normal skin in the same anatomical region as the first biopsy. 
Remission was induced by reduction or cessation o f immunosuppression. A peripheral blood sample 
was collected simultaneously with the repeat biopsy. A nested polymerase chain reaction assay was 
used to detect HHV-8 DNA in the biopsy tissue and peripheral blood mononuclear cells followed by 
direct sequencing o f polymerase chain reaction product to detect any nucleotide changes.

Results. HHV-8 DNA was detected in all the cutaneous KS and all the visceral KS samples, as well as 
a number o f KS-free organs including the thyroid, salivary gland, and myocardium that have not been 
described before. Mutations in the viral DNA could be demonstrated in all patients. The mutations 
found were related more to that seen in AIDS-KS cases than that found in African endemic KS cases. 
HHV-8 sequences could be detected in follow-up frozen skin biopsies o f five patients but were 
negative in the equivalent formalin-fixed specimens. Viral DNA was also detected in 2 o f 11 peripheral 
blood mononuclear cell samples collected at the time o f the follow-up skin biopsies.

Conclusion. Reduction or withdrawal of immunosuppression allows the immune system to recover 
sufficiently to reduce viral replication with subsequent viral persistence and low grade viral replication 
that coincides with clinical remission o f the KS lesions. This provides further evidence for the 
important etiological role played by HHV-8 in the pathogenesis o f posttransplant KS.
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FACTORS INFLUENCING PATIENT AND RENAL ALLOGRAFT 
SURVIVAL : THE TYGERBERG HOSPITAL EXPERIENCE

MR Moosa
Department of Internal Medicine and Renal Unit, Tygerberg Hospital, Parow,

Western Cape.
The survival of renal allografts and of recipients is influenced by a number of factors, 
demographic, clinical and therapeutic. Some of these factors have been better studied 
than others, and we sought to establish the influence of particular factors on our own 
patients and allografts.

All patients transplanted in our unit between April 1,1976 and March 31,1999 were 
included in the study. Demographic details were analysed. Patient and graft outcomes 
were assessed using Kaplan-Meier survival analysis. The survival curves were 
compared using univariate analysis; results that were significant were subjected to 
multivariate analysis. The influence of a number of factors on graft and patient survival 
were assessed and compared.

In the study period, 623 renal allografts were transplanted in 542 patients. Patient 
survival was superior in recipients who were aged less than 40 years, retained their 
allografts in the first year and received living-relate donor kidneys. Patient survival 
was similar on cyclosporine compared to conventional treatment early, but was worse 
after 6 years. Graft survival was also better in younger patients and those under 
cyclosporine; race and sex did not have an influence on graft survival.

Failure to retain a renal allograft in the first year was a poor prognostic indicator. 
Cyclosporine improved graft survival, but not patient survival. Patient and graft survival 
were better in younger patients. Contrary to the experience elsewhere, black and 
white patients had similar outcomes after renal transplantation.

Stellenbosch University http://scholar.sun.ac.za/



Stellenbosch University http://scholar.sun.ac.za/



Renal Transplantation in 
Developing Countries

M. Rafique Moosa • Abdul A ziz  Walele • Abdallah S. Daar

introduction
Renal transplantation is the only viable therapeutic option 

for most patients with irreversible renal failure in developing 
countries. The high cost of dialysis limits this form of treat­
ment to a privileged few, making a successful renal trans­
plant a greater necessity than elsewhere. The struggling econ­
omies of m ost develop ing  coun tries  h ave  m any other 
priorities, and the question of whether dialysis and trans­
plantation are justified at all has been raised but remains 
largely rhetorical. If transplants are to be done, the timing of 
transplantation m ust be optimized, graft function m ust be 
maximized and costs and complications m ust be minimized. 
Many developing countries are beset by problems, including 
political and military violence, economic upheavals, corrup­
tion and unstable governments. There are major dem ands on 
available resources, and generally less than 5% of gross na­
tional product (GNP) is spent on health. In the United States, 
143% of GNP is spent on health care, whereas Pakistan 
spends 1.1% (Rizvi e t al., 1990), and  Ind ia  sp en d s  1.5% 
(Chugh and Jha, 1995; Weening et al., 1998). Many health 
problems in developing countries are related to poverty, mal­
nutrition, lack of potable water and infections.

Malaria and hum an immunodeficiency virus (HIV) infec­
tion, especially in sub-Saharan Africa, put enorm ous strains 
on lim ited health  care budgets. W ithin these  lim itations, 
nephrologists have to manage patients w ith irreversible renal 
failure. Proponents of renal transplantation argue that trans­
plantation should be encouraged because it is the most cost- 
effective form of renal replacement therapy, with the best 
promise of improved quality of life and an excellent chance 
of rehabilitation. Rizvi and Naqvi (1995) argued that curbing 
transplantation until other health issues are addressed should 
be avoided because the delivery of health services is notori­
ously poor. It has been estimated that 80% of the world's 
population live in developing countries and consume 15% of 
world resources (Fig. 38-1). The World Bank classification of 
countries by economic groupings, based on GNP per capita 
(World Bank, 1997), is (1) low income, less than $785 (U.S. 
dollars); (2) lower middle income, $786 to $3,125; (3) upper 
middle income, $3,126 to $9,655 and (4) high income, greater 
than $9,656. The countries with low-incomc and middle- 
income economics are referred to as developing countries. The 
disparity between emerging m arket economies of developing 
countries and established market economies of developed 
countries continues to w iden (Grunberg, 1996). Nowhere is 
this disparity more striking than in the differential resources 
spent on health.

The availability and rate of transplant activity vary con­
siderably; however, dem and exists even in the poorest na­
tions. Kidney transplants were performed in 95% of 44 coun­
tries surveyed by Kazim et al. (1992)—most were performed 
in the more developed countries.

Most uremic patients are unlikely to receive treatment 
because with poverty there is a struggle to provide the most 
basic medical care. With many developing countries having 
virtually no dialysis activity or cadaver donor programs, the 
only hope for patients with irreversible renal failure is a 
living related donor transplant. On a worldw ide basis, the 
num ber of patients w ith end-stage renal disease (ESRD) start­
ing dialysis increased by more than 33-fold in the years 
1975-1989, but the num ber of transplants increased only 5- 
fold in the same period. Of all the transplants worldwide, 
less than 10% are performed in developing countries, which 
rely heavily, and in some cases exclusively, on living related 
donors. The marked discrepancy between the number of 
patients with ESRD and the num ber of patients who receive 
transplants continues to grow at an alarming rate. In devel­
oping countries, the discrepancy between w hat is technically 
possible and what is economically viable is striking witn 
regard to renal replacement treatment; in Pakistan, 400 kid-

Wortd
Population
Arranged
by Income Distribution of Income

FIGURE 38-1

The champagne glass of world poverty. The discrepancy in the 
wealth of the rich and poor countries of the world is extremely large 
and continues to grow, largely as a result of the indebtedness of the 
poorest countries, resulting in the stem of the glass becoming thinner. 
The poorest 60% of the world's population are almost equally poor. 
(Anonymous, 1999b; reproduced with permission from the British 
Medical Journal.)
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World World
Population Income
Richest 20% 82.7%
Second 20% 11.7%
Third 20% 2.3%
Fourth 20% 1.9%
Poorest 20% 1.4%
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