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Abstract
Varicose veins are a common venous disease of the lower extremity. Although the
mechanisms and determinants in the development of varicosities are not clearly defined,
recent clinical studies and basic science research have cast some light on possible
mechanisms of the disease. In varicose veins, there are reflux and incompetent valves as
well as vein wall dilation. Primary structural changes in the valves may make them
‘leaky’, with progressive reflux causing secondary changes in the vein wall. Alternatively,
or concurrently, the valves may become incompetent secondary to structural abnormalities
and focal dilation in vein wall segments near the valve junctions, and the reflux ensues as
an epiphenomenon. The increase in venous pressure causes structural and functional
changes in the vein wall that leads to further venous dilation. Increase in vein wall tension
augments the expression/activity of matrix metalloproteinases (MMPs), which induces
degradation of the extracellular matrix proteins and affect the structural integrity of the
vein wall. Recent evidence also suggests an effect of MMPs on the endothelium and
smooth muscle components of the vein wall and thereby causing changes in the venous
constriction/relaxation properties. Endothelial cell injury also triggers leukocyte
infiltration, activation and inflammation, which lead to further vein wall damage. Thus,
vein wall dilation appears to precede valve dysfunction, and the MMP activation and
superimposed inflammation and fibrosis would then lead to chronic and progressive
venous insufficiency and varicose vein formation.
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Introduction

According to the recent clinical, aetiological, ana-