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Abstract 

Fibroblasts are fully differentiated fibers-forming cells of adult connective tissues. They are the 

principal cells of connective tissue that elaborate the precursors of ECM components. These are 

most numerous and stable cells of connective tissues. As the name suggest, they are considered 

to be responsible for production of collagenous, reticular, and elastic fibers and for synthesis of 

glycosaminoglycans, (GAG) and glycoproteins of the amorphous intercellular substance. They 

however, synthesize MMPs, which are responsible for turnover of collagen and elastic fibers. 

Due to diverse synthetic functions, fibroblast activities need delicate control.  Improper control at 

any step of any process in fibroblasts activities results in synthesis of either: quantitative 

excessive or inadequate, or qualitatively defective products that are reflected in diseases 

processes such as scleroderma, systemic or focal sclerosis, keloids, cardiac and pulmonary 

fibrosis, but also in wrinkles and premature aging of the skin.  

 

Various factors diversely affect fibroblast, these includes UVA, UVB, and tobacco nicotine. 

These factors can easily play with the delicate balance of fibroblasts activities culminating to 

diseases processes.   Connective tissue is found throughout the body. All body organs contain 

fibroblasts.  

 

To study fibroblasts and photo damage, skin biopsies from; the glabella (sun-exposed) and upper 

third on both thighs medially (sun protected) of 36 human cadaver were used. Cadaver age 

ranged from 0 (fetuses) to 104 years, with mean age of 49.2. Routine and special histological 

coupled with computer assisted image analysis were used to assess dermal changes at light 

microscopic level.  In sun-exposed skin, the collagen fiber architecture appeared disorganised 

after 3rd decade. Interestingly, collagen fiber architecture in sun-protected skin appeared to be 

organised throughout all age.  



 xvi

Human fibroblasts derived from the skin dermis were studied ex vivo within University of 

Stellenbosch approved ethical protocol 04/05 (Faculty of Health Sciences). The explant method 

of culture was adopted as this is the most satisfactory (Boss WK et al 2000 [ I, II ], Cristafalo VJ 

et al 1998, Matsuo M et al, 2004). Serum enriched and serum free Ham’s F12 and DMEM 

mediums were used. Only 5% of cell growth could be affected in serum free medium compared 

to 85% in serum enriched medium (p<0.05). The result suggests that serum enriched medium 

renders better fibroblast proliferation over serum free medium. This however has clinical 

implication as serum rich media carry the possibility of transmitting zoonotic diseases in case 

fibroblast cell therapy is considered for human use (Boss et al 2000). 

 

Keywords: Fibroblasts, Extracellular matrix, Photoaging, Explant.  
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Rationale 

Studying fibroblasts is relevant as they are found through out the body in connective tissue. In 

present study, fibroblasts were demonstrated in all the organs studied (skin, heart and Lung). 

They are involved in various diseases processes of the human body as part of their normal or 

defective functions. As part of their normal reparative function to injured tissues fibroblasts 

replace fibrous tissues to parenchyma of irreversibly damaged organ such as in pulmonary 

fibrosis (lung fibroblasts) and myocardial fibrosis (cardiac fibroblasts). Abnormality (defects) in 

control of their synthetic and secretory function of fibroblasts results in diseases such  as  keloid, 

hyperplastic scars, sclerosis, wrinkles and premature aging, and other dermal fibrotic diseases 

including fibromatosis such as Dupuytren’s contracture and retroperitoneal fibrosis. In the 

present study, replacements of some lung parenchyma by fibrous tissues were note.  

In addition, the increasing demand for facial rejuvenation services necessitates looking for some 

safer serum free culture media. 
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CHAPTER 2: LITERATURE REVIEW 

 

 

 

 

• Definitions 

• Histology review 
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INTRODUCTION: THE HUMAN FIBROBLAST 

Introduction: 

Definition 

Dorland’s Medical Dictionary defines a fibroblast as the principal cell in the connective tissue; 

with characteristic flat and fuse form in shape having branching cytoplasmic processes at its 

periphery borders, its nucleus is also flat, oval in outline.  It is also called fibrocyte and 

desmocyte”. 

A fibroblast is a unique cell type, derived from mesodermal layer, involved heavily in  synthesis 

and secretion of  the extracellular matrix for maintenance of many animal tissues, this is possible 

by their constant secretion of precursors of the connective tissue matrix.  Fibroblasts give a 

structural scaffold (stroma) for many tissues, and play a crucial role in wound healing. They are 

the most regular cell constituent of connective tissue in animals (Fanny D et al 2004). 

The main function of fibroblasts is to preserve the structural integrity of connective tissue 

through constantly secreting precursors of the extracellular matrix. The secretory function of 

fibroblasts comprises of the precursors of the entire components of the extracellular matrix, 

principally, the ground substance, and an array of fibers, which includes collagen, reticulum and 

elastin.  The composition of the extracellular matrix plays a key role in the physical properties of 

connective tissues (Fanny D et al 2004, Abraham L 2002, Wolfgang K 1997). 

 

General histology 

Fibroblasts are morphologically diverse, their location and activity determine their appearances. 

They have tendency to retain positional memory of the location and tissue context where they 
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had formerly resided, at least over a few generations (Abraham L 2002, Wolfgang K 1997, 

Fanny D et al 2004). 

Fibroblasts do form flat monolayers in culture, otherwise, they do not show this feature in situ.  

Fibroblasts are not limited by means of polarity attachment to a basal lamina on one side; in the 

intestine, however, subepithelial myofibroblasts participate in formation of the basal lamina via 

their secretion of alpha-2 chain  which incorporate the laminin protein. These intestine 

subepithelial myofibroblasts are absent in portions of epithelia that are associated with follicles.  

To distinguish it from epithelial cells, fibroblast demonstrates individual cell motility or 

migration, fills the gaps in the body of the organism, and therefore gives its shape by their ECM. 

(Wolfgang K 1997, Fanny D et al 2004). 

Primitive mesenchymal cells are the predecessors for fibroblasts just like any other connective 

tissue cell from (Abraham L 2002).  They therefore express vimentin, an intermediate filament 

protein, a marker for mesodermal origin. This marker, however, have been shown to be 

expressed by in vitro cultured epithelial cells on adherent substratum after some time. (Abraham 

L 2002, Wolfgang K 1997, Fanny D et al 2004). 

Fibroblasts are large , flat, branching cells that appear spindle-shaped or fusiform in profile with 

an elliptical nucleus, thin cytoplasm, and usually not resolved under light microscope (L/M). The 

branching processes are slender and inconspicuous in most preparations under L/M. The nucleus 

is oval or elongated and has a delicate nuclear membrane, one or two distinct nucleoli, and a 

small amount of finely granular chromatin (Abraham L 2002, Wolfgang K 1997, Leeson L et al 

1988, Bloom et al 1986, Midwood K S et al 2004, Alice S et al 2004). 
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In connective tissue spreads, the nucleus appears pale, whereas in sectioned material it is usually 

appears shrunken and deeply stained with basic dyes. Under the electron microscope, these show 

the typical features of a protein-secreting cell; well developed RER and Golgi apparatus. Since 

the outlines of the cell are indistinct in most histological preparations, the nuclear characteristics 

are of considerable value in identification (Abraham L 2002, Wolfgang K 1997, Leeson L et al 

1988, Bloom et al 1986, Midwood KS et al 2004, Alice S et al 2004). 

Two stages of activity: active and quiescent, are observed in these cells. Cells with intense 

synthetic activity are morphologically distinct from the quiescent fibroblasts that are scattered 

within the matrix. Young fibroblasts, have an abundant and irregular branched cytoplasm, its 

nucleus is ovoid, large, and pale staining, with fine chromatin and prominent nucleolus 

(euchromatic nuclei), the cytoplasm is rich in RER, and  Golgi complex is well developed and 

located near the nucleus. They appear relatively homogeneous and basophilic and are actively 

engaged in protein synthesis for production of intercellular substances. The mitochondria appear 

as slender rods, microtubules are also present and are thought to be required for the translocation 

of secretory vesicles (Abraham L 2002, Wolfgang K 1997, Leeson L et al 1988, Bloom et al 

1986, Midwood KS et al 2004, Alice S et al 2004). 

Old fibroblasts are relatively inactive fibroblasts, with heterochromatic nuclei, also referred to as 

fibrocytes. They are smaller than active fibroblast, tend to be spindle-shaped, have fewer 

processes, smaller, darker, elongated nucleus; sparse and only weakly basophilic or even 

acidophilic cytoplasm due to scanty granular ER (RER). However, if adequately stimulated, as in 

wound healing, fibrocytes may revert to the fibroblast state (Abraham L 2002, Wolfgang K 

1997, Leeson L et al 1988, Bloom et al 1986, Midwood KS  et al 2004, Alice S et al 2004). 

In course of development, as in development of notocord and nephron, fibroblasts can transform 

into characteristic epithelial cell and vice versa by a processes known as mesenchymal to 
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epithelial (MET) and epithelial to mesenchymal transition (EMT) respectively (Abraham L 

2002, Wolfgang K 1997, Fanny D et al 2004). 

Fibroblasts have a branched cytoplasm surrounding an oval, dotted nucleus having mono- or bi-

nucleoli (Abraham L 2002).  Active or young fibroblasts are recognized by their numerous rough 

endoplasmic reticulums, a feature of protein secreting cells (Abraham L 2002, Midwood KS et al 

2004).  Inactive or old fibroblasts, fibrocytes, are heterochromatic, smaller and tapered.  They 

possess less and condensed rough endoplasmic reticulum. They may be found scattered among 

the ECM or arranged parallel in clusters (Abraham L 2002). 

 

Myofibroblasts 

Myofibroblasts, cells with features of both fibroblasts and smooth muscle, are also observed 

during wound healing. It is now established that the myofibroblast can be found in normal tissue 

as well as in a wide variety of pathological processes (Oda D et al 1998). 

The cell has morphologic characteristics of fibroblasts but contains increased amounts of actin 

microfilaments and myosin and behaves like smooth muscle cells. Their activity is responsible 

for wound closure after tissue injury, a process called wound contraction (Midwood KS et al 

2004, Abraham L 2002). 

Myofibroblasts are characterised by high expression of alpha-smooth muscle actin (alpha-SMA), 

are important and transient cells in normal wound healing but are found in increased number in 

various pathological conditions of the lung including asthma and pulmonary fibrosis (Gu L et al 

2004). The mechanisms that regulate the myofibroblasts phenotype are unknown but are likely to 

involve signals from the extracellular matrix transmitted via specific integrins. Fibronectin is a 

glycoprotein released during inflammation and has been shown to regulate the phenotype of 
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vascular smooth muscle cells via alpha v and beta 1 integrins (Gu L et al 2004, Scaffidi AK et al 

2001). TGF-beta1 induced fibroblast-myofibroblast differentiation in a Smad proteins-dependent 

manner (Gu L et al 2004). IFN-gamma could block this process but it was not mediated by 

interrupting smad2/3 phosphorylation and their nuclear translocation and DEX played a 

synergism with TGF-beta1.Differentiated myofibroblasts, however, are resistant to both 

Interferon-gamma and DEX (Gu L et al 2004). 

Myofibroblasts disclose irregular, often stellate cellular outline with numerous and long 

cytoplasmic extensions, and are connected by intermediate or adherens and by gap junctions, the 

latter considered as low-resistance pathways for intercellular communications (Gabbiani G et al, 

1978).  In addition, myofibroblasts that is associated with a basal lamina; posses junction 

complexies, dense patched or dense bands, and pinocytotic vesicles. They are also connected to 

extracellular matrix by cell-to-stromal attachment sites through the fibronexus, which is 

transmembrane complex of intracellular microfilament bundles in apparent continuity with extra 

cellular fibronectin fibers (Singer II et al 1984). These cell-to-stromal attachment sites are well 

developed and numerous in myofibroblasts compared to their attenuated appearance in smooth 

muscle cells. At the surface of myofibroblasts, three types of fibronexus are observed; plaque-

like, track-like and tandem associations (Singer II et al, 1979). The  cytoplasm of  myofibroblasts 

have abundant bundles of microfilaments also called stress fibers, these fibers are normally 

parallel organised to the long axis of the cell. Also, within the cytoplasm are interspersed several 

dense bodies. As in vascular smooth muscle cells, these structures may be in continuity with 

dense bands or plasmalemmal attachment plaques. Rough endoplasmic reticulum and Golgi area 

are well developed. The nucleus displays deep indentations, an ultrastructural feature that has 

been correlated with cellular contraction in several systems (Bloom S et al 1969, Frank WW et al 

1969, Lane BP et al 1965, Majno G et al 1969). Several nuclear bodies are usually present and 

nucleoli are conspicuous. 
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Although morphologically best defined with electron microscope, myofibroblasts disclose 

several typical histological traits that allow their recognition in routine paraffin sections. They 

are usually large, spindle shaped, often stellate (spider-like) cells.  In addition, they have 

numerous elongated branching cytoplasmic processes, and discrete fibrillar and acidophilic 

cytoplasm with cable-like condensations (stress fibers) coursing parallel to the long axis through 

the subplasmalemmal cytoplasm. The nuclei are frequently show constriction or reveal 

strangulations of nuclear portions, a feature reflecting cellular contraction. The chromatin is 

delicately granular, uniformly distributed, and nucleoli are prominent.  Well differentiated 

myofibroblasts are observed in collagen poor and oedematous areas.  In heavy collagenized 

zones, myofibroblasts are difficult to recognise with the light microscope since they correspond 

ultrastructurally to poorly developed myofibroblasts of fibroblasts. 

Even though most of myofibroblasts are derived from fibroblasts, a certain proportion of them 

are derived from vascular smooth muscle cells, and only a low proportion form pericytes 

(Ronnov-Jessen L et al 1995).  Other mesenchymal cells with possible derivation for 

myofibroblasts are; perisinusoidal stellate cells in hepatic fibrosis and cirrhosis (Friedman SL et 

al 1993, Ramadori G et al 1990, Schmitt-Graff A et al 1991 and Blazejewski S et al 1995), and 

glomerular mesengial cells (Johnson RJ et al 1991, Diamond JR et al 1995, Goumenos DS et al 

1994, Boukhalfa G et al 1996).  

 

Fibroblast release factors 

Fibroblasts secrete all ECM proteins, which include; collagens, glycosaminoglycans, reticular 

and elastic fibers, and glycoproteins (Abraham L 2002, Kohyama T et al 2002). They also 

secrete growth factors. The activity and composition of fibroblasts varies with the age of an 

individual. In young individuals, most of fibroblasts are young actively dividing and 
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synthesizing ground ECM substance.  Tissue injury stimulates fibrocytes of elder individuals to 

revert to young active fibroblast form which then undergo mitotic division to increase their 

number and start the synthetic activities for repairing the damage.  Fibroblast production of 

extracellular matrix is crucial not only for normal tissue development and maintenance of tissue 

structure but also for the repair and remodelling processes after injury (Kohyama T et al 2002). 

 

Cardiac fibroblasts 

Cardiac fibroblasts constitute greater than 90% of non-myocyte cells in the heart. Because they 

are responsible for synthesis of components of the extracellular matrix, growth factors and 

cytokines in the myocardium, they play an important role in normal and pathologic performance 

of the heart (Agocha AE et al 1997, Neuss M et al 1996). Cardiac fibroblasts are the source of 

extracellular matrix, growth factors and cytokines in the heart and their interactions with cardiac 

myocytes are recognized (Zhao L et al 2001). Their effects on biological responses of endothelial 

cells are observed in angiogenesis in the heart (Zhao L et al 2001). 

Cardiac remodelling involves the accumulation of extracellular matrix (ECM) proteins including 

fibronectin (FN) released by cardiac fibroblasts (Huntley BK, 2006). FN contains RGD motifs 

that bind integrins at DDX sequences allowing signalling from the ECM to the nucleus. It has 

been noted that the natriuretic peptide receptor A (NPR-A) sequence contains both RGD and 

DDX sequences. Modulation of extracellular matrix degradation in the human heart is done by 

the gp130 ligand oncostatin M that regulates tissue inhibitor of metalloproteinases-1 through 

ERK1/2 and p38 in adult human heart myocytes and fibroblasts (Weiss TW et al 2005). 

Fibroblasts are hypothesized to play a role in cellular communication between the endothelium 

and epithelium and are positioned to provide leukocytes a surface on which they may migrate 

through the interstitium (Sirianni FE et al 2006).  They are also capable of secreting a diverse 
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repertoire of cytokines and are able to be activated by pro-inflammatory cytokines and cell-cell 

contact (Fitzgerald SM et al 2004, Sato E et al 2002). 

Contrarily to shapes of many cells that normally correspond to their function performed, 

fibroblasts can perform different function while retaining the same morphology. Fibroblass 

movement involves the production of filopodia. During moulding of the ECM, fibroblasts 

contracts, pulling others cells and components of ECM with them (Fanny D et al 2004, Kohyama 

T et al 2002).  Fibroblasts can differentiate into other cells of mesenchymal origin, these 

includes; osteoblasts, adipocytes, and myocytes (Abraham L 2002, Sirianni FE et al 2006). 

The fibroblasts can thrive easily in culture, this feature single them out as favourable cells in 

biological cell culture research (Fanny D et al 2004). Most cell culture studies however, have 

been done entirely on zoonotic fibroblasts cells or partly on human fibroblasts but utilising 

zoonotic serum (Boss et al 2000, Fanny D et al 2004). 

 

Fibroblasts and disease processes: 

Strict control of fibroblast activity is important for the integrity of extra cellular matrix. Weiss 

TW et al 2005, show that alterations in the balance between matrix deposition and matrix 

degradation brought about by changes in the respective activities of matrix metalloproteinases 

(MMPs) and tissue inhibitors of matrix metalloproteinases (TIMPs) contribute significantly to 

cardiac dysfunction and disease. Lerman OZ et al 2003, also, show that impairment of fibroblast 

functions result in impediments of normal wound repair, thereby contributing to the chronic and 

non-healing wounds. Fibroblasts contribute to structural alteration processes as in chronic 

inflammatory and chronic obstructive pulmonary  diseases, COPD, like asthma. Matthiesen S et 

al 2007, reported expression of multiple muscarinic receptors in human lung fibroblasts and 
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demonstrated muscarinic receptor-induced, G(1)-mediated proliferation in these cells. Fitzgerald 

SM et al 2004, Sato E et al 2002, showed that fibroblasts play a sentinel role in asthmatic and 

other diseases like graft-versus host disease. They are the main constituents of connective tissue 

and are increased in number in the asthmatic lung. They are also capable of secreting a diverse 

repertoire of cytokines and are able to be activated by pro-inflammatory cytokines and cell-cell 

contact. Allergic asthma and allergic dermatitis are chronic inflammatory diseases and are 

characterized by an accumulation of eosinophils at sites of inflammation. Eotaxin-1/CCL11 and 

eotaxin-3/CCL26 are members of the CC chemokine family, which are known to be potent 

chemoattractants for eosinophils. Rokudai A et al 2006, Antonelli A et al, 2005, observed that a 

human lung fibroblast, HFL-1 produces eotaxin-1 and -3 in response to TNF-alpha plus IL-4 

stimulation, accompanied with NF-kappa-B and STAT6 activation. Fibroblast/myofibroblast 

expansion is critical in the pathogenesis of pulmonary fibrosis (Ramos C et al 2006). 

Recently, Baglole CJ et al, 2006, observed the development of emphysema to be associated with 

the loss of alveolar fibroblasts. Cigarette  smoke increase oxidative stress which may injure 

fibroblasts resulting to their death by apoptosis. Of the spectrum of cigarrate smocher, only some 

sufer chronic obstructive lung diseases (COPD), giving the impression that different human 

fibroblasts strains exist with varied adoptability to the unprecedented oxidative stress situations. 

Sirianni FE et al 2006 also concluded that the endothelial/fibroblast/epithelial linkage is 

disrupted in emphysematous human lungs and postulate this disruption may disturb leukocyte 

migration and account for their accumulation in the alveolar interstitium of emphysematous lung 

tissue. 

Myocardial fibrosis has been identified in biopsy specimens from catheterization and valve 

replacement surgery in patients with severe chronic aortic regurgitation (AR). Characterization 

of these extracellular matrix (ECM) alterations has been performed in humans. Fibrosis also has 
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been identified in chronic severe experimentally created AR, in which ECM composition 

features abnormal fibronectin/ glycoprotein production, with normal collagen content. Virtually 

identical ECM variations have been induced when normal rabbit cardiac fibroblasts (CF) are 

subjected in culture to cyclic mechanical strain mimicking that found in the left ventricle (LV) in 

severe AR (Gupta A et al 2006). It has been showed that Endothelin-1 (ET-1),  is a trophic agent 

in the human heart, has the ability to influence the development of cardiac fibrosis by eliciting a 

potent collagen synthesis response in cardiac fibroblasts similar to those of transforming growth 

factor-beta, TGF-beta (Kawano H et al 2000, Tsutsumi Y et al 1998,  Hou M et al 2000, Hafizi S 

et al 2004,  Villarreal FJ et al 1998). Other trophic agents in cardiac fibroblasts and myocytes 

includes; angiotensin I and II peptides, and chronic beta2- adrenergic receptor stimulation. 

Angiotensin I exert its trophic effect by its direct influence without involving AT (1) receptor 

while angiotensin II acts on AT (1) receptor (Hafizi S et al 2004, Villarreal FJ et al 1998 ).  

Chronic beta2-adrenergic receptor stimulation exerts its trophic effect through an autocrine 

mechanism (Turner NA et al 2003, Villarreal FJ et al 1996). Hypoxia also has trophic effect in 

human cardiac fibroblasts: the process mediated by various growth factors and hormones 

including; angiotensin II, transforming growth factor-beta 1, basic fibroblast growth factor and 

thyroid hormone (Agocha A et al 1997). 

 

Fibroblast in solar damage and skin aging 

Skin aging is the reflection of pathophysiological processes carried out at cellular level. The 

central cell that is involved during premature aging is the dermal fibroblasts, (Meinhard 

Wlaschek et al 2003). It has been demonstrated by Meinhard Wlaschek et al 2003 and Saunders 

et al 2001, that fibroblasts cellular senescence can be induced artificially by exposure of sub 

lethal irradiation dose as that used in treating dermatological diseases. Gary J Fisher et al 1997 
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showed that long term exposure to background ultraviolet irradiation from sunlight causes 

premature (photo) aging. They went further, to grossly characterize the photodamaged skin as 

having wrinkles, altered skin pigmentation and loss of skin tone. Du Toit et al 2007 and 

Bernstein Ef et al 1996 histopathologically characterised the photo damaged skin as having:  

deposition of abnormal elastic fiber, the so called elastosis, basophilic degeneration of collagen 

and elastic fibers, increased deposition of glycosaminoglycans, the ECM ground substances, in 

the site formerly occupied by collagen type I, increased number of melanocytes and uneven 

distribution of melanin, collagen disappear proportionately also perivascular infiltration of 

lymphocytes, histiocytes and mast cells. DNA mutation secondary to sun exposure is the agreed 

cause of all the histological and clinical observed dermal changes (Berneburg M et al 1997).   

The Dermis lies beneath the epidermis and providing mechanical support for the later (Abraham 

L 2002). The main structural component of the dermis is type I collagen and type III collagen to 

the lesser amount (Abraham L 2002, Gary J Fisher et al 1997).  The principal cell for the dermal 

extracellular matrix synthesis is the dermal fibroblast (Abraham L 2002, Gary J Fisher et al 

1997). Meinhard Wlaschek et al 2001 implicated the accumulation reactive oxygen species, 

ROS, generated by the exposure to ambient sun light are responsible for dermal fibroblasts DNA 

damage. According to Meinhard Wlaschek et al 2001, ROS activates cytoplasmic signal 

transduction pathways in resident dermal fibroblasts that are related to growth differentiation 

senescence and connective tissue matrix degradation.  These pathways involve the activation of 

matrix metalloproteinases, MMPs a family of zinc-dependent proteases secreted as latent 

precursors (zymogens) and proteolytically activated in the ECM (Meinhard Wlaschek et al 2003 

Abraham L 2002, Gary J Fisher et al 1997). Apart from fibroblasts, MMPs are also synthesised 

by chondrocytes, keratinocytes, monocytes, macrophages, hepatocytes and tumour cells 

(Abraham L 2002). To date, about four members of MMPs family are known which includes: 

family collagenases 1, 2 and 3 in which 1 can degrade type I, II, III, and type V collagen, 2 
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stored in cytoplasmic granule of polymorphonuclear leucocytes and released in response to a 

stimuli, collagenase 3 can degrade type I, II, III, IV, IX, X, and XI, but also laminin, and 

fibronectin and other ECM components. Family Stylomelysins (1, 2, and metalloelastase) can 

degrade basement membrane component (type IV collagen and fibronectin) and elastin, family 

Gelatinases A and B can degrade type I collagen and normally produced by alveolar 

macrophages, family matrilysin, and family membrane-type matrix metalloproteinases which are 

produced by tumour cells (Abraham L 2002, Remacle AG 2006 et al, Gary J Fisher et al 1997, 

Meinhard Wlaschek et al 2003, Bernstein EF et al 1996). The normal inhibition mechanism of 

MMPs in extracellular space by tissue inhibitors of metalloproteinases (TIMPs) is disrupted in 

photodamaged fibroblasts (Abraham L 2002).  The preferential degradation of type I collagen 

can be attributed to MMP1. 

 

Fibroblasts in Wound healing 

Wound healing is the body's natural process of regenerating injured or damaged tissue. When 

tissue is injured some growth factors, wound hormones, are released by injured cells which will 

lead to cell division and migration so that damage is repaired (Midwood KS et al 2004, Abraham 

L et al 2002). Healing can occur in one or both of the two ways: by regeneration which involve 

the replacement of injured tissue by the same kind of tissues or by fibrosis in which fibrous 

connective tissues proliferates to replace the injured tissue with the scar tissue (Chang HY et al 

2004, Abraham L et al 2002). Regeneration is limited to some few tissues, like epithelium 

(epidermis and mucous membranes), bone and fibrous connective tissues. Other tissue heals by 

scar formation due to their limited regeneration capacity (Abraham L et al 2002). It is the 

fibroblasts which take the role of healing whenever the injured tissue has limited regenerative 

capacity. An array of events takes place in a sequential manner to repair the damage.  These 
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events merge in time (Abraham L et al 2002, Stadelmann WK et al 1998, Iba Y et al 2004). 

