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1. INTRODUCTION 

1.1. Leg ulcer 

1.1.1. Definition and classification 

Leg ulcers are skin defects that extend into the dermis or deeper. They 

are frequently located on the lower aspect of the calf over the malleolus and 

mostly develop on a base of 

pathologically altered tissue 

(Figure 1). The majority of leg 

ulcers do not heal and after 6 

weeks of persistence are regarded 

as chronic processes. The most 

common causes of chronic leg 

ulcers are related to a poor blood 

circulation; these leg ulcers can 

be divided into arterial and venous subgroups. Other causes of chronic leg 

ulcers include injuries (traumatic ulcers), microangiopathy, peripheral 

neuropathy (diabetic ulcers), immobilization (pressure ulcers), conditions with 

a tendency to vasculitis (rheumatoid and other vasculitic ulcers), conditions 

associated with a cardiac, renal or liver insufficiency with a tendency to 

oedema, tumours (malignant ulcers), infections, etc. (Stucker et al., 2003; 

Abbade et al., 2005). 

1.2. Venous leg ulcers 

1.2.1. Epidemiology 

The prevalence of venous ulcers are approximately 1%. Venous leg 

ulcers are often associated with long-term morbidity. They can significantly 

decrease the quality of life of the patients and this is nowadays a frequent 

problem in everyday dermatological practice. 

Figure 1. Chronic leg ulcer 
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The most severe cases of venous leg ulcers are the therapy-resistant 

forms of unknown origin, in which precipitating factors can not be prevented 

or stopped and treatment is applied according to general principles. These leg 

ulcers have a tendency to recur and may sometimes require several years of 

therapy. It is likely that an exact knowledge of the molecular mechanism of 

wound healing could help to improve the therapeutic management of chronic 

venous leg ulcer. 

1.2.2. Subgroups and aetiology 

In approximately 80% of the cases, chronic venous leg ulcers can be 

attributed to conditions leading to chronic venous insufficiency (CVI), such as 

varicosity, thrombosis, phlebitis or thrombophlebitis. In the remaining 20% of 

the cases, chronic venous leg ulcers are of unknown origin (Abbade et al., 

2005). 

Venous leg ulcers of either known or unknown origin are considered to 

be multifactorial disorders, with several known and several as yet unknown 

environmental and genetic factors in their aetiology. The complexity of the 

pathogenesis of venous leg ulcers is increased by the fact that, in the majority 

of the cases, venous leg ulcer development has a polyaetiological origin. 

The following predisposing environmental factors are mentioned in the 

literature as contributing to venous leg ulcer development: obesity, trauma, 

inflammation, pregnancy, menopause, etc. (Fowkes et al., 2001; Jawien et al., 

2003; Stucker et al., 2003). Genetic factors such as factor V Leiden mutation, 

prothrombin gene G20210A mutation, antithrombin deficiency, activated 

protein C resistance, protein S deficiency, hyperhomocysteinaemia and 

abnormal transforming growth factor (3 (TGF-p) type 2 receptor expression 

(Munkvad et al., 1996; Peus et al., 1997; Kim et al., 2003) have been shown to 

be associated with a susceptibility to venous leg ulcer. 

The above-mentioned genetic factors impair different processes and 

phases of wound healing, which suggests that different molecular mechanisms 

of venous leg ulcer development exist. Accordingly, an in-depth knowledge of 

the molecular mechanism of normal wound healing is essential. 
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1.3. General overview of wound healing 

Wound healing is a dynamic process consisting of three phases: 

inflammation, tissue formation and tissue remodelling (Singer and Clark, 

1999). 

1.3.1. Inflammation phase 

During the inflammation phase, various vasoactive mediators are 

excreted by thrombocytes due to coagulation, activated complement pathways 

and injured parenchymal cells. These substances recruit inflammatory 

leukocytes: the infiltrating neutrophils clean the wounded area. At the same 

time, the infiltrating monocytes become activated macrophages and release 

growth factors such as platelet-derived growth factor (PDGF) and vascular 

endothelial growth factor (VEGF), which initiate the formation of granulation 

tissue. Macrophages also express colony-stimulating factor 1, a cytokine 

necessary for the survival of monocytes and macrophages, tumour necrosis 

factor a (TNF-a), a potent inflammatory cytokine, TGF-(3 and interleukin-1 

(IL-1). Macrophage-depleted animals exhibit defective wound repair, and 

macrophages therefore seem to be essential in the transition between 

inflammation and repair (Clark et ah, 1996; Toumi et al., 2006). 

1.3.2. Tissue formation phase 

The phase of tissue formation is characterized by re-epithelialization 

and neoangiogenesis. During re-epithelization, epidermal cells located at skin 

appendages and at wound edges undergo marked phenotypic alterations 

including the retraction of tonofilaments, the dissolution of desmosomes, and 

cytoplasmic actin filament formation. Migrating epidermal cells separate the 

non-viable and viable parts of wounds. This process is determined by integrin 

receptors expressed on the surface of migrating cells. The viability of the 

extracellular matrix primarily depends on the production of collagenase and 

plasminogen activator. The processes of migration and proliferation are 
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attributed to the absence of neighbour cells, locally released growth factors and 

especially fibroblast growth factors (FGFs) and their receptors (Werner et al., 

1994; Paladini et al., 1996; Singer and Clark, 1999). 

The formation of new blood vessels is necessary to sustain the newly 

formed granulation tissue. The induction of angiogenesis was initially 

attributed to FGFs, but several other molecules have also been found to exert 

angiogenic activity, such as VEGF, TGF-J3, angiogenin, angiotropin, 

angiopoietin 1 and thrombospondin (DiPietro et al., 1996; Nissen et al., 1998). 

A low oxygen tension and elevated levels of lactic acid may also stimulate 

angiogenesis (Laurens et al., 2006). 

Fibroblasts residing in the dermis are responsible for the synthesis, 

deposition and remodelling of the extracellular matrix. The provisional 

extracellular matrix is gradually replaced by a collagenous matrix. Once 

collagen matrix has been deposited in a wound, the granulation tissue is 

replaced by a relatively acellular scar. Dysregulation of these processes results 

in fibrotic disorders such as keloid formation, morphea and scleroderma 

(Singer and Clark, 1999; Holmbeck et al., 2006). 

1.3.3. Tissue remodelling phase 

The last phase of wound healing is tissue remodelling: during the 

second week of healing, the fibroblasts assume a myofibroblast phenotype 

characterized by large bundles of actin filaments. The appearance of 

myofibroblasts corresponds to the commencement of connective tissue 

compaction and the contraction of the wound. TGF-p and PDGF are essential 

factors for contraction. Collagen remodelling during the transition from 

granulation tissue to scar is controlled by proteolytic enzymes, matrix 

metalloproteinases, which are secreted by macrophages, epidermal cells, 

endothelial cells and fibroblasts (Holmbeck et al., 2006). 

1.4. Fibroblast growth factor receptor 2 gene (FGFR2) 

1.4.1. Fibroblast growth factor receptor (FGFR) family 
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By mediating the effects of FGFs, FGFRs are involved in a wide variety 

of biological activities, including cell growth, control of 

proliferation/differentiation, angiogenesis and wound healing. To date, four 

distinct human FGFRs have been identified: FGFR1, FGFR2, FGFR3 and 

FGFR4. All of these transmembrane tyrosine kinase (TRK) receptors share a 

general protein structure that is characterized by three extracellular 

immunoglobulin-like domains (Igl, Igll and IgUI), a transmembrane domain, 

and an intracellular split TRK domain. 

For receptor-ligand interaction between FGFs and FGFR2, binding of a 

heparan sulfate proteoglycan molecule (HSPG) is also necessary. After ligand 

binding, the receptors dimerize and signalling is activated by 

autophosphorylation of the intracellular tyrosine residues (Zhang et al., 1999; 

Tartaglia et al., 2001; Figure 2). 

membrane 

FGFR 

/ HSPG 

0 FGF 

Figure 2. Structure of FGFRs: 
The Ig-like domains (Igl, Igll 
and IgUI), the transmembrane 
domain (presented as a black 
box) and the intracellular TRK 
domains (presented as yellow 
boxes) are the main structural 
elements of FGFRs. After the 
binding of FGFs by HSPG at 
the Ig-like domains, the 
receptor is dimerized and 
autophosphorylated (Zhang et 
al, 1999). 

signal transduction 

1.4.2. Splice variants of FGFR2 

The structure of FGFR2 protein described above is very complex, but it 

is further complicated by the alternative splicing of the FGFR2 gene. The 

mutually exclusive alternative splicing of exons 8 and 9 leads to two different 



10 

isoforms of the receptor: the keratinocyte growth factor receptor (KGFR = 

FGFR2-IIIb; Figure 3) and the bacterially expressed kinase (BEK = FGFR2-

IIIc; Figure 3), which differ in the structure of the IgUI domain (the exon 

numbering herein is based on the FGFR2 described by Twigg et al. [1998]). 

The IgUI domain of FGFR2-IIIb consists of exons 7 and 8, while the IgUI 

domain of FGFR2-IIIc is formed by exons 7 and 9. FGFR2-IIIb is expressed 

primarily in epithelial cells and serves as a receptor for FGF-1, 7, 10 and 22, 

whereas FGFR2-IIIc is expressed in mesenchymal and endothelial cells and 

exhibits a broader ligand specificity to various ligands including FGF-1, 2, 4, 6, 

8 and 9 (Oldridge et al., 1999; Ingersoll et al., 2001; Yeh et al., 2003). 

