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Genetic risk factors of chronic venous leg ulceration:
Can molecular screening aid in the prevention of
chronic venous insufficiency complications?
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Abstract. Venous leg ulceration is a severe complication of
chronic venous insufficiency. Despite numerous studies,
understanding of the possible mechanisms involved in venous
ulceration development remains incomplete. It is assumed
that, in addition to well-documented behavioral and/or
environmental conditions, as yet poorly defined genetic risk
factors may play important roles in chronic wound progres-
sion or healing. It is difficult to overestimate the clinical
usefulness of genetic screening in the determination of the
risk of wound development and/or its healing course. From
a pharmacogenomic perspective, genetic screening may aid
in the planning of individualized treatment. In addition, the
detection of venous ulcer-promoting gene variants may facili-
tate the decision to introduce prophylaxis or, if necessary,
appropriate treatment for venous insufficiency, long before
a leg ulcer develops. In addition to significant economic
benefits, this approach would reduce the risk of health- and
life-threatening conditions. In this review, we focus on several
gene mutations/polymorphisms with previously documented
significance in leg ulceration pathophysiology, and briefly
speculate about possible candidates for further study.
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1. Introduction

Chronic venous ulceration (CVU) of the lower extremities
develops as a severe and burdensome complication of chronic
venous insufficiency (CVI). The frequency of CVU in the
entire human population does not exceed 0.5-1%; however,
it increases significantly in older patients, reaching 5% in
individuals above the age of 65 years (1,2). According to
statistical data, there are approximately 0.5 million individuals
suffering from CVU in the US. Among these, CVU-related
work absence in employed patients is estimated to amount to
6 million working days per year. Thus, in addition to other
costs, the annual budget cost of CVU reaches 1.9-2.5 billion
US dollars (3).

Due to pain, odorous exudate and an extremely long healing
process, chronic leg ulceration impairs the professional and
social life of a patient, and its effect on the psyche and self-
esteem significantly decreases quality of life (4). Thus, CVU
is becoming recognized as a significant public health problem,
with serious social and economic consequences.

Despite numerous studies, the current understanding of
the possible mechanisms of CVU development and healing
remains incomplete. Although CVU patients display similar
clinical features (comparable stage of venous insufficiency
and similar concomitant conditions/diseases), they may differ
significantly in predisposition to CVU formation, as well as in
healing time (5-7). There have been reports indicating that the
observed differences between patients may result from varia-
tions at the molecular level (8,9). Recent progress in genetic
research, mainly the achievements of the Human Genome
Project, has encouraged scientists to review the influence
of a patient's genetic profile on chronic wound progression
or regeneration. An especially promising approach seems
to be the analysis of possible mutations or single nucleotide
polymorphisms (SNP) of particular genes engaged in angio-
genesis, growth and differentiation, cellular stress control, cell
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proliferation, and apoptosis. In this review, we focus on several
gene mutations/polymorphisms with previously documented
significance in CVU pathophysiology. Furthermore, we briefly
speculate about possible candidates for further study.

2. Inherited thrombophilia

Deep venous thrombosis (DVT), although not involved directly
in CVU formation, has been recognized as an important risk
factor associated with its development (10). It is clear that
DVT may result from inherited or acquired abnormalities of
the coagulation system, known as thrombophilias. According
to a recent study by Darvall et al (11), 75% of CVU-suffering
patients display single or multiple thrombophilias that predis-
pose them to an increased occurrence of clinical and subclinical
thrombosis. Indeed, approximately 43% of CVU individuals
have had at least one previous clinically overt DVT episode.
However, many patients have no clear history of DVT or ultra-
sound duplex-doppler evidence of previous thrombosis (10).
In addition to the well-defined importance of post-thrombotic
insufficiency in larger deep vein trunks, there is increasing
evidence of the key role of microvascular thrombosis in CVU
development. These changes, together with fibrin cuff, leukocyte
infiltration and overexpression of pro-inflammatory cytokines
and adhesion molecules, may contribute to a significant
impairment of tissue perfusion and oxygenation (11-13). The
stress response to ischemia/reperfusion may result in tissue
injury, further increasing the risk of chronic ulcer formation.
The prevalence of no, single or multiple thrombophilia-
associated gene variants in CVU individuals has been reported
as 26, 30 and 44%, respectively (11). When compared to
age- and gender-matched control subjects, this prevalence is
increased by 3- to 4-fold, reaching as high as 66, 22 and 11%,
respectively. As expected, the most common DV T-associated
inherited thrombophilic abnormalities (factor V Leiden,
prothrombin G20210A variant and MTHFR C677T SNP)
were found at a higher frequency in CVU patients (10,11,14).