Events involved are basically divided into three stages which include: inflammation stage, 

organisation stage and lastly is the regeneration and or fibrosis stage which affects a permanent 

repair.  Assuming the injury occurred involving the skin (epidermis and dermis), the three events 

will happen as follow: 

Inflammation stage is set by inflammatory mediators which aim at mobilising inflammatory cells 

(leucocytes, platelets, macrophages, mast cells)  and clotting factors, antibodies and other 

substances to seep into the injured area  so that bleeding is stopped and the wound is isolated, 

hence preventing bacteria, toxins or other harmful substances from spreading to the surrounding 

tissues.  Formation of scab ends this stage (Kuwahara RT et al 2006, Chang HY et al 2004, 

Abraham L et al 2002). 

Fibroblasts are set into action during the organisation stage, which aims at restoring the blood 

supply (Quinn, JV 1998). Here temporary blood clot is replaced by granulation tissue, a delicate 

pink tissue composed of several elements most importantly are fine reticular fibers which form a 

delicate meshwork across the wound (DiPietro LA   et al 2003). Later fibroblasts replace the fine 

reticular fibers by further synthesising new collagen type I fibers to permanently bridge the gap 

(Lansdown ABG et al 2001). At the same time, macrophages digesting and removing the 

original blood clot (Kuwahara RT et al 2006). The granulation tissue that formed is going to 

become a scar tissue, a fibrous tissue patch highly resistant to infection because it incorporates 

bacterial-inhibiting substances (Romo T et al 2006, Greenhalgh DG 1998). 

Regeneration and or fibrosis stage effects permanent repair. While organisation is still going on, 

the surface epithelium stars to regenerate and migrate across the granulation tissue (Falanga V 

2005, Mercandetti M et al 2005). After maturation of granulation tissue, fibroblasts, under the 

influence of transforming growth factor beta, assume the myofibroblastic form and start wound 
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contractions that further reduce the size of the scar (Eichler MJ et al 2005, Lorenz HP et al 2003, 

DiPietro L A et al 2003). Remodelling is simultaneously taking place where by the excess 

collagen is degraded to resume the normal shape and arrangemrnt of the original site 

(Greenhalgh DG 1998). 

Disruption in various processes of wound healing may result to either to complete failure in 

healing  as in chronic ulcers or inappropriate healing of the wound with exaggerated scar tissue 

formation as in hyperplastic scar, keloid scar  (Midwood K S et al 2004 , O'Leary  R et al  2002, 

Desmouliere  A et al  2005). 

 

Fibroblasts in systemic sclerosis  

Systemic sclerosis (SSc) is a chronic debilitating disease characterized by an excessive 

production and accumulation of collagen and other extracellular matrix components in the skin 

and systemic organs by fibroblasts (Sonnylal S et al 2007). 

It is widely accepted that fibroblasts excessive collagen fiber production leading to fibrosis is 

induced by transforming growth factor (TGF)-beta in the early stage and is subsequently 

maintained by connective tissue growth factor (CTGF). CTGF is a cysteine-rich mitogenic 

peptide that has been involved in various fibrotic disorders and can be induced in fibroblasts by 

activation with TGF-beta, (Xiao R et al 2006). 

Its symptoms and signs includes; binding down of skin, Raynaud's phenomenon, pigmentary 

change, hand contractures, fingertip ulcers, dyspnoea, restricted mouth opening, telangiectasia, 

fingertip resorption, joint complaints, dysphasia, and gangrene (Krishna Sumanth M et al 2007). 
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Various immunosuppressive drugs have been used to treat it with limited success, among them 

are; Mycophenolate mofetil (MMF) which is used to prevent organ rejection after 

transplantation. MMF inhibits COL1A1 and COL1A2 mRNA at the level of transcription, via 

repression of their promoters, (Roos N et al 2007). Cyclophosphamide is reasonably effective in 

ameliorating and/or stabilizing lung function from scleroderma interstitial lung disease, (Antoniu 

SA 2007, Beretta L et al 2006). 

 

Fibroblasts in keloids 

Keloids are fibrotic lesions that result from an abnormal wound-healing process that lacks 

control of the mechanisms that regulate tissue repair and regeneration (Sandulache VC et al 

2007). 

The proliferation of normal tissue-healing processes results in scarring that enlarges well beyond 

the original wound margins (Ong CT et al 2007). Represent the most extreme example of 

cutaneous scarring that uniquely afflicts humans as a pathological response to wound healing. It 

is characterized by excessive deposition of collagen and other extracellular matrix components 

by dermal fibroblasts. Upon cutaneous injury, cocktails of chemokines, cytokines and growth 

factors are secreted temporally and spatially to direct appropriate responses from neutrophils, 

macrophages, keratinocytes and fibroblasts to facilitate normal wound healing. Keloid formation 

has been linked to aberrant fibroblast activity, exacerbated by growth factors and inflammatory 

mediators. Lu F et al 2007 showed that there is a loss of gap functional intercellular 

communication and connexion expression in fibroblasts derived form keloid and hypertrophy 

scar tissue which could then affect intercellular recognition and thus break the proliferation and 

aptosis balance. The molecular mechanism(s) behind keloid pathogenesis remains unclear 
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IL-6 signalling may play an integral role in keloid pathogenesis and provide clues for 

development of IL-6 receptor blocking strategies for therapy or prophylaxis of keloid scars 

(Ghazizadeh M et al 2007, Kim JY 2006). 

It is thought that epidermal VEGF exerts significant paracrine control over the dynamics and 

expression profile of underlying dermal fibroblasts, (Ong CT et al 2007). 

Impaired fibroblast PGE2 production due to aberrant paracrine fibroblast signalling has been 

linked to lower airway fibrosis and recently to keloid formation, (Sandulache VC et al 2007). 

Enhanced expression and phosphorylation of Stat3 in keloid scar tissue, and in cultured keloid 

fibroblasts (Lim CP et al 2006), the over expression of three genes not previously reported as 

being up-regulated in keloids (annexin A2, Transgelin, and RPS18) (Satish L et al 2006). 

Many treatment modalities for keloids have been tried with variable amounts of success: 

Surgical excision, compressive therapy, silicon dressings, corticosteroid injections, radiation, 

cryotherapy, interferon therapy, and laser therapy have all been used alone or in combination. 

Despite this wide range of available treatments, recurrence rates typically remains in the 50%-

70% range. 
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Study aim: 

Since fibroblasts are such important cell populations as they involve in many diseases processes 

some of them highlighted above, it is obvious worth studying. This study aimed at utilising 

cadaver tissue biopsy specimen to histological studying behaviour of human fibroblasts from 

different organs by simple routine histological techniques, also using both serum-enriched 

medium, and serum free medium to cultural study the human dermal fibroblasts. 
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CHAPTER 3: MATERIAL AND METHODS 
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MATERIALS AND METHODS 

 

Hypotheses tested 

1. Fibroblasts can be demonstrated in different organs in the body using routine and special 

stains for light microscopy alone, (Haematoxylin and eosin, van Gieson, Verhoeff’s and 

silver stains). 

2. Dermal fibroblast morphology remains the same regardless of age, sex and race of an 

individual, as demonstrated by the application of routine stains alone at light microscopic 

level. 

3. Masson Trichrome staining can enhance tissue collagen identification at light 

microscopic level in the lung, heart and skin. 

4. There is questionable difference in collagen morphology of the skin regardless of; age, 

sex, site and race of an individual. 

5. Elastic fiber content of skin shows degradations in sun-exposed versus sun-protected skin 

of an individual. 

6. Special stains at light microscopic level are useful in demonstrating quantitatively and 

qualitatively the collagen and elastic fiber content of the skin. 

 

Materials 

Sample size: 

Skin biopsies were obtained from 36 embalmed human cadavers.  
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Selection criteria: 

Cadavers with normal looking skin were included. 

Exclusion criteria: 

All cadavers with damaged skin and underlying dermatological diseases were excluded. 

 

Definitions of terms 

Tissue processing; refers to any treatment of tissue necessary to impregnate them within a solid 

medium (paraffin wax) to facilitate the production of sections for microscopy 

Fixation is a complex process involving a series of chemical events that aim at prevention of 

autolysis and bacterial attack to the tissue specimen and hence preserves cellular structure and 

maintains the distribution of organelles as close to the living state as possible while allowing 

subsequent procedures like staining, to be carried out clearly. Formaldehyde and 

glutaraldehyde are the most commonly used chemical fixatives. Formaldehyde in solution is 

referred to as formalin. 

Labelling of tissues; refers to giving identification number/tag to tissue to ensure that there is 

little danger of incorrect reporting due to errors or exchanges of tissue identity.  The Tissue Tek 

system was used in which tissue identity was written on the cassette and retained as a permanent 

record during sectioning and storage of tissue blocks. 

 

Methods 

Skin biopsies from 36 cadavers and biopsies from five human heart and lungs, for light 

microscopic study were collected in the dissection laboratory at Stellenbosch University, 
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Tygerberg campus. The sex composition was for skin biopsies were; 21 males and 14 females. 

Age ranged from 0 to 104 years, a mean age 49.2 years. 

 

Ethical approval: 

The University of Stellenbosch is a registered tertiary institutional and medical school and 

resorts under the Health Act, which provides for the use of human cadavers. Cadavers were 

always treated with respect. All the information concerning cadavers was used for academic 

purpose alone and   at high confidentiality. Tag numbers instead of actual names of cadaver were 

used to increase degree of confidentiality. 

 

Statistical analysis: 

The study used descriptive statistics that included mean, median, average data for comparison of 

samples and small numbers. Non-parametric testing with the Mann-Whitney U test was applied. 

Results were expressed as mean ± SD. Significant results referred to p<0.05. 

 

Procedures: 

From each of 36 cadavers, skin biopsy specimens were cut from the face (glabella) and upper 

third on both thighs medially. Site selection was based on the perception degree of sun exposure 

of the area during lifetime, the face being exposed to the sun and the medial aspect of the thighs 

as sun protected areas. The demographic data were obtained from the database by retrospective 

search using the tagged cadaver number. Skin specimens were cut deeply to involve the 

subdermal layer of about 20 x 25 mm surface areas using dissection scalpels and tissue forceps.  
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Fixation: 

Tissue specimens were immediately in 10% formalin in small containers pre-labelled with the 

corresponding cadaver number and site. Upon arrival in the histology laboratory, all specimens 

were registered in a record book. Specimens were then removed from the fixative containers, 

trimmed and inserted into processing cassettes bearing specific serial number of the appropriate 

tissue as registered in the record book. The pencil labels on processing cassette accompanied the 

specimen through all stages for identification purpose. 

 

Dehydration, infiltration, and embedding 

The specimen blocks were immersed in 98% formic acid (Merck) for an hour to decontaminate. 

The blocks were then washed in running tape water for 20 minutes and returned to fixative prior 

tissue processing. 

Tissue water is not readily mixed with the embedding solutions and must be replaced using a 

series of alcohol at increasingly higher concentrations. This was done by immersing the 

specimen cassettes in series of increasing alcohol concentrations. 

This step followed by alcohol replacement with an intermediate solvent that is miscible with 

both alcohol and the embedding solutions.  

Tissue specimen blocks were then loaded in an autoprocessor with the schedule as follows; 
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Table 1: The overnight processing schedule of tissue specimens at room temperature. 

Position Reagent Duration(hour) 

1 10% formalin (fixative) 2 

2 70% alcohol 2 

3 96% alcohol 2 

4 96% alcohol 1 

5 100% alcohol 1.5 

6 100% alcohol 1.5 

7 100% alcohol 1.5 

8 Xylene 1 

9 Xylene 1 

10 Paraffin wax 1 

11 Paraffin wax 1 

12 Paraffin wax 1 

 

The process was normally commenced at 1400 and completed by 0800 the following day. The 

time taken for the arrived specimen to stay in fixative containers before processing started varied 

from 1 to 72 hours depending on the availability of autoprocessor and whether the tissue arrived 

at the beginning of the weekend. 
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Infiltration and Embedding 

The blocks were taken out of the processor, the tissue specimens removed from processing 

cassette. The liquid form of the embedding compound, paraffin wax, replaced the intermediate 

solvent. The liquid embedding medium was allowed to solidify, thereby provided rigidity to the 

tissue for sectioning. Molten paraffin wax, at temperature 60ºC (two degrees above the melting 

point) was used as embedding medium. The wax was poured into the corresponding labelled 

plastic embedding cassette mould to a depth enough to cover the thickest tissue block. As soon 

as a thin film of semi-sold wax has formed on the base of the mould, the tissue was introduced 

with warmed forceps, gently pressing the correctly oriented tissue into the semi-solid wax.  The 

mould and wax were placed into an embedding machine at -5°C to hasten solidification of wax 

forming a block. The purpose of this was to reduce the tendency of large crystal formation in the 

wax. Blocks were trimmed once the ax cooled completely. 

 

Sectioning 

Excessive wax was trimmed prior to placing the block on the microtome. 

Sections were made by slicing at 3-5 µm thickness. Each slice was immediately floated on warm 

water at 40° C, in water bath, and put on a clean slide. Of  each tissue block, slides were made 

for the following five stains; (H & E, von Gieson, Masson trichrome, Verhoeff and silver 

impregnation). Slides were warmed at 60°C in an incubator for 2 hours prior to staining. 
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STAINING TECHNIQUES 

Haematoxylin and Eosin (H&E):  

This is the most regular routine histology and pathology laboratories staining technique. It 

employ a basic dye (Haematoxylin), and acidic dye (Eosin). Haematoxylin stains blue to purple 

intracellular acidic molecules (Nucleic acid and rough endoplasmic reticulum, RER).  Eosin 

stains rddish to pink basic intracellular molecules, these includes most of the cytoplasmic 

protein. In general, Haematoxylin & Eosin will  stain nuclei blue to purple and cytoplasm red to 

pink.  

 

Haematoxylin and Eosin (H &E): Histological Technique 

Harris 1990, Mallory 1938 technique was used. (Please, refer to appendix 2)  

 

Identification: 

Positive identification of the fibroblasts was based on seeing under the light microscope a purple 

blue spindle-shaped cell or fusiform-shape cell with an elliptical nucleus with or without a thin 

pinkish cytoplasm, associated with collagen fibers. 

Distinguishing active fibroblasts from fibrocytes under the light microscope was based on the 

density of staining on nuclei, where as big pale (euchromatic) stained spindle shaped nucleus 

surrounded with relative less collagen fibers or bundles identified as active fibroblast,  and 

small deeply stained (heterochromatic) spindle shaped nucleus cell surrounded with abundant 

collagen bundles or fibers identified as fibrocytes. 

Positive identification of collagen fiber was based on seeing under the light microscope red or 

pink wavy fibers. 
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Identification of elastic fiber was based on seeing thin straight branching red lines on tissue 

section. 

Positive identification of ground substance was based on seeing under the light microscope an 

empty space that is not a result of tissue preparation and staining procedures. 

 

Masson Trichrome Staining 

Principle: Three dyes with different molecular sizes are used. The permeability of molecules 

depends on the porosity of the tissue concerned. Erythrocytes, muscle, fibrins and collagen fibers 

are stained differently as deterrmined by the degree of their permeability to the staining 

molecules. Thus small molecules will stain red less permeable structures  red while the more 

permeable structures such as collagen fibers will be stained blue after binding to larger molecular 

size aniline blue.  

Fixative: buffered formalin (10%) was used. 

Technique: 4 -5µm thick paraffin sections  were cut. 

Equipment: glasses were rinsed in distilled water. Coplin jars, 60°c oven or water bath, 

microwave were used. 

Reagents used: 

Sigma accustain trichrome stain kit (catalog# HT15) contains: 

Biebrich scarlet-acid fuchsin solution (#Ht15- 1, 0.9% Biebrich scarlet, 0.1% acid fuchsin, 1% 

acetic acid), 
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Phosphotungstic acid solution (#Ht15-2, 10% phosphotungstic acid), 

Phosphotungstic acid solution (#Ht15-3, 10% phosphotungstic acid), and 

Aniline blue solution (#HT 15-4, 2.4% acetic acid), 

Bouin’s solution (#HT10132- 1L or HT101128-4L), 

Wegert’s solution (Sigma catalog#HT10-79). 

For the detail of procedure please refer to appendix 2 

 

Identification: 

Positive identification of the fibroblasts was based on seeing under the light microscope a black 

spindle-shaped cell or fusiform-shape cell with an elliptical nucleus with or without a thin red 

cytoplasm, associated with collagen fibers. 

Distinguishing active fibroblasts from fibrocytes under the light microscope was based on the 

density of staining on nuclei, where as big pale (euchromatic) stained spindle shaped nucleus 

surrounded with relative less collagen fibers or bundles identified as active fibroblast,  and 

small darkly stained (heterochromatic) spindle shaped nucleus cell surrounded with abundant 

collagen bundles or fibers identified as fibrocytes. 

Positive identification of collagen fiber was based on seeing under the light microscope blue 

wavy fibers. 

Identification of elastic fiber was based on seeing thin straight branching red lines on tissue 

section. 
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Positive identification of reticulum fiber was based on seeing under the light microscope delicate 

meshwork of fine fibers. 

Positive identification of ground substance was based on seeing under the light microscope an 

empty space that is not a result of tissue preparation and staining procedures. 

 

Van Gieson Staining 

Principle:Van Gieson staining technique is very handy for demonstration of collagen from 

smooth muscles in neoplasia. Its mechanism of staining is dependent on the molecular size. The 

smaller molecular size of picric acid stains less porous muscles and red blood cells yellow. 

Ponceau S has larger molecular size and hence will stain more porous collagen fibers bright red 

collagen fibres, which have larger pores, and allow the larger molecules to enter. 

 

Preparation of solutions 

1.   Celestin Blue: 

0.5 g Celestin Blue  was put in 100mls of 5% ammonium ferric sulphate (iron alum) and 

boiled for 3 minutes. The preparation was left to cool. It was then filtered and kept 

refrigerated. 

2.   Curtis stains:  

 Was prepared by mixing the following solutions, 90.0 mls of saturated aqueous picric acid,    

10.0 ml of  1% ponceau S and 10.0 mls  glacial acetic acid. 

3.   1% Ponceau S: 

Was prepared by mixing 1gm of Ponceau S in 100 mls of distilled water. 

For the detailed procedure, please refer appendix 2 
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Identification: 

Positive identification of the fibroblasts was based on seeing under the light microscope a blue 

spindle-shaped cell or fusiform-shape cell with an elliptical nucleus with or without a thin yellow 

cytoplasm, associated with collagen fibers. 

Distinguishing active fibroblasts from fibrocytes under the light microscope was based on the 

density of staining on nuclei, where as big pale (euchromatic) stained spindle shaped nucleus 

surrounded with relative less collagen fibers or bundles identified as active fibroblast,  and 

small darkly stained (heterochromatic) spindle shaped nucleus cell surrounded with abundant 

collagen bundles or fibers identified as fibrocytes. 

Positive identification of collagen fiber was based on seeing under the light microscope bright 

red wavy fibers. 

Identification of elastic fiber was based on seeing thin straight branching lines on tissue section  

Positive identification of reticulum fiber was based on seeing under the light microscope delicate 

meshwork of fine fibers. 

Positive identification of ground substance was based on seeing under the light microscope an 

empty space that is not a result of tissue preparation and staining procedures. 

 

Foot’s Modification Of Hortega’s Silver Carbonate Method For Reticulum. 

The silver carbonate solution of Hortega was obtained by precipitating the silver from the silver 

nitrate solution with lithium carbonate and then redissolving that precipitate with ammonia. After 

treatment in that solution, the tissue was reduced in formalin. 
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Indications: Staining reticulum in sections. 

Fixation: 10% formalin. 

Technique: Paraffin. 

 

Staining solutions: 

Silver nitrate solution. 

(Foot’s Modification of silver Ammonium Carbonate Solution) 

All glassware were chemically clean. For optimum results, the purest reagents available were 

used. This solution was always be freshly prepared. 

10 ml of a 10% aqueous solution of silver nitrate was placed in a 100ml. capacity graduated 

glass cylinder. 10ml.of saturated (1.25%) aqueous solution of lithium carbonate was added. The  

white precipitate  were washed three or more times with distilled water. This was done by adding 

approximately 30 to 40 ml. of distilled water to the silver carbonate mixture in the cylinder. 

Parawax was stretched over top of cylinder and the cylinder shaken vigorously.  Precipitate were 

allowed to settle to the bottom. The  supernatant fluid were careful decanted. This was done by 

letting to settle 3 to 5 times. After completely washed, the precipitate were settled in a small 

compact mound of fine particles of slightly green-gray colour.  25 ml. of distilled water was then 

added to the cylinder. 28% ammonia water was added drop by drop (approximately 6 to 15 

drops) while shaking the container vigorously to almost dissolve the precipitateed. To avoid 

adding too much ammonia water; a few grains of precipitate were left. The solution was then 

made up to 100ml. with 95% ethyl alcohol. Solution was poured into a small flask (250ml. 

capacity) for easier handling. A precipitate was again formed which was dissolved by adding a 
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few more drops of ammonia water. This alcoholic solution was filtered, covered, and then placed  

in screw-cap Coplin jar in the hot water floatation bath, warmed at 43°C., for 20 to 30 minutes. 

Note: 28% ammonia water is same strength as 58% ammonium hydroxide. 

 

0.25 % potassium permanganate  

was made by placing 0.25 gm Potassium permanganate in 100 mls in distilled water 

 

5%  oxalic acid solution 

Was made by placing 5 gm oxalic acid in 100 ml distilled water. 

 

20% neutral  formalin 

Was made by mixing 20mls of neutral formalin and 80 mls of distilled water  

 

0.2% gold chrolide solution 

Was prepared by adding 1gm of Gold chrolide in 500ml of distilled water 

 

For the detailed procedure please refer appendix 2. 
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Identification: 

Positive identification of the fibroblasts was based on seeing under the light microscope a black 

spindle-shaped cell or fusiform-shape cell with an elliptical nucleus with or without a thin 

cytoplasm, associated with collagen fibers. 

Distinguishing active fibroblasts from fibrocytes under the light microscope was based on the 

density of staining on nuclei, where as big pale (euchromatic) stained spindle shaped nucleus 

surrounded with relative less collagen fibers or bundles identified as active fibroblast,  and 

small darkly stained (heterochromatic) spindle shaped nucleus cell surrounded with abundant 

collagen bundles or fibers identified as fibrocytes. 

Positive identification of reticulum fiber was based on seeing under the light microscope black to 

dark violet delicate meshwork of fine fibers. 

Positive identification of collagen fiber was based on seeing under the light microscope brown-

pink wavy fibers. 

Identification of elastic fiber was based on seeing brown-pink thin straight branching lines on 

tissue section. 

Positive identification of ground substance was based on seeing under the light microscope an 

empty space that is not a result of tissue preparation and staining procedures. 
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Verhoeff’s Method 

This classical method for elastic fibers works well after all routine fixatives. Coarse fibers are 

intensely stained, but the staining of fine fibers may be lass than satisfactory. The differentiation 

step is critical to the success of this method, some expert is necessary to achieve reproducible 

results; it is very easy to over-differentiate (and lose) the fine fibers. 

Although  some older texts state that the prepared working solution has a usable life of only 2-3 

hours, satisfactory results has been obtained using  up to 48 hours old. 

 

Verhoeff’s method for elastic fibers (1990) 

 

Preparation of stain 

a. 5 g  of Haematoxylin was added into 100 cm³ of absolute alcohol 

b. 10g  of Ferric chloride was added into 100 cm³ of distilled water  

c. Lugol’s  iodine solution 

Was prepared by 1gm of Iodine adding and 2gm of Potassium iodide into 100cm³ of 

distilled water 

 

• Working solution 

Was prepared by mixing 20 cm³ of solution (a), 8 cm³ of solution (b), and 8 cm³ of 

solution (c) 

Addition was  in the above order and there were mixing between subsequent additions. 

For detailed staining procedures, please refer appendix 2.  
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Identification: 

Positive identification of the fibroblasts was based on seeing under the light microscope a black 

spindle-shaped cell or fusiform-shape cell with an elliptical nucleus with or without a thin 

cytoplasm, associated with collagen fibers. 

Distinguishing active fibroblasts from fibrocytes under the light microscope was based on the 

density of staining on nuclei, where as big pale (euchromatic) stained spindle shaped nucleus 

surrounded with relative less collagen fibers or bundles identified as active fibroblast,  and 

small darkly stained (heterochromatic) spindle shaped nucleus cell surrounded with abundant 

collagen bundles or fibers identified as fibrocytes. 

Positive identification of reticulum fiber was based on seeing under the light microscope delicate 

meshwork of fine fibers. 

Positive identification of elastic fiber was based on seeing black thin straight branching lines on 

tissue section. 

Positive identification of collagen fiber was based on seeing under the light microscope red wavy 

fibers or bundles. 

Positive identification of ground substance was based on seeing under the light microscope an 

empty space that is not a result of tissue preparation and staining procedures. 
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Immunocytochemistry: 

Preview: 

Monoclonal Mouse Anti-Human Smooth Muscle Actin, Clone 1A4, was used for 

immunocytochemistry labelling of myofibroblasts in the skin, lung and heart. The antibody also 

can be used in labelling other cells that have actin microfilament protein such as smooth muscle 

and myoepithelial cells. These cytoplasmic actin proteins consists of six isoforms differing in 

amino acid sequence but equal 42kDa molecular mass. They have about 90% sequence 

homology. The antigenic portion is mainly the 18 N-terminal with a sequence of 50-60%.  

 

Procedures 

The whole processes were automated, please, refer appendix 3 for detailed automated 

immunocytochemical processing schedule. 

Paraffin-embedded blocks, pre-fixed with formalin, of normal human skin, lung and heart tissues 

were sent to Histopathology laboratory for immunocytochemistry staining of myofibrobalasts. 

The tissue was pre-treated with epitope retrieval induced by heating for 20 minutes. 10mmol/L. 

Tris buffer, 1 mmol/L EDTA, pH 9.0 were used to optimise the results. The 20 minutes heat-

induced epitope retrival in 10mmol/L. Tris buffer, 1 mmol/L EDTA, pH 9.0 was used to apply  

1:75 diluted Monoclonal Mouse Anti-Human Smooth Muscle Actin, code No. M0851 on 

formalin-fixed, paraffin-embedded sections of normal human skin, lung and heart tissues and 

incubated with primary antibody for 30 minutes at room temperature. 1:75 diluted 

DakoCytomation Mouse IgG2a, code No. X0943, was used as negative control. In both cases, 

dilutions were performed immediately prior to their application.  
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Weakly stained non-cadaver tissues were used as positive control. Validation of positive staining 

depended on successful staining of positive control specimen while specificity in staining 

depended on successful staining of intact cells in negative control specimen.  For details of the 

immunocytochemistry staining protocol, please refer appendix 4.  

 

CODING: 

The relative amount of dermal collagen in different sites of skin was coded as follows: 

Abundant referred to presence of more collagen fibers and bundles relative to ground 

substances (empty spaces) as apparent when looking under light microscope. 