Figure 3. Alternative 
splicing of the distal half 
of the IgUI domain 
results in two distinct 
isoforms: Iglllb (KGFR 
= FGFR2-IIIb isoform) 
and Iglllc (BEK = 
FGFR2-IIIc isoform), 
encoded by exons 8 and 
9, respectively (Oldridge 
etal, 1999). 

1.4.3. The roles of FGFR2-IIIb and FGFR2-IIIc variants in wound healing 

The FGFs and their receptors, the FGFRs, play complex roles in the 

process of wound healing and are active in all phases. It is currently believed 

that there are two processes in which a signalling mechanism through the 

FGFR2 isoforms plays a pivotal role. 

In the process of re-epithelization, the control of keratinocyte 

proliferation is attributed to FGFR2-IIIb signalling through mediation of the 

effects of FGF-7 (KGF-1) and FGF-10 (KGF-2; Maas-Szabowski et al., 2001; 

Figure 4), while the induction of wound-repair-associated neoangiogenesis is 

attributed to FGFR2-IIIc signalling (Figure 5). 

I g l I g n I g m TM TKl TK2 

Igm(KGFR)=a+b IgIII(BEK)=a+e 
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Figure 4. Schematic illustration of the mesenchymal-epithelial cross-talk in 
wounded human skin. Upon injury-induced IL-1 stimulation, FGFs are 
expressed primarily in fibroblasts during the tissue formation phase of wound 
healing. After being excreted, the FGFs diffuse into the upper layer of the skin 
and bind specifically to their receptor, FGFR2-IIIb (KGFR). Due to the 
receptor-ligand interactions between FGFs and FGFR2-IIIb, signal 
transduction mechanisms are initiated, and hence the keratinocytes commence 
to proliferate (Maas-Szabowski et al, 2001). 

The roles of many other molecules with potent angiogenic effects, such 

as VEGF, TGF-P, angiogenin, angiotropin, angiopoietin 1 and 

thrombospondin, have been described in detail (DiPietro et al., 1996; Nissen et 

al., 1998). These molecules induce angiogenesis by stimulating the production 

of basic FGF and VEGF in macrophages and endothelial cells. Activated 

epidermal cells of wounds also secrete large quantities of VEGF. Basic FGF 

sets the stage for angiogenesis during the first 3 days of wound repair, whereas 

VEGF is critical for angiogenesis during the formation of granulation tissue on 

days 4 to 7 (Singer and Clark, 1999). 
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plasminogen 

A A 
plasinin 

A A 

FGFR2-inc 

macrophages 
NEOVASCULARIZATION 

Figure 5. The role of FGF-induced 
neovascularization in wounded 
human skin. During neoangiogenesis, 
macrophages are located in the 
granulation tissue and release FGFs. 

The FGFs bind to their receptor, FGFR2-IIIc, and stimulate the endothelial 
cells. Due to this receptor-ligand interaction, endothelial cells excrete 
plasminogen activator and procollagenase. Plasminogen activator converts 
plasminogen to plasmin and procollagenase to active collagenase, and these 
proteases digest the basement membrane (BM) of blood vessels. The 
fragmentation of BM allows endothelial cells to migrate and form new blood 
vessels at the injured site (Singer and Clark, 1999). 

1.4.4. The expression profile of FGFR2-IIIb variant 

Since it is well known that the FGFR2-IIIb variant plays a key role in 

the re-epithelization phase of normal wound healing, it is essential to improve 

our knowledge concerning its expression profile in keratinocytes. Although it 

has recently been the topic of several workgroups (Marchese et al., 1997; 

Capone et al., 2000; Visco et al., 2004), there are still contradictory data in the 

literature as regards the expression of FGFR2-IIIb in different stages of 

keratinocyte proliferation and differentiation. A study of FGFR2-IIIb 

l.isimn FGFs A P'1» 
A P l a s m i n oS e n A procollagenase 
** activator * 
, / \ plasminogen f collagenase 
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expression in human epithelial cells has revealed that the FGFR2-IIIb 

expression is a characteristic of keratinocytes committed to differentiation 

(Capone et al., 2000). It has also been demonstrated that the FGFR2-IIIb 

expression is up-regulated by high doses of calcium, which promotes 

keratinocyte differentiation, and also by confluence-induced spontaneous 

differentiation (Marchese et al., 1997; Visco et al., 2004). On the other hand, it 

has additionally been described that a sensitizing agent, nickel sulfate, is able 

to increase the FGFR2-IIIb expression without affecting keratinocyte 

differentiation, and that antiproliferative pharmacological agents such as 

phorbol ester, interferon-c and ultraviolet B substantially down-regulate 

FGFR2-IIIb expression (Zhou et al., 1996; Finch et al., 1997; Marchese et al., 

2003). 

1.4.5. Single nucleotide polymorphisms (SNPs) of the FGFR2 gene 

So far, 721 single nucleotide polymorphisms (SNPs) have been 

identified on the FGFR2 gene (NCBI GeneBank, Accession Number: 176943, 

http://www3.ncbi.nlm.nih.gov/htbin-post/Omim); approximately 5% of them 

are very rare and regarded as mutations. 

Craniosynostosis syndromes 

General features Cutaneous manifestations 

Craniosynostosis Hyperhydrosis with transient elevations in 
temperature 

Hydrocephalus Pilosebaceous abnormalities, oily skin, acneiform 
lesions with unusual extension to forearms 

Broad thumbs Paronychial infections, mainly affecting the feet 

Deviation of great toes Hyperkeratosis, localized to the midplantar surface 

Choanal atresia Hypopigmentation 

Ankyloses Interrupted eyebrows 

Mental retardation Excessive skin wrinkling 

Table 1. General signs, symptoms and cutaneous manifestations of 
craniosynostosis syndromes. 

http://www3.ncbi.nlm.nih.gov/htbin-post/Omim
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These mutations have known biological functions, and cause 

craniosynostosis syndromes including the Apert, Crouzon, Jackson-Weiss, 

Pfeiffer and Beare-Stevenson syndromes. General signs and symptoms and 

special cutaneous manifestations of craniosynostosis syndromes are presented 

in Table 1. They have been identified primarily in the extracellular region of 

FGFR2 and are mostly located at the site of ligand binding and in the 

transmembrane domains. The most common type of these mutations is the 

missense mutation leading to the activation of the receptor, and consequently 

an increase in function (Reardon et al., 1994; Fujisawa et al., 2002; Kan et al., 

2002; Shotelersuk et al., 2002). 

The other 95% of the identified SNPs of the FGFR2 gene exhibit a 

relative high frequency in the population (>1%). It is hypothesized that they 

play roles in the pathogenesis of multifactorial disorders. 

1.5. Tumour necrosis factor a (TNF-a) 

1.5.1. General overview 

TNF-a is a potent pleiotropic, pro-inflammatory cytokine that belongs 

in the TNF superfamily. It is coded by the TNF-a gene, which is closely linked 

to the TNF-fS gene and located at chromosome 6 (6p21.3-21.1; Nedwin et al., 

1985). The TNF-a gene contains four exons, of which exon 4 codes for 80% of 

the secreted protein (Nedwin et al., 1985). TNF-a is synthesized as a 26-kD 

membrane-bound protein (pro-TNF-a), which is cleaved by processing 

enzymes to release a soluble 17-kD TNF-a protein (Black et al., 1997). In the 

course of an injury or an infection, the soluble TNF-a is released from 

macrophages and endothelial cells due to IL-1 and/or bacterial endotoxin 

stimulation (Hoffman and Cooper, 1995; Lopez et al., 1999), and binds to its 

receptors: the TNF receptor 1 (TNFR1) and 2 (TNFR2), both of which have 

cell surface and soluble forms as well (Hotamisligil et al., 1997). 

TNF-a mediates a number of biological processes, including lipid 

metabolism, coagulation, insulin resistance, endothelial functions and wound 

healing (Crist et al., 2004; Babbar et al., 2006). Moreover, it plays a key role in 

the inflammation phase of normal wound healing. There is growing volume of 
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evidence suggesting that TNF-a has an essential function in the healing of 

pathological wounds such as venous leg ulcers. Wallace and Stacey (1998) 

demonstrated that the level of TNF-a is down-regulated in the wound fluid 

from non-healing venous leg ulcers as compared with healing venous leg 

ulcers. Further, it has recently been proved that the topical application of TNF-

a antibody (infliximab) improves the healing of chronic wounds (Streit et al., 

2006). 

1.5.2. The -308 G/A polymorphism of the TNF-a gene 

To date, 25 SNPs have been identified on the TNF-a gene (NCBI 

GeneBank, Accession Number: 191160, http://www3.ncbi.nlm.nih.gov/htbin-

post/Omim). The most intensively studied TNF-a SNPs are located in the 

promoter region (-1031, -308 and -238) and are presumed to influence the 

transcriptional activity of TNF-a (Higuchi et al., 1998). 

The -308 G/A promoter polymorphism of the TNF-a gene has been 

linked to many human diseases, such as cerebral malaria (McGuire et al., 

1994), mucocutaneous leishmaniasis (Cabrera et al., 1995), meningococcal 

disease (Nadel et al., 1996), lepromatous leprosy (Roy et al., 1997), scarring 

trachoma (Conway et al., 1997), asthma (Moffatt and Cookson, 1997), 

Alzheimer's disease (Lio et al., 2006), Crohn's disease and ulcerative colitis 

(Sashio et al., 2002; Cancello et al., 2004), etc. 