3. Factor V Leiden polymorphism

Factor V Leiden is an autosomal dominant (with incomplete
dominance) single nucleotide substitution located in exon 10 of
the factor V gene (15). Normally, factor V is a cofactor for the
activation of thrombin by coagulation factor X. Thrombin is
an enzyme responsible for the cleavage of fibrinogen to fibrin,
followed by fibrin polymerization and clot formation. This
reaction is controlled by a natural anticoagulant, activated
protein C (aPC), which is responsible for factor V degrada-
tion. The G1691A substitution incorporates glutamine instead
of arginine at amino acid residue 506 (R506Q) of factor V.
Since the 506 amino acid position constitutes the cleavage
site for aPC, this substitution makes factor V protein more
resistant to inactivation by aPC. Thus, it facilitates thrombin
overproduction with excessive generation of fibrin, and finally
leads to a hypercoagulable state (16).

Although the mutant allele is found at a frequency of
approximately 5% in Caucasian populations, the prevalence
of this SNP in patients with recognized venous thrombosis is
as high as 30% (11), whereas in the group of CVU-suffering
individuals it ranges between 8 and 36%, depending on the
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estimated population size (11,17). Heterozygotes present a
8-fold increased risk of DVT. However, homozygous patients
(approximately 1% of patients with the factor V Leiden
variant) display a 100-fold higher risk of developing DVT and
present a more severe clinical condition than those carrying
the wild-type factor V gene (17-19).

4. Prothrombin G20210A variant

An independent risk factor for venous thrombosis and, presum-
ably, for CVU development, is a common genetic variation in
the 3'-untranslated region (UTR) of the prothrombin gene,
located on chromosome 11 (20,21).

Under physiological conditions, the gene product prothrombin
is enzymatically cleaved to its active form, thrombin (factor II),
by activated factor X. Subsequently, thrombin, due to its serine
protease activity, converts soluble fibrinogen molecules into
fibrin, which precipitate to form a fibrin clot.

A G-A substitution at the 20210 nucleotide position
is associated with an increased synthesis and higher level
of prothrombin in plasma (22-24). The morbidity rate in
heterozygous carriers of the 20210A variant is 3- to 5-fold
higher than in wild-type individuals (10,11). While, in the
general population, the prothrombin 20210A variant is found
in 2% of individuals, approximately 6% of patients with
venous thrombosis and up to 4% of individuals with CVU are
positive for this substitution (22-24).

5. Methylenetetrahydrofolate reductase polymorphism

Recent studies provide increasing evidence for the importance
of hyperhomocysteinemia (HHcy) as a risk factor in DVT and/
or CVU development (10,11,25). It has been demonstrated that
a moderate HHcy, defined as a homocysteine (Hcy) plasma
concentration above 16.6 uM, results in a 2- to 3-fold higher
DVT risk, as compared to individuals with Hey levels below that
value (11). Furthermore, a moderate HHcy is correlated with a
5-fold increased risk of CVU development. HHcy is found in
5% of individuals in the general population, while its prevalence
in CVU-suffering individuals is as high as 40.7% (25-27).

The most common genetic abnormality associated with
HHcy has been found in a gene encoding for methylenetet-
rahydrofolate reductase (MTHFR), an enzyme responsible
for Hcy metabolism (28). This C677T substitution leads to a
change of alanine to valine and, as has been demonstrated
in vitro (28,29), produces the MTHFR gene product thermola-
bile, resulting in a 70% reduction of the enzymatic activity of
the gene. Heterozygous occurrence of the 677T variant is very
common (as high as 50% of screened individuals), but does
not necessarily lead to hyperhomocysteinemia (30). Notably,
also in homozygous individuals (as high as 15% of screened
patients), the normal Hcy level may be maintained by a suffi-
cient folate supply. However, in the same patients, the Hcy
level increases significantly in the presence of vitamin B6,
B12, or folate deficiencies (29,31).

It remains unclear whether the MTHFR C677T SNP is
associated with an increased risk of DVT/CVU, since various
studies confirm this relationship while others have shown
weak positive associations (11,26,28,29,32,33). Moreover, it is
difficult to assess whether the presence of the inherited throm-
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bophilic polymorphisms mentioned above truly correlates
with an increased susceptibility to CVU. There are significant
discrepancies in the reported frequency of all of the described
genetic variants and their presumable role in CVU development
(11). This may be due to the relatively small number of cases
in cited studies. Thus, one can argue that the correlation of
thrombophilic SNPs with CVU formation is actually secondary
to DVT episodes (34). However, it may be difficult to elucidate
this issue, as it will require further studies using large popula-
tions of CVU patients with no history of thrombosis.