Moderate referred to relative equal amount of collagen fibers and ground substances (empty 

spaces) as apparent when looking under light microscope. 

Scanty referred to less collagen fibers relatively to more ground substances (empty spaces) as 

apparent when looking under light microscope. 

 

Relative arrangement of dermal elastin was coded as follows: 

The collagen bundles were considered organised most bundles are arranged parallel to the 

dermoepidermal junction as apparent when looking under light microscope. 

The collagen bundles were considered less organised if there is a mixture of some bundles 

arranged parallel to the dermoepidermal junction and some other bundle without specific 

orientation as apparent when looking under light microscope. 

The collagen bundles were considered disorganised if bundles lacked specific orientation as 

apparent when looking under light microscope. 
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CHAPTER 4: TISSUE CULTURE OF HUMAN FIBROBLASTS 

 

 

Contents: 

1. Introduction. 

2. Analytical methods: 

a. Culture facilities, 

b. Material and infrastructure, 

c. Chemical and culture equipment. 

3. Tissue preparations. 

4. End-point analysis. 

5. Study groups. 

 



 49

Introduction: 

Human fibroblasts derived from the skin dermis were studied ex vivo within 

University of Stellenbosch approved ethical protocol 04/05 (Faculty of Health 

Sciences). The explant method of culture was adopted as this is the most satisfactory 

(Boss WK et al 2000 [ I, II ], Cristafalo VJ et al 1998, Matsuo M et al, 2004) 

 

 

Analytical methods 

1. Culture facility: Tissue culture laboratory, Division of Anatomy and 

Histology, Biomedical Sciences, Faculty of Health Sciences, University of 

Stellenbosch. 

2. Material and infrastructure: 

a. Laminar flowhood (Labotech; horizontal flow) 

b. CO2 incubator (Cell Laboratory ) 37ºC. 5% carbon dioxide and 

95% air. 

c. Room temperature: 17 degrees centigrade and sprayed daily with  

75% ethyl alcohol (anti-septic effect). 

d. Ultraviolet light: To prevent cell contamination and cross infection. 

e. Working surface; air conditioned room; clear room environment 

 

3. Chemicals  and culture equipment 

1. BD Biocoat™ : 6-well Petri dishes (30mm diameter) 

2. Culture mediums: 
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a. Ham’s F12 medium (Ham, R.G. 1965 Proc. Nath. Acad. 

Sci 53, 288) enriched with L-glutamine (Highveld 

Biological PTY Ltd): or 

b. DMEM (Dulbecco’s modified Eagle’s medium: Dulbecco 

R et al, 1959 Virology 8, 39: 4.5g/l glucose with 0.110/l 

Sodium pyruvate with glutamine (Highveld Biologicals 

PTY Ltd). Both mediums were enriched with 10% fetal 

calf serum and contained, penicillin, streptomycin and 

fungizone. 

 

Tissue preparations 

1. Skin biopsy was placed in sterile Hams F12 medium at 4 degrees centigrade 

(carrier medium) 

2. Under a 10x (dissecting ) Olympus microscope the epithelium was separated 

and cleared (aseptically) from the dermis under sharp dissection. Hypodermal 

part was excised from the deep dermis. 

3. Small explants (0.2x 0.2cm) were cut from the prepared dermis. 

4. Six explants were placed and dried per well. Thereafter the explant (oriented 

with the dermis upwards) were covered with a drop of either culture medium 

(Ham’s or DMEM ) for 24-hours. Thereafter the medium was aspirated and the 

explant was covered with fresh medium. Medium changes were affected 

Monday, Wednesday, and Friday (2ml DMEM or Ham’s medium). 

5. Cultures were inspected daily (Olympus Inverted microscope) for signs of cell 

proliferation and contamination. Medium exchanges were performed in a 
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laminar flow cabinet. Incubation of cell cultures was performed at 37 degrees 

centigrade, and gas flow rate of 95% oxygen and 5% carbon dioxide.. 

6. When necessary cells were released by trypsin- versene   digestion and cell 

viability was assessed by trypan blue stains. 

 

 

End-point analysis:  Measured outcomes were the identification of 

1. Fibroblast proliferation 

2. Monolayer formation 

3. Presence and absence of cell crawling, lamello and filopodia formation. 

 

Study Groups 

Group 1: 48 explants in either serum enriched Ham’s or DMEM culture medium 

(previous studies from our laboratories demonstrate equivalent results). 

Group 2: Control: 48 explants in serum –free medium, 

 (Group1 and 2 biopsies were of the same age, and site: mean 48.6 years) 
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CHAPTER 5: RESULTS 

 

 

 

1. Cadaveric: Histological findings 

2. Tissue culture results. 
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Table2. The demographic characteristics of biopsed specimen. 

Slide 

Number 

Cadaver  

Number 

Site Age Sex Race  Cause of death 

50/07 K63/05 Glabella 104 M Coloured Natural (advanced 

age) 

58/07 K63/05 Thigh 104 M Coloured Natural (advanced 

age) 

78/07 K5/07 Thigh 48 M Coloured DTB 

84/07 K5/07 Glabella 48 M Coloured DTB 

98/07 K67/05 Glabella 41 F Coloured ARC/TB 

101/07 K67/05 Thigh 41 F Coloured ARC/TB 

112/07 K 42/06 Glabella 71 M Coloured CVA 

115/07 K 42/06 Thigh 71 M Coloured CVA 

116/07 K 50/06 Thigh 35 F Coloured ARC/TB 

120/07 K 50/06 Glabella 35 F Coloured ARC/TB 

123/07 K 48/06 Thigh 38 M Black PTB 

129/07 K 48/06 Glabella 38 M Black PTB 

240/07 K 32/06 Glabella 85 M White MI 

143/07 K 32/06 Thigh 85 M White MI 

235/07 Heart      

236/07 Heart      

237/07 Heart      

238/07 Heart      

239/07 Heart      
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240/07 K 40/05 Glabella 40 F Coloured Intracranial 

infection 

244/07 K 40/05 Thigh 40 F Coloured Intracranial 

infection 

245/07 K 1/07 Glabella 85 F White MI/RF 

249/07 K 01/07 Thigh 85 F White MI/RF 

 

288/07 K25/07 Glabella 63 M Coloured ARC/PTB 

289/07 K25/07 Thigh 63 M Coloured ARC/PTB 

290/07 K21/07 Glabella 55 M Coloured PTB 

291/07 K21/07 Thigh 55 M Coloured PTB 

292/07 K30/07 Glabella 50 M Coloured Respiratory 

failure 

293/07 K30/07 Thigh 50 M Coloured Respiratory 

failure 

294/07 Zenele 

22029946 

Glabella Fetus M ? Still born` 

295/07 Zenele 

22029946 

Thigh Fetus M ? Still born` 

296/07 - Glabella Fetus F ? Still born` 

297/07 - Thigh Fetus F ? Still born` 

298/07 - Glabella Fetus M ? Still born` 

299 - Thigh Fetus M ? Still born` 

314/07 K24/07 Glabella 34 F Coloured ARC/PTB 

315/07 K24/07 Thigh 34 F Coloured ARC/PTB 
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316/07 K26/07 Glabella - F Black ARC/PTB 

317/07 K26/07 Thigh - F Black ARC/PTB 

318/07 K10/07 Glabella 30 M Black ARC 

319/07 K10/07 Thigh 30 M Black ARC 

320/07 K31/07 Glabella 70 M Coloured Septic shock 

321/07 K31/07 Thigh 70 M Coloured Septic shock 

322/07 K28/07 Glabella - M Coloured PTB 

323/07 K28/07 Thigh - M Coloured PTB 

324/07 K50/05 Glabella 50 M Coloured Intracerebral 

bleeding 

325/07 K50/05 Thigh 50 M Coloured Intracerebral 

bleeding 

326/07 K70/05 Glabella - F Coloured - 

327/07 K70/05 Thigh - F Coloured - 

328/07 K66/07 Glabella 34 F Coloured ARC 

329/07 K66/07 Thigh 34 F Coloured ARC 

330/07 K43/07 Glabella 32 M Black Hypoglyceamia/ 

PTB 

331/07 K43/07 Thigh 32 M Black Hypoglyceamia/ 

PTB 

332/07 K05/05 Glabella 50 M Coloured Cerebral 

infarction 

333/07 K05/05 Thigh 50 M Coloured Cerebral 

infarction 

334/07 K34/07 Glabella 70 M White Pnemonia/ leg 
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amputaion 

335/07 K34/07 Thigh 70 M White Pneumonia/ Leg 

amputation 

336/07 K38/07 Glabella 83 M Black Natural 

337/07 K38/07 Thigh 83 M Black Natural 

338/07 K62/05 Glabella 46 F Black Pneumonia/ TB 

339/07 K62/05 Thigh 46 F Black Pneumonia/TB 

340/07 K60/05 Glabella 39 M Coloured PTB 

341/07 K60/05 Thigh 39 M Coloured PTB 

343/07 K54/05 Glabella 69 M Black Coronary artery 

disease 

344/07 K54/05 Thigh 69 M Black Coronary artery 

disease 

345/07 K01/06 Glabella 56 F Coloured ARC 

346/07 K01/06 Thigh 56 F Coloured ARC 

347/07 K69/05 Glabella 41 M Coloured Pneumonia 

348/07 K69/05 Thigh 41 M Coloured Pneumonia 

349/07 K73/05 Glabella 46 F Coloured PTB 

350/07 K73/05 Thigh 46 F Coloured PTB 

351/07 K72/05 Glabella 67 F Coloured Lung cancer 

352/07 K72/05 Thigh 67 F Coloured Lung cancer 

353/07 K61/05 Glabella 43 M Coloured Haemoptysis/TB 

354/07 K61/05 Thigh 43 M Coloured Haemoptysis/TB 

Age: (Mean 49.2, SD=24, 95% CI is 40.5-57.9), 98% CI is 39.0- 63, Median (47.0) 
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Table3.The age and sex distribution of skin cadaveric biopsies. 

Sex Age (years) 

Male  Female Total 

0 2 1 3 

21-30 1 - 1 

31-40 3 4 7 

41-50 6 3 9 

51-60 1 1 2 

61-70 4 1 5 

71+ 4 1 5 

Total 21 11 32 

There was no cadaver between ages 1-20 years, and female between 1-30 years. One (1) male 

and two (2) female cadavers had no age records, not included in the table. 

70% were male and 30% were female.  
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Table 5: Relative staining of dermal tissue components in different types of routine stains. 

Type of stain Tissue 

component H & E van Gieson Masson 

trichrome 

Verhoeff Silver 

impregnation

Fibroblasts ++++ ++++ ++ ++ + 

Collagen 

fibers 

+++ ++++ ++++ ++++ +++ 

Elastic 

fibers 

++ +++ +++ +++++ + 

Reticular 

fibers 

+ + + + ++++ 

Key: ++++= clearly stained, +++= fairly stained, ++ stained but indistinctive, +unstained. 

Under the light microscope, Verhoeff staining clearly stained elastic fibers but  
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Table 6: Relative staining of lung tissue components in different types of routine stains. 

Type of stain Tissue 

component H & E van Gieson Masson 

trichrome 

Verhoeff Silver 

impregnation

Fibroblasts ++++ ++++ ++ ++ + 

Collagen 

fibers 

+++ ++++ ++++ +++ +++ 

Elastic 

fibers 

++ +++ +++ ++++ ++ 

Reticular 

fibers 

+ + + + + 

Key: + ++++= clearly stained, ++++= fairly stained, +++ stained but indistinctive++= poorly 

stained, + unstained 
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Table 7.  Relative staining of heart tissue components in different types of routine stains. 

Type of stain Tissue 

component H & E van Gieson Masson 

trichrome 

*Verhoeff Silver 

impregnation

Fibroblasts ++++ ++++ +++ ++++ + 

Collagen 

fibers 

+++ ++++ ++++ ++++ ++++ 

Elastic 

fibers 

+++ +++ +++ ++++ + 

Reticular 

fibers 

+ + + + + 

Key: + ++++= clearly stained, ++++= fairly stained, +++ stained but indistinctive++= poorly 

stained, + unstained. *Only verhoeff stain demonstrated intercalated disc in cardiocytes. 
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Table 8.The relative distribution of human fibroblasts in different organs (heart, skin, and lungs). 

Organ Fibroblasts 

presence Heart Lung Skin 

Present 2 1 3 

Absent - - - 

Key: 3= present abundantly, 2=moderately present, 1=scantly present,  

 

Table 9. Relative amount of dermal fibroblasts in the face according to age and sex. 

Sex 

Male Female Total

Age 

Ab Mo Sc Total Ab Mo Sc Total  

0 2   2 1   1 3 

21-30  1  1    - 1 

31-40  1 2 3  1 3 4 7 

41-50  1 5 6   3 3 9 

51-60   1 1   1 1 2 

61-70   4 4   1 1 5 

71+   4 4   1 1 5 

Total 2 3 16 21 1 1 9 11 32 

Key: Ab=abundant, Mo=moderate, Sc=scanty. Refer Fig 8-80 
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Table 10: Relative amount of dermal fibroblasts in the thigh according to age and sex. 

Sex 

Male Female Total

Age 

Ab Mo Sc Total Ab Mo Sc Total  

0 2 0 0 2 1 0 0 1 3 

21-30 0 1 0 1 0 0 0 0 1 

31-40 0 2 1 3 0 3 1 4 7 

41-50 0 1 5 6 0 0 3 3 9 

51-60 0 0 1 1 0 0 1 1 2 

61-70 0 0 4 4 0 0 1 1 5 

71+ 0 0 4 4 0 0 1 1 4 

Total 2 4 15 21 1 2 9 11 32 

Key: Ab=abundant, Mo=moderate, Sc=scanty. Refer Fig 8-80 

 

Comparing the relative amount of dermal fibroblasts   between sun exposed table 9 and sun 

protected skin show significant difference, more fibroblasts in sun protected skin (p-value < o.5) 

Refer appendix 1. 
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Table 11: Relative amount of dermal fibroblasts in the face according to age and race. 

 

Skin colour 

Black Mixed race Caucasian Total 

Age 

Ab Mo Sc Total Ab Mo Sc Total Ab Mo Sc Total  

0              

21-30  1  1         1 

31-40  1 1 2  1 4 5     7 

41-50   1 1  1 7 8     9 

51-60    0   2 2     2 

61-70   1 1   3 3   1 1 5 

71+   1 1   2 2   2 2 5 

Total  2 4 6  2 18 20   3 3 29 

Key: Ab=abundant, Mo=moderate, Sc=scanty. Refer Fig 8-80. The races of three (3) fetuses 

were not available. 

Reject the null hypothesis because p value <0.05 
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Table 12. Relative amount of dermal fibroblasts in the thigh according age and race. 

Skin colour 

Black Mixed race Caucasian Total 

Age 

Ab Mo Sc Total Ab Mo Sc Total Ab Mo Sc Total  

0              

21-30  1  1         1 

31-40  1 1 2  4 1 5     7 

41-50  1  1  1 7 8     9 

51-60      1 1 2     2 

61-70   1 1   3 3   1 1 5 

71+   1 1   2 2   2 2 5 

Total  3 3 6  6 14 20   3 3 29 

Key: Ab=abundant, Mo=moderate, Sc=scanty. Refer Fig 8-80. The races of three (3) fetuses 

were not available. 
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 Table 13: Relative amount of dermal collagen in the face according to age and sex. 

Sex 

Male Female Total

Age 

Ab Mo Sc Total Ab Mo Sc Total  

0 2   2 1   1 3 

21-30  1  1    - 1 

31-40  1 2 3  1 3 4 7 

41-50  3 3 6  2 1 3 9 

51-60   1 1   1 1 2 

61-70  2 2 4   1 1 5 

71+  1 3 4   1 1 5 

Total 2 8 11 21 1 3 7 11 32 

Key: Ab=abundant, Mo=moderate, Sc=scanty. Refer Fig 8-80 

. 
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Table 14: Relative amount of dermal collagen in the thigh according to age and sex. 

Sex 

Male Female Total

Age 

Ab Mo Sc Total Ab Mo Sc Total  

0 2   2 1   1 3 

21-30  1  1    - 1 

31-40  2 1 3  3 1 4 7 

41-50  5 1 6  2 1 3 9 

51-60   1 1   1 1 2 

61-70  2 2 4   1 1 5 

71+  1 3 4   1 1 5 

Total 2 11 8 21 1 5 5 11 32 

Key: Ab=abundant, Mo=moderate, Sc=scanty. Refer Fig 8-80 

. 
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Table 15: Relative amount of dermal collagen in the face according age and race. 

Skin colour 

Black Mixed race Caucasian Total 

Age 

Ab Mo Sc Total Ab Mo Sc Total Ab Mo Sc Total  

0              

21-30  1  1         1 

31-40  1 1 2  4 1 5     7 

41-50  1  1  1 7 8     9 

51-60      1 1 2     2 

61-70   1 1   3 3   1 1 5 

71+   1 1   2 2   2 2 5 

Total  3 3 6  6 14 20   3 3 29 

Key: Ab=abundant, Mo=moderate, Sc=scanty. Refer Fig 8-80. The races of three (3) fetuses 

were not available. 
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Table 16: Relative amount of dermal collagen in the thigh according to age and race. 

Skin colour 

Black Mixed race Caucasian Total 

Age 

Ab Mo Sc Total Ab Mo Sc Total Ab Mo Sc Total  

0              

21-30  1  1         1 

31-40  2  2  4 1 5     7 

41-50  1  1  6 2 8     9 

51-60      1 1 2     2 

61-70  1  1  1 2 3   1 1 5 

71+   1 1   2 2  1 1 2 5 

Total  5 1 6  12 8 20  1 2 3 29 

Key: Ab=abundant, Mo=moderate, Sc=scanty. Refer Fig 8-80. The races of three (3) fetuses 

were not available. 
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Table 17: Relative arrangement of dermal collagen in the face according to age and sex. 

Sex 

Male Female Total

Age 

Or Lo Do Total Or Lo Do Total  

0 2   2 1   1 3 

21-30  1  1    - 1 

31-40  1 2 3  1 3 4 7 

41-50  1 5 6   3 3 9 

51-60   1 1   1 1 2 

61-70   4 4   1 1 5 

71+   4 4   1 1 5 

Total 2 3 16 21 1 1 9 11 32 

Key: Or= organised, Lo= less organised, Do=disorganised.  
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Table 18: Relative arrangement of dermal collagen in the thigh according to age and sex. 

Sex 

Male Female Total

Age 

Or Lo Do Total Or Lo Do Total  

0 2 0 0 2 1 0 0 1 3 

21-30 1  0 1 0 0 0 0 1 

31-40 3   3 4   4 7 

41-50 6   6 3 0  3 9 

51-60 1 0  1 1 0  1 2 

61-70 2 2  4 0 1  1 5 

71+ 2 2  4 0 1  1 4 

Total 17 4 0 21 9 2 0 11 32 

Key: 3= organised, 2= less organised, 1=disorganised.  
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Table 19: Relative arrangement of dermal collagen in the face according to age and race. 

Skin colour 

Black Mixed race Caucasian Total 

Age 

Or Lo Do Total Or Lo Do Total Or Lo Do Total  

0              

21-30  1  1         1 

31-40  1 1 2  1 4 5     7 

41-50   1 1  1 7 8     9 

51-60       2 2     2 

61-70   1 1   3 3   1 1 5 

71+   1 1   2 2   2 2 5 

Total  2 4 6  2 18 20  0 3 3 29 

Key: Or= organised, Lo= less organised, Do=disorganised.  Races of three (3) fetuses were not 

available. 

. 
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Table 20 Relative arrangement of dermal collagen in the thigh according to age and race. 

Skin colour 

Black Mixed race Caucasian Total 

Age 

Or Lo Do Total Or Lo Do Total Or Lo Do Total  

0              

21-30 1   1         1 

31-40 2   2 5   5     7 

41-50 1   1 8   8     9 

51-60     2   2     2 

61-70 1   1 1 2  3  1  1 5 

71+  1  1  2  2 1 1  2 5 

Total 5 1  6 16 4 0 20 1 2  3 29 

Key: Or= organised, Lo= less organised, Do=disorganised.  Races of three (3) fetuses were not 

available. 
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 Table 21. Relative amount of dermal elastin in the face according to age and sex. 

Sex 

Male Female Total

Age 

Ab Mo Sc Total Ab Mo Sc Total  

0  2  2  2  1 3 

21-30  1  1     1 

31-40 1 2  3 1 3  4 7 

41-50 4 2  6 2 1  3 9 

51-60 1   1 1   1 2 

61-70 4   4 1   1 5 

71+ 4   4 1   1 5 

Total 14 7  21 6 5  11 32 

Key: Ab=abundant, Mo=moderate, Sc=scanty. Refer Fig 8-80 

. 
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Table 22: Relative amount of dermal elastin in the thigh according to age and sex. 

Sex 

Male Female Total

Age 

Ab Mo Sc Total Ab Mo Sc Total  

0  2  2  1  1 3 

21-30  1  1     1 

31-40  1 2 3  2 2 4 7 

41-50  1 5 6  1 2 3 9 

51-60   1 1   1 1 2 

61-70   4 4   1 1 5 

71+   4 4   1 1 5 

Total  5 16 21  4 7 11 32 

Key: Ab=abundant, Mo=moderate, Sc=scanty. Refer Fig 8-80 

. 
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Table 23: Relative arrangement of dermal elastin in the face according to age and race. 

Skin colour 

Black Mixed race Caucasian Total 

Age 

Or Lo Do Total Or Lo Do Total Or Lo Do Total  

0              

21-30  1  1         1 

31-40  1 1 2  1 4 5     7 

41-50   1 1  1 7 8     9 

51-60       2 2     2 

61-70   1 1   3 3   1 1 5 

71+   1 1   2 2   2 2 5 

Total  2 4 6  2 18 20  0 3 3 29 

Key: Or= organised, Lo= less organised, Do=disorganised.  The races of three (3) fetuses were 

not available. 

. 
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Table 24: Relative arrangement of dermal elastin in the thigh according to age and race. 

Skin colour 

Black Mixed race Caucasian Total 

Age 

Or Lo Do Total Or Lo Do Total Or Lo Do Total  

0              

21-30 1   1         1 

31-40 2   2 5   5     7 

41-50 1   1 8   8     9 

51-60     2   2     2 

61-70 1   1 1 2  3  1  1 5 

71+  1  1  2  2 1 1  2 5 

Total 5 1  6 16 4 0 20 1 2  3 29 

Key: Or= organised, Lo= less organised, Do=disorganised.  The races of three (3) fetuses were 

not available. 

.  

Generally, there were epidermal thinning and flattening of dermo-epidermal junction with 

increasing age of the subjects Fig. 8-80 
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TISSUE CULTURE OF HUMAN FIBROBLASTS 

Results: 

In the control group (group 2) fibroblast proliferation was detected at a mean of 7 days, but cell 

growth was inconsistent. Only 25/48 showed fibroblast proliferation at 3 weeks (50.9%). In the 

proliferation group, monolayers to the edge of the dish occurred at 4 weeks. A second passage 

was needed then to maintain proliferation and to prevent folding of the cells with cell death. On 

second passage, onto fresh plates, only 5% of cell growth could be affected in serum free 

medium. 

In group 1, 85% of dermal explants showed fibroblast proliferation (p< 0.05, group 1 versus 

group 2) and 75% reached the edge of the plate (p< 0.05)  showing that serum enriched medium 

renders better  fibroblast proliferation over serum free medium. 

In both groups, lamello- and filopodia could be identified, but no differences were apparent in 

the two groups. Figure1-7 demonstrate morphogical features of fibroblasts in tissue culture. 
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Immunocytochemistry Illustrations: 

 

Figure 82: Human skin, α-smooth muscle actin immunostain (Avidin-biotin-complex-

peroxidase) note myofibroblasts (MF), pericytes (PC) and myoepithelial cells are 

stained with this antibody. 50x Myofibroblasts are derived from fibroblasts under the 

influence of TGF-β, 50x. 
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Figure 83: Human dermis, α-smooth muscle actin immunostain (Avidin-biotin-

complex-peroxidase); note myofibroblasts (MF) pericytes (PC) and myoepithelial 

(ME) cells. Just few myofibroblasts are demonstrated due to abundance of collagen 

fiber bundles which correspond pale fiber bundles, 100x. 
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Figure 84: Human dermis, α-smooth muscle actin immunostain (Avidin-biotin-

complex-peroxidase); note myofibroblasts (MF), pericytes (PC) and myoepithelial 

cells (ME). Fibroblasts (F) are not stained with this antibody, 200x. 
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CHAPTER 6: DISCUSSION 

 

 

 

 

1. Light microscopy 

2. Sampling 

3. Fibroblast tissue culture study 
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DISCUSSION 

 

Premature aging is characterised by skin wrinkles, pulmonary and cardiac fibrosis, 

impaired wound healing, scleroderma and other fibrotic diseases are relevant 

hallmarks of impaired fibroblast functions. Complicated techniques and methods have 

been employed to study dermal fibroblasts and their associated products in relation to 

physiological and premature or photo induced aging of the skin, as well as other 

fibrotic diseases(Harley BA et al 2007). This inspired me to carry out the study on 

fibroblasts in relation to photodamage of skin using simple routine histological 

methods and techniques as indicated on methodology part. In this study, however, 

there were some pitfalls as explained in the following paragraphs. 

 

Delay in fixation: 

It normally takes some days before dead bodies are fixed, this can have some 

influence in the outcome of my study as  the autolysis and bacterial infections change 

the tissue far away from the living state. 

Accurate quantification of collagen and elastin could not be achieved in the present, 

this limited statistical comparison.  

Only available cadavers in dissection laboratory were used. This limits generalisation. 

In addition, the subject were not matched in sex and race, hence limited comparison. 

Regardless of the above downfall, the following were obvious. 

In this study, both active, spindle euchromatic, and quiescent, spindle heterochromatic 

nuclei, dermal fibroblasts were found in all ages as demonstrated by Haematoxylin 

and Eosin and von Gieson stains. Other stains, Masson Trichrome, Verhoeff’s and 
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silver impregnation, Foot’s modification of Hortega’s silver carbonate,  stains did not 

stain fine enough to enable differentiation of fibroblasts from other cells. Verhoeff’s 

stain demonstrated intercalated discs of cardiocytes on paraffin histological slides for 

light microscopy. Other stains stained cardiocytes without demonstrating their 

associated intercalated discs. From the finding, Verhoeff’s stain could be an 

appropriate stain for intercalated disc demonstration on paraffin  histological sections 

for light microscopy. These finding partly concurred with the hypothesis that 

fibroblasts can be demonstrated in different organs in the body using routine and 

special stains for light microscopy alone, (Haematoxylin and eosin, van Gieson, 

Verhoeff’s, Masson Trichrome and silver stains). 