Moreover, this TNF-a SNP is the first polymorphism of the TNF-a 

gene to be associated with wound healing and the susceptibility to venous leg 

ulcer development (Wallace et al., 2006). Recent studies have further 

suggested that the A allele of the -308 G/A polymorphism is associated with a 

higher susceptibility to obesity and insulin resistance (Hoffstedt et al., 2000; 

Brand et al., 2001), though others could not confirm this connection (Walston 

et al., 1999). 

http://www3.ncbi.nlm.nih.gov/htbin-
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1.6. Aims 

The aim of the present work was to investigate whether the expression 

of the FGFR2-IIIb isoform is associated more closely with the proliferation 

stage of keratinocyte or with the stage of their differentiation. Accordingly, we 

studied the profile of FGFR2-IIIb expression in HaCaT cells under various 

circumstances, such as synchronization, dithranol treatment and culturing on 

different cell surfaces. 

We also set out to compare the profiles of expression of the FGFR2-IIIb 

isoform in skin biopsy samples obtained from leg ulcer patients and from 

healthy individuals; and to identify SNPs in the FGFR2 gene which might 

contribute to the pathogenesis of prolonged wound healing in leg ulcer patients. 

An additional objective was to compare the allele frequency data on the 

-308 G/A TNF-a SNP for venous leg ulcer patients and for healthy controls in 

the Hungarian population with data on the Australian population (Wallace et 

al., 2006). Since the -308 polymorphism of TNF-a has been linked to an 

increased risk of obesity (Hoffstedt et al., 2000; Brand et al., 2001), we also 

investigated the influence of the presence of the -308 G/A TNF-a SNP on 

obesity and hence on the development of venous leg ulcer. 
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2. MATERIALS AND METHODS 

2.1. Human skin biopsy samples 

2 x 2 cm shave biopsies were collected under local anaesthesia from 

venous leg ulcer patients (n=15) and from age and sex-matched leg ulcer-free 

control individuals (n=15). Leg ulcer patients were enrolled into the study if 

the duration of the presence of the leg ulcer exceeded 6 weeks. The average 

duration of the ulcers was 5.84±5.12 years and 24.2% of the leg ulcer patients 

had had deep vein thrombosis previously. Leg ulcer patients with diabetes of 

either type 1 or type 2 or with arterial disease were excluded from the study. 

Venous leg ulcer patients were also screened for trauma, erysipelas, cardiac 

diseases, atherosclerosis and autoimmune disorders. The investigation was 

approved by the Internal Review Board. Written informed consent was 

obtained from all donors, and the study was conducted according to the 

Principles of the Declaration of Helsinki. 

All skin biopsies were placed into Dispase (Grade II, Roche Applied 

Science, Indianapolis, IN, USA) and incubated overnight at 4 °C. The 

epidermis and dermis were separated, and total RNA and protein were isolated 

with the TRIzol reagent (Invitrogen, Carlsbad, CA, USA), following the 

instructions of the manual. 

2.2. Cell culturing, synchronization and treatments of HaCaT 

keratinocytes 

Human HaCaT keratinocytes, kindly provided by Dr N. E. Fusenig 

(Heidelberg, Germany), were cultured and synchronized as described in detail 

in the publication by Pivarcsi et al. (2001). Briefly, after reaching 100% 

confluence, HaCaT keratinocytes were cultured for 5 days in Dulbecco's 

modified Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS), 

and the medium was then replaced by a serum-free medium, in which the cells 

were grown for 1 week. The synchronized cells were trypsinized and seeded 

into 75-cm3 culture flasks at a density of 5xl03 cells/cm2 in high-glucose 

DMEM containing 10% FBS. Samples for quantitative real-time reverse 
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transcription polymerase chain reaction (real-time RT-PCR) and Western blot 

analysis were collected 12, 24, 36, 48, 72, 96 and 168 h after the end of 

synchronization, using the TRlzol reagent. 

To examine the effect of the antipsoriatic dithranol on the FGFR2-IIIb 

expression level, highly proliferating subconfluent HaCaT keratinocytes 

(cultured in high-glucose DMEM containing 10% FBS) were washed with 

fosfate buffered saline (PBS) under sterile conditions and then incubated for 30 

min at 37 °C with increasing concentrations of dithranol (0.1, 0.25 and 0.5 

pg/ml) in DMEM containing 0.5% FBS. Dithranol was always freshly 

dissolved in acetone and used immediately. The control cells were treated with 

the solvent only, or were left untreated. After dithranol treatment, the cells 

were washed with PBS twice and 10% FBS containing high-glucose DMEM 

was added to them again. HaCaT keratinocytes were harvested by TRlzol 

reagent after a 4-h dithranol treatment. 

To establish whether cell attachment was necessary for HaCaT 

keratinocytes to express FGFR2-IIIb, subconfluent HaCaT keratinocytes 

cultured in high-glucose and 10% FBS-containing DMEM were passaged onto 

9 cm 0 bacterial plates (Matraplast, Budapest, Hungary) and tissue culture 

plates (Sarstedt, Nunbrecht, Germany). The HaCaT keratinocytes were grown 

for 96 h under these different attachment conditions, and then harvested at 24, 

48, 72 and 96 h after plating. For harvesting, either TRlzol reagent or protein 

lysis buffer was used. The composition of the protein lysis buffer used for all 

harvesting was as follows: 1.5% sodium dodecylsulfate, 62.5 mM Tris-HCL 

(pH 6.8), 5 mM ethylenediaminetetraacetic acid, 5% 2-mercaptoethanol, I 

pg/ml antipain, 1 pg/ml chymostatin, and 1 pg/ml leupeptin (all chemicals 

were from Sigma-Aldrich, St. Louis, MO, USA). 

The cell cultures were maintained in a humidified atmosphere 

containing 5% CO2. 

2.3. Real-time RT-PCR 

Total RNA was isolated from samples through the use of the TRlzol 

reagent, following the instructions of the manual. cDNA was generated with 

oligo(dT) and random hexamer primers from 1 pg of RNA, using the 
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iScriptTM cDNA Synthesis Kit of Bio-Rad Laboratories (Hercules, CA, USA) 

in a final volume of 20 pi. Then real-time RT-PCR was performed to quantify 

the abundance of FGFR2-IIIb mRNA. Besides FGFR2-IIIb, the mRNA 

expression of a differentiation marker, keratin 10 (K10) mRNA, was also 

measured. RNA expression data were normalized to the 18S ribosomal RNA 

expression data of each of the examined samples. The primer sets and TaqMan 

probes used for the reactions are listed in Figure 6A. TaqMan probes were 

purchased from IDT Probes (Chicago, IL, USA). The real-time RT-PCR 

reactions were performed by using iQ Supermix (Bio-Rad Laboratories) in an 

iCycler (Bio-Rad Laboratories). 

FGFR2-mb forward piiniej 5 ' - ACTCGGGGATAA ATAGTTC'C AA-3 ' 
FGFRMHb îeverse [minci 5-CCTTACATATATATTCC'CCAOCAT-J' 
FGFR2-inb probe ? '-56-FAM-AC ATTGAAC AG AGCC AGC ACTT-BHQ-J ' 
K10 [Miniers and probe Applied Biosystenis, TaqMan® Gene Expression Assays. Hs0016628P ml 
18S forward praner .V.CGGCTACCACATCCAAGGAA-3-

ISS reverse piinier 5-GOTGGAATTACCGCGGCT-3' 
ISS probe 5,-Tex.isRed-TGCTGGCACCAGACTTGCCC'TC-BHQ-3' 

FGFRiHIli F FGFRMHf F 

FGFR2-IÜC R 

FGFR2-mij R 

FGFR-2 gene «cou 8 

FGFR2-III1) 

FGFR2-IIIc 

exon 9 

| exon8 exon 9 

J exon 8 exon 10 

Figure 6. Sequences of primers and probes used for real-time RT-PCR 
experiments, (a) After real-time RT-PCRs were performed to quantify the 
abundance of FGFR2-IIIb (KGFR) and K10 mRNAs. mRNA expression data 
were normalized to the 18S ribosomal RNA expression data of each examined 
sample, (b) Primers were designed to detect exclusively the alternatively 
spliced FGFR2-IIIb variant of FGFR2 primary gene product. 

2.4. Western blot analysis 

Total protein extracts were prepared from synchronized HaCaT 

keratinocytes after the end of the synchronization process, from dithranol-

treated HaCaT keratinocytes after a 4-h treatment and from HaCaT 

keratinocytes cultured for 24, 48, 72 or 96 h on different culture surfaces with 
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protein lysis buffer. Lysates were precleared by centrifugation and supernatants 

were stored at -20 °C. 

In order to verify the equivalent loading of proteins in the wells, the 

following procedure was carried out: based on the measured density OD2go, the 

protein concentration of each sample was calculated, and the samples were 

then run on 10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE). The 

gels were stained with Coomassie brilliant blue (CBB; Sigma-Aldrich), dried 

and scanned and all of the loaded lanes were analysed by densitometry. The 

amounts of the loaded protein samples were corrected according to the 

densitometry data and checked again on SDS-PAGE. 