6. Other chronic venous ulceration development-promoting
gene mutations/single nucleotide polymorphisms

Recently, in addition to hereditary thrombophilia, other
genetically determined CVU-predisposing conditions have
been described. Several of the more extensively studied muta-
tions and SNPs concern genes encoding for pro-inflammatory
or angiogenesis-regulating factors and their receptors.

TNF gene variants. It has been demonstrated that, in chronic
venous leg ulcer-derived wound fluid, levels of interleukin-1
(IL-1), tumour necrosis factor (TNF), and matrix metallopro-
teinase (MMP)-2, -3 and -9 are higher in comparison to those
in normal acute wounds (35-39). Various polymorphisms in
genes encoding these molecules have been investigated by
numerous research groups. Wallace er al found one SNP
that may be an important risk factor for venous ulceration:
the -308 G/A variant, located in the promoter of the TNFA
gene (40). Individuals with the TNFA -308A allele display
an approximately 2-fold higher risk of ulceration than wild-
type carriers. Although data indicate that the -308 G/A
polymorphism results in an increased level of gene product
(41), the role of this particular SNP in leg ulcer development is
in need of further precise investigation. A significant obstacle
to data interpretation is the location of the TNFA gene. It is
located in the central region of the major histocompatibility
complex (MHC), which results in the subsequent occurrence
of the 8.1 ancestral haplotype in 70% of Caucasians with
TNFA -308A. This haplotype is associated with a variety of
immunological disorders, and may therefore also affect leg
ulcer formation (40,41).

The TNFA -308A allele has also been linked to obesity
and insulin resistance (42,43). However, Nagy et al found no
difference in the frequency of the A allele between non-obese
venous leg ulcer patients and non-obese healthy controls. On
the other hand, a significant difference in the presence of the
TNFA -308A SNP was found between obese CVU individuals
and non-obese healthy controls (44). These results suggest that
the described TNFA SNP is not a primary risk factor for CVU.

FGF-R SNP. Successful wound healing requires proper
control of connective tissue regeneration. The key element of
this controlling system is the large family of cytokines: fibro-
blast growth factors (FGFs) and their receptors (FGF-Rs) (45).
Any disturbances in this controlling system have the potential
to cause a delay in wound healing.

Nagy et al found that the occurrence of various SNPs in
the 3'-UTR of the gene encoding for fibroblast growth factor-
receptor type 2 (FGF-R2) was statistically more frequent in
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individuals suffering from chronic venous ulceration than
in healthy controls (46). Among the various polymorphisms
studied to date, the most frequently recognized SNP in this
region is A2451G. It has been found that impaired regen-
eration of connective tissue and longer re-epithelialization
in CVU could, at least in part, be explained by lower expres-
sion of FGF-R2, resulting from the above-mentioned SNPs.
However, it is unclear whether decreased protein levels result
from suppressed gene expression or are a consequence of
the altered stability of primary mRNA (46). Moreover, it is
noteworthy that the same SNPs have been linked to the devel-
opment of venous insufficiency. This observation indicates
the need to verify whether these FGF-R2 variants are directly
involved in venous ulcer formation and/or impaired healing,
or whether, due to CVI development, they are secondary risk
factors of CVU.

It is plausible that other known FGF-R2 SNPs, not yet
analyzed in the context of their association with CVU, may
be of interest for further study. It has been shown that the
majority of FGF-R2 gene mutations leading to a predisposi-
tion to breast cancer development are located in the intronic
parts of the gene (47-49). Although there have been reports
suggesting that intronic SNPs play a role in the regulation
of gene expression and its alternative splicing, their signifi-
cance in FGF-R2 gene function remains unclear. It has been
demonstrated that an alternative splicing of FGF-R2 mRNA
may result in the generation of two molecules involved in
wound healing, keratinocyte growth factor receptor (KGFR)
and bacterially expressed kinase (BEK), thus modulating the
reactivity of wound bed cells to various cytokines from the
FGF family (45,50).

Estrogen receptor SNP. An important observation regarding
genetically determined susceptibility to CVU concerns the
possible role of steroid hormone receptors, mainly the receptor
for estrogen (ER) (51,52). Estrogen is known to improve
the condition of the skin by supporting extracellular matrix
metabolism (53). It has been demonstrated that hormone repla-
cement therapy (HRT) in post-menopausal women prevents
the formation of CVU (54). Moreover, topical estrogen treat-
ment significantly reduces inflammatory reaction at the wound
site, improving ulcer healing in elderly patients (55).