 

 

Dermal fibroblasts were abundantly detectable in the foetus, mostly being active 

fibroblasts. The amount of fibroblasts decreased with age, based on the relative 

numbers of spindle shaped euchromatic and heterochromatic nuclei as evident under 

100 and 200 times magnifications at light microscopic level. The proportional shifted 

to quiescent form of fibroblasts, with advancing age. This concurred with the studies 

carried out by Du Toit et al 2007, where by restoration of the loss of dermal 

fibroblasts or activation of quiescent or senescent fibroblasts was among the proposed 

treatment options particularly in facial skin rejuvenation. 

 

The present study showed collagen content in the skin decreased with advancing age 

both in sun protected and sun exposed skin, though, more pronounced in sun-exposed 

skin. Such decrease was evident by the relative increase, with advancing age, of 
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empty space normally occupied with ground substance in living state. This is logical 

as the synthesizing cells, fibroblasts decrease in both, quantitatively and qualitatively, 

with advancing age (Doljanski F et al 2004). Collagen synthesis reduction was 

evident by relative increase in space occupied by ground substances. The finding 

agreed with study done by, who suggested facial rejuvenation technology and anti-

aging methods by injecting of the patient's own body cultured dermal fibroblasts 

(youth cultivated in a test tube) to release collagen. According to Du Toit et al 2007, 

dysfunctional fibroblasts are associated with the aging process of the skin and wrinkle 

formation. Lee W et al 1997, suggested that age-related loss of collagen in connective 

tissues undergoing turnover may be a manifestation of a deregulated increase of 

collagen phagocytosis in which the net loss of degraded collagen exceeds new 

synthesis.  Brincat et al 1987 suggested sex hormone replacement therapy to prevent 

skin collagen decrease in postmenopausal women. Shuster et al 1975 showed skin 

collagen decreased with age and was less in the females at all ages. This findings, 

however, contradicted the study done by Smith JG et al 1962, who found an increase 

in total collagen in aging skin per unit weight of skin. Further research using 

appropriate collagen quantification techniques and methods is recommended. 

 

Examination with light microscopy showed the general accepted view that the 

superficial papillary layer of the dermis contains a fine meshwork of narrow bundles 

of collagen fibers, whereas the deeper reticular layer  contains thicker bundles of 

fibers, (Abraham L 2002, Leeson L et al 1988, Pinkus H et al 1981, Lever WF et al 

1983). In this study, the relative thickness of collagen bundles in reticular dermis 

decreased with increasing age, the extreme case occurred in eleventh decade. This is 

in agreement with the studies performed by Lovell CR et al 1987, who went further to 
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suggest  that there may be either more type III or less type I collagen in skin of the 

oldest subjects. Further investigation will be required to find out which of these 

possibilities is correct.  

 

It is  interesting to note that the reduction of thick collagen bundles in reticular fibers 

was severe, particularly in sun exposed skin, that the collagen fiber thickness in 

reticular dermis was almost similar to that of papillary layer of dermis in the oldest 

subject examined at 11th decade. To the contrary, some moderately thick collagen 

bundles were still evident in reticular dermis of the sun-protected skin of 11th decade 

subject examined. This suggests the damaging role of ultraviolet irradiation. The 

preferential reduction in number and diameter of thick collagen bundles with age 

could be attributed to decrease in load and tensile strength reported in aging human 

skin, (Vogel HG et al 1983). Mohammad AB et al 2004, found that dermal fibroblasts 

from different layers of human skin are heterogeneous in expression of collagenase 

and type I and III procollagen mRNA. Assuming Mohammad AB et al 2004 were 

correct, it means, some dermal fibroblasts are preferentially expressing type I 

procollagen and other preferentially expressing type II procollagen in different layers 

or micro-locality of the skin. This also will imply that solar damage targets more 

fibroblasts that preferentially express type I procollagen, resulting in reduction of 

thick type I collagen synthesis as observed by decrease of thick collagen bundles in 

reticular layer of dermis in sun-exposed skin with advancing age. This, however, 

remains to be elucidated. 
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The striking finding was the great discrepancy in the organization of collagen fiber 

architecture between sun-protected and exposed skin. Sun protected skin, upper third 

medial aspect of thigh, maintained  and had its fibers organized in layers throughout 

all age groups. To the contrary, sun exposed skin showed disorganized collagen fibers 

as early as 3rd decade, the situation worsened with advancing age. This refuted the 

hypothesis that there is questionable difference in collagen morphology of the skin 

regardless of; age, sex, site and race of an individual. The findings however agreed 

with a study done by Du Toit et al 2005.  Further studies are needed to know whether 

this disorganization in collagen bundles has any benefits for survival in sun-exposed 

skin. In addition, Du Toit et al 2005, also found aging of skin to start at about twenty 

five years and became visible at 28 years of age. It however showed earlier 

commencement when compared to that done by El-Domyati M et al 2002, who found 

disorganization of collagen architecture to begin in the 4th decade.  

 

The hypothesis that elastic fiber content of skin shows degradations in sun-exposed 

versus sun-protected skin of an individual was not proved  in the present study. The 

relative elastic fibers detection by Verhoeff’s stain under 100 and 200 times 

magnifications at light microscopic level, diminished with advancing age in sun 

protected skin and vice versa in sun-exposed skin. The increased detection of elastic 

fibers in sun-exposed skin alone is inadequate to substantiate that they represent 

degraded fibers. Biochemical study techniques are needed to prove that. This finding, 

however, agrees to that done by El-Domyati M et al 2002, who showed gradual 

increase in staining intensity of elastin in sun-exposed skin with age and decrease in 

staining intensity of elastic fiber with advancing age in sun-protected skin. The 

accumulated elastin were disorganised and appeared to occupy spaces left by 
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collagen. This finding was also noted by Bernstein EF et al 1996, who suggested up-

regulation of elastin promoter activity in dermal fibroblasts was responsible for the 

excess elastic tissue but not the reason for the aberrant morphology of the elastotic 

material. The abnormal elastic fibers accumulation in sun-exposed skin has also been 

document by various researchers, including Seite S et al 2006, who found that 

lysozyme prevented elastin degradation by  normal degradation mechanisms of  

human leukocyte elastase (HLE)  after binding to the damaged parts of the elastin 

network and by direct lysozyme-HLE interaction, which reduces HLE proteolysis. 

 

More over, thinning of the epidermis and flattening of the dermal-epidermal junction 

with increasing age was noted in sun exposed skin. The most probable reason is due 

to disappearance of dermal papillae and epidermal buds seen in advanced age skin 

(Contet-Audonneau LJ et al 1999). This finding contradicts that reported by Domyati 

et al 2002, who found increase in epidermal thickening in sun-exposed skin. 

 

The fibroblast is a ubiquitous cell in the human body, (Abraham L 2002, Leeson L et 

al 1988). They are found in all organs of the body for as they elaborate and maintain 

the integrity of the connective tissue ECM . In lung, fibroblasts are found in the 

alveolar septum. Usually are few in numbers, only proliferate and transformed to 

myofibroblasts whenever there is irreversible injury to the alveolar cells. In 

myofibroblastic state, fibroblasts replace lung parenchyma by fibrolous tissue 

(Abraham L 2002, Gu L et al 2004). In the present study, it was witnessed 

replacement of some alveolar spaces (lung parenchyma) by fibrous tissue. Fibrous 

tissue replacement of lung parenchyma seriously interfere with lung function as the 

replacing fibrous tissue is not adapted for the gaseous exchange. Fibroblast-



 176

myofibroblast  differentiation is induced by TGF-beta1 in a Smad proteins-dependent 

manner (Gu L et al 2004). Fibroblasts secrete connective tissue matrix septa in lung 

parenchyma, (Pakurar AS et al 2004). Compliancy of the lung is enhanced by 

longitudinal elastic fibers in the walls of terminal and respiratory bronchioles and 

alveolar. Elastic fibers were not stained in area where fibrous tissues replaced lung 

parenchyma in the present study. The loss of elasticity and breakdown of elastic fibers 

gives rise to emphysema, characterised by chronic airway obstruction, (Abraham L 

2002). 

 

Some fibroblasts were observed in the heart. They were found in the cardiocytes 

interstitial connective tissue septa. Among its function, is to secrete connective tissue 

matrix which support the organs by filling all empty spaces, and fix blood and 

lymphatic vessels and nerves in place, (Abraham L 2002). They have a key role in 

wound healing by secreting the necessary matrix and chemical mediators. 

 

Fibroblasts in culture rapidly develop the ability to attach to the wall of the container 

and move across its surface. Such adherence and mobility are attributed to the 

development of a system of microfilaments called stress fibers and was also reported 

by Buckley IK et al 1967. These may measure up to 2µm in diameter and may branch 

or radiate from focal points (Goldman RD 1975). Microfilament constituting stress 

fibers are mainly composed of actin, including α-smooth muscle actin, as shown by 

immunofluorescence and imunoelectron microscopy with specific antibodies 

(Goldman RD et al 1975, Willingham MC et al 1981, Skalli O et al 1986). In 

immunostaining for light microscopic study, these detailed facts could not be 
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depicted, however, culture fibroblasts showed interesting cytoplasmic extensions 

which could be suggestive of stress fibers. Previous studies have shown that stress 

fibers also contain actin-associated proteins such as myosin, tropomyosin, alpha-

actinin, and filamin (Skalli O et al 1988). In addition to stress fibers, cultured 

fibroblasts develop gap junctions (Bellows CG et al 1981), analogous to that observed 

between myofibroblasts in vivo (Gabbiani G et al 1978). In primary passage 

fibroblastic populations, the presence of α-smooth muscle actin has been reported 

(Skalli O et al 1986, Vandekerckhove J et al 1978, Leavitt J et al 1985). The 

expression of α-smooth muscle actin in cultured fibroblasts represent the feature of 

fibroblastic cultures themselves which may be related to functions exerted by 

fibroblasts under particular environmental conditions in vivo.  

 

Cytoskeletal proteins such as desmin and smooth muscle myosin heavy chains are 

also variably expressed by cultured fibroblasts derived from different organs or 

pathologic tissues. The expression, however, is generally very low, and in several 

populations, as the case for this study, these cytoskeletal proteins are not expressed 

(Dsmouliere A et al 1992).  

 

The forces generated by cultured fibroblasts are traction, rather than contraction 

forces, as shown by experiments in which fibroblasts distorted a sheet of silicon on 

which they were grown (Harris AK et al 1981). Several observations suggest that 

stress fibers are probably the force-generating elements in wound contraction, since 

they contract upon addition of adenosine triphosphate on glycerinated fibroblasts 

(Hoffmann-Beerling H 1954, Isenberg G et al 1976, Burridge K 1981), and 
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microinjection experiments revealed that they are functionally analogous to skeletal 

musle fibers (Kreis FE et al 1980, Burridge K 1981). 

 

In floating collagen of fibrin matrices, fibroblasts developed stellate morphology with 

long processes and cytoskeletal meshwork. In contrast, fibroblast cells in anchored 

collagen matrices become bipolar, and orient along lines of tension. These cells then 

develop prominent stress fibers and cell-to-stroma attachment sites (fibronexus), and 

resemble myofibroblasts,  This indicate that fibroblasts are able to contract a tissue 

matrix in vitro without differentiating into myofibroblasts, and that the appearance of 

myofibroblasts correlates with the appearance of stress within the matrix. Fibroblasts 

in floating versus anchored collagen matrices also show differences in cell 

proliferation and DNA synthesis. After contraction of floating collagen matrices there 

is a marked decline in cellular DNA synthesis; the cells become arrested, and cell 

regression begins. In contrast, fibroblastic cells in anchored matrices continue to 

proliferate and to synthesize DNA. Furthermore, and taking into account that the 

tension forces developed in a restrained collagen lattice by myofibroblasts obtained 

from human skin granulation tissue explants are more intense than those exerted by 

human dermis fibroblasts . These were also demonstrated by Germiain L et al 1994. 



 179

 

CHAPTER 7: CONCLUSION 

 

• Light microscopy 

• Fibroblast tissue culture study 
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In conclusion, fibroblasts are ubiquitous cells that are distributed widely in the human 

body. In the present study it was possible to demonstrate fibroblasts in the skin, heart 

and lung by Haematoxylin and eosin and Van Gieson staining techniques at light 

microscopic level. Masson Trichrome, Verhoeff’s and silver stain could not clearly 

stain fibroblasts.  Masson Trichrome was superior in demonstrating the collagen in 

shin, heart and lung. Fibroblasts are key cells for the integrity of the extracellular 

matrix and its enormous role in human body. According to Abraham L, 2002, some of 

ECM roles includes to serve as; (1) the reservoir of hormones controlling the growth 

and differentiation, (2)  the media through which nutrients and metabolic wastes are 

exchanged between cells and their blood supply, (3) filling media to the spaces left 

after injury to tissue whose cells do not divide (cardiac muscles), which forms a scar 

as shown in the present study where fibrous tissues replaced lung parenchyma , and 

(4) fibrin, collagen, and fibronectin in the ECM signal cells to divide and migrate like 

fibroblasts and migrating keratinocytes which use the fibronectin cross-linked with 

fibrin as an attachment site to crawl across during wound healing. The present study 

demonstrated variation of dermal collagen morphology with age, and site of the body 

in the reticular layer of dermis. Generally the thickness of reticular collagen bundles 

increased with foetal from foetal to mid adulthood, and then start to decrease dermal 

collagen were of medium thicknesses where as adult collagen fiber were more thicker. 

The importance of further studies on fibroblasts can therefore not be over emphasized.  

 

In this fibroblast culture study, more consistent fibroblast proliferation was observed 

in foetal calf enriched mediums. 
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Remarks: Because of the characteristics of “cell senescence”, that is typical of 

cultured fibroblasts, a cell proliferation rate of 75% is considered good (Boss et al 

2000, Cristafolo et al 1998 and Matsua et al 2004).  Some studies have shown that it 

is possible to culture fibroblasts in serum free media. This was possible in this study 

but the results were clearly inferior to those observed in serum enriched media. The 

clinical implications of this study are important, because if fibroblast cell therapy is to 

be considered for human use, serum free media will be needed. Serum rich media 

carry the possibility of transmission of zoonotic diseases to man (Mad Cow Diesease) 

and therefore it would be preferable to use serum free culture media (Boss et al 2000). 

 



 

 

182

 

CHAPTER 8: 

 

 

 

 

 

 

 

 

 

 

REFERENCES AND LITERATURE CITED 

 

 

 

 

 

 

 

 

 

 



 

 

183

 

REFERENCES: 

 

 

1. Abraham L. Kierszenbeum, MD, PhD, Histology and cell biology, an 

introduction to Pathology, Chapter 4, 2002. 

 

2. Agocha AE, Eghbali-Webb M.  A simple method for preparation of cultured 

cardiac fibroblasts from adult human ventricular tissue. Mol Cell Biochem. 

1997 Jul; 172(1-2):195-8. (Abstract) 

 

3. Agocha A, Lee HW, Eghbali-Webb M. Hypoxia regulates basal and induced 

DNA synthesis and collagen type I production in human cardiac 

fibroblasts: effects of transforming growth factor-beta1, thyroid hormone, 

angiotensin II and basic fibroblast growth Factor. J  Mol Cell Cardiol. 1997 

Aug; 29(8):2233-44. Abstract) 

 

4. Agocha A, Sigel AV, Eghbali-Webb M.  Characterization of adult human 

heart fibroblasts in culture: a comparative study of growth, proliferation 

and collagen production in human and rabbit cardiac fibroblasts and their 

response to transforming growth factor-beta1. Cell Tissue Res. 1997 Apr; 

288(1): 87-93. 

 



 

 

184

5. Akamine A, Raghu G, Narayanan AS.  Human lung fibroblast 

subpopulations with different C1q binding and functional properties. Am J 

Respir Cell Mol Biol. 1992 Apr; 6(4):382-9. 

 

6. Akers IA, Parsons M, Hill MR, Hollenberg MD, Sanjar S, Laurent GJ, 

McAnulty RJ. Mast cell tryptase stimulates human lung fibroblast 

proliferation via protease-activated receptor-2. Am J Physiol Lung Cell 

Mol Physiol. 2000 Jan; 278(1):L193-201. (Abstract) 

 

7. Allendorf RA, Gartstein V, Kligman AM, Montagna W,  Ridder GM, 

Warren R,.Age, sunlight, and facial skin: a histologic and quantitative 

study. J Am Acad Dermatol. 1991 Nov; 25(5 Pt 1):751-60. Erratum in: J 

Am Acad Dermatol 1992 Apr; 26(4):558. (Abstract) 

 

8. Amano S, Kadoya K, Kostka G, Kumagai N, Matsuzaki K, Nishiyama 

T,Sakai LY, Sasaki T, Timpl R,.Fibulin-5 deposition in human skin: 

decrease with ageing and ultraviolet B exposure and increase in solar 

elastosis. Br J Dermatol. 2005 Sep; 153(3):607-12. 

 

9. Ambroisine L, Guinot C, Latreille J, Le Fur I,   Lopez S, Malvy DJ, Mauger 

E, Morizot F, Tenenhaus M, Tschachler E. Relative contribution of 

intrinsic vs extrinsic factors to skin aging as determined by a validated skin 

age score. Arch Dermatol. 2002 Nov; 138(11):1454-60. 

 



 

 

185

10. Andreoli T, Baccarani C M, Croce MA, De Paepe A, Tiozzo R,.Cell-matrix 

interactions in cultured dermal fibroblasts from patients with an inherited 

connective-tissue disorder. Cytotechnology. 1993; 11 Suppl 1:S112-4. 

 

11. Andre P, Barre P, Bosset S, Bonte F,  Disant F, Chalon A, Kurfurst R, Le 

Varlet B, Nicolas JF, Perrier P,.Skin ageing: clinical and histopathologic 

study of permanent and reducible wrinkles. Eur J Dermatol. 2002 May-Jun; 

12(3):247-52. 

 

12. Ankrapp DP, Bevan DR.  Insulin-like growth factor-I and human lung 

fibroblast-derived insulin-like growth factor-I stimulate the proliferation of 

human lung carcinoma cells invitro. Cancer Res. 1993 Jul 15;53(14):3399-

404. 

 

13. Andre C, Marullo S, Convents A, Lu BZ, Guillet JG, Hoebeke J, Strosberg 

DA.  A human embryonic lung fibroblast with a high density of muscarinic 

acetylcholine receptors. Eur J Biochem. 1988 Jan 15; 171(1-2):401-7. 

 

14. Antonelli A, Lapucci G, Vigneti E, Bonini S, Aloe L.  Human lung 

fibroblast response to NGF, IL-1beta, and dexamethsone.Lung. 2005 Sep-

Oct; 183(5):337-51. 

 

15. Antoniu SA. Expert Opin Investig Drugs. 2007 Mar; 16(3):393-5. 

 



 

 

186

16. Arcangeli G, Cupelli V, Giuliano G.  Effects of silica on human lung 

fibroblast in culture. Sci Total Environ. 2001 Apr 10; 270(1-3):135-9. 

 

17. Arico M, Noto G, Pravata G,.Increased SS bonds in chronic solar elastosis: a 

study with N-(7-dimethylamino-4-methyl-3-coumarinyl) maleimide 

(DACM) stain. J Dermatol Sci. 1994 Feb; 7(1):14-23. 

 

18. Attia S, Ahmad H, Birk DE, Brown D,  El-Domyati M, Saleh F,  Gasparro 

F, Uitto J.Intrinsic aging vs. photoaging: a comparative histopathological, 

immunohistochemical, and ultrastructural study of skin. Exp Dermatol. 

2002 Oct; 11(5):398-405. 

 

19. Baglole CJ, Bushinsky SM, Garcia TM, Kode A, Rahman I, Sime PJ, Phipps 

RP. Differential induction of apoptosis by cigarette smoke extract in 

primary human lung fibroblast strains: implications for emphysema. Am J 

Physiol Lung Cell Mol Physiol. 2006 Jul; 291(1):L19-29. 

 

20. Bancroft J, Stevens A. Theory and Practice of Histology techniques, 2nd Ed, 

1982, pp131-135, Churchill- Livingstone, NY. 

 

21. Bartkova J., Grøn B., Dabelsteen E., and Bartek J. 2003. Cell-cycle 

regulatory proteins in human wound healing. Archives of Oral Biology, 

48(2): 125-132. 

 



 

 

187

22. Baskar R, Li L, Moore PK.  Hydrogen sulfide-induces DNA damage and 

changes in apoptotic gene expression in human lung fibroblast cells. 

FASEB J. 2007 Jan; 21(1):247-55. 

 

23. Bayram Y., Deveci M., Imirzalioglu N., Soysal Y., and Sengezer M. 2005. 

The cell based dressing with living allogenic keratinocytes in the treatment 

of foot ulcers: a case study. British Journal of Plastic Surgery, 58(7): 988-

996. 

 

24. Bayreuther. K. Bayreuther, H.P. Rodemann, R. Hommel, K. Dittmann, M. 

Albiez and P.I. Francz, Human skin fibroblasts in vitro differentiate along a 

terminal cell lineage. Proc. Natl Acad. Sci. USA 85 (1988), pp. 5112–5116. 

 

25. Becerril C, Pardo A, Montano M, Ramos C, Ramirez R, Selman M. Acidic 

fibroblast growth factor induces an antifibrogenic phenotype in human lung 

fibroblasts. Am J Respir Cell Mol Biol. 1999 May; 20(5):1020-7. 

 

26. Beckman and Ames, 1988. K.B. Beckman and B.N. Ames, The free radical 

theory of aging matures. Physiol. Rev. 1988; 78: 547–581. 

 

27. Bellows CG, Melcher AH, Aubin JE. Contraction and organisation of 

collagen gels by cell cultured from periodontal ligament, gingival and bone 

suggest functional differences between cell types, J Cell Biology 1981; 

211: 1052-1054. 

 



 

 

188

28. Beretta L, Caronni M, Raimondi M, Ponti A, Viscuso T, Origgi L, Scorza R. 

Clin Rheumatol. 2007 Feb; 26(2):168-72. 

 

29. Bernstein EF, Brown DB, Chen YQ,  , Fisher L, Hahn PJ, Kopp JB,  

Lakkakorpi J,  Robey FA,Uitto J.Long-term sun exposure alters the 

collagen of the papillary dermis. Comparison of sun-protected and 

photoaged skin by northern analysis, immunohistochemical staining, and 

confocal laser scanning microscopy. J Am Acad Dermatol. 1996 Feb; 34(2 

Pt 1):209-18. 

 

30. Bernstein EF, Gasparro FP, Brown DB, Takeuchi T, Kong SK, Uitto J. 8-

methoxypsoralen and ultraviolet a radiation activate the human elastin 

promoter in transgenic mice: in vivo and in vitro evidence for gene 

induction. Photochem Photobiol. 1996 Aug; 64(2):369-74. 

 

31. Bhawan J. Kurban RS, Histologic changes in skin associated with aging. J 

Dermatol Surg Oncol. 1990 Oct; 16(10):908-14. 

 

32. Birckbichler PJ, Orr GR, Patterson MK Jr, Conway E, Carter HA, Maxwell 

MD. Enhanced transglutaminase activity in transformed human lung 

fibroblast cells after exposure to sodium butyrate. Biochim Biophys Acta. 

1983 Aug 17; 763(1):27-34. 

 

33. Bishop JE, Mitchell JJ, Absher PM, Baldor L, Geller HA, Woodcock-

Mitchell J, Hamblin MJ, Vacek P, Low RB.  Cyclic mechanical 



 

 

189

deformation stimulates human lung fibroblast proliferation and autocrine 

growth factor activity. Am J Respir Cell Mol Biol. 1993 Aug; 9(2):126-33. 

 

34. Blazejewski S, Preaux AM, Mallat A, Bracheriou I, Mavier P. Dhumeaux 

D. Hartmann D, Schuppan D, Rosenbaum J. Human myofibroblastlike cells 

obtained by outgrowth are representative of the fibrogenic cells in the liver. 

Hepatology 1995; 22: 788-797. 

 

35. Bloom and Fawcett, A textbook of histology, 11th edition, 1975, p 151. 

 

36. Bloom S, Cancilla PA. Conformational changes in myocardial nuclei of rats. 

Circ Res 1969; 24: 189-196. 

 

37. de Boer, J.O. Andressoo, J. de Wit, J. Huijmans, R.B. Beems, H. van Steeg, 

G. Weeda, G.T. van der Horst, W. van Leeuwen, A.P. Themmen, M. 

Meradji and J.H. Hoeijmakers, Premature aging in mice deficient in DNA 

repair and transcription. Science 296 (2002), pp. 1276–1279. 

 

38. de Boeck H, Lories V, David G, Cassiman JJ, van den Berghe H. 

Identification of a 64 kDa heparan sulphate proteoglycan core protein from 

human lung fibroblast plasma membranes with a monoclonal antibody. 

Biochem J. 1987 Nov 1; 247(3):765-71. 

 

 



 

 

190

39. Boisnic S, Branchet-Gumila MC, Le Charpentier Y, Segard C.Repair of 

UVA-induced elastic fiber and collagen damage by 0.05% retinaldehyde 

cream in an ex vivo human skin model. Dermatology. 1999; 199 Suppl 

1:43-8. 

 

40. Boss WK. Autologous cultured fibroblasts as cellular therapy in plastic 

surgery. Clinics in plastic surgery, 27: 613-626, 2000. 

 

41. Boss WK. Autologous cultured fibroblasts: A protein repair system. Ann 

Plastic Surg 44: 536-542, 2000. 

 

42. Bouissou H, Julian M, Pieraggi MT,  Savit T.The elastic tissue of the skin. 

A comparison of spontaneous and actinic (solar) aging. Int J Dermatol. 

1988 Jun; 27(5):327-35. 

 

43. Boukhalfa G, Desmouliere A, Rondeau E, Gabbiani G, Sraer JD. 

Relationship between α-smooth muscle actin expression and fibrotic 

changes in human kidney. Exp Nephrol 1996; 4: 241-247 

 

44. Bradley KH, Kawanami O, Ferrans VJ, Crystal RG.  The fibroblast of 

human lung alveolar structures: a differentiated cell with a major role in 

lung structure and function. Methods Cell Biol. 1980; 21A:37-64. 

 

45. Braverman IM, Fonferko E. Studies in cutaneous aging: I. The elastic fiber 

network. J Invest Dermatol. 1982 May; 78(5):434-43. 



 

 

191

 

46. Brennan M., Bhatti H, Nerusu KMC., Bhagavathula N, Kang S, Fisher GJ, 

Varani J and Vorhees JJ. Matrix metalloproteinase-1 is the major 

collagenolytic enzyme responsible for collagen damage in UV-irradiated 

human skin. Photochem. Photobiol. 2003; 78: 43–48. 