For the Western blot analysis, equal amounts of proteins were run on 

SDS-PAGE, and then transferred to nitrocellulose membrane (Bio-Rad 

Laboratories). Membranes were blocked by incubation in Tris-buffered saline 

(150 raM NaCl, 25 mM Tris, pH 7.4) containing 0.05% Tween 20 (Sigma-

Aldrich) and 3% non-fat dry milk (Fluka Chemie AG, Neu-Buchs, 

Switzerland) for 2 h at room temperature, and subsequently incubated 

overnight at 4 °C with rabbit antiserum to the carboxyl terminus of the FGFR2-

111b receptor (BEK C-17: sc-122, Santa Cruz Biotechnology, Inc., Santa Cruz, 

CA, USA) in a dilution of 1:100. 

Besides FGFR2-IIIb, the protein expression of a differentiation marker, 

K10, was also detected with a mouse monoclonal antibody (Dako A/S, 

Glostrup, Denmark) in a dilution of 1:500. Alkaline phosphatase-conjugated 

goat anti-rabbit IgG and anti-mouse IgG (Sigma-Aldrich) were used as 

secondary antibodies at a dilution of 1:4000 dilution in the blocking buffer for 

2 h at room temperature. The blots were developed by using 5-bromo-4-chloro-

3-indolyl fosfate/nitroblue tetrazolium as substrate (Sigma-Aldrich). 

2.5. Polymorphism analysis 

2.5.1. Examined SNPs of the FGFR2 gene 

One of the SNPs of the promoter region (2753 T/C), which can 

influence gene expression, was examined. (The position of the SNP is given 
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according to one of the public sequences of the promoter region [Accession 

number: AF233344].) 

Two SNPs of the coding region were also chosen. One SNP of exon 5 

causes an amino acid change in the extracellular ligand binding domain of the 

FGFR2 proteins (103 A/G, Thr/Met, coding Igll, the position of the SNP is 

given according to one of the public sequences of exon 5 [Accession number: 

AF097340]). One SNP of exon 6 is also responsible for coding an extracellular 

amino acid in the region of Igll of the protein. The position of the SNP (64 

C/T) is given according to one of the public sequences of exon 6 [Accession 

number AF097341], 

One intronal SNP was also chosen, which is located close to exon 6. 

This SNP is in intron 6 (91 C/T) and may alter the splicing mechanism. The 

position of the SNP is given according to one of the public sequences of intron 

6 [Accession number: S82438]. 

One SNP in the 3' untranslated region (3'UTR) region was also 

examined since it can influence the stability of mRNA (2451 A/G), the position 

of the SNP is given according to one of the public sequences of the 3'UTR 

region [Accession number: AF360695]. 

The positions and mutant allele frequencies of the examined SNPs are 

listed in Table 2. 

Examined SNPs Mutant allele frequency 

Location Position Caucasian African-
American Chinese Japanese 

promoter (2753 T/C) 0.14 0.45 0.28 0.38 

exon 5 (103 A/G) ? ? 0.07 0.10 

exon 6 (64 C/T) 0.27 0.27 0.30 0.14 

intron 6 (91 C/T) 0.40 0.19 ? ? 
3'UTR (2451 A/G) 0.50 0.09 0.23 0.23 

Table 2. Mutant allele frequencies of the five examined polymorphisms 

2.5.2. SNP analysis of the FGFR2 gene 

Blood samples were obtained from patients with leg ulcer (n=82, 

average age: 67±24.8 years) and from the members of an age-matched control 
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group (n=82, average age: 53±29.2 years). DNA was isolated by standard 

proteinase K digestion (DNA Isolation Kit, Eppendorf). PCR reactions were 

carried out on all of the samples with TaqMan mutation detection probes 

(Assays-on-Demand SNP Genotyping Kit, Applied Biosystems). The Assays-

On-Demand SNP Analysing Mix contains two main components: specific 

primers for the amplification of a short DNA fragment involving the examined 

SNP and oligonucleotides (Table 3) labelled with detector fluorescent dyes 

(Figure 7). 

The sequences of the labelled oligonucleotides differ from each other 

only in one nucleotide, which is in the position of the polymorphism, and the 

oligo is labelled with one of the dyes (FAM and VIC). During the PCR 

reaction, one or both of the oligonucleotides bind to the DNA amplicon, 

depending on the genotype of the examined individual, and is cut into 

fragments by the exonuclease activity of the Taq DNA polymerase. Thus, at 

the end of the PCR reaction, the fluorescent signal of one or both of the cut 

fragments can be detected (Figure 8). 

PCR reactions were performed in a total volume of 25 pi containing 

100 ng of template genomic DNA, 1.25 pi of Assays-on-Demand SNP 

Analysis Mix and 12.5 pi of Reaction Mix (Applied Biosystems). All of the 

examined genomic DNA templates were measured in duplicate. 

Sequences of TaqMan probes 

promoter: 

CGAGGCTGGCCAACGGCTCGCTGAG[T/C|GACTGCGTTACGTTGTTTTATGTCA 

exon 5.: 

GTTTTTCAGCCACCGCATGGTTGGCIA/G |TTGGGTTCCCCCCGGCTGGGCAGCG 

exon 6: 

CTGACAAGGGAAATTATACCTGTGT|C/T|GTGGAGAATGAATACGGGTCCATCA 

intron 6: 

GACCTCATGCCAGAAAAGCCTCAAG|C/T|CTGCTGGCTGACACCTTTGAAATAA 

3' region: 
CTCACCCTTGCCAAGGACATCTCAC[A/G|GTAGAAATGTCCCCAGGGGTACAGA 

Table 3. Sequences of TaqMan probes used in the study. In the middle of the 
sequences, the positions of the examined SNPs are shown. When an SNP is 
present, these sequences differ from each other in the indicated position ([ / ]). 
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Figure 7. TaqMan probes. The two possible 
forms of the oligonucleotides differ from each 
other in the position of the SNP. One form is 
labelled with FAM (F), and the other with VIC 
(V). The oligonucleotides are also labelled 
with non-fluorescent quencher (NFQ). NFQ 
inhibits the fluorescence signals of those 
oligonucleotides, which have not been cut into 
fragments by the exonuclease activity of Taq 
DNA polymerase during the PCR. 

After the PCR reaction, end-point detection was performed with an ABI 

Prism 7000HT Sequence Detection System. The statistical significance of the 

differences between data distributions was determined by using the Chi2 probe 

and a probability level p<0.05 was considered statistically significant. 

blood samples extracted DNA 

n r r »• PCR 

specific primers 

S 

genotype: 

heterozygote 

homozygote /-n 
wild-type 

homozygote ^ ^ 
mutant-type 

^ <TTllrfi O r m 

Taq polymerase 
with exonuclease activity 

© FAM 
©VIC 
<3> QUENCHER 

Figure 8. The process of SNP analysis. Blood samples were obtained, DNA 
was extracted and the PCR reaction was carried out with TaqMan mutation 
detection probes. These reaction mixes include specific primers for the 
amplification of a short DNA fragment containing the polymorphism and the 
TaqMan probes for the detection of the two possible alleles. During the PCR 
reaction, one or both of the oligonucleotides binds to the DNA amplicon 
according to the genotype of the examined individual, and is cut into 
fragments by the exonuclease activity of the Taq DNA polymerase. At the end 
of the PCR, cut fragments can be detected with the excitation and thus the 
genotype can be determined. 



24 

2.5.3. Detection of the -308 G/A SNP of the TNF-a gene 

Blood samples were taken from all participants (n=282), DNA was 

isolated by a standard proteinase K digestion method (Eppendorf AG, 

Hamburg, Germany). The TNF-a -308 G/A SNP was genotyped by a PCR with 

restriction fragment length polymorphism method: 100 ng of genomic DNA 

was used for PCR amplification and a 147-nt region of the TNF-a promoter 

harbouring the SNP was amplified by PCR, using the following primers: 

forward 5' - gaggcaataggttttgagggccat - 3', reverse 5' - gggacacacaagcatcaag 

- 3 ' . Ncol (Fermantas, Vilnius, Lithuania). Restriction enzyme digestion was 

performed to distinguish the -308 G/A alleles, using 10 pi of the PCR products, 

run on 5% Nusieve agarose gels (Cambrex, Berkshire, UK) and photographed. 

The amplified wild-type (GG) PCR product was cut at one position by Ncol, 

resulting in 121- and 26-nt bands, the amplified homozygote mutant (AA) PCR 

product was not cut; therefore, the original 147-nt PCR product was detected, 

and the heterozygote mutant genotype was characterized by a pattern of 147-, 

121- and 26-nt products (Figure 9). 

-308 G/A TNF-a SNP 

AA GG GA 

Figure 9. PCR-RFLP detection of the 
-308 G/A SNP of the TNF-a gene. 
The amplified wild-type (GG) PCR 
product was cut at one position by 
Ncol, resulting in 121- and 26-nt 
bands; the amplified homozygote 
mutant (AA) PCR product was not 
cut at any position, resulting in a 147-
nt band; and the heterozygote mutant 
genotype is characterized by a pattern 
of 147-, 121- and 26-nt products. 

2.6. Statistical analysis 

Statistical significances of differences between samples of synchronized 

HaCaT cells collected at different time points and dithranol-treated HaCaT 

cells were assessed by variance analysis: one-way ANOVA for independent or 

correlated samples. For HaCaT cells cultured on tissue culture and bacterial 

plates, statistical significances of differences were determined by procedures 
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applicable to ordinal data: the Mann-Whitney U-test, Student's t-test and two-

way factorial ANOVA for independent samples. Similarity between the 

expression profiles of different genes was calculated by means of the basic 

linear correlation test. 