Estrogen-induced signal transduction engages two estrogen
receptor proteins, ERa and . Although several SNPs have
been found in genes encoding for both ERs, only those located
in the region encoding for ERf} have been shown to predispose
elderly individuals to CVU development (51,52). However, the
precise determination of the relationship between particular
ERp SNPs and CVU susceptibility is required.

HFE polymorphism. Hemochromatosis (HH) is an inherited
disease that results from mutations or polymorphisms of the
gene encoding for a MHC class I-type membrane protein,
which is associated with $2-microglobulin. It is thought that
the main function of the protein is the regulation of iron
absorption through the control of the interaction between the
transferrin receptor and transferrin (56). HH prevalence in
individuals of northern European descent is approximately
0.5%; however, approximately 10% of individuals in this demo-
graphic group carry a mutation in one of the HH-associated
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genes: the HFE gene, with the two most common HFE alleles
C282Y and H63D (57).

The first polymorphism, a G-A substitution, results in
a cysteine to tyrosine exchange in codon 282 (C282Y). The
second SNP is a histidine to asparaginic acid substitution in
codon 63 (H63D). When homozygous, 282Y is considered to
be the most common genotype responsible for clinically overt
symptoms of iron accumulation. Although an occurrence of
both HFE variants in the Caucasian population is relatively
high, reaching 9.2% for 282Y and 22% for 63D, their penetra-
tion is usually insufficient to affect the heterozygous patient
state (57-60). However, heterozygosity for 282Y/63D variants,
so-called compound heterozygotes, results in a clinically
evident iron overload and associated conditions, with a greatly
increased risk of lesion development (61).

In CVlI-suffering patients, venous blood stasis and
hypertension in the venous circulation of the lower extremi-
ties may result in easy red blood cell extravasations and
their haemolysis. This leads to iron-containing haemoglobin
derivative deposition in the tissues surrounding blood vessels.
The impaired transport of iron by macrophages results in
an accumulation of reactive ferric ions in affected tissues,
and leads to increased free radical generation. These events
increase oxidative stress, augment the inflammatory response
and facilitate further tissue destruction (57,61-63). Thus, they
enhance the risk of primary ulcer formation, and impair
wound healing. It has been demonstrated that, in CVU indi-
viduals, the 282Y variant increases the risk of ulcer formation
in patients with primary CVI by almost 7-fold, whereas the
presence of the 63D allele is responsible for significantly lower
age (up to 10 years) of ulcer onset (61,63,64).

Based on this observation, Zamboni and Gemmati
proposed HFE SNP screening for chronic venous insuffi-
ciency patients as an ulcer prevention method (61). Although
in some cases it is impossible to prevent ulcer development,
the screening would nevertheless presumably allow for the
prediction of the potential of wound progression.

VEGF polymorphism. Successful wound healing depends on
effective angiogenesis, which comprises the formation of new
blood vessels in granular tissue (65). The most potent mitogen
for endothelial cells is vascular endothelial growth factor
(VEGF), which plays a key role in the regulation of angio-
genesis. Impaired angiogenesis resulting from genetically
determined abnormalities in the VEGF expression level or
cytokine structure itself has been observed in various patholo-
gies (66). Therefore, the highly polymorphic VEGF gene has
been the subject of numerous studies concerning the role of
VEGF gene variants in diabetes complications, rheumatoid
arthritis, renal allograft rejection, psoriasis, endometriosis,
gastroduodenal ulcers and various cancers (67-69). Among
various polymorphisms in the VEGF gene studied to date,
two were found to be significantly associated with impaired
expression of this cytokine, and thus could be considered
potent risk factors of impaired chronic wound healing. It
has been demonstrated that the C936T SNP in the 3-UTR
of the VEGF gene is associated with a reduced serum level
of cytokine (69,70). More recently, a novel SNP in the VEGF
promoter (-1780 T/C), which was found to significantly affect
gene expression, has been described (67). The authors reported
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a strong relationship between this SNP and the occurrence
of gastroduodenal ulcers. Moreover, they confirmed that the
transfection of the HMEC-1 endothelial cell line with the
-1780 T/C SNP-containing vector influenced the angiogenic
activity of these cells in vitro. Indeed, cells transfected with
this mutant vector displayed repressed promoter activity as
compared to cells transfected with the wild-type vector, and
subsequently displayed impaired angiogenic potential (67).
Despite numerous studies on the possible clinical implica-
tions of other VEGF SNPs, there is no consensus regarding
their relationship to various diseases (71). The main difficulty
in the analysis of the data is a discrepancy among the various
reports, possibly due to the significant diversity of the studied
populations. Thus, further verification is required.