 

47. Brenneisen P, Oh J, Wlaschek M, Wenk J, Briviba K, Hommel C, Herrmann 

G, Sies H  and Scharffetter-Kochanek K. UVB-wavelength dependence for 

the regulation of two major matrix-metalloproteinases and their inhibitor 

TIMP-1 in human dermal fibroblasts. Photochem. Photobiol. 1996; 64: pp. 

649–657. 

 

48. Brenneisen P, Wenk J, Klotz LO, Wlaschek M, Briviba K, Krieg T, Sies H 

and Scharffetter-Kochanek K. Central role of ferrous/ferric iron in the 

ultraviolet B irradiation-mediated signaling pathway leading to increased 

interstitial collagenase (matrix-degrading metalloprotease (MMP)-1) and 

stromelysin-1 (MMP-3) mRNA levels in cultured human dermal 

fibroblasts. Biol. Chem J. 1998; 273: 5279–5287. 

 

49. Brenneisen P, Wlaschek M, Wenk J, Blaudschun R, Hinrichs R, Dissemond 

J, Krieg T and Scharffetter-Kochanek K. UVB induction of interstitial 

collagenase/MMP-1 and stromelysin-1/MMP-3 occurs in human dermal 

fibroblasts via an autocrine interleukin-6 dependent loop. Fed. Eur. 

Biochem. Soc. Lett. 1999; 449 36–40. 

 



 

 

192

50. Brenneisen P, Wenk J, Wlaschek M, Krieg T, and Scharffetter-Kochanek K. 

Activation of p70 ribosomal protein S6 kinase is an essential step in the 

DNA damage-dependent signaling pathway responsible for the ultraviolet 

B-mediated increase in interstitial collagenase (MMP-1) and stromelysin-1 

(MMP-3) protein levels in human dermal fibroblastsBiol. Chem J. 2000; 

275 4336–4344. 

 

51. Brenneisen P, Sies H. and Scharffetter-Kochanek K. Ultraviolet-B 

irradiation and matrix metalloproteinases: from induction via signaling to 

initial events. Ann. NY Acad. Sci. 2002; 973: 31–43.  

 

52. Brenneisen P, Eickert A, Hunzelmann N, Krieg T Nischt R,.Increased 

deposition of fibulin-2 in solar elastosis and its colocalization with elastic 

fibres. Br J Dermatol.. 2002 Apr; 146(4):712. 

 

53. Brenneisen P., M. Wlaschek, E. Schwamborn, L.A. Schneider, W. Ma, H. 

Sies and K. Scharffetter-Kochanek, Activation of protein kinase CK2 is an 

early step in the ultraviolet B-mediated increase in interstitial collagenase 

(matrix metalloproteinase-1; MMP-1) and stromelysin-1 (MMP-3) protein 

levels in human dermal fibroblasts. Biochem. J. 2002; 365: 31–40. 

 

54. Brinckerhoff and Matrisian, 2002. C.E. Brinckerhoff and L.M. Matrisian, 

Matrix metalloproteinases: a tail of a frog that became a prince. Nat. Rev. 

Mol. Cell Biol. 2002; 3: 207–214. 

 



 

 

193

55. Brunius G, Sundbom BL.  The effect of Ca2+ on the thermal stability of 

trypsin in phosphate-buffered saline solution used for harvesting of human 

embryonic lung fibroblast cultures. Biol Stand. J. 1987 Jul; 15(3):265-70. 

 

56. Buckley IK, Porter KR. Cytoplasmic fibrils in living cultered cells A light 

and electron microscope study. Protoplasma 1967; 64: 349-380. 

 

57. Burridge K. Are stress fibers contractile? Nature 1981; 294: 691-692. 

 

58. Callihan DR, Menegus MA.  Rapid detection of herpes simplex virus in 

clinical specimens with human embryonic lung fibroblast and primary 

rabbit kidney cell cultures. Clin Microbiol. J. 1984 Apr; 19(4):563-5. 

 

59. Cantin AM, Larivee P, Begin RO.  Extracellular glutathione suppresses 

human lung fibroblast proliferation. Respir Cell Mol Biol. Am J. 1990 Jul; 

3(1):79-85. 

 

60. Cao W, Wang H, Zhang X, Sun X.  [Mutation of p53 and Ki-ras gene in 

human fetal lung fibroblast cells in vitro by sterigmatocystin] Wei Sheng 

Yan Jiu. 2000 May 30; 29(3):175-7. 

 

61. Carney DN, Edgell CJ, Gazdar AF, Minna JD.  Suppression of malignancy 

in human lung cancer (A549/8) times mouse fibroblast (3T3-4E) somatic 

cell hybrids. J Natl Cancer Inst. 1979 Feb; 62(2):411-5.  

 



 

 

194

62. Carson F. Histotechnology: A Self-Instructional Text, 1st Ed, 1990, pp 142-

143, Ascp,III. 

 

63. Celis JE, Dejgaard K, Madsen P, Leffers H, Gesser B, Honore B, 

Rasmussen HH, Olsen E, Lauridsen JB, Ratz G, et al.  The MRC-5 human 

embryonal lung fibroblast two-dimensional gel cellular protein database: 

quantitative identification of polypeptides whose relative abundance differs 

between quiescent, proliferating and SV40 transformed cells. 

Electrophoresis. 1990 Dec; 11(12):1072-113. 

 

64. Chang HY., Sneddon JB., Alizadeh AA., Sood R., West RB., Montgomery 

K., Chi JT., van de Rijn M, Botstein D., Brown P.O. 2004. Gene 

Expression Signature of Fibroblast Serum Response Predicts Human 

Cancer Progression: Similarities between Tumors and Wounds. Public 

Library of Science, 2(2). 

 

65. Chen, A. Fischer, J.D. Reagan, LJ. Yan and BN. Ames, Oxidative DNA 

damage and senescence of human diploid fibroblast cells. Proc. Natl Acad. 

Sci. USA 92 (1995), pp. 4337–4341. (Abstract) 

 

66. Chen JH, Chou FP, Lin HH, Wang CJ. Gaseous nitrogen oxide repressed 

benzo[a]pyrene-induced human lung fibroblast cell apoptosis via inhibiting 

JNK1 signals. Arch Toxicol. 2005 Dec; 79(12):694-704. 

 



 

 

195

67. Cho KH, Chung JH, Detmar M,  Eun HC, Kim KH, Lee MK, Seo JY, Yano 

K, Youn CS,. Differential effects of photoaging vs intrinsic aging on the 

vascularization of human skin.. Arch Dermatol. 2002 Nov; 138(11):1437-

42. 

 

68. Cho KH,  Chung JH, Eun HC, Kim KH, Kwon OS, Park KC, Youn JI, Youn 

SH,.Enhanced proliferation and collagen synthesis of human dermal 

fibroblasts in chronically photodamaged skin. Photodermatol 

Photoimmunol Photomed. 1996 Apr; 12(2):84-9. 

 

69. Clark JG, Madtes DK, Raghu G.  Effects of platelet-derived growth factor 

isoforms on human lung fibroblast proliferation and procollagen gene 

expression. Exp Lung Res. 1993 May-Jun; 19(3):327-44. 

 

70. Contet-Audonneau L.J., Jeanmaire C. and Pauly G.  A histological study of 

human wrinkle structures: comparison between sun-exposed areas of the 

face, with or without wrinkles, and sun-protected areas. British Journal of 

Dermatology. 1999; 140:1038-1047. 

 

71. Cook RM, Ashworth RF, Musgrove NR.  Eosinophil- and neutrophil-

mediated injury of human lung fibroblast cells. Int Arch Allergy Appl 

Immunol. 1987; 83(4):428-31. (Abstract) 

 

72. Craven NM, Griffiths CE,  Kielty CM, Shuttleworth CA, Watson 

RE,.Fibrillin-rich microfibrils are reduced in photoaged skin. Distribution 



 

 

196

at thedermal-epidermal junction. J Invest Dermatol. 1999 May; 112(5):782-

7. (Abstract) 

 

73. Cristafolo V.J. Relationship between the donor age and the replicative 

lifespan of human cells in culture: a re-evaluation. Proc Natl Acad. Sci 

USA. 95: 10614-10619, 1998. 

74. Dalemar LR, Ivy Jong YJ, Wilhelm B, Baenziger NL.  Protein kinases A 

and C rapidly modulate expression of human lung fibroblast B2 bradykinin 

receptor affinity forms. Eur J Cell Biol. 1996 Mar; 69(3):236-44. 

 

75. Danoux L,Jeanmaire C, Pauly G.Glycation during human dermal intrinsic 

and actinic ageing: an in vivo and in vitro model study. Br J Dermatol. 

2001 Jul; 145(1):10-8. (Abstract) 

 

76. Dayer JM, Sundstrom L, Polla BS, Junod AF.  Cultured human alveolar 

macrophages from smokers with lung cancer: resolution of factors that 

stimulate fibroblast proliferation, production of collagenase, or 

prostaglandin E2. J Leukoc Biol. 1985 May; 37(5):641-9. (Abstract) 

 

77. Dayton MA, Knobloch TJ.  Multiple phosphotyrosine phosphatase mRNAs 

are expressed in the human lung fibroblast cell line WI-38. Recept Signal 

Transduct. 1997; 7(4):241-56. (Abstract) 

 

78. Dealey C. The care of wounds: A guide for nurses. Oxford; Malden, Mass. 

Blackwell Science, 1999. Electronic book. 



 

 

197

 

79. Deodhar A.K., Rana R.E. 1997. Surgical physiology of wound healing: a 

review. Journal of Postgraduate Medicine, 43: 52-56. (Abstract) 

 

80. Desmouliere, A, Chaponnier, C., and Gabbiani, G. 2005. Tissue repair, 

contraction, and the myofibroblast. Wound Repair and Regeneration, 

3(1):7-12. (Abstract) 

 

81. Desmouliere A, Rbbia-Brandt L, Abdiu A, Walz T, Macieira-Coelho A, 

Gabbiani G. ά-smooth muscle actin is expressed in subpopulation of 

cultured  and cloned fibroblasts and is modulated by γ-interferon. Exp Cell 

Res 1992; 201: 64-73. (Abstract) 

 

82. Diaz A, Munoz E, Johnston R, Korn JH, Jimenez SA.  Regulation of human 

lung fibroblast alpha 1(I) procollagen gene expression by tumor necrosis 

factor alpha, interleukin-1 beta, and prostaglandin E2. J Biol Chem. 1993 

May 15; 268(14):10364-71. (Abstract) 

 

83. DiPietro L.A. and Burns A.L., Eds. 2003. Wound Healing: Methods and 

Protocols. Methods in Molecular Medicine. Totowa, N.J. Humana Press.  

 

84. Dixon AE, Gillard MO, Griffiths CE, Hamilton TA, Johnson TM., 

Majmudar G, Nelson BR, Tavakkol A, Voorhees JJ, Woodbury 

RA,Clinical improvement following dermabrasion of photoaged skin 



 

 

198

correlates with synthesis of collagen I. Arch Dermatol. 1994 

Sep;130(9):1136-42.Comment in:Arch Dermatol. 1994 Sep; 130(9):1187-9. 

 

85. Dodson RF, Hubler WR Jr, Raimer SS, Sanchez RL,.Solar elastotic bands of 

the forearm: an unusual clinical presentation of actinic elastosis. J Am 

Acad Dermatol. 1986 Oct; 15(4 Pt 1):650-6. (Abstract) 

 

86. Doljanski F. The Sculpturing Role of Fibroblast-Like Cells in 

Morphogenesis Perspectives in Biology and Medicine - Summer 2004; 

47(3): 339-356. 

 

87. Dumont P, Royer V, Pascal T, Dierick JF, Chainiaux F, Frippiat C, de 

Magalhaes JP, Eliaers F, Remacle J and Toussaint O. Growth kinetics 

rather than stress accelerate telomere shortening in cultures of human 

diploid fibroblasts in oxidative stress-induced premature senescence. Fed. 

Eur. Biochem. Soc. Lett. 502 (2001), pp. 109–112. 

 

88. Du Toit DF. Application of Platelet-Rich Plasma in oral and maxillafacial 

surgery.2007 In Press 

 

89. Du Toit DF: Specialist Medicine, 2005; 5:38-45. (Abstract) 

 

90. Du Toit D.F. Soft and hard-tissue augmention with platelet-rich 

plasma:tissue culture dynamics and molecular biology perspective. In 

Press.2007, 



 

 

199

 

91. Eberhard M, Miyagawa K, Hermsmeyer K, Erne P.  Effects of mibefradil on 

intracellular Ca2+ release in cultured rat cardiac fibroblasts and human 

platelets. Naunyn Schmiedebergs Arch Pharmacol. 1995 Dec; 353(1):94-

101. 

 

92. Eichler M.J. and Carlson M.A. 2005. Modeling dermal granulation tissue 

with the linear fibroblast-populated  of Dermatological Science, 41(2): 97-

108. 

 

93. El Chemaly A, Guinamard R, Demion M, Fares N, Jebara V, Faivre JF, Bois 

PA voltage-activated proton current in human cardiac fibroblasts. Biochem 

Biophys Res Commun. 2006 Feb 10; 340(2):512-6. (Abstract) 

 

94. Elias JA, Freundlich B, Adams S, Rosenbloom J.  Regulation of human lung 

fibroblast collagen production by recombinant interleukin-1, tumor necrosis 

factor, and interferon-gamma. Ann N Y Acad Sci. 1990; 580:233-44. 

(Abstract) 

 

95. Elias JA, Jimenez SA, Freundlich B. Recombinant gamma, alpha, and beta 

interferon regulation of human lung fibroblast proliferation. Am Rev Respir 

Dis. 1987 Jan; 135(1):62-5. (Abstract) 

 

96. Elias JA, Krol RC, Freundlich B, Sampson PM. Regulation of human lung 

fibroblast glycosaminoglycan production by recombinant interferons, 



 

 

200

tumor necrosis factor, and lymphotoxin. J Clin Invest. 1988 Feb; 

81(2):325-33. (Abstract) 

 

97. Elias JA, Rossman MD, Daniele RP.  Inhibition of human lung fibroblast 

growth by mononuclear cells. Am Rev Respir Dis. 1982 Jun; 125(6):701-5. 

(Abstract) 

 

98. Elias JA, Rossman MD, Zurier RB, Daniele RP.  Human alveolar 

macrophage inhibition of lung fibroblast growth. A prostaglandin-

dependent process. Am Rev Respir Dis. 1985 Jan; 131(1):94-9. 

 

99. Elias JA, Zurier RB, Rossman MD, Berube ML, Daniele RP.  Inhibition of 

lung fibroblast growth by human lung mononuclear cells. Am Rev Respir 

Dis. 1984 Nov; 130(5):810-6. (Abstract) 

 

100. Etscheid M., Beer N., and Dodt J. 2005. The hyaluronan-binding protease 

upregulates ERK1/2 and PI3K/Akt signalling pathways in fibroblasts and 

stimulates cell proliferation and migration. Cellular Signalling, 17(12): 

1486-1494. 

 

101. Expert Reviews in Molecular Medicine. 2003. The phases of cutaneous 

wound healing. 5: 1. Cambridge University Press. (Abstract) 

 



 

 

201

102. Falanga V. 2004. The chronic wound: impaired healing and solutions in the 

context of wound bed preparation. Blood Cells, Molecules, and Diseases, 

32(1): 88-94. 

 

103. Falanga V. 2005. Wound Healing. American Academy of Dermatology 

(AAD). 

 

104. Finlay GA, Thannickal VJ, Fanburg BL, Paulson KE. Transforming growth 

factor-beta 1-induced activation of the ERK pathway/activator protein-1 in 

human lung fibroblasts requires the autocrine induction of basic fibroblast 

growth factor. J Biol Chem. 2000 Sep 8; 275(36):27650-6. (Abstract) 

 

105. Finkel and Holbrook, 2000. T. Finkel and N. Holbrook, Oxidants, oxidative 

stress and the biology of ageing. Nature 2000; 408: 239–247. 

 

106. Fisher et al., 2002. G.J. Fisher, S. Kang, J. Varani, Z. Bata-Csorgo, Y. Wan, 

S. Datta and J.J. Voorhees, Mechanisms of photoaging and chronological 

skin aging. Arch. Dermatol. 2002; 138: 1462–1470. 

 

107. Fitzgerald SM, Chi DS, Lee SA, Hall K, Krishnaswamy G.  Inhibition of 

GM-CSF production in fibroblast-monocyte coculture by prednisoneand 

effects of rhGM-CSF on human lung fibroblasts. Front Biosci. 2004 Jan 1; 

9:342-8. (Abstract) 

 



 

 

202

108. Forbes B, Ballard FJ, Wallace JC. An insulin-like growth factor-binding 

protein purified from medium conditioned by a human lung fibroblast cell 

line (He [39] L) has a novel N-terminal sequence. J Endocrinol. 1990 Sep; 

126(3):497-506. (Abstract) 

 

109. Franke WW, Moll R. Cytoskeletal components of lympoid organ. I. 

synthesis of cytokeratin 8 and 18 and desmin in subpopulations of extra-

follicular reticulum cells of human lymph nodes, tosils and spleen. 

Differentiation 1987; 36 : 145-163. (Abstract) 

 

110. Franke WW,  Schinko W. Nuclear shape in muscle cells. J Cell Biol 1969; 

42: 326-331. 

 

111. Gabbiani G, Chaponnier C, Huttner I. Cytoplasmic filaments and gap 

junctions in epithelial cells and myofibroblasts during wound healing. J 

Cell Biol 1978; 76: 561-568. 

 

112. Galadari H, Lebwohl M.Pseudoxanthoma elasticum: Temporary treatment 

of chin folds and lines withinjectable collagen. J Am Acad Dermatol. 2003 

Nov; 49(5 Suppl):S265-6. (Abstract) 

 

113. Garg, H.G. 2000. Scarless Wound Healing. New York Marcel Dekker, Inc.  

 

114. Gasparro et al., 1998. F.P. Gasparro, B. Liao, P.J. Foley, X.M. Wang and 

J.M. McNiff, Psoralen photochemotherapy, clinical efficacy, and 



 

 

203

photomutagenicity: the role of molecular epidemiology in minimizing 

risks. Environ. Mol. Mutagen 31 (1998), pp. 105–112. (Abstract) 

 

115. Geary SJ, Gabridge MG.  Characterization of a human lung fibroblast 

receptor site for Mycoplasma pneumoniae. Isr J Med Sci. 1987 May; 

23(5):462-8. 

 

116. Geist FC, Hayden FG.  Comparative susceptibilities of strain MRC-5 human 

embryonic lung fibroblast cells and the Cooney strain of human fetal tonsil 

cells for isolation of rhinoviruses from clinical specimens. J Clin Microbiol. 

1985 Sep; 22(3):455-6. 

 

117. Germain L, Jean A, Auger FA, Garrel DR. Human wound healing 

fibroblasts have greater contractile properties than dermal fibroblasts. J 

Surg Res 1994; 57: 268-273. 

 

118. Ghazizadeh M , Tosa M, Shimizu H, Hyakusoku H, Kawanami O. J Invest 

Dermatol. 2007 Jan; 127(1):98-105. (Abstract) 

 

119. Gilbert S, Godeau G,  Gogly B, Goldberg M,Kut C, Legrand JM, Pellat B, 

Morphometric analysis of collagen and elastic fibers in normal skin and 

gingival in relation to age. Clin Oral Investig. 1997 Sep; 1(3):147-52. 

(Abstract) 

 



 

 

204

120. Gillard MO, Griffiths CE, Hamilton TA,Johnson TM, Majmudar G,  Metz 

RD, Nelson BR, Railan D,. A comparison of wire brush and diamond fraise 

superficial dermabrasion for photoaged skin. A clinical, immunohistologic, 

and biochemical study.J Am Acad Dermatol. 1996 Feb; 34(2 Pt 1):235-43. 

(Abstract) 

 

121. Goldman RD, Lazarides E, Pallock R, Weber K. The distribution of actin 

nonmuscle cells. The use of actin antibody in localisation of actin within 

microfilament bundles of mouse 3t3 cells. Exp Cell Res 1975; 90: 333-344. 

(Abstract) 

 

122. Goldman RD. The use of heavy meromyosin binding as an ultrastructural 

cytochemical method for localising and determining the possible functions 

of actin-like microfilaments in nonmuscle xcells. J Histochem Cytochem 

1975; 23: 529-542.  (Abstract) 

 

123. Goumenos DS, Brown CB, Shortland J, El Nahas AM. Myofibroblasts 

predictors of progression of masangial IgA nephropathy? Nephrol Dial 

Transplant 1994; 9: 1418-1425. 

 

124. Greenhalgh D.G. 1998. The role of apoptosis in wound healing. The 

International Journal of Biochemistry & Cell Biology, 30(9): 1019-1030. 

 

125. Guarente L.  and C. Kenyon, Genetic pathways that regulate ageing in 

model organisms. Nature 408 (2000), pp. 255–262. (Abstract) 



 

 

205

 

126. Gu L, Zhu YJ, Guo ZJ, Xu XX, Xu WB.  Effect of IFN-gamma and 

dexamethasone on TGF-beta1-induced human fetal lung fibroblast-

myofibroblast differentiation. Acta Pharmacol Sin. 2004 Nov; 25(11):1479-

88. (Abstract) 

 

127. Gu M.  [Effect of cigarette smoke condensate on unscheduled DNA 

synthesis (UDS) in human lung fibroblast cells] Zhonghua Zhong Liu Za 

Zhi. 1989 Nov; 11(6):422-4. (Abstract) 

 

128. Guo ZJ, Zhu YJ, Gu L, Zhou X, Li LJ, Tian XL, Yao W.  [Inhibition of 

human lung fibroblast proliferation and the mitogen activated protein 

kinase pathway by dexamethasone] Zhongguo Yi Xue Ke Xue Yuan Xue 

Bao. 2004 Jun; 26(3):227-31. 

 

129. Gupta A, Carter JN, Truter SL, Leer EH, Herrold EM, Borer JS.  Cellular 

response of human cardiac fibroblasts to mechanically simulated aortic 

regurgitation. Am J Ther. 2006 Jan-Feb; 13(1):8-11. (Abstract) 

 

130. Hafizi S, Chester AH, Yacoub MH.  Differential response of human cardiac 

fibroblasts to angiotensin I and angiotensin II. Peptides. 2004 Jun; 

25(6):1031-3. (Abstract) 

 



 

 

206

131. Hafizi S, Wharton J, Chester AH, Yacoub MH.  Profibrotic effects of 

endothelin-1 via the ETA receptor in cultured human cardiac fibroblasts. 

Cell Physiol Biochem. 2004; 14(4-6):285-92. 

 

132. Hafizi S, Wharton J, Morgan K, Allen SP, Chester AH, Catravas JD, Polak 

JM, Yacoub MH.  Expression of functional angiotensin-converting enzyme 

and AT1 receptors in cultured human cardiac fibroblasts. Circulation. 1998 

Dec 8;98(23):2553-9. (Abstract) 

 

133. Harley BA, Freyman TM, Wong MQ, Gibson LJ. A new technique for 

calculating individual dermal fibroblast contractile forces generated within 

collagen-GAG scaffolds. Biophysical Journal. 2007 Jun;93:2911-2922.  

 

134. Harley C.B., A.B. Futcher and C.W. Greider, Telomeres shorten during 

ageing of human fibroblasts. Nature 345 (1990), pp. 458–460. (Abstract) 

 

135. Harley C.B. , B. Villeponteau, Telomeres and telomerase in aging and 

cancer. Curr. Opin. Genet. Dev. 1995; 5: 249–255. 

 

136. Harman, 1956. D. Harman, Aging: a theory based on free radical and 

radiation chemistry. J. Gerontol. 11 (1956), pp. 298–300. 

 

137. Harris AK, Stopack D, Wild P. Fibroblasts traction as a mechanism for 

collagen morphogenesis. Nature 1981; 290: 249-251. 

 



 

 

207

138. Hayden LJ, Pui AC, Roth SH.  Human lung fibroblast cytotoxicity following 

acute sodium sulfide exposure. Proc West Pharmacol Soc. 1990;33:181-5.  

 

139. Herrmann G., Brenneisen P., Wlaschek M., Harrison J. NK, Dawes KE, 

Kwon OJ, Barnes PJ, Laurent GJ, Chung KF.  Effects of neuropeptides on 

human lung fibroblast proliferation and chemotaxis. Am J Physiol. 1995 

Feb ; 268(2 Pt 1): L278-83. (Abstract) 

 

140. Hernnas J, Sarnstrand B, Lindroth P, Peterson CG, Venge P, Malmstrom A.  

Eosinophil cationic protein alters proteoglycan metabolism in human lung 

fibroblast cultures. Eur J Cell Biol. 1992 Dec; 59(2):352-63. (Abstract) 

 

141. He XQ, Chen R, Yang P, Li AP, Zhou JW, Liu QZ.  Biphasic effect of 

arsenite on cell proliferation and apoptosis is associated with the activation 

of JNK and ERK1/2 in human embryo lung fibroblast cells. Toxicol Appl 

Pharmacol. 2007 Apr 1; 220(1):18-24. (Abstract) 

 

142. Hinz B. 2005. Mascollagen matrix: A comparison with the round matrix 

model. Journal ters and servants of the force: The role of matrix adhesions 

in myofibroblast force perception and transmission. European Journal of 

Cell Biology 85(3-4): 175-81. 

 

143. Hoffmann-beerling H.Adenosintriphosphat als Betriebsstoff von 

Zellbewegungen. Biochim Biophys Acta 1954; 14: 182-194. (Abstract) 

 



 

 

208

144. Hohenleutner S, Landthaler M, Stolz W., Wlotzke U. [Elastolysis of the 

mid-dermis and annular elastolytic giant cell granuloma:different stages in 

the clinical spectrum of dermal elastolysis? Case report and review of the 

literature] Hautarzt. 1997 Jan; 48(1):45-50. 

 

145. Holtrich U, Brauninger A, Strebhardt K, Rubsamen-Waigmann H.  Two 

additional protein-tyrosine kinases expressed in human lung: fourth 

member of the fibroblast growth factor receptor family and an intracellular 

protein-tyrosine kinase. Proc Natl Acad Sci U S A. 1991 Dec 1; 

88(23):10411-5. (Abstract) 

 

146. Hou M, Pantev E, Moller S, Erlinge D, Edvinsson L.  Angiotensin II type 1 

receptors stimulate protein synthesis in human cardiac fibroblasts via a 

Ca2+-sensitive PKC-dependent tyrosine kinase pathway. Acta Physiol 

Scand. 2000 Feb; 168(2): 301-9. (Abstract) 

 

147. Hsieh YS, Wang HC, Tseng TH, Chang WC, Wang CJ.  Gaseous nitric 

oxide-induced 8-nitroguanine formation in human lung fibroblast cells and 

cell-free DNA. Toxicol Appl Pharmacol. 2001 May 1; 172(3):210-6. 