Statistical analysis, on the groups of leg ulcer patients and leg ulcer-free 

controls, was carried out according to the rules of case-control allelic 

association study design. The statistical significance of the association between 

the mRNA or protein expression profiles of the different genes and venous leg 

ulcer development was assessed by one-way ANOVA for two independent 

samples. The statistical significance of the association between the examined 

SNPs of FGFR2 and venous leg ulcer was determined with the Chi2 probe. The 

Bonferroni correction for the multiple hypothesis of the analysed different 

SNPs (n=5) was also defined. The statistical significance of the association 

between the -308 TNF-a SNP and venous leg ulcer was calculated by means of 

the Fisher Exact Probability Test. To allow comparison with the findings of 

Wallace et al. (2006), logistic regression analysis was also carried out. For all 

SNPs, odds ratios (ORs) with 95% confidence intervals (CIs) were also 

determined. 

All statistical analyses were carried out through the use of VassarStats 

(http://faculty.vassar.edu/lowry/VassarStats.html). 

http://faculty.vassar.edu/lowry/VassarStats.html


26 

3. RESULTS 

3.1. Results obtained on HaCaT cell cultures 

3.1.1. The FGFR2-IIIb expression correlates with the rate of proliferation 

of synchronized HaCaT cells 

In order to acquire detailed 

information on the relationship 

between the stages of proliferation 

or differentiation of HaCaT 

keratinocytes and their FGFR2-

Illb expression, cells were 

synchronized according to Pivarcsi 

et al. (2001), and the FGFR2-IIIb 

mRNA and protein level changes 

were studied for 1 week after 

release from cell quiescence. 

The real-time RT-PCR 

results (Figure 2A) revealed that 

the expression of FGFR2-IIIb 

mRNA exhibited considerable 

differences between samples 

collected at different time points 

as compared with the 0-h samples 

(Figure 10A). Although these 

differences were not statistically 

significant, the profile of FGFR2-

Illb mRNA expression correlated 

well with the results of propidium 

iodide staining (Pivarcsi et al., 

2001), demonstrating the 

proportions of cells in the S/G2/M 

phase (r=0.96). 
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Figure 10. Expression of FGFR2-IIIb in 
synchronized HaCaT keratinocytes. 
Values are means of the results of three 
independent cell culture experiments ± 
SE. (A) FGFR2-IIIb mRNA expression, 
studied by real-time RT-PCR, was 
normalized to 18S RNA. (B) CBB 
staining demonstrates equal protein 
loading. (C) Expression of FGFR2-IIIb 
protein was studied by Western blotting. 
The specific band at 90 kDa corresponds 
to FGFR2-IIIb. (D) Densitometric data 
from FGFR2-IIIb Western blotting. 
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Western blot analysis 12 h after the release of HaCaT keratinocytes 

from cell quiescence revealed a gradual increase in the FGFR2-IIIb protein 

expression level (Figure 10D). This increase peaked in the 48, 72 and 96-h 

samples, corresponding to the highest proliferation capacity of the cells, as 

demonstrated by propidium iodide staining (Pivarcsi et al., 2001). 

3.1.2. Dithranol dose-dependently down-regulates FGFR2-IIIb expression 

The effect of dithranol, an 

extensively used antipsoriatic agent, 

was studied on the FGFR2-IIIb 

mRNA and protein expression of 

highly proliferating subconfluent 

HaCaT keratinocytes (Figure 11). 

Acetone, the solvent used in 

this experiment for dithranol 

treatment, caused a 1.5-fold increase 

in the FGFR2-IIIb mRNA expression 

as compared with the solvent-free 

control samples (Figure 11 A). 

Dithranol treatment resulted in a 

dose-dependent decrease in the 

FGFR2-IIIb mRNA expression: 0.5 

pg/ml dithranol caused a 

considerable drop in the FGFR2-IIIb 

mRNA expression, which was one-

fifth of that seen for the acetone-

treated controls. 

Western blot analysis (Figure 

1 ID) of the FGFR2-IIIb protein 

expression after dithranol treatment 

confirmed the results obtained at the 

mRNA level, demonstrating a 

dramatic decrease in FGFR2-IIIb 

AcC 0 1 0.25 0.5 
u g i n l di thrnnol 

tie mldi t lu ruiol 

Figure 11. Expression of FGFR2-IIIb 
in dithranol-treated HaCaT 
keratinocytes. Values are means of 
the results of three independent cell 
culture experiments ± SE. (A) 
FGFR2-IIIb mRNA expression, 
studied by real-time RT-PCR, was 
normalized to 18S RNA. (B) CBB 
staining demonstrates equal protein 
loading. (C) Expression of FGFR2-
Illb protein was studied by Western 
blotting. The specific band at 90 kDa 
corresponds to FGFR2-IIIb. (D) 
Densitometric data from Western 
blotting. 
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protein expression after treatment with dithranol. The 0.1 pg/ml dithranol 

treatment resulted in a slight decrease in FGFR2-IIIb protein expression in the 

HaCaT keratinocytes, and the 0.25 and 0.5 pg/ml dithranol treatments almost 

completely abolished the FGFR2-IIIb protein expression. 

3.1.3. FGFR2-IIIb expression during suspension-induced differentiation 

In order to compare the 

FGFR2-IIIb expression in 

proliferating and in suspension-

induced differentiating HaCaT 

keratinocytes, subconfluent, highly 

proliferating cells were passaged 

and cultured on tissue culture and 

on bacterial plates. Both the 

mRNA and the protein level 

changes were followed for 96 h 

after the passage. 

On the tissue culture plates, 

the FGFR2-IIIb mRNA expression 

(Figure 12A) was increased in the 

24-h samples as compared with the 

0-h samples. This increase peaked 

in the 48-h samples (ANOVA, 

p=0.0359) and remained highly 

elevated at 72-h (ANOVA, 
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p=0.0315). The 24, 48 and 72-h F i g u r e u Expression of FGFR2-IIIb in 
samples uniformly displayed HaCaT keratinocytes cultured on tissue 

culture and on bacterial plates. Values are 
considerable increases in FGFR2- m e a n s 0 f the results of three independent 

Illb mRNA expression as cell culture experiments ± SE. (A) 
FGFR2-IIIb mRNA expression, studied 

compared with the 0-h samples. 96 b y reai_tjme r t -PCR, was normalized to 

h after passage, the FGFR2-IIIb 18S RNA. (B) CBB staining demonstrates 
equal protein loading. (C) Expression of 

mRNA expression was decreased FGFR2-IIIb protein was studied by 
to below the level of the 24-h Western blotting. The specific band at 90 

kDa corresponds to FGFR2-IIIb. (D) 
Densitometric data from Western blotting. 
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samples, but it was still approximately 3 times higher than in the 0-h samples. 

On the bacterial plates, the FGFR2-IIIb mRNA expression was decreased 

evenly at 24, 48 and 72 h, but then in the 96-h samples FGFR2-iIIb mRNA 

expression level was somewhat similar to that seen in the 0-h samples. The 

overall distribution of the FGFR2-IIIb mRNA expression profiles between the 

HaCaT samples collected from the tissue culture and the bacterial plates at 

different time points demonstrated a significant difference (Mann-Whitney test, 

p-0.0418; Students t-test, p=0.0451). 

The FGFR2-IIIb protein expression data correlated well with the 

mRNA expression data. On the tissue culture plates, the level of FGFR2-IIIb 

protein expression was higher at all studied time points as compared with that 

seen for the 0-h samples, the highest level being observed for the 48-h samples 

(ANOVA, p=0.0242), which was twice as high as that for the 0-h samples 

(Figure 12D). In contrast, on the bacterial plates, the level of FGFR2-IIIb 

protein expression remained unchanged in all samples as compared with the 0-

h samples. The overall distribution of the FGFR2-IIIb protein expression 

profiles for the HaCaT samples collected from the tissue culture and bacterial 

plates at different time points displayed a significant difference (Mann-

Whitney test, p=0.0068; Students t-test, p=0.0045). 

3.1.4. K10 expression during suspension-induced differentiation 

The K1 and K10 expressions in human keratinocytes are considered the 

earliest markers of terminal differentiation (Woodcock-Mitchell et al., 1982). 

In order to interpret our results on the FGFR2-IIIb mRNA and protein 

expressions during the suspension-induced differentiation of HaCaT 

keratinocytes, the K10 gene and protein expressions were also followed during 

this process. 

On the tissue culture plates, K10 mRNA expression (Figure 13A) was 

not detected in the 24, 48, 72 and 96-h samples after passage. In contrast with 

this, on the bacterial plates, the level of K10 mRNA expression demonstrated a 

significant, rapid up-regulation (ANOVA, p=0.0003), which was highest in the 

96-h samples. The overall distribution of the K10 mRNA expression profiles 

for the HaCaT samples collected from the tissue culture and bacterial plates at 



30 

different time points again showed 

a significant difference (Mann-

Whitney test, p=0.0019; Students t-

test, p=0.0036). 