7. CVU healing-promoting variants

FXIII subunit A polymorphism. In contrast to the previously
described CVU formation-inducing polymorphisms, variants
of certain genes also facilitate wound healing. Among these is
a polymorphism concerned with a gene encoding for coagula-
tion factor XIII (FXIII) subunit A (72-74).

Factor XIII is a tetramer composed of two catalytic A- and
two accessory B-subunits. After activation by thrombin, factor
XIII catalyzes covalent crosslinking of the fibrin net, thus
improving its mechanical strength and resistance to fibrinolysis
(75,76). In addition to its main physiological function, FXIII is
capable of crosslinking other extracellular matrix components,
including fibronectin, collagens and laminin. These modifica-
tions increase fibroblast proliferation and migration potential,
modulate the effects of MMP activity and enhance angiogen-
esis (77-79), thus indicating the pivotal role of FXIII in ulcer
healing. In fact, it has been demonstrated that, in patients with
CVU displaying low levels of endogenous FXIII, a local appli-
cation of exogenous FXIII stimulated lesion regression (80).

Of note, detailed studies of FXIII gene polymorphisms
have demonstrated that the G-T transversion common in
Caucasians, which occurs in codon 34 and results in valine
changing into leucin, leads to an increase in FXIII activity.
Since the amino acid substitution occurs near the catalytic
region, it may enhance specific substrate binding (81-83).
It has been proposed that the FXIII-A 34L variant displays
improved crosslinking activity towards extracellular matrix
components, thus further augmenting the antifibrinolytic prop-
erties of FXIII. Consequently, this modification should result
in enhanced fibroblast migration followed by significantly
improved ulcer healing (72-74). Indeed, these suggestions
were confirmed by Gemmati et al (72) and Tognazzo et al (73),
who found that 34LL homozygous patients displayed a 2-fold
higher FXIII activity at the same FXIII blood level compared
to wild-type 34VV homozygotous ones. Furthermore, the 34L
allele was associated with faster reduction of wound size and
overall improved wound healing.

TNF receptor SNP. Although not studied to date, several
SNPs in genes encoding for TNF receptors (TNFRs) may
also be considered factors involved in CVU pathophysiology.
The competitive role of TNF receptors and their soluble forms
(STNFR1 and sTNFR?2) in the pathophysiology of various
disorders have already been well documented (84).
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Chae et al found strong associations between the incidence
of endometriosis, high serum levels of STNFR1 and sSTNFR2,
and genotype, defined as the TNFR2 T676G, A1663G and
C1690T SNPs (85). Although these SNPs increase the risk
of disease development in endometriosis, it is plausible that,
in other conditions, the same polymorphisms may play a
beneficial role. One can speculate that, in chronic ulcer
pathophysiology, an SNP-associated increased level of soluble
TNFR may play a protective role by neutralizing the excess
TNF in the wound environment. However, this hypothesis
needs to be verified.

FGF-R SNP. Intronic SNPs (rs7895676 and rs2981578)
located within intron 2 of the FGF-R2 gene could result in
increased expression of the receptor protein, as demonstrated
by Meyer et al (86). Moreover, increased activity of the FGF/
FGF-R2 signalling pathway may result from missense muta-
tions around the region encoding for the third Ig-like domain
and the tyrosine kinase domain of FGFR-2, which induce
the oncogenic FGF autocrine loop and ligand-independent
receptor activation, respectively (87,88). Although both of
these mutants are defined as risk factors for cancer devel-
opment, they could nevertheless facilitate rapid wound
healing.

8. Conclusions

It is difficult to estimate the clinical benefit of SNP screening
in determining the genetic risk of CVU development and/or
healing. From a pharmacogenomic perspective, in some cases
it may aid in the planning of individualized treatment. Clearly,
knowledge of the presence of a CVU-promoting mutation/
polymorphism is beneficial to the patient. Since prevention
is less burdensome and less expensive than treatment, the
detection of a CVU-promoting gene variant should motivate a
mutation/polymorphism carrier to introduce prophylaxis early
or, if necessary, to begin appropriate treatment for venous
insufficiency. If undertaken before a leg ulcer develops, such
effective prophylaxis may save a patient from severe health
and social problems. In light of this, we believe that genetic
screening focussing on the most significant CVU-related SNPs
should be considered as elective testing for CVI patients, at
least in the CEAP C3/C4 stage.
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