PMID: 11312649 

 

148. Hu M, Pollock RE, Nicolson GL.  Purification and characterization of 

human lung fibroblast motility-stimulating factor for human soft tissue 

sarcoma cells: identification as an NH2-terminal fragment of human 

fibronectin. Cancer Res. 1997 Aug 15; 57(16):3577-84. 



 

 

209

 

149. Huntley BK, Sandberg SM, Noser JA, Cataliotti A, Redfield MM, Matsuda 

Y, Burnett JC Jr.  BNP-induced activation of cGMP in human cardiac 

fibroblasts: interactions with fibronectin and natriuretic peptide receptors. J 

Cell Physiol. 2006 Dec; 209(3):943-9. (Abstract) 

 

150. Iba Y., Shibata A., Kato M., and Masukawa T. 2004. Possible involvement 

of mast cells in collagen remodeling in the late phase of cutaneous wound 

healing in mice. International Immunopharmacology, 4(14): 1873-1880. 

(Abstract) 

 

151. Isenberg G, Rathke PC Hulsmann N, Franke WW, Wohlfarth-Bottermann 

KE. Cytoplasimic actomyosin fibrils in tissue culture cells. Direct proof of 

contractility by visualization of ATP-induced contraction in fibrils isolated 

by laser microbeam dissection, Cell Tissue Res 1976; 166: 427-443. 

(Abstract) 

 

152. Iurassich S, Pedana MA.[Photoaging of the skin and occupation: correlation 

between clinical ultrasound and histological findings] Med Lav. 2005 Sep-

Oct;96(5):419-25. (Abstract) 

 

153. Jaworsky C , Kalathil E, Shi X,  Werth VP,.Elastic fiber-associated proteins 

of skin in development and photoaging. Photochem Photobiol. 1996 Mar; 

63(3):308-13. (Abstract) 

 



 

 

210

154. Jin JS, Kim MS, Yi JM, Lee JH, Lee JH, Moon SJ, Jung KP, Lee JK, An 

NH, Kim HM.  Inhibitory effect of Sejin-Eum I/II on nicotine- and 

cigarette extract-induced cytotoxicity in human lung fibroblast. J 

Ethnopharmacol. 2003 May; 86(1):15-20. (Abstract) 

 

155. Jin QH, Shi YF, He HY, Ng KK, Jiang H, Yang L, Jiang ZQ, Zhang XJ.  

Isolation of acetylcholinesterase from apoptotic human lung fibroblast cells 

by antibody affinity chromatography. Biotechniques. 2002 Oct; Suppl: 92-

4, 96-7. (Abstract) 

 

156. Jordana M, Schulman J, McSharry C, Irving LB, Newhouse MT, Jordana G, 

Gauldie J. Heterogeneous proliferative characteristics of human adult lung 

fibroblast lines and clonally derived fibroblasts from control and fibrotic 

tissue . Am Rev Respir Dis. 1988 Mar; 137(3):579-84. 

 

157. Joshi and Pathak, 1983. P.C. Joshi and M.A. Pathak, Production of singlet 

oxygen and superoxide radicals by psoralens and their biological 

significance. Biochem. Biophys. Res. Commun. 112 (1983), pp. 638–646. 

(Abstract) 

 

158. Junn E, Lee KN, Ju HR, Han SH, Im JY, Kang HS, Lee TH, Bae YS, Ha 

KS, Lee ZW, Rhee SG, Choi I. Requirement of hydrogen peroxide 

generation in TGF-beta 1 signal transduction in human lung fibroblast 

cells: involvement of hydrogen peroxide and Ca2+ in TGF-beta 1-induced 

IL-6 expression. J Immunol. 2000 Aug 15; 165(4):2190-7. 



 

 

211

 

159. Kaji K, Matsuo M.  Responsiveness of human lung diploid fibroblast ageing 

in vitro to epidermal growth factor: saturation density and lifespan. Mech 

Ageing Dev. 1983 Jun; 22(2):129-33. (Abstract) 

 

160. Kajiwara H, Ohkido M, Serizawa A, Suwabe H, Tsutsumi Y.Degenerative 

processes of elastic fibers in sun-protected and sun-exposed skin: 

immunoelectron microscopic observation of elastin, fibrillin-1, amyloid P 

component, lysozyme and alpha1-antitrypsin. Pathol Int. 1999 May; 

49(5):391-402. (Abstract) 

 

161. Kandaswami C, Perkins E, Drzewiecki G, Soloniuk DS, Middleton E Jr.  

Differential inhibition of proliferation of human squamous cell carcinoma, 

gliosarcoma and embryonic fibroblast-like lung cells in culture by plant 

flavonoids. Anticancer Drugs. 1992 Oct; 3(5):525-30. (Abstract) 

 

162. Kang KA, Lee KH, Zhang R, Piao M, Chae S, Kim KN, Jeon YJ, Park DB, 

You HJ,Kim JS, Hyun JW.  Caffeic acid protects hydrogen peroxide 

induced cell damage in WI-38 human lung fibroblast cells. Biol Pharm 

Bull. 2006 Sep; 29(9):1820-4. (Abstract) 

 

163. Kapoun AM, Liang F, O'Young G, Damm DL, Quon D, White RT, Munson 

K, Lam A, Schreiner GF, Protter AA.  B-type natriuretic peptide exerts 

broad functional opposition to transforming growth factor-beta in primary 



 

 

212

human cardiac fibroblasts: fibrosis, myofibroblast conversion, proliferation, 

and inflammation. Circ Res. 2004 Mar 5; 94(4):453-61. 

 

164. Kato T, Ishiguro N, Iwata H, Kojima T, Ito T, Naruse K.  Up-regulation of 

COX2 expression by uni-axial cyclic stretch in human lung fibroblast cells. 

Biochem Biophys Res Commun. 1998 Mar 27; 244(3):615-9. 

 

165. Kawano H, Do YS, Kawano Y, Starnes V, Barr M, Law RE, Hsueh WA.  

Angiotensin II has multiple profibrotic effects in human cardiac fibroblasts. 

Circulation. 2000 Mar 14; 101(10):1130-7. (Abstract) 

 

166. Kellar RS, Shepherd BR, Larson DF, Naughton GK, Williams SK.  Cardiac 

patch constructed from human fibroblasts attenuates reduction in cardiac 

function after acute infarct. Tissue Eng. 2005 Nov-Dec; 11(11-12):1678-

87. 

 

167. Kilfeather SA, Collins D, McCormack P, Cotter T, O'Malley K.  The effect 

of in vitro aging on human lung fibroblast beta-adrenergic receptor density, 

coupling and response. Mech Ageing Dev. 1992 May; 63(3):247-56. 

 

168. Kim H, Liu X, Kobayashi T, Kohyama T, Wen FQ, Romberger DJ, Conner 

H, Gilmour PS, Donaldson K, MacNee W, Rennard SI.  Ultrafine carbon 

black particles inhibit human lung fibroblast-mediated collagen gel 

contraction. Am J Respir Cell Mol Biol. 2003 Jan; 28(1):111-21. 

 



 

 

213

169. Knaup G, Pfleiderer G, Bayreuther K.  Human diploid lung fibroblast cell 

lines WI 26 and WI 38 exhibit isozyme shift of alkaline phosphatase after 

viral transformation. Clin Chim Acta. 1978 Sep 1;88(2):375-83. (Abstract) 

 

170. Kohyama T, Liu X, Wen FQ, Kim HJ, Takizawa H, Rennard SI.  

Potentiation of human lung fibroblast chemotaxis by the thromboxane A 

(2) analog U-46619. J Lab Clin Med. 2002 Jan;139(1):43-9. 

 

171. Kreis TE, Birchmeier W. Stress fiber sarcomeres of fibroblasts are 

contractile. Cell. 1980; 22: 555-561. (Abstract) 

 

172. Krishna Sumanth M , Sharma VK, Khaitan BK, Kapoor A, Tejasvi T. Int J 

Dermatol. 2007 Feb;46(2):218-23. (Abstract) 

 

173. Kuehnel W, Tieme Flexibook, color atlas of cytology, histology and 

microscopic anatomy, 4th edition,1997 page100 

 

174. Kuwahara R.T. and Rasberry R. 2006. Chemical Peels. Emedicine.com. 

 

175. Landry ML, Mayo DR, Hsiung GD.  Comparison of guinea pig embryo 

cells, rabbit kidney cells, and human embryonic lung fibroblast cell strains 

for isolation of herpes simplex virus. J Clin Microbiol. 1982 May; 

15(5):842-7. (Abstract) 

 



 

 

214

176. Lane BP. Alterations in the cytologic detail of intestinal smooth muscle cells 

in various stages of contraction. J Cell Biol 1965; 27: 199-213. (Abstract) 

 

177. Lang PG, Miaze JC.Snider RL, The clinical spectrum of mid-dermal 

elastolysis and the role of UV light in its pathogenesis. J Am Acad 

Dermatol. 1993 Jun; 28(6):938-42. 

 

178. Lansdown A.B.G., Sampson B., and Rowe A. 2001. Experimental 

observations in the rat on the influence of cadmium on skin wound repair. 

International Journal of Experimental Pathology, 82(1): 35-41. (Abstract) 

 

179. Larjava H., Koivisto L., and Hakkinen L. 2002. Chapter 3: Keratinocyte 

Interactions with Fibronectin during Wound Healing. In, Heino, J. and 

Kahari, V.M. Cell Invasion. Medical Intelligence Unit; 33. Georgetown, 

Tex., Austin, Tex Landes Bioscience, Inc.  

 

180. Lavker RM, Zheng PS, Dong G.Morphology of aged skin. Clin Geriatr Med. 

1989 Feb;5(1):53-67. (Abstract) 

 

181. Leavitt J, Gunning P, Kedes L, Jariwalla R. Smooth muscle ά-actin is a 

transformation-sensitive marker for mouse NIH 3t3 and rat-2 cells. Nature 

1985; 316: 840-842. (Abstract) 

 

182. Leeson Leeson and Paparo, A text/atlas of histology, 1988. 

 



 

 

215

183. Lehnert NM, Gary RK, Marrone BL, Lehnert BE. Inhibition of normal 

human lung fibroblast growth by beryllium. Toxicology. 2001 Mar 7; 

160(1-3):119-27. 

 

184. Leung KY, Wait R, Welson SY, Yan JX, Abraham DJ, Black CM, Pearson 

JD, Dunn MJ. A reference map of human lung MRC-5 fibroblast proteins 

using immobilized Ph gradient-isoelectric focusing-based two-dimensional 

electrophoresis. Proteomics. 2001 Jun; 1(6):787-94. (Abstract) 

 

185. Lever WF, Schaumburg-Lever G. In: Histopathology of the skin, 6th ed. 

Philadelhia: Lippincott, 1983; 29-30. 

 

186. Levi-Schaffer F, Garbuzenko E, Rubin A, Reich R, Pickholz D, Gillery 

P,Emonard H, Nagler A, Maquart FA.  Human eosinophils regulate human 

lung- and skin-derived fibroblast properties in vitro: a role for transforming 

growth factor beta (TGF-beta).  Proc Natl Acad Sci U S A. 1999 Aug 17; 

96(17):9660-5. (Abstract) 

 

187. Lewis RA, Watkins L, St Jeor S.  Enhancement of deoxyguanosine kinase 

activity in human lung fibroblast cells infected with human 

cytomegalovirus. Mol Cell Biochem. 1984 Nov; 65(1):67-71. (Abstract) 

 

188. Lim CP, Phan TT, Lim IJ, Cao X. Oncogene. 2006 Aug 31; 25(39):5416-25. 

(Abstract) 

 



 

 

216

189. Liu XD, Skold CM, Umino T, Spurzem JR, Romberger DJ, Rennard SI.  

Sodium nitroprusside augments human lung fibroblast collagen gel 

contraction independently of NO-cGMP pathway. Am J Physiol Lung Cell 

Mol Physiol. 2000 May; 278(5):L1032-8. (Abstract) 

 

190. Lorenz H.P. and Longaker M.T. 2003. Wounds: Biology, Pathology, and 

Management. Stanford University Medical Center. 

 

191. Lotze U, Heinke S, Fritzenwanger M, Krack A, Muller S, Figulla HR.  

Carvedilol inhibits platelet-derived growth factor-induced signal 

transduction in human cardiac fibroblasts. J Cardiovasc Pharmacol. 2002 

Apr; 39(4):576-89. (Abstract) 

 

192. Lugo A, Montalvo L, Gonzalez JR, Sanchez JL.Bullous solar elastosis. Am 

J Dermatopathol. 2005 Feb; 27(1):34-5. 

 

193. Luna L. Manual of Histologic Staining methods of the AFIP, 3rd ed, 1968, 

pp 94-95, McGraw-Hill, NY. 

 

194. Lurton J, Soto H, Narayanan AS, Raghu G.  Regulation of human lung 

fibroblast C1q-receptors by transforming growth factor-beta and tumor 

necrosis factor-alpha. Exp Lung Res. 1999 Mar; 25(2):151-64. (Abstract) 

 

195. Macierira-Coelho A, Diatloff C, Billard M, Fertil B, Malaise E, Fries D.  

Effects of low dose rate irradiation on the division potential of cells in 



 

 

217

vitro. IV. Embryonic and adult human lung fibroblast-like cells. J Cell 

Physiol. 1978 May; 95(2):235-8. (Abstract) 

 

196. Majno G , Shea SM, Leventhal M. Endothelial contraction induced by 

histamine-type mediators. An electron microscopic study. J Cell Biol 1969; 

42: 647-672. (Abstract) 

 

197. Martin P. and Leibovich. 2005. Inflammatory cells during wound repair: the 

good, the bad and the ugly. Trends in Cell Biology, 15(11): 599-607. 

(Abstract) 

 

198. Matsua M et al. Resistance of cultured human skin fibroblasts from old and 

young donors to oxidative stress and their glutathione peroxidise activity. 

Gerontology, 50: 193-199, 2004. (Abstract) 

 

199. Matsui S, Matsumoto H, Sonoda Y, Ando K, Aizu-Yokota E, Sato T, 

Kasahara T. Glycyrrhizin and related compounds down-regulate production 

of inflammatory chemokines IL-8 and eotaxin 1 in a human lung fibroblast 

cell line. Int Immunopharmacol. 2004 Dec 15; 4(13):1633-44. (Abstract) 

 

200. Matsui S, Yamashita N, Mino T, Taki H, Sugiyama E, Hayashi R, 

Maruyama M, Kobayashi M.  Role of the endogenous prostaglandin E2 in 

human lung fibroblast interleukin-11 production. Respir Med. 1999 Sep; 

93(9):637-42. 

 



 

 

218

201. Matthiesen S, Bahulayan A, Holz O, Racke K.  MAPK pathway mediates 

muscarinic receptor-induced human lung fibroblast proliferation.Life Sci. 

2007 Feb 27. (Abstract) 

 

202. Matthiesen S, Bahulayan A, Holz O, Racke K.MAPK pathway mediates 

muscarinic receptor-induced human lung fibroblast proliferation. Life Sci. 

2007 Feb 27; (Abstract) 

 

203. Matthiesen S, Bahulayan A, Kempkens S, Haag S, Fuhrmann M, Stichnote 

C, Juergens UR, Racke K.  Muscarinic receptors mediate stimulation of 

human lung fibroblast proliferation.Am J Respir Cell Mol Biol. 2006 Dec; 

35(6):621-7. 

 

204. Mauviel A, Redini F, Hartmann DJ, Pujol JP, Evans CH.Modulation of 

human dermal fibroblast extracellular matrix metabolism by the 

lymphokine leukoregulin. J Cell Biol. 1991 Jun;113(6):1455-62. (Abstract) 

 

205. Ma W., C. Hommel, P. Brenneisen, T. Peters, N. Smit, J. Sedivy, K. 

Scharffetter-Kochanek and M. Wlaschek, Longterm growth arrest of 

PUVA-treated fibroblasts in G2/M is independent of the tumor suppressor 

genes p16INK4a, p21CIP1 or p53. Exp. Dermatol. 12 (2003), pp. 629–637. 

(Abstract) 

 



 

 

219

206. Ma W, Naderi L, Razi-Wolf Z,Scharffetter-Kochanek K, Schneider LA,  

Schuller J, Tantcheva-Poor I,  Wlaschek M,.Solar UV irradiation and 

dermal photoaging. J Photochem Photobiol B. 2001 Oct; 63(1-3):41-51. 

 

207. Ma W., Wlaschek M., P. Brenneisen, L.A. Schneider, C. Hommel, C. 

Hellweg, H. Sauer, M. Wartenberg, G. Herrmann, C. Meewes, P. Boukamp 

and K. Scharffetter-Kochanek, Human dermal fibroblasts escape from the 

long-term phenocopy of senescence induced by psoralen photoactivation. 

Exp. Cell. Res. 274 (2002), pp. 299–309. 

 

208. M. Brincat,T. O'Dowd,A. L. Magos,J. Montgomery,J. W. W. Studd,C. F. 

Moniz,E. Verst,S. Kabalan. Decline in skin collagen content and 

metacarpal index after the menopause and its prevention with sex hormone 

replacement. Bjog, 1987; 94 (2),:126–129. (Abstract) 

 

209. McKeehan WL, McKeehan KA, Calkins D. Extracellular regulation of 

fibroblast multiplication. Quantitative differences in nutrient and serum 

factor requirements for multiplication of normal and SV40 virus-

transformed human lung cells. J Biol Chem. 1981 Mar 25; 256(6):2973-81. 

(Abstract) 

 

210. Meinhard Wlascheka, Wenjian Maa, Pidder Jansen-Dürra, b and Karin 

Scharffetter-Kochanek. Photoaging as a consequence of natural and 

therapeutic ultraviolet irradiation—studies on PUVA-induced senescence-



 

 

220

like growth arrest of human dermal fibroblasts Journal of Photochemistry 

and Photobiology B: Biology, September 2003. 

 

211. Mercandetti M. Cohen A.J. 2005. Wound Healing: Healing and Repair. 

Emedicine.com. 

 

212. M. El-Domyati, S. Attia, F. Saleh, D. Brown, D. E. Birk, F. Gasparro, H. 

Ahmad, J. Uitto Intrinsic aging vs. photoaging: a comparative 

histopathological, immunohistochemical, and ultrastructural study of skin 

Experimental Dermatology, 2002; 11; 5: 398–405. 

 

213. Midwood K.S., Williams L.V., and Schwarzbauer J.E. 2004. Tissue repair 

and the dynamics of the extracellular matrix. The International Journal of 

Biochemistry & Cell Biology, 36(6): 1031-1037. 

 

214. Milo GE.  Metabolism and specific benzopyrene metabolite modification of 

DNA in early S by human lung epithelial and fibroblast cells leading to the 

expression of an abnormal phenotype. Chem Biol Interact. 1985 Dec 

31;56(2-3):239-49. (Abstract) 

 

215. Mirastschijski U., Haaksma C.J., Tomasek J.J., and Ågren M.S. 2004. 

Matrix metalloproteinase inhibitor GM 6001 attenuates keratinocyte 

migration, contraction and myofibroblast formation in skin wounds. 

Experimental Cell Research, 299(2): 465-475. (Abstract) 

 



 

 

221

216. Mitsuda S, Matsuda Y, Kobayashi N, Suzuki A, Itagaki Y, Kumazawa E, 

Higashio K, Kawanishi G.  Continuous production of tissue plasminogen 

activator (t-PA) by human embryonic lung diploid fibroblast, IMR-90 cells, 

using a ceramic bed reactor. Cytotechnology. 1991 May; 6(1):23-31. 

(Abstract) 

 

217. Mohammad Ali Bahar, PhD; Barbara Bauer, Msc; Edward E. Tredget, MD; 

Aziz Ghahary, PhD. Dermal fibroblasts from different layers of human skin 

are heterogeneous in expression of collagenase and type I and III 

procollagen mRNA. Wound rep 2004; 12:175-182. 

 

218. Montagna W. Carlisle K. Structural changes in ageing human skin. J Invest 

Dermatol 1979; 73: 47-53. 

 

219. Moon JS, Oh CH.Solar damage in skin tumors: quantification of elastotic 

material.Dermatology. 2001; 202(4):289-92. 

 

220. Muller M.J. , Hollyoak M.A., Moaveni Z., La T., Brown H., Herndon D.N., 

and Heggers J.P. 2003. Retardation of wound healing by silver sulfadiazine 

is reversed by Aloe vera and nystatin. Burns, 29 (8): 834-836. 

 

221. Mulvaney M. and Harrington A. 1994. Chapter 7: Cutaneous trauma and its 

treatment. In, Textbook of Military Medicine: Military Dermatology. 

Office of the Surgeon General, Department of the Army. Virtual Naval 

Hospital Project. 



 

 

222

 

222. Murayama T, Kuno K, Jisaki F, Obuchi M, Sakamuro D, Furukawa T, 

Mukaida N, Matsushima K.  Enhancement human cytomegalovirus 

replication in a human lung fibroblast cell line by interleukin-8. J Virol. 

1994 Nov; 68(11):7582-5. (Abstract) 

 

223. Nakoman C, Resmi H, Ay O, Acikel U, Atabey N, Guner G.  Effects of 

basic fibroblast factor (bFGF) on MMP-2, TIMP-2, and type-I collagen 

levels in human lung carcinoma fibroblasts. Biochimie. 2005 Mar-

Apr;87(3-4):343-51. 

 

224. Neuss M, Regitz-Zagrosek V, Hildebrandt A, Fleck E.  Human cardiac 

fibroblasts express an angiotensin receptor with unusual binding 

characteristics which is coupled to cellular proliferation. Biochem Biophys 

Res Commun. 1994 Nov 15; 204(3):1334-9. 

 

225. Neuss M, Regitz-Zagrosek V, Hildebrandt A, Fleck E.  Isolation and 

characterisation of human cardiac fibroblasts from explanted adult hearts. 

Cell Tissue Res. 1996 Oct; 286(1):145-53. 

 

226. Oda D, Gown AM, Vande Berg JS, Stern R. The fibroblast-like nature of 

myofibroblasts. Exp Mol Path 1998; 49: 316-29 

 

227. Ohba T, McDonald JK, Silver RM, Strange C, LeRoy EC, Ludwicka A.  

Scleroderma bronchoalveolar lavage fluid contains thrombin, a mediator of 



 

 

223

human lung fibroblast proliferation via induction of platelet-derived growth 

factor alpha-receptor. Am J Respir Cell Mol Biol. 1994 Apr; 10(4):405-12. 

(Abstract) 

 

228. Ohga E, Matsuse T, Teramoto S, Ouchi Y. Activin receptors are expressed 

on human lung fibroblast and activin A facilitates fibroblast-mediated 

collagen gel contraction. Life Sci. 2000 Mar; 66(17):1603-13. (Abstract) 

 

229. Oikarinen, 1990. A. Oikarinen, The aging of skin: chronoaging versus 

photoaging. Photodermatol. Photoimmunol. Photomed. 7 (1990), pp. 3–4. 

(Abstract) 

 

230. O'Leary, R., Wood, E.J., and Guillou P.J. 2002. Pathological scarring: 

strategic interventions. European Journal of Surgery, 168(10):523-34. 

 

231. de Ona M, Melon S, de la Iglesia P, Hidalgo F, Verdugo AF.  Isolation of 

influenza virus in human lung embryonated fibroblast cells (MRC-5) from 

clinical samples. J Clin Microbiol. 1995 Jul;33(7):1948-9. (Abstract) 

 

232. Ong CT, Khoo YT, Tan EK, Mukhopadhyay A, Do DV, Han HC, Lim IJ, 

Phan TT. J Pathol. 2007 Jan; 211(1):95-108. 

 

233. Oyama F, Hirohashi S, Shimosato Y, Titani K, Sekiguchi K.  Qualitative 

and quantitative changes of human tenascin expression in transformed lung 



 

 

224

fibroblast and lung tumor tissues: comparison with fibronectin. Cancer Res. 

1991 Sep 15;51(18):4876-81. (Abstract) 

 

234. Pakurar Alice S., PhD, John W. Bigbee, PhD Digital histology, an 

interactive CD atlas with review text, 2004. 

 

235. Pierard-Franchimont C,Pierard GE, Uhoda I.Update on the histological 

presentation of facial wrinkles. Eur J Dermatol. 2002 Nov-Dec; 12(6):XIII-

XIV. (Abstract) 

 

236. Pinkus H, Mehregan AH. In: A guide to histopathology 3rd ed. New York: 

Appleton-Century-Crofts 1981; 76. 

 

237. Predic J, Soskic V, Bradley D, Godovac-Zimmermann J.  Monitoring of 

gene expression by functional proteomics: response of human lung 

fibroblast cells to stimulation by endothelin-1. Biochemistry. 2002 Jan 22; 

41(3):1070-8. (Abstract) 

 

238. Proctor C.J.  and T.B. Kirkwood, Modelling telomere shortening and the 

role of oxidative stress. Mech. Ageing Dev. 123 (2002), pp. 351–363. 

(Abstract) 

 

239. Quinn, J.V. 1998. Tissue Adhesives in Wound Care. Hamilton, Ont. B.C. 

Decker, Inc.  

 



 

 

225

240. Ramadori G, Veit V, Shwognler S, Dienes HP, Knittel T, Rieder H, Meyer 

zum Buschenfelde KH. Expression of the gene of the α-smooth muscle 

actin isoform  in rat liver and in rat fat-storing (ITO) cells. Virchows arch B 

1990; 59: 349-357. (Abstract) 

 

241. Ramos C, Montano M, Becerril C, Cisneros-Lira J, Barrera L, Ruiz V, Pardo 

A, Selman M.  Acidic fibroblast growth factor decreases alpha-smooth 

muscle actin expression and induces apoptosis in human normal lung 

fibroblasts. Am J Physiol Lung Cell Mol Physiol. 2006 Nov; 291(5):L871-

9. (Abstract) 

 

242. Rokudai A, Terui Y, Kuniyoshi R, Mishima Y, Mishima Y, Aizu-Yokota E, 

Sonoda Y, Kasahara T, Hatake K. Differential Regulation of Eotaxin-

1/CCL11 and Eotaxin-3/CCL26 Production by the TNF-alpha and IL-4 

Stimulated Human Lung Fibroblast. Biol Pharm Bull. 2006 Jun; 

29(6):1102-9. (Abstract) 

 

 

243. Romaris M, Bassols A, David G.  Effect of transforming growth factor-beta 

1 and basic fibroblast growth factor on the expression of cell surface 

proteoglycans in human lung fibroblasts. Enhanced glycanation and 

fibronectin-binding of CD44 proteoglycan, and down-regulation of 

glypican. Biochem J. 1995 Aug 15;310 ( Pt 1):73-81. (Abstract) 

 

244. Romo T. and Pearson J.M. 2005. Wound Healing, Skin. Emedicine.com. 



 

 

226

 

245. Ronnov-Jessen L, Petersen OW, Koteliansky VE, Bissell MJ. The origin of 

myofibroblasts in breast cancer: recapitulation of tumour environment in 

culture unravels diversity and implicates converted fibroblasts and recruited 

smooth muscle cell. J Clin Invest 1995; 95: 859-873.  (Abstract)    

 

246. Roos N, Poulalhon N, Farge D, Madelaine I, Mauviel A, Verrecchia F. J 

Pharmacol Exp Ther. 2007 Feb 1. 