The K10 protein changes 

correlated well with the K10 

mRNA changes: on the tissue 

culture plates, the K10 protein 

expression fell to approximately 

half of that seen for the 0-h 

samples, and then remained at this 

level. The presence of this 

remaining protein is explained by 

the high stability and low turnover 

of K10 observed previously 

(Pivarcsi et al., 2001). In contrast, 

HaCaT keratinocytes seeded onto 

bacterial plates expressed 

gradually, but significantly 

increasing amounts of K10 

proteins at 48, 72 and 96 h 

(ANOVA, p=0.0010), indicating 

the onward process of 

differentiation induced by the 

culturing of the HaCaT 

keratinocytes in suspension 

(Figure 13D). The overall 

distribution of the K10 protein 
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Figure 13. Expression of K10 in HaCaT 
keratinocytes cultured on tissue culture 
and on bacterial plates. Values are 
means of the results of three 
independent cell culture experiments ± 
SE. (A) K10 mRNA expression, studied 
by real-time RT-PCR, was normalized 
to 18S RNA. (B) CBB staining 
demonstrates equal protein loading. (C) 
Expression of K10 protein was studied 
by Western blotting. The specific band 
at 126 kDa corresponds to K10. (D) 
Densitometrie data from Western 
blotting. 

expression profiles for the HaCaT samples collected from the tissue culture and 

bacterial plates at different time points demonstrated a significant difference 

(Mann-Whitney test, p=0.0019; Students t-test, p=0.0007). 

3.2. FGFR2-IIIb expression in venous leg ulcer patients 

is 

J4 
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In order to investigate whether the mRNA and protein expressions of 

FGFR2-IIIb are different in the uninvolved epidermis of venous leg ulcer 

patients from those in leg ulcer-free controls, we compared these expression 

levels in 15 leg ulcer patients and 15 controls. The results of real-time RT-PCR 

analysis revealed that the FGFR2-IIIb mRNA expression was-4-fold lower in 

the epidermis of the venous leg ulcer patients as compared with the control 

individuals (oneway ANOVA, p<0.001; Figure 14A). 

The results obtained at the protein level by using Western Blotting, 

correlated well with the mRNA data. The FGFR2-IIIb protein showed a 3.2-

fold lower expression level in the epidermis of the leg ulcer patients relative to 

the controls (oneway ANOVA, p<0.05; Figure 14D). 
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Figure 14. FGFR2-IIIb expression in 
the uninvolved epidermis of venous leg 
ulcer patients. Values are means of the 
results of three independent cell culture 
experiments ± SE. (A) The FGFR2-IIIb 
mRNA expression, studied by real-time 
RT-PCR, was normalized to 18S RNA. 
(B) CBB staining demonstrates equal g,i.o 
protein loading. (C) FGFR2-IIIb 
protein expression was studied by 
Western blotting. The specific band at 
90 kDa corresponds to FGFR2-IIIb. (D) 
Densitometric data from Western 
blotting. 
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3.3. Results of SNP analysis experiments 

3.3.1. Examined SNPs of the FGFR2 gene 

We checked 13 SNPs described in the electronic database of Applied 

Biosystems for further studies according to the following principles (Assays-
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on-Demand Systems for SNP Analysis Database of Applied Biosystems): 

different localizations in the FGFR2 gene that may influence the quantity 

or/and the quality of the gene product. On the basis of the given principles, the 

following 5 SNPs were selected for further analysis: 

3.3.1.1. SNP located in the promoter region (2753T/C) 

Altogether 164 samples (82 leg ulcer patients and 82 healthy 

individuals) were examined, 79% of which proved to be homozygous for the 

wild-type allele, 18% were heterozygotes and only 2 patients with leg ulcer and 

3 healthy individuals (3%) were homozygous for the mutant allele. The 

distribution of the genotypes between the leg ulcer patients and the healthy 

individuals did not indicate a significant difference (Figure 15). 
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Figure 15. The two diagrams illustrate the distributions of the three possible 
genotypes of the SNP in the promoter region of FGFR2 gene. In this particular 
kit, the wild-type allele was labelled with FAM. 

3.3.1.2. SNP located in exon 5 (103A/G, Thr/Met) 

As regards the SNP in exon 5 (103A/G, Thr/Met), the proportion of 

wild types among the 164 examined individuals was 99%, and there was only 1 

leg ulcer patient who proved to be a heterozygote. Thus, the distribution of the 
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genotypes did not reveal any significant difference between the two groups 

(Figure 16). 
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Figure 16. The two diagrams illustrate the distributions of the three possible 
genotypes of the examined SNP in exon 5. In this particular kit, the wild-type 
allele was labelled with FAM. 

3.3.1.3. SNP located in exon 6 (64C/T) 

As concerns the SNP of exon 6 (64C/T), 47% of the 164 examined 

individuals (82 patients with leg ulcer and 82 healthy individuals) turned out to 

be heterozygotes, 9% were homozygous for the wild-type allele and 44% were 

homozygous for the mutant allele. Our results did not indicate any significant 

difference between the two groups (Figure 17). 

F A M 
Patients with leg ulcer 

F A M 
Healthy individuals 

VIC VIC 

• heterozygotes 
* homozygote, mutants 

homozygote, wild-types 
»negative controls (H20) 

Figure 17. The two diagrams illustrate the distributions of the three possible 
genotypes of the examined SNP in exon 6. In this particular kit, the wild-type 
allele was labelled with VIC. 
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3.3.1.4. SNP located in intron 6 (91C/T) 

For the SNP of intron 6 (91C/T), our results revealed that 52% of the 

164 examined individuals (82 patients with leg ulcer and 82 healthy 

individuals) were heterozygotes, 35% were homozygous for the wild-type 

allele and 13% were homozygous for the mutant allele. A significant difference 

was not observed between the two groups (Figure 18). 

Patients with leg ulcer Healthy individuals 

• homozygote, wild-types • negative controls (H20) 

Figure 18. The two diagrams illustrate the distributions of the three possible 
genotypes of the examined SNP in intron 6. In this particular kit, the wild-type 
allele was labelled with FAM. 

3.3.1.5. SNP located in the 3'UTR (2473A/G) 

A significant difference (Chi2 probe, p=0.0103) was found between the 

82 leg ulcer patients and the 82 controls in the allelic distribution of the 3'UTR 

SNP (Figure 19). The proportion of heterozygotes was 54% in the leg ulcer 

patients and 45% in the control group; that of the homozygote mutants differed 

considerably in the two groups: it was 23% in the leg ulcer patients and 13% in 

the healthy population. Of the 23% homozygotes with leg ulcer (19 

individuals), 10 were females and 9 males, 4 of whom had had deep vein 

thrombosis previously. According to our calculations, the genetic variants of 

the 3'UTR SNP are in Hardy-Weinberg equilibrium, suggesting that the 

appearance of this SNP did not influence the natural selection of the 

population. This is supported by the facts that leg ulcer develops mainly in the 

elderly (over their active, reproductive period) and aging is involved in the 
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aetiology of prolonged wound healing. Statistical corrections (Bonferroni 

correction, p=0.0515; False Discovery Rate Determination, p=0.0515) for the 

multiple hypothesis of 5 different SNPs examined in the FGFR2 gene resulted 

in marginal p values. 

Patients with leg ulcer Healthy individuals 
FAM FAM 

VIC 

2 
* t 

VIC 
heterozygotes 
homozygote, wild-types 

• homozygote, mutants 
• negative controls (H20) 

Figure 19. The two diagrams illustrate the distributions of the three possible 
genotypes for the examined SNP of the 3' UTR region. In this particular kit, 
the wild-type allele was labelled with FAM. 

Possible genotypes Leg ulcer patients 
n ( % ) 

Healthy individuals 
n ( % ) 

homozygote , wild-type 20 (24) 34 (41) 

heterozygote 43 (54) 37(45) 

homozygote , mutant 19(23) 11(13) 

Table 4. Numbers of individuals with the three genotypes of the examined 
SNP in 3'UTR. 

3.3.2. The -308 G/A SNP of the TNF-a gene 

Polymorphism-disease association studies are of increasing importance 

in the discovery of the genetic background of multifactorial disorders; their 

value can be further increased by independent multiple investigations in 

geographically and ethnically distant populations. The -308 G/A polymorphism 

of the TNF-a gene reported by Wallace et al. (2006) is the first TNF-a SNP 

associated with wound healing and the susceptibility to venous leg ulcer. The -

308 TNF-a SNP has been intensively studied previously and, among many 

other human diseases (Cancello et al., 2004), its A allele has been linked to 
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obesity and insulin resistance (Hoffstedt et al., 2000; Brand et al., 2001), 

though other authors did not confirm this connection (Walston et al., 1999). 

Accordingly, we compared the frequencies of the -308 G/A TNF-a SNP 

in venous leg ulcer patients (n=151) and in healthy controls (n=92) in the 

Hungarian population. Since several studies have reported an association 

between the mutant allele (A) of the -308 TNF-a SNP and an increased risk of 

obesity (Hoffstedt et al., 2000; Brand et al., 2001), our leg ulcer patients were 

divided into two subgroups: patients with BMI<25 kg/m2 (n=110) or with 

BMI>25 kg/m2 (n=41) were compared with healthy individuals with BMI<25 

kg/m2 (n=92) or with BMI>25 kg/m2 (n=39). A significant difference was 

detected in the genotypic distribution of the A allele of the -308 TNF-a SNP 

between the obese leg ulcer patients (BMI>25 kg/m2) and the non-obese 

healthy controls (BMI<25 kg/m2) {Fischer Exact Probability Test, p=0.0273; 

OR (95% CI) = 1.88 (0.9533 - 3.6877)}, but not between the non-obese leg 

ulcer patients (BMI<25 kg/m2) and the non-obese healthy controls (BMI<25 

kg/m2). When the the -308 TNF-a SNP genotype data were compared between 

the leg ulcer patients and the healthy controls without a consideration of the 

BMI, a significant difference was not detected (Table 4). 

TNF-a gene 
-308 G/A SNP 

GG GA AA Fisher* 
test OR 95% CI 

Leg ulcer patients 
with BMI>25 
kg/m2 (n=41) 

25 14 2 p=0.0273 1.88 0.9533 -3 .6877 

Leg ulcer patients 
with B M K 2 5 
kg /m 2 (n= l10) 

76 31 3 p=0.0643 1.35 0.7732 -2 .3498 

All leg ulcer 
patients (n=151) 

101 45 5 p=0.0334 1.49 0.8834 -2 .4948 

Controls with 
BM1>25 kg/m2 

(n=39) 
24 14 1 p=0.0457 1.72 0 .8567-3 .4549 

Controls with 
B M K 2 5 kg/m2 

(n=92) 
68 24 0 

All controls 
(n=13I) 

92 38 1 p=0.0888 1.20 0.6963 - 2.0724 

Table 5. Numbers of individuals with the three genotypes of the -308 G/A 
polymorphism of the TNF-a gene in the studied groups 
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3.4. Summary of results 

Experiments carried out with synchronized HaCaT cells revealed that 

the expression of FGFR2-IIIb was related to the proliferation states of the 

HaCaT keratinocytes. The expression profile of FGFR2-IIIb and the proportion 

of cells in the S/G2/M phase correlated significantly (r=0.96; Figure 10). In 

parallel with this, dithranol treatment down-regulated the FGFR2-IIIb 

expression dose-dependently. Moreover, the expression of FGFR2-IIIb was 

significantly higher in the HaCaT cells cultured on the tissue culture plates than 

on the bacterial plates, where the cells were unable to adhere to the culture 

surface and started to differentiate (p<0.05; Figure 12). We demonstrated this 

differentiation via the significant increase in K10 expression in cells cultured 

on bacterial plates as compared with tissue culture plates (p<0.01; Figure 13). 

Thus, the results we obtained on HaCaT keratinocytes revealed that the 

expression of FGFR2-IIIb was more associated with the proliferation states of 

the keratinocytes than with the differentiation. 

We also examined the expression of FGFR2-IIIb in the uninvolved 

epidermis of leg ulcer patients and found a significant decrease in FGFR2-IIIb 

expression in their samples as compared with leg ulcer-free controls (p<0.05; 

Figure 14). 

We identified one SNP, located at 3'UTR (2473A/G) of the FGFR2 

gene, which exhibited a significant difference in the distribution of the three 

possible genotypes between leg ulcer patients and leg ulcer-free controls 

(p=0.01; Figure 19). Even after application of the Bonferroni correction, this 

association remained significant (p=0.05). This SNP may be responsible for the 

decreased FGFR2-IIIb expression level found in venous leg ulcer patients. 

We also set out to determine the distribution of the mutant allele of 

TNF-a -308 (G/A) SNP between leg ulcer patients and controls, since it was 

referred to recently as a factor of susceptibility to venous leg ulcer 

development (Wallace et al., 2006). We found that the association between this 

polymorphism and venous leg ulceration depends strongly on the number of 

obese individuals enrolled in the study (Table 4). Thus our results suggest that 

the TNF-a -308 (G/A) SNP is primarily associated with obesity and its 

association with venous leg ulceration is possibly secondary. 
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4. DISCUSSION 

4.1. FGFR2-IIIb expression correlates with a high proliferation rate of 

HaCaT keratinocytes 

FGFs have been shown to be a potent mitogens for a wide range of 

epithelial cells including human keratinocytes (Marchese et al., 1990). They act 

through TRK receptors such as FGFR2-IIIb. Some previous studies of the 

FGFR2-IIIb expression in human epithelial cells have concluded that FGFR2-

IIlb expression is up-regulated with differentiation, which is indicated by K1 

expression in FGFR2-IIIb-expressing cells (Marchese et al., 1997; Capone et 

al., 2000; Visco et al., 2004). At the same time, certain evidence suggests that a 

high level of FGFR2-IIIb expression is rather a characteristic of actively 

proliferating cells (Zhou et al., 1996; Marchese et al., 1997, 2003;). In the 

present work, we set out to shed light on this contradiction by using the 

immortalized keratinocyte cell line, HaCaT. 

We acquired data suggesting that, in HaCaT keratinocytes, the FGFR2-

Illb expression correlates with the proliferation state of the cells, regardless of 

their differentiation state. When HaCaT keratinocytes were forced into cell 

quiescence and then released from that state, they almost synchronously 

entered a highly proliferative phase, while K10 and K1 mRNA became 

undetectable (Pivarcsi et al., 2001). In parallel with their activation, the 

FGFR2-IIIb protein expression was considerably induced in these cells. 

FGFR2-IIIb protein was not detected in confluent cultures when cell 

proliferation was inhibited either in Kl + (0-h) or Kl"(168-h) cells. 

The real-time RT-PCR results revealed that FGFR2-IIIb mRNA was 

expressed in HaCaT keratinocytes, irrespective of their 

proliferation/differentiation stages. However, the level of expression displayed 

considerable differences at different time points after the release from cell 

quiescence. Two peaks in FGFR2-IIIb mRNA were seen at 12-h and 48-h after 

the end of synchronization. Thus, we hypothesize that the recovery from a 

stressed situation such as contact inhibition and serum starvation in our 

experiments may have been coupled with dramatic rearrangements in the 

transcriptional machinery of the HaCaT keratinocytes, leading to drastic 
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transient changes in the expression of certain genes. Later, in parallel with the 

cells entering the S/G2/M phase, demonstrated through propidium iodide 

staining (Kemény et al., 1991; Pivarcsi et al., 2001), the level of FGFR2-IIIb 

mRNA expression gradually increased, reaching its maximum at 48-h (r=0.96). 

The changes in FGFR2-IIIb protein amounts after the release from cell 

quiescence exhibited a somewhat similar pattern to that for the FGFR2-IIIb 

mRNA, but some differences also occurred. In parallel with the mRNA level, 

the amount of FGFR2-IIIb protein gradually increased after 0-h and peaked in 

the samples when the culture of the HaCaT keratinocytes was in a pre-

confluent stage and the cells were proliferating very actively. In contrast, in the 

serum-starved, contact-inhibited cells and in the 168-h, confluent HaCaT 

keratinocytes, FGFR2-IIIb protein was not detected. Comparison of the mRNA 

and protein expression patterns of FGFR2-IIIb in this synchronized HaCaT 

model system suggested that the expression of FGFR2-IIIb is regulated at both 

transcriptional and post-transcriptional levels. 

Besides the well-characterized model system of synchronized HaCaT 

keratinocytes, we studied the connections of the FGFR2-IIIb expression and 

cell proliferation/differentiation in in vitro experiments where the proliferation 

of HaCaT keratinocytes was inhibited by an antipsoriatic agent, dithranol, and 

by culturing them in suspension. 

Dithranol is an agent extensively used for the treatment of psoriasis. It 

has been well established that it exerts its antipsoriatic action via inhibition of 

the hyperproliferation of psoriatic keratinocytes (Walter et al., 1978; Pol et al., 

2003). We demonstrated that dithranol down-regulated the expression of 

FGFR2-IIIb in HaCaT keratinocytes, suggesting that this inhibitory effect 

could be a component of the antipsoriatic property of this agent. The down-

regulation of FGFR2-IIIb by dithranol fits into the general picture of the 

possible effect of this agent in psoriasis. A number of reports have suggested 

that cell surface receptors that are positive regulators of keratinocyte 

proliferation and inflammatory processes are down-regulated by dithranol 

(Kemény et al., 1990, 1994; LaRochelle et al., 1995), while the cell surface 

receptor of the anti-inflammatory IL-10, which is down-regulated in psoriatic 

skin, is up-regulated by dithranol (Farkas et al., 2001). The fact that the 

dithranol-induced inhibition of proliferation is coupled with the down-
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regulation of FGFR2-IIlb expression further supports the hypothesis that the 

FGFR2-IIIb expression is a characteristic of proliferating rather than of 

differentiating keratinocytes. 

The effects of different cell culture surfaces, which induced either the 

proliferation or the differentiation of HaCaT keratinocytes, also demonstrated 

that the FGFR2-IIIb expression is related to proliferation and not to 

differentiation. Here, we have revealed that during the 96-h culturing period, 

the FGFR2-IIIb expression is significantly up-regulated only in HaCaT 

keratinocytes cultured on tissue culture plates, where the cells are able to 

adhere to the surface and to proliferate. In contrast, on bacterial plates, the cells 

are unable to adhere to the surface, and thus their differentiation is induced as 

in suspension cultures (Hotchin et al., 1993). It is also known from the 

literature that HaCaT cells cultured on bacterial plates undergo anoikis, 

suspension-induced apoptosis. The proportion of the surviving HaCaT cells 

depends on the proportion of the proliferating population before the cells were 

plated on bacterial plates (Bretland et al., 2001). Thus, our results were 

corrected so as to take into account the proportion of the surviving cells, which 

was 40 to 60% (Frisch et al., 1994). 

Under these culturing conditions, the FGFR2-IIIb and K10 expression 

profiles displayed very different patterns: while the FGFR2-IIIb expression 

remained at around the starting level, the K10 expression was up-regulated (r=-

0.092). The different tendencies in the regulation of FGFR2-IIIb and K10 in 

suspension-cultured HaCaT keratinocytes were pronounced when the 

expression profiles were compared: the expression of FGFR2-IIIb disappeared 

by the end of the 24-h suspension culture period and remained undetectable 

throughout the 96-h experimental procedure, while the expression of K10 

exhibited an evenly increasing pattern during this period. The seemingly 

contradictory results in FGFR2-IIIb mRNA and protein expression could be 

explained by the possibly slow turn-over of FGFR2-IIIb protein (Pedchenko et 

al., 1998). 