 

247. Rosenberg L. and de la Torre J. 2006. Wound Healing, Growth Factors. 

Emedicine.com. 

 

248. Roupe G. Lakartidningen. [Skin of the aging human being] 2001 Mar 7; 

98(10):1091-5. 

 

249. Rubin JS, Chan AM, Bottaro DP, Burgess WH, Taylor WG, Cech AC, 

Hirschfield DW, Wong J, Miki T, Finch PW, et al.  A broad-spectrum 

human lung fibroblast-derived mitogen is a variant of hepatocyte growth 

factor. Proc Natl Acad Sci U S A. 1991 Jan 15; 88(2):415-9. (Abstract) 

 

250. Ruszczak Z. 2003. Effect of collagen matrices on dermal wound healing. 

Advanced Drug Delivery Reviews, 55(12): 1595-161. 

 



 

 

227

251. Saba SR, Vesely DL.  Cardiac natriuretic peptides: hormones with 

anticancer effects that localize to nucleus, cytoplasm, endothelium, and 

fibroblasts of human cancers. Histol Histopathol. 2006 Jul; 21(7):775-83.  

 

252. Sabatini F, Silvestri M, Sale R, Scarso L, Defilippi AC, Risso FM, Rossi 

GA.  Fibroblast-eosinophil interaction: modulation of adhesion molecules 

expression and chemokine release by human fetal lung fibroblasts in 

response to IL-4 and TNF-alpha. Immunol Lett. 2002 Dec 3;84(3):173-8. 

 

253. Salmon VC, Stanberry LR, Overall JC Jr.   More rapid isolation of herpes 

simplex virus in a continuous line of mink lung cells than in Vero or human 

fibroblast cells. Diagn Microbiol Infect Dis. 1984 Sep; 2(4):317-24. 

(Abstract) 

 

254. Sampson PM, Rochester CL, Freundlich B, Elias JA. Cytokine regulation of 

human lung fibroblast hyaluronan (hyaluronic acid) production. Evidence 

for cytokine-regulated hyaluronan (hyaluronic acid) degradation and 

human lung fibroblast-derived hyaluronidase. J Clin Invest. 1992 Oct; 

90(4):1492-503. 

 

255. Sandeman S.R., Allen M.C., Liu C., Faragher R.G.A., and Lloyd A.W. 

2000. Human keratocyte migration into collagen gels declines with in vitro 

ageing. Mechanisms of Ageing and Development, 119(3): 149-157. 

 



 

 

228

256. Sandulache VC, Parekh A, Li-Korotky H, Dohar JE, Hebda PA. : Wound 

Repair Regen. 2007 Jan-Feb;15(1):122-33. 

 

 

257. Santoro M.M. and Gaudino G. 2005. Cellular and molecular facets of 

keratinocyte reepithelization during wound healing. Experimental Cell 

Research, 304(1): 274-286. 

 

258. Satish L, Lyons-Weiler J, Hebda PA, Wells A. Wound Repair Regen. 2006 

Jul-Aug;14(4):463-70. (Abstract) 

 

259. Sato E, Haniuda M, Numanami H, Ushiyama T, Tsukadaira A, Takashi S, 

Okubo Y, Koyama S.  Histamine and serotonin stimulate eotaxin 

production by a human lung fibroblast cell line. Int Arch Allergy Immunol. 

2002; 128 Suppl 1:12-7. (Abstract) 

 

260. Sato E, Nelson DK, Koyama S, Hoyt JC, Robbins RA.  Bradykinin 

stimulates eotaxin production by a human lung fibroblast cell line. J 

Allergy Clin Immunol. 2000 Jul; 106(1 Pt 1):117-23. 

 

261. Sato E, Nelson DK, Koyama S, Hoyt JC, Robbins RA. Inflammatory 

cytokines modulate eotaxin release by human lung fibroblast cell line. Exp 

Lung Res. 2001 Mar; 27(2):173-83. (Abstract) 

 



 

 

229

262. Sato H, Watanabe A, Tanaka T, Koitabashi N, Arai M, Kurabayashi M, 

Yokoyama T. Regulation of the human tumor necrosis factor-alpha 

promoter by angiotensin II and lipopolysaccharide in cardiac fibroblasts: 

different cis-acting promoter sequences and transcriptional factors. J Mol 

Cell Cardiol. 2003 Oct; 35(10):1197-205. (Abstract) 

 

263. Saunders N.A., R.J. Smith and A.M. Jetten, Regulation of proliferation-

specific and differentiation-specific genes during senescence of human 

epidermal keratinocyte and mammary epithelial cells. Biochem. Biophys. 

Res. Commun. 197 (1993), pp. 46–54. 

 

264. Scaffidi AK, Moodley YP, Weichselbaum M, Thompson PJ, Knight DA.  

Regulation of human lung fibroblast phenotype and function by vitronectin 

and vitronectin integrins. J Cell Sci. 2001 Oct; 114(Pt 19):3507-16. 

(Abstract) 

 

265. Scharffetter K., M. Wlaschek, A. Hogg, K. Bolsen, A. Schothorst, G. Goerz, 

T. Krieg and G. Plewig, UVA irradiation induces collagenase in human 

dermal fibroblasts in vitro and in vivo. Arch. Dermatol. Res. 283 (1991), 

pp. 506–511. 

 

266. Scharffetter-Kochanek K, Wlaschek M, Briviba K and Sies H. Singlet 

oxygen induces collagenase expression in human skin fibroblasts. Fed. Eur. 

Biochem. Soc. Lett. 331 (1993), pp. 304–306. 

 



 

 

230

267. Scharffetter-Kochanek K., Brenneisen P, Wenk J, Herrmann G, Ma W, Kuhr 

L, Meewes C and Wlaschek M. Photoaging of the skin-from phenotype to 

mechanisms. Exp. Gerontol. 35 (2000), pp. 307–316. 

 

268. Schneider EL, Bickings CK.  Aging and sister chromatid exchange. VI. The 

effect of in vitro passage on spontaneous SCE frequencies in human fetal 

lung fibroblast cultures. Cytogenet Cell Genet. 1980; 26(1):61-4. (Abstract) 

 

269. Scholar A and Stadelmann W. Wound healing: Chronic wounds. 

Emedicine.com. 

 

270. Drayton   G Peters, Immortalisation and transformation revisited. Curr. 

Opin. Genet. Dev. 12 (2002), pp. 98–104. (Abstract) 

 

271. Schmitt-Graff A, Kruger S, Bochard F, Gabbiani G, Denk H. Modulation of 

alpha smooth muscle actin and desmin expression in perisinusoidal cells of 

normal and diseased human livers. Am J Pathol 1991; 138: 1233-1242. 

(Abstract) 

 

272. Schmitt-Graff A, Pau H, Spahr R, Piper HM, Skalli OP, Gabbiani G. 

Appearance of ά-smooth muscle actin in human eye lens cells of anterior 

capsular cataract and in cultured bovine lens-forming cells. Differentiation 

1990; 43: 115-122. (Abstract) 

 



 

 

231

273. Seite S, Zucchi H, Septier D, Igondjo-Tchen S, Senni K, Godeau G. Elastin 

changes during chronological and photo-ageing: the important role of 

lysozyme. J Eur Acad Dermatol Venereol. 2006; 20(8):980-7. 

 

274. Shang T, Yednock T, Issekutz AC.  Alpha 9 beta1 integrin is expressed on 

human neutrophils and contributes to neutrophil migration through human 

lung and synovial fibroblast barriers. J Leukoc Biol. 1999 Nov; 66(5):809-

16. (Abstract) 

 

275. Sheehan D, Hrapchak B. Theory and Practice of Histotechnology, 2nd Ed, 

198, pp189-190, Battelle Press, Ohio. 

 

276. Shinohara M, Uchida K, Shimada S, Segawa Y, Hirose Y.  [The usefulness 

of human lung embryonal fibroblast cells (MRC-5) for isolation of 

enteroviruses and adenoviruses] Kansenshogaku Zasshi. 2002 

Jun;76(6):432-8. (Abstract) 

 

277. Shuster S, Black MM, Mc Vitie E. The influence of age and sex on skin 

thickness, skin collagen and density. Br J Dermatol 1975;93: 639-43 

 

278. Singer II, Kawka DW, Kazazis DM, Clark RA. In vivo co-distribution of 

fibronectin and actin fibers in granulation tissues: immunofluorescence and 

electron microscope studies of fibronexus at the myofibroblast surface. J 

Cell Biol 1984; 98: 2091-2106. 

 



 

 

232

 

279. Sirianni FE, Milaninezhad A, Chu FS, Walker DC.  Alteration of fibroblast 

architecture and loss of Basal lamina apertures in human emphysematous 

lung. Am J Respir Crit Care Med. 2006 Mar 15; 173(6):632-8. (Abstract) 

 

280. Skalli O. Ropraz P, Trzeciak A, Benzonana G, Gillessen B, Gabbiani G. A 

monoclonal antibody against ά-smooth muscle differentiation. J cell Biol 

1986; 103: 2787-2796. (Abstract) 

 

281. Smith JG Jnr, Davidson EA, Sams WM Jnr, Clark RD. Alterations in 

human dermal connective tissue with age and chronic sun damage. J Invest 

Dermatol 1962; 39: 347-50 

 

282. Song L, Cui X, Wang D.  [Observation on human embryonic lung fibroblast 

proliferation mediated by mitogen activated protein kinase] Zhonghua Bing 

Li Xue Za Zhi. 1997 Dec; 26(6):352-5. 

 

283. Son H.J. Bae H.C., Kim H.J., Lee D.H., Han D.W., and Park J.C. 2005. 

Effects of β-glucan on proliferation and migration of fibroblasts. Current 

Applied Physics, 5(5): 468-471. (Abstract) 

 

284. Sonnylal S, Denton CP, Zheng B, Keene DR, He R, Adams HP, Vanpelt 

CS, Geng YJ, Deng JM, Behringer RR, de Crombrugghe B. Arthritis 

Rheum. 2007 Jan; 56(1):334-44. (Abstract) 

 



 

 

233

285. Stadelmann W.K., Digenis A.G. and Tobin G.R. 1998. Physiology and 

healing dynamics of chronic cutaneous wounds. The American Journal of 

Surgery, 176(2) 26S-38S. Stephen S. Sternberg, histology for pathologist 

texbook, 2nd edition, chapter 2, 1997. 

 

286. Stashak T.S., Farstvedt E., and Othic A. 2004. Update on wound dressings: 

Indications and best use. Clinical Techniques in Equine Practice, 3(2): 148-

163. 

 

287. Stewart CE 4th, Kim JY. Otolaryngol Head Neck Surg. 2006 Dec; 

135(6):946-50. 

 

288. Sutherland L, bin Senafi S, Ebner T, Clarke DJ, Burchell B.  

Characterisation of a human bilirubin UDP-glucuronosyltransferase stably 

expressed in hamster lung fibroblast cell cultures. FEBS Lett. 1992 Aug 17; 

308(2):161-4. (Abstract) 

 

289. Suzuki A, Itagaki Y, Shima N, Mitsuda S, Higashio K, Kawanishi G.  Role 

of Ca2+ in t-PA production by human embryonic lung diploid fibroblast, 

IMR-90 cells, stimulated by proteose peptone. Cell Signal. 1991; 3(2):99-

105. (Abstract) 

 

290. Suzutani T, Machida H, Sakuma T.  Efficacies of antiherpesvirus 

nucleosides against two strains of herpes simplex virus type 1 in Vero and 



 

 

234

human embryo lung fibroblast cells. Antimicrob Agents Chemother. 1988 

Jul; 32(7):1046-52. (Abstract) 

 

291. Tanaka T, Yoshimi M, Maeyama T, Hagimoto N, Kuwano K, Hara N.  

Resistance to Fas-mediated apoptosis in human lung fibroblast. Eur Respir 

J. 2002 Aug; 20(2):359-68. (Abstract) 

 

292. Thannickal VJ, Aldweib KD, Rajan T, Fanburg BL.  Upregulated expression 

of fibroblast growth factor (FGF) receptors by transforming growth factor-

beta1 (TGF-beta1) mediates enhanced mitogenic responses to FGFs in 

cultured human lung fibroblasts. Biochem Biophys Res Commun. 1998 Oct 

20; 251(2):437-41. 

 

293. Theoret C.L. 2004. Update on wound repair. Clinical Techniques in Equine 

Practice, 3(2): 110-122. 

 

294. Thomas JR.Effects of age and diet on rat skin histology. Laryngoscope. 

2005 Mar; 115(3):405-11. 

 

295. Toledo MS, Suzuki E, Handa K, Hakomori S.  Cell growth regulation 

through GM3-enriched microdomain (glycosynapse) in human lung 

embryonal fibroblast WI38 and its oncogenic transformant VA13. J Biol 

Chem. 2004 Aug 13; 279(33):34655-64. 

 



 

 

235

296. Toussaint O., E.E. Medrano and T. von Zglinicki, Cellular and molecular 

mechanisms of stress-induced premature senescence (SIPS) of human 

diploid fibroblasts and melanocytes. Exp. Gerontol. 12 (2000), pp. 629–

637. 

 

297. Toussaint O., P. Dumont, J. Remacle, J.-F. Dierick, T. Pascal, C. Frippiat, 

J.P. Magalhaes, S. Zdanov and F. Chaniaux. Stress-induced prematiure 

senescence or stress-induced senescence-like phenotype: one in vivo 

reality, two possible definitions. Sci. World J. 2 (2002), pp. 230–247. 

 

298. Toussaint O, Remacle J, Dierick JF, Pascal T, Frippiat C, Zdanov 

S,.Magalhaes JP, Royer V, and Chainiaux F. Hayflick mosaic or stress-

induced premature senescence.  Is it stress-induced premature senescence 

or replicative senescence that occurs in vivo? Int. J. Biochem. Cell Biol. 34 

(2002), pp. 1415–1429. 

 

299. Tsutsumi Y, Matsubara H, Ohkubo N, Mori Y, Nozawa Y, Murasawa S, 

Kijima K, Maruyama K, Masaki H, Moriguchi Y, Shibasaki Y, Kamihata 

H, Inada M, Iwasaka T.  Angiotensin II type 2 receptor is upregulated in 

human heart with interstitial fibrosis, and cardiac fibroblasts are the major 

cell type for its expression. Circ Res. 1998 Nov 16; 83(10):1035-46. 

(Abstract) 

 



 

 

236

300. Tsuji T. Three-dimensional architecture of altered dermal elastic fibers in 

pseudoxanthoma elasticum: scanning electron microscopic studies. J Invest 

Dermatol. 1984 May; 82(5):518-21. (Abstract) 

 

301. Turner NA, O'regan DJ, Ball SG, Porter KE.  Endothelin-1 is an essential 

co-factor for beta2-adrenergic receptor-induced proliferation of human 

cardiac fibroblasts. FEBS Lett. 2004 Oct 8; 576(1-2):156-60. (Abstract) 

 

302. Turner NA, Porter KE, Smith WH, White HL, Ball SG, Balmforth AJ.  

Chronic beta2-adrenergic receptor stimulation increases proliferation of 

human cardiac fibroblasts via an autocrine mechanism. Cardiovasc Res. 

2003 Mar; 57(3):784-92. 

 

303. Ueng TH, Hung CC, Kuo ML, Chan PK, Hu SH, Yang PC, Chang LW.  

Induction of fibroblast growth factor-9 and interleukin-1alpha gene 

expression by motorcycle exhaust particulate extracts and benzo(a) pyrene 

in human lung adenocarcinoma cells. Toxicol Sci. 2005 Oct; 87(2):483-96. 

 

304. Vancheri C, Gauldie J, Bienenstock J, Cox G, Scicchitano R, Stanisz A, 

Jordana M. Human lung fibroblast-derived granulocyte-macrophage colony 

stimulating factor (GM-CSF) mediates eosinophil survival in vitro. Am J 

Respir Cell Mol Biol. 1989 Oct; 1(4):289-95. (Abstract) 

 



 

 

237

305. Vanderkerckhove J, Weber K. At least six different actins are expressed in 

a higher mammal: An analysis based on amino acid sequence of the amino-

terminal tryptic peptide, J Mol Biol 1978; 126: 783-802. (Abstract) 

 

306. Vaziri H., M.D. West, R.C. Allsopp, T.S. Davison, Tsunobuchi H, Ishisaki 

A, Imamura T.  Expressions of inhibitory Smads, Smad6 and Smad7, are 

differentially regulated by TPA in human lung fibroblast cells. Biochem 

Biophys Res Commun. 2004 Apr 9; 316(3):712-9. (Abstract) 

 

307. Villarreal FJ, Lee AA, Dillmann WH, Giordano FJ.  Adenovirus-mediated 

overexpression of human transforming growth factor-beta 1 in rat cardiac 

fibroblasts, myocytes and smooth muscle cells. J Mol Cell Cardiol. 1996 

Apr; 28(4):735-42. (Abstract) 

 

308. Villarreal FJ, Bahnson T, Kim NN.  Human cardiac fibroblasts and receptors 

for angiotensin II and bradykinin: a potential role for bradykinin in the 

modulation of cardiac extracellular matrix. Basic Res Cardiol. 1998; 93 

Suppl 3:4-7. (Abstract) 

 

309. Vogel HG, Effect of age on biomechanical and biochemical properties of 

rat and human skin. J Soc  Cosmet Chem 1983; 34: 453-63. (Abstract) 

 

 

310. Wagner M., B. Hampel, D. Bernhard, M. Hala, W. Zwerschke and P. 

Jansen-Durr, Replicative senescence of human endothelial cells in vitro 



 

 

238

involves G1 arrest, polyploidization and senescence-associated apoptosis. 

Exp. Gerontol. 36 (2001), pp. 1327–1347. (Abstract) 

 

311. Wang WG, Chen SW, Wang SC.  Effect of qingfei oral liquid on protein 

expression of transforming growth factor-beta1 and platelet derived growth 

factor-BB of adenovirus type 3I, 7b induced human embryonic lung 

fibroblast cells, Zhongguo Zhong Xi Yi Jie He Za Zhi. 2005 Jul; 25(7):643-

5. (Abstract) 

 

312. Wan XS, St Clair DK.  Differential cytotoxicity of buthionine sulfoximine 

to "normal" and transformed human lung fibroblast cells. Cancer 

Chemother Pharmacol. 1993; 33(3):210-4. D: 8269602. (Abstract) 

 

313. Warnecke C, Kaup D, Marienfeld U, Poller W, Yankah C, Grafe M, Fleck 

E, Regitz-Zagrosek V, Adenovirus-mediated. overexpression and 

stimulation of the human angiotensin II type 2 receptor in porcine cardiac 

fibroblasts does not modulate proliferation, collagen I mRNA expression 

and ERK1/ERK2 activity, but inhibits protein tyrosine phosphatases. J Mol 

Med. 2001 Sep; 79(9):510-21. 

 

314. Weiss TW, Kvakan H, Kaun C, Zorn G, Speidl WS, Pfaffenberger S, 

Maurer G, Huber K, Wojta J.  The gp130 ligand oncostatin M regulates 

tissue inhibitor of metalloproteinases-1 through ERK1/2 and p38 in human 

adult cardiac myocytes and in human adult cardiac fibroblasts: a possible 

role for the gp130/gp130 ligand system in the modulation of extracellular 



 

 

239

matrix degradation in the human heart. J Mol Cell Cardiol. 2005 Sep; 

39(3):545-51. 

 

315. Weiss TW, Mehrabi MR, Kaun C, Zorn G, Kastl SP, Speidl WS, 

Pfaffenberger S, Rega G, Glogar HD, Maurer G, Pacher R, Huber K, Wojta 

J.  Prostaglandin E1 induces vascular endothelial growth factor-1 in human 

adult cardiac myocytes but not in human adult cardiac fibroblasts via a 

cAMP-dependent mechanism. J Mol Cell Cardiol. 2004 Apr; 36(4):539-46. 

 

316. Wenk J., P. Brenneisen, M. Wlaschek, A. Poswig, K. Briviba, T.D. Oberley 

and K. Scharffetter-Kochanek, Stable overexpression of manganese 

superoxide dismutase in mitochondria identifies hydrogen peroxide as a 

major oxidant in the AP-1 mediated induction of matrix-metalloprotease-

1/MMP-1. J. Biol. Chem. 274 (1999), pp. 25869–25876. (Abstract) 

 

317. Wenk, K. Faisst, G. Quel, C. Hommel, G. Goerz, T. Ruzicka, T. Krieg, H. 

Sies and K. Scharffetter-Kochanek, Psoralen photoactivation promotes 

morphological and functional changes in fibroblasts in vitro reminiscent of 

cellular senescence. J. Cell Sci. 111 (1998), pp. 759–767. 

 

318. West M.D., O.M. Pereira-Smith and J.R. Smith, Cellular senescence of 

human skin fibroblasts correlates with a loss of regulation and 

overexpression of collagenase activity. Exp. Cell Res. 184 (1989), pp. 138–

147. (Abstract) 

 



 

 

240

319. Willingham MC, Yamada ss, Davies PJ, Rutherford AV, Gallo MG, Pastan 

I. Intracellular localisation of actin in cultured fibroblasts by electron 

microscopic immunochemistry. J Histochem Cytochem 1981; 29: 17-37. 

 

320. Witte M.B. and Barbul A. 2002. Role of nitric oxide in wound repair. The 

American Journal of Surgery, 183(4): 406-412. (Abstract) 

 

321. Wlaschek M., I. Tantcheva-Poór, L. Naderi, W. Ma, L.A. Schneider, Z. 

Razi-Wolf, J. Schüller and K. Scharffetter-Kochanek, Solar UV irradiation 

and dermal photoaging. J. Photochem. Photobiol. B: Biol. 63 (2001), pp. 

41–51. 

 

322. W. Lee and C. A. G. McCulloch. Deregulation of collagen phagocytosis in 

aging human fibroblasts: Effects of intergrin and cell cycle. Experment cell 

research 1997; 237: 383-393. (Abstract) 

 

323. Wright W.E.  and J.W. Shay, Historical claims and current interpretations of 

replicative aging. Nat. Biotechnol. 2002; 20: 682–688. 

 

324. Wu CH, Walton CM, Wu GY.  Propeptide-mediated regulation of 

procollagen synthesis in IMR-90 human lung fibroblast cell cultures. 

Evidence for transcriptional control. J Biol Chem. 1991 Feb 15; 

266(5):2983-7. (Abstract) 

 



 

 

241

325. Wu YS, Arrowsmith CH, Poirier GG, and Benchimol S. ATM-dependent 

telomere loss in aging human diploid fibroblasts and DNA damage lead to 

the post-translational activation of p53 protein involving poly(ADP-ribose) 

polymerase. Eur. Mol. Biol. Org. J. 16 (1997), pp. 6018–6033. (Abstract) 

 

326. Xiao R, Liu FY, Luo JY, Yang XJ, Wen HQ, Su YW, Yan KL, Li YP, 

Liang YS. Br J Dermatol. 2006 Dec; 155(6):1145-53. 

 

327. Yaar M and Gilchrest B, Skin aging: postulated mechanisms and consequent 

changes in structure and function. Clin. Geriatr. Med. 2001; 17: 617–630. 

 

328. Yamamoto R, Lin LS, Lowe R, Warren MK, White TJ.  The human lung 

fibroblast cell line, MRC-5, produces multiple factors involved with 

megakaryocytopoiesis. J Immunol. 1990 Mar 1; 144(5):1808-16. (Abstract) 

 

329. Yamayoshi T, Nagayasu T, Matsumoto K, Abo T, Hishikawa Y, Koji T. 

Expression of keratinocyte growth factor/fibroblast growth factor-7 and its 

receptor in human lung cancer: correlation with tumour proliferative 

activity and patient prognosis. J Pathol. 2004 Sep; 204(1):110-8. (Abstract) 

 

330. Yin XJ, Fang FD, Xu JN, Zou CQ, He FS.  Genotoxic and nongenotoxic 

effects of glycidyl methacrylate on human lung fibroblast cells. Biomed 

Environ Sci. 2003 Sep; 16(3):283-94. 

 



 

 

242

331. Yin XJ, Xu JN, Zou CQ, He FS, Fang FD.  Genes differentially expressed in 

human lung fibroblast cells transformed by glycidyl methacrylate. Biomed 

Environ Sci. 2004 Dec;17(4):432-41. 

 

332. Yoshii T, Kono R.  Optimal conditions for plaque assay of echoviruses in 

human embryonic lung fibroblast cells. Jpn J Med Sci Biol. 1978 Feb; 

31(1):87-90. (Abstract) 

 

333. Yu M, Li SY, Yu Z, Qiu XS, Hou P, Wang EH, Pecker I. Clinical 

significance of heparanase and basic fibroblast growth factor expression in 

human non-small cell lung cancer. Zhonghua Bing Li Xue Za Zhi. 2005 

Jan;34(1):36-41. (Abstract) 

 

334. Von Zglinicki T., G. Saretzki, W. Docke and C. Lotze, Mild hyperoxia 

shortens telomeres and inhibits proliferation of fibroblasts: a model for 

senescence. Exp. Cell Res. 220 (1995), pp. 186–193 

 

335. von Zglinicki T., Oxidative stress shortens telomeres. Trends Biochem. Sci. 

27 (2002), pp. 339–344. (Abstract) 

 

336. Von Zglinicki T, Role of oxidative stress in telomere length regulation and 

replicative senescence. Ann. NY Acad. Sci. 908 (2000), pp. 99–110. 

 



 

 

243

337. von Zglinicki T, Pilger R  and Sitte N. Accumulation of single-strand breaks 

is the major cause of telomere shortening in human fibroblasts. Free Radic. 

Biol. Med. 28 (2000), pp. 64–74. 

 

338. Zhang J, Zhu H.  Comparative study on water-induced micronuclei and 

chromosomal aberrations in human embryonic lung fibroblast cells. Wei 

Sheng Yan Jiu. 1997 May; 26 (3):183-7. (Abstract) 

 

339. Zhao L, Eghbali-Webb M.  Release of pro- and anti-angiogenic factors by 

human cardiac fibroblasts: effects on DNA synthesis and protection under 

hypoxia in human endothelial cells. Biochim Biophys Acta. 2001 Apr 23; 

1538(2-3):273-82. (Abstract) 

 

340. Zhu H, Gooderham N.  Neoplastic transformation of human lung fibroblast 

MRC-5 SV2 cells induced by benzo[a]pyrene and confluence culture. 

Cancer Res. 2002 Aug 15; 62(16): 4605-9. (Abstract) 

 

341. Zhu H, Ling W, Hu B, Su Y, Qiu S, Xiao W, Qi Y. Adenovirus E1A 

reverses the resistance of normal primary human lung fibroblast cells to 

TRAIL through DR5 upregulation and cascade 8-dependent pathway. 

Cancer Biol Ther. 2006 Feb; 5(2):180-8. 

 



 245

APPENDIX 1: T-TEST: TWO-SAMPLE ASSUMING EQUAL 
VARIANCES  
   

  
facial 

fibroblast 
Thigh 

fibroblasts 
Mean 2.171428571 2.794117647
Variance 0.793277311 0.471479501
Observations 35 34
Pooled Variance 0.634779882  
Hypothesized Mean Difference 0  
df 67  

t Stat 
-

3.245701713  
P(T<=t) one-tail 0.000915218  
t Critical one-tail 1.667915512  
P(T<=t) two-tail 0.001830437  
t Critical two-tail 1.996008905   
Reject the null hypothesis because p value 
<0.05   
B=sun exposed A= sun protected   
   
   
   
Appendix 1: t-Test: Two-Sample Assuming Equal Variances  
   

  
facial 

collagen Thigh collagen 
Mean 2.171428571 2.794117647
Variance 0.793277311 0.471479501
Observations 35 34
Pooled Variance 0.634779882  
Hypothesized Mean Difference 0  
df 67  

t Stat 
-

3.245701713  
P(T<=t) one-tail 0.000915218  
t Critical one-tail 1.667915512  
P(T<=t) two-tail 0.001830437  
t Critical two-tail 1.996008905   
Reject the null hypothesis because p value 
<0.05   
B=sun exposed C= sun protected   

 



 246

APPENDIX 2: STAINING PROCEDURES. 

Haematoxylin and Eosin (H &E): Histological Technique 

After Harris 1990, Mallory 1938 

• De-wax sections, Xylene for 5 minutes. 

• Rinse in serial changes of alcohols, 100 – 70%. 

• Rinse in tap water. 

• Stain with Harris Haematoxylin -10 minutes. 

• Wash and blue, in running tap water- 1minute. 

• Differentiate in acid alcohol (1% hydrochloric acid in 70% alcohol) -10 

seconds. 

• Wash and blue, in running tap water -5 minutes. 

• Stain with Eosin -4 minutes. 

• Wash in tap water. 

• Dehydrate, clear and mount. 

• Examine on the light microscope at low and high magnifications (x 100, x 40). 

 

Masson Trichrome Staining 

1. Slide were deparaffinised  and sections rehydrated : 

3 x 3’ xylene (blot excess xylene before going into ethanol), 

3 x 3’ 100% ethanol, 

1 x 3’ 95% ethanol, 
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1 x 3’ 80% ethanol, 

1 x 5’ De-ionised H2O, 

2. Mordant in Bouin’s solution at room temperature overnight in a hood. Be 

careful, Bouin’s solution is hazardous and the picric acid, when in less than 

10% water, is very explosive. Used Bouin’s solution should be placed in an 

appropriate waste container. 

**Bouin’s solution intensifies the final coloration of the tissue. 

3. Slides were washed in running tap water to remove yellow colour from 

sections. 

Then, rinsed briefly in distilled water. 

4. Stained in Working Weigert’s iron haematoxylin solution for 5 minutes.  

Haematoxylin solution was freshly made by adding equal volumes of Solution 

A (1% haematoxylin in 95% ETOH) and Solution B (1.2% ferric chloride and 

1% acetic acid in distilled water). The working solution was satisfactory for 

approximately 10 days. 

**Haematoxylin stains nuclei blue-black. 

5. Washed in running tap water for 5 minutes. Rinsed in deionised water. 

6. Stained in Biebrich scarlet-acid fuchsin for 5 minutes, 

Decreased red staining usually indicates that the staining solution has aged or 

been overused and should be discarded. 

**Biebrich scarlet-acid fuchsin stains cytoplasm and muscle red. 

7. Rinse in deionised/ distilled water. 
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8. Place the slides in phosphomolybdic/phosphotungstic acid solution for 5-10 

minutes. Freshly prepare working phosphotungstic/phosphomolybdic acid 

solution by mixing 1 volume of phosphotungstic acid solution and 1 volume 

of phosphomolybdic acid solution with 2 volumes of distilled water. 

Discard after one use. Formation of precipitate in phosphomolybdic acid 

solution does not affect performance. 

**This allows for uptake of the aniline blue stain. 

9. Stain sections in aniline Blue solution for 5 minutes. 

**Aniline blue stains collagen blue. 

10. Rinse slides briefly in distilled water. 

11. Place slides in 1% acetic acid solution for 3-5 minutes. Discard the solution. 

**With rinsing in acetic acid after staining, the shades of colour become more 

delicate and transparent. 

**If blue staining of connective tissues faded, the section has probably been 

over differentiated in acetic acid solution. 

12. Dehydrate to xylene, 

2 x 3’ 95% ethanol, 

2 x 3’  100% ethanol ( blot excess ethanol before going into xylene), 

3 x 5’ xylene. 

13. Leave slides in xylene overnight to get good clearing of the ethanol. 

14. Cover slip slides using Permount or Polymount (xylene based). 
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• Place a drop of Permount on the slide using the glass rod, taking care 

to leave no bubbles. (Don’t stir the Permount with the rod too much 

and make sure that Xylene still covers the slide). 

• Angle the cover slip and let fall gently onto the slide. Allow the 

Permount to spread beneath the cover slip, covering the tissue. 

• Dry overnight in the hood or at 37°C. 

RESULTS: 

Nuclei stain black, 

Cytoplasm, muscle, erythrocytes stain red, 

Collagen stain blue. 

NOTES 

1. Light green may be substituted for Aniline blue. 

2. 5% phosphotungstic acid for 5 minutes, must be substituted when using light 

green. 

3. When staining liver biopsies, the collagen enhancement is better light blue, 

than dark blue. 

 

 

Van Gieson Staining 

METHOD 

1     Bring sections to distilled water. 

2     Stain nuclei with Celestin Blue............................................................................3 mins 
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3     Rinse in distilled water. 

4     Stain in haematoxylin………………………………………………………...3 mins 

5     Wash well in tap water........................................... …………………………..3 mins 

6     Flood with Curtis stain ............................................…..................................3 mins 

7     Blot. 

8     Dehydrate rapidly in alcohols, clear and mount. 

RESULTS 

Nuclei ......................................................................................................Blue 

Collagen ..................................................................................................Bright red 

Cytoplasm, muscle, fibrin and red blood cells …...................................Yellow 

 

Foot’s Modification Of Hortega’s Silver Carbonate Method For Reticulum. 

Staining Procedure 

1. Deparaffinise sections through series  of xylene and dehydrate, 

2. Wash thoroughly in tap water, 

3. Oxidize in 0.25% solution of potassium permanganate for 5 minutes, 

4. Rinse in tap water, 

5. Bleach in 5% solution of oxalic acid for 10  minutes, 

6. Wash well in tap water, followed by distilled water, 

7. Place in warm silver ammonium carbonate solution in the incubator or hot 

water bath at 37°C to 43°C. for 10 to 30 minutes. Tissues will show a yellow 
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to brown coloration when impregnated. Remove from water bath and allow 

cooling briefly. 

8. Rinse in distilled water, 

9. Reduce in 20% solution of neutral formalin for 5 minutes. Tissue will become 

amber in color. 

10. Wash well in tap water, 

11. Tone in 0.2% gold chloride solution for 5minutes. Section will be grayed in 

this solution. 

12. Wash well in tap water. 

13. Fix in a 5% aqueous solution of sodium thiosulphate for 2 minutes. The 

thiosulphate will remove all unreduced silver. 

14. Wash well in tap water. 

15. Counterstain if desired with alum hematoxylin and van Gieson’s stain for 

nuclei and collagen. The counterstain is usually unnecessary in well-stained 

slide, for the coarser connective tissue will be brownish-pink  and well 

differentiated from the fine black reticulum 

16. Dehydrate in two changes of absolute alcohol 

17. Clear in two or three changes of xylene and mount. 

RESULTS. 

Coarse connective tissue fibers- brown-pink, 

Reticulum-black to dark violet, 

Nuclei- black. 
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Verhoeff’s Method 

Method 

1. Dewax sections and bring to water. 

2. Cover with staining solution 15 to 30 minutes. 

3. Rinse in water. 

4. Differentiate in 2% aqueous ferric chloride until elastic tissue fibers appear 

black on a grey background 

5. Rince in water. 

6. Rinse in 95% alcohol to remove any staining due to iodine alone. 

7. Counterstain as desirable (van Gieson is conventional, although eosin may be 

used). 

8. Blot to remove excess stain. 

9. Dehydrate rapidly through alcohols. 

10. Clear in xylene and mount in DPX. 

 

RESULTS 

Elastic tissue fibers- black, 

Other tissues according to counterstain. 
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APPENDIX 3: AUTOMATED IMMUNOCYTOCHEMICAL PROCESSING SCHEDULE. 

PM serial N°: M210857  

Processing Module: BOND 1  

Tray: 3  

Dispense volume: 150 µL  

Run events: Batch 216 Start time: 10/30/2007 3:35 PM  

Batch progress: Finished  

Time Event N° Description Parameter Value Parameter ID  

10/30/2007  

3:34:40 PM 1001 Slide Staining Assembly locked  

3:35:41 PM 1027 Batch accepted  

3:35:41 PM 1028 Batch start pressed Slide ID 01SQ 2007  

Slide ID 01SN 2007  

Slide ID 01SL 2007  

Slide ID 01SJ 2007  

Slide ID 01SH 2007  

Slide ID 01SF 2007  

Slide ID 01SB 2007  

Slide ID 01S3 2007  

Slide ID 01SD 2007  

Slide ID 01S1 2007  

By user: BondPowerUser 2045  

Requested batch start time: 10/31/2007 03:30 2093  

10/31/2007  

3:46:34 AM 1032 Reagent dispensed Reagent name: *No Reagent 2006  
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150 µL dispense position 2506  

All slides 2030  

4:18:44 AM 1032 Reagent dispensed Reagent name: *Bond Dewax Solution 2006  

150 µL dispense position 2506  

All slides 2030  

4:20:02 AM 1032 Reagent dispensed Reagent name: *Bond Dewax Solution 2006  

150 µL dispense position 2506  

All slides 2030  

4:20:47 AM 1032 Reagent dispensed Reagent name: *Bond Dewax Solution 2006  

150 µL dispense position 2506  

All slides 2030  

4:22:01 AM 1032 Reagent dispensed Reagent name: *Alcohol 2006  

150 µL dispense position 2506  

All slides 2030  

4:22:47 AM 1032 Reagent dispensed Reagent name: *Alcohol 2006  

150 µL dispense position 2506  

All slides 2030  

4:23:37 AM 1032 Reagent dispensed Reagent name: *Alcohol 2006  

Intermediate position 150 µL 2503  

All slides 2030  

4:25:07 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

4:25:51 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  
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All slides 2030  

4:26:40 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

Intermediate position 150 µL 2503  

All slides 2030  

4:33:34 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

Initial fill 2502  

All slides 2030  

4:44:00 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

4:46:42 AM 1032 Reagent dispensed Reagent name: SMA 2006  

Reagent UPI: 00567618 2025  

150 µL dispense position 2506  

All slides 2030  

5:02:58 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

5:03:36 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

5:04:21 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

5:14:26 AM 1032 Reagent dispensed Reagent name: *Peroxide Block 2006  

Detection system UPI: 01038728 2026  
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150 µL dispense position 2506  

All slides 2030  

5:20:01 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

5:22:38 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

Open fill 150 µL 2501  

All slides 2030  

5:24:05 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

5:26:46 AM 1032 Reagent dispensed Reagent name: *Post Primary 2006  

Detection system UPI: 01038728 2026  

150 µL dispense position 2506  

All slides 2030  

5:35:20 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

5:37:56 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

5:40:42 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

5:44:38 AM 1032 Reagent dispensed Reagent name: *Polymer 2006  
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Detection system UPI: 01038728 2026  

150 µL dispense position 2506  

All slides 2030  

5:53:12 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

5:55:49 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  

5:59:17 AM 1032 Reagent dispensed Reagent name: *Deionized Water 2006  

150 µL dispense position 2506  

All slides 2030  

6:02:39 AM 1032 Reagent dispensed Reagent name: *Mixed DAB Refine 2006  

150 µL dispense position 2506  

All slides 2030  

6:04:22 AM 1032 Reagent dispensed Reagent name: *Mixed DAB Refine 2006  

150 µL dispense position 2506  

All slides 2030  

6:15:41 AM 1032 Reagent dispensed Reagent name: *Deionized Water 2006  

150 µL dispense position 2506  

All slides 2030  

6:16:18 AM 1032 Reagent dispensed Reagent name: *Deionized Water 2006  

150 µL dispense position 2506  

All slides 2030  

6:17:02 AM 1032 Reagent dispensed Reagent name: *Deionized Water 2006  
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150 µL dispense position 2506  

All slides 2030  

6:18:56 AM 1032 Reagent dispensed Reagent name: *Bond DAB Enhancer 2006  

Reagent UPI: 01023831 2025  

150 µL dispense position 2506  

All slides 2030  

6:24:31 AM 1032 Reagent dispensed Reagent name: *Deionized Water 2006  

150 µL dispense position 2506  

All slides 2030  

6:26:53 AM 1032 Reagent dispensed Reagent name: *Deionized Water 2006  

150 µL dispense position 2506  

All slides 2030  

6:30:55 AM 1032 Reagent dispensed Reagent name: *Deionized Water 2006  

150 µL dispense position 2506  

All slides 2030  

6:35:20 AM 1032 Reagent dispensed Reagent name: *Hematoxylin 2006  

Detection system UPI: 01038728 2026  

150 µL dispense position 2506  

All slides 2030  

6:40:55 AM 1032 Reagent dispensed Reagent name: *Deionized Water 2006  

150 µL dispense position 2506  

All slides 2030  

6:46:12 AM 1032 Reagent dispensed Reagent name: *Bond Wash Solution 2006  

150 µL dispense position 2506  

All slides 2030  
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6:47:31 AM 1032 Reagent dispensed Reagent name: *Deionized Water 2006  

150 µL dispense position 2506  

All slides 2030  

6:47:32 AM 1003 Batch completed successfully  

6:47:51 AM 1002 Slide Staining Assembly unlocked  

11/6/2007 11:35 AM 1/1  
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APPENDIX 4: 

Immunocytochemistry: 

Recommendations for Use for Primary Antibody  

Monoclonal Mouse Anti-Human Smooth muscle actin 

Clone 1A4 

Code No./ Code/ Code-Nr. M0851 

 

Indication: 

For in vitro diagnositic use. 

Monoclonal Mouse Anti-Human Smooth Muscle Actin, Clone 1A4, was used for 

immunocytochemistry. The antibody labels smooth muscle cells, myofibroblasts and 

myoepithelial cells, and is a useful tool for the identification of leiomyomas, 

leiomyosarcomas and pleomorphic adenomas. Differential identification was aided by 

the results from a panel of antibodies.  Interpretation must be made within the context 

of patient’s clinical history and other diagnostic tests by a qualified pathologist. 

 

Introduction: 

Cytoplasmic actins, which belong to the microfilament system of cytoskeleton 

proteins , are the  most conserved eukarytic proteins being expressed in mammals and 

birds. The actin protein consists of six isoforms, varying in their amino acid sequence, 

but all having the same molecular mass of 42kDa. The isoforms show more than 90% 

overall sequence homology, but only 50-60% in their 18 N-terminal region appears to 

be a major antigenic region. There are different: α, β- and ال-actins,  respectively. The 

β- and ال-actins may be present in muscle cells as well as most other cell types in the 

body, including non-muscle cells. 
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Reagent provided: 

Monoclonal mouse antibody provided in liquid form as cell culture supernatant 

dialysed against 0.005 mol/L. Tris/HCl, pH 7.2, and containing 15mmol/L NaN3.  

Clone: 1A4. The 1A4 clone is identical to the anti-asm-1. Isotype: IgG2a, kappa. 

Mouse IgG concentration: see label on vial. 

 

Immunogen: 

N-terminal synthetic decapeptide of α-smooth muscle actin coupled to keyhole limpet 

haemocyanin (KLH). 

 

Specificity: 

In Western blotting and SDS-PAGE immunoblotting of α-smooth muscle isoform of 

actin, the antibody labels a band corresponding to α-smooth muscle actin. 

As demonstrated by Western blotting and /or Immunocytochemistry, the antibody 

cross-reacts with the α-smooth muscle actin equivalent protein in chicken, cow and 

rat. 

 

Precautions: 

1. For professional users. 

2. This product contains Sodium azide (NaN3), a chemical highly toxic in pure 

form. At product concentrations, though not classified as hazardous, sodium 

azide may react with lead and copper plumbing to form highly explosive 

build-ups of metal azides. Upon disposal, flush with large volumes of water to 

prevent metal azide build-up in plumbing. 
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3. As with any product derived from biological sources, proper handling 

procedures should be used. 

4. Wear appropriate Personal Protective Equipment to avoid contact with eyes 

and skin. 

5. Unused solution should be disposed of according to local, State and Federal 

regulations. 

 

Storage: 

Store at 2-8°C. Do not use after expiration date stamped on vial. If reagents are stored 

under any conditions other than those specified, the user must verify the conditions. 

There are no obvious signs to indicate instability of this product. Therefore, positive 

and negative controls should be run simultaneously with patient specimens. If 

unexpected staining is observed which cannot be explained by variations in laboratory 

procedures and a problem with the antibody is suspected, contact DakoCytomation 

Technical Services. 

 

Specimen preparation: 

Paraffin sections: The antibody can be used for labelling paraffin-embedded tissue 

sections fixed in formalin. Pre-treatment of tissues with heat-induced epitope retrieval 

is recommended. Optimal results are obtained with 10mmol/L. Tris buffer, 1 mmol/L 

EDTA, pH 9.0. Less optimal results are obtained with DakoCytomation Target 

Retrieval Solution, High pH, code No. S 3308, or 10mmol/L citrate buffer, pH 6.0. 

However, DakoCytomation Target Retrieval Solution, code No. S1700 was found 

inefficient. Pre-treatment of tissues with proteinase K was found destructive of 
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epitope. The tissue sections should not dry out during the treatment or during the 

following immunocytochemical staining procedure. 

Frozen sections and cell preparations: The antibody can be used for labelling acetone-

fixed, frozen sections. 

 

Staining procedure: 

Dilution: Monoclonal Mouse Anti-Human Smooth Muscle Actin, code No. M0851, 

may be used at a dilution range of 1:50-1:100 when applied on formalin-fixed, 

paraffin-embedded sections of normal human colon using 20 minutes heat-induced 

epitope retrieval in 10mmol/L Tris buffer, 1 mmol/L EDTA, pH 9.0, and 30 minutes 

incubation at room temperature with the primary antibody. Optimal conditions may 

vary depending on specimen and preparation method, and should be determind by 

each individual laboratory. The recommended negative control is DakoCytomation 

Mouse IgG2a, code No. X0943, diluted to the same mouse IgG concentration as the 

primary antibody. Unless the stability of the dilute antibody and negative control has 

been established in the actual staining procedure, it is recommended to dilute these 

reagents immediately before use, or dilute in Dakocytomation Antibody Diluent, code 

No. S0809. Positive and negative controls should be run simultaneously with patient 

specimen. 

 

Visualization: LSAB™ +/HRP kit, code No. K0679, and EnVision™ +/HRP kits, 

code Nos. K4004 and K4006, are recommended. For frozen sections and cell 

preparations, the DakoCytomation APAAP kit, code No. K0670, is a good alternative 

if endogenous peroxidase staining is a concern. Follow the procedure enclosed with 

the selected visualisation kit. 
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Automation: The antibody is well suited for immunocytochemical staining using 

automated platforms, such as the DakoCytomation Autostainer. 

 

Performance characteristics: 

Cells labelled by the antibody display a cytoplasmic staining pattern. 

Normal tissues: The antibody labels smooth muscle cells in blood vessels and, 

additionally, salivary ducts and myoepithelial cells around acini in salivary glands. 

Smooth muscle cells in 35/36 normal uterine myometria were also positively labelled. 

Further, a temporal labelling of perisinusoidal liver cells has been observed. In frozen 

tissues, the antibody labels myofibroblasts and myoepithelial cells around acini and 

ducts of the breast, whereas epithelia (adeno, squamous), lymphocytes, cardiac and 

skeletal muscle cells, endothelial cells, fat cells, Schwann cells and fibroblast are 

negative. 

 

Abnormal tissues: The antibody labelled 24/26 leiomyomas, 6/7 atypical leiomyomas 

and 21/25 leiomyosarcomas of the uterus, as well as 13/13 extrauterine 

nongastrointestinal spindled leiomyosarcomas. Moreover, the antibody labelled a 

variable amount of  cells in 8/8 pseudosarcomatous myofibroblastic tumours of the 

urinary bladder in children. In pleomorphic adenomas, the antibody labelled tumour 

epithelial cells (myoepithelial cells) in 19/20 cases. In frozen tissues, the antibody, in 

addition to the labelling of 5/5 leiomyomas and 6/7 leiomyosarcomas, also labelled 

4/22 malignant fibrous histocytomas and ½ rhabdomyosarcomas. 6/6 malignant 

schwannomas were negative, as also 13/13 other soft tissue tumours, including 1 

fibrosarcomas, 6 liposarcomas, 1 angio-sarcoma, 1 capillary haemangioma, 1 Triton 

tumour, and 3 synovial sarcomas. 
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Procedures: 

A. Reagents required but not supplied 

1. Standard solvents used in immunohistochemistry. 

2. 50 mM tris-buffered saline (TBS) pH.6. 

3. Antigen retrieval solution(s) 

4. Enzyme retrieval solution(s) 

5. Antibody diluent. 

6. Primary antibody. 

7. Mounting medium. 

 

B. Equipment required but not supplied. 

1. Equipment required for antigen retrieval, if recommended for the primary    

antibody. 

2. General immunohistochemistry laboratory equipment. 

 

C. Methodology 

Prior to undertaking this methodology, users must be trained in 

immunohistochemical techniques. 

The combination of primary antibody, its dilution, together with the detection 

system should be validated by the user on a series of known positive and negative 

controls. 

Unless indicated, all steps are   performed at room temperature (25�). 

. 
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DAB Working Solution: 

Add 50µl of DAB Chromogen to 1ml of Novolink™ DAB Substrate Buffer 

(polymer). Use within six hours of preparation. 

 

Quality control: 

Differences in tissue processing and technical procedures in the user’s laboratory 

may produce significant variability in results, necessitating regular performance of 

in-house controls in addition to the following procedures. Controls were fresh 

surgical specimens formalin-fixed, processed and paraffin wax-embedded as soon 

as possible in the same manner as any normal non cadaver sample(s). 

 

Positive Control: 

Used to indicate correctly prepared tissues and proper staining techniques. One 

positive tissue control should be included for each set of test conditions/primary 

antibody in each staining run. A tissue with weak positive staining is more 

suitable than with strong positive staining for optimal quality control and to detect 

minor levels of reagent degradation. For recommended positive control tissue see 

primary antibody instructions for Use. If the positive tissue control fails to 

demonstrate positive staining, results with the test specimens should be considered 

invalid. 

 

Negative Tissue Control 

Should be examined after the positive tissue control to verify the specificity of the 

labelling of the target antigen by the primary antibody. For recommended negative 

control tissues see primary antibody instructions for use. Alternatively, the variety 



 267

of different cell types present in most tissue sections frequently offers negative  

control sites, this should be verified by the user. Non-specific staining, if present, 

usually has a diffuse appearance. Sporadic staining of connective tissue may also 

be observed in sections from excessively formalin-fixed tissues. Use intact cells 

for the interpretation of staining results. Necrotic or degenerated cells often stain 

non-specifically. False-positive results may be seen due to non-immunological 

binding of proteins or substrate reaction products. They may also be caused by 

endogenous enzymes such as pseudoperoxidase (erythrocytes), endogenous 

peroxidase (cytochrome C), or endogenous biotin (eg. Liver, breast, brain, 

kidney). To differentiate endogenous enzyme activity or non-specific binding of 

enzymes from specific immunoreactivity, additional patient tissues may be stained 

exclusively with substrate-chromogen. Streptavidin-HRP or labelled polymer, and 

substrate-chromogen, respectively. If specific staining occurs in negative tissue 

control, results with the patient specimens should be considered invalid. 

 

Negative Reagent Control 

Use a non-specific negative reagent control in place of the primary antibody with 

a section of each patient specimen to evaluate non-specific staining and allow 

better interpretation of specific staining at the antigen site. 

 

Patient Tissue: 

Examine patient specimens last. Positive-staining intensity should be assessed 

within the context of any non-specific background staining of the negative reagent 

control. As with any immunohistochemical test a negative result means that the 
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antigen was not detected, not the antigen was absent in the cells/tissue assayed, If 

necessary, use a panel of antibodies to identify false-negative reactions. 

 

Limitations: 

Immunohistochemistry is multistep diagnostic process that consists of specialised 

training in section of the appropriate reagents; tissue selection, fixation, and 

processing; preparation of IHC slide; and interpretation of the staining results. 

Tissue staining is dependent on the handling and processing of the tissue prior to 

staining. 

 

Improper fixation, freezing, thawing, washing, drying, heating, sectioning or 

contamination with other tissues of fluids may produce artfacts, antibody trapping, 

or false negative results. Inconsistent results may be due to the variations  in 

fixation and embedding methods, or to inherent irregularities within the tissue. 

Excessive or incomplete counterstaining may compromise proper interpretation of 

results. 

 

The clinical interpretation of any staining or its absence should be complemented 

by morphological studies using proper controls and should be evaluated within the 

context of the patient’s clinical history and other diagnostic tests by a qualified 

pathologist. 

 

NovoLink™ Polymer Detection Systems and their components are for use on 

paraffin-embedded sections with specific fixation requirements. Unexpected 

antigen expression may occur, especially in neoplasms. The clinical interpretation 
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of any stained tissue section must include morphological analysis and the 

evaluation of appropriate controls. 
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