The results led us to conclude that the FGFR2-IIIb expression in HaCaT 

keratinocytes corresponds to the proliferative activation of the cells and is not 

related to the differentiation programme (K10 expression). The fact that, in the 

normal epidermis, FGFR2-IIIb is expressed mainly on suprabasal K10+ 



41 

keratinocytes does not exclude the possibility that the same holds for normal 

keratinocytes, since it has been shown that the actively proliferating 

keratinocyte population in the normal epidermis is the K1/K10 expressing 

suprabasally localized transiently amplifying keratinocyte population (Bata-

Csorgo et al., 1995). 

4.2. The FGFR2-IIIb expression is lower in the uninvolved epidermis of 

leg ulcer patients than in controls 

Our results demonstrated that, the level of FGFR2-Illb expression was 

significantly lower at both mRNA and protein levels in the uninvolved 

epidermis of venous leg ulcer patients as compared with leg ulcer-free controls. 

These results suggest that an FGFR2-IIIb receptor dysfunction may occur in 

the pathogenesis of venous leg ulcer development, may lead to pathologic 

wound healing, which through an impairment of the process of re-

epithelization. Unfortunately, the low level of expression of FGFR2-IIIb 

experienced in venous leg ulcer patients is a consequence, and yet there are no 

further data concerning the triggering abnormality in the background. Our 

results give rise to, another question: does this as yet unknown underlying 

abnormality influence the other isoform of the FGFR2 gene, FGFR2-IIIc, 

causing pathologic angiogenesis. 

4.3. The 2451 AJG SNP of the FGFR2 gene may predispose to venous leg 

ulcer 

Evidence is accumulating, which suggests that genetic variations in the 

3'UTR of several genes play a role in the pathomechanism of various diseases 

by altering the stability of the primary mRNA, thereby decreasing or increasing 

the expression of the final protein product (Di Paola et al., 2002; Vasilopoulos 

et al., 2004). Here, we have shown the significantly higher occurrence of an 

SNP in the 3'UTR of the FGFR2 gene among leg ulcer patients as compared 

with leg ulcer-free controls. We hypothesize that this SNP of the 3'UTR might 

alter the stability of the mRNA transcripts of the FGFR2 gene, resulting in 

decreased amounts of FGFR2-lIIb and/or FGFR2-IIIc proteins, altering either 
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re-epithelization (Maas-Szabowski et al., 2001) and/or repair-associated 

angiogenic processes (Auguste et al., 2001; Shan et al., 2004). 

Complex diseases such as leg ulcers are attributed to the interference of 

multiple environmental factors and to a polygenic background. Recently, 

several candidate gene polymorphisms associated with diabetic neuropathy and 

leg ulcer have been reported (Raccah et al., 2004). Activated protein C 

resistance is a significant risk factor not only for venous thrombosis, but also 

for the development of venous leg ulcer (Munkvad and Jorgensen, 1996). We 

reported on a genetic alteration in the FGFR2 gene with significantly higher 

frequnency among CVI patients with chronic non-healing wounds. The 

possibility that this SNP is related to CVI susceptibility itself, and not to 

impaired wound healing, will be determined in further studies, in which CVI 

patients with and without leg ulcers will be compared. Since reproducibility is 

a very serious concern in association studies, we can not as yet declare a true 

genetic association between the 3'UTR SNP of FGFR2 and venous ulcers. 

Before this is possible, further studies on larger populations are needed. 

4.4. The association between -308 G/A TNF-a SNP and venous leg 

ulceration probably exists through obesity 

Wallace et al. (2006) demonstrated that the -308 TNF-a SNP is 

associated with a susceptibility to venous leg ulcer development. Our data 

indicate that, the level of association between the -308 TNF-a SNP and venous 

leg ulcer susceptibility may depend on the BMI of the Hungarian individuals 

enrolled in the study. Since obesity was not considered of in the Wallace paper, 

there is a possibility that the association they found between the A allele of the 

-308 TNF-a SNP and leg ulcer susceptibility was due to the suspected high rate 

of obese individuals in the Australian leg ulcer patients. Thus, our results are in 

agreement with the conclusion of Wallace et al. (2006) that the A allele of the -

308 TNF-a SNP may be a potential factor in venous leg ulcer susceptibility, 

but our data suggest that this association is secondary, and the primary 

association probably involves obesity. 
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5. SUMMARY 

The FGFR2 gene codes for TRKs: KGFR = FGFR2-IIIb, mainly 

expressed by keratinocytes, and BEK = FGFR2-IIIc, expressed by 

mesenchymal and endothelial cells. Both isoforms play pivotal roles in wound 

healing. TNF-a, a potent pleiotropic, pro-inflammatory cytokine mainly 

expressed in macrophages and endothelial cells, mediates several biological 

processes, including wound healing. 

The main aim of our study was to investigate the pattern of expression 

of FGFR2-IIIb under various culturing conditions in HaCaT keratinocytes and 

in the uninvolved epidermis of patients with venous leg ulcer. We also set out 

to identify SNPs of the FGFR2 gene which may play a role in the 

pathomechanism of prolonged wound healing in patients with venous leg ulcer. 

We additionally examined the -308 G/A SNP of the TNF-a gene in the 

Hungarian population, as this SNP has recently been reported to be associated 

with venous leg ulcer development in the Australian population (Wallace et al., 

2006). 

Real-time RT-PCR was used for mRNA and Western blotting for 

protein expression studies. SNP analyses of the FGFR2 gene were performed 

with mutation-specific TaqMan probes and PGR reactions, while the -308 

promoter SNP of the TNF-a gene was detected by a PCR-RFLP method. 

By using synchronized HaCaT keratinocytes, we demonstrated that the 

expression of FGFR2-IIIb is related more to the proliferation states of HaCaT 

keratinocytes than to their differentiated states. In parallel with this, the 

FGFR2-IIIb expression was dose-dependently down-regulated by dithranol 

treatment. Moreover, the expression of FGFR2-IIIb was significantly higher in 

HaCaT cells cultured on tissue culture plates than on bacterial plates, where the 

cells started to differentiate. We also revealed that the level of the expression of 

FGFR2-IIIb was approximately 4 times lower in the epidermis of venous leg 

ulcer patients (n=15) than in the leg ulcer-free controls (n=15). Comparison of 

the SNP data on venous leg ulcer patients (n=82) with those on healthy 

individuals (n=82) we identified an SNP located in the 3'UTR of FGFR2 

(2451A—>G; 900 bp downstream from the open reading frame), which 

displayed a significant difference in the allelic distribution between the leg 
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ulcer patients and the healthy individuals (p=0.0103). Our results showed that 

the association between the -308 G/A TNF-a SNP and venous leg ulceration 

depends strongly on the number of obese individuals enrolled in the study. 

Our results permitted the conclusion that the expression of the FGFR2-

Illb isoform is related to the proliferation states of the keratinocytes. The fact 

that FGFR2-IIIb exhibits a lower expression level in venous leg ulcer patients 

suggests a receptorial dysfunction which, through impairment of the 

proliferation phase of re-epithelization, leads to pathologic wound healing in 

these patients. A possible underlying mechanism for the abnormal expression 

of FGFR2-IIIb seen in venous leg ulcer patients may be the presence of the 

2451 A/G 3'UTR SNP, which could alter the stability of the mRNA and results 

in decreased amounts of FGFR2 proteins and a receptor dysfunction. In this 

case, both the re-epithelization through FGFR2-IIIb and the angiogenesis 

through FGFR2-IIIc may be impaired. Another potential factor involved in 

venous leg ulcer development could be the presence of the A allele of the -308 

TNF-a SNP, though our data suggest that its association with leg ulceration is 

secondary and the primary association is probably that with obesity. 
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7. ELECTONIC-DATABASE INFORMATION 

/., Applied Biosystems, (for Assays-On-Demand SNP Genotyping 
systems, FGFR2 Locus Link Id: 2263; accession date: 23/1/2004). 
http://mvscience.appliedbiosvstems.com/servlet 

2., Online Mendelian Inheritance in Man (OMIM), (for Apert syndrome 
[MIM 101200], Crouzon syndrome [MIM 123500], Pfeiffer syndrome 
[MIM 101600], Beare Stevenson cutis gyrata syndrome [MIM 123790], 
and FGFR2 [MIM 176943]; accesion date: 14/12/2003). 
http://www3.ncbi.nlm.nih.gov/Omim/searchomim.html 

3., Single Nucleotide Polymorphism web site, (for single-nucleotide 
polymorphisms in FGFR2; accession date: 19/12/2003). 
http://www.ncbi.nlm.nih.gov/SNP/snp ref.cgi?locus!d=2263 

4., Single Nucleotide Polymorphism web site, (for the public sequences of 

the examined regions of FGFR2; promoter region [AF233344], exon 5 

[AF097340], intron 6 [S82438] and the 3' UTR region [AF360695]; 

accession date 24/1/2004). 

hrtp://www.ncbi.nlm.nih.gov/entrez/querv.fcgi?CMD=Pager&DB=niicle 

otide 

http://mvscience.appliedbiosvstems.com/servlet
http://www3.ncbi.nlm.nih.gov/Omim/searchomim.html
http://www.ncbi.nlm.nih.gov/SNP/snp
http://www.ncbi.nlm.nih.gov/entrez/querv.fcgi?CMD=Pager&DB=niicle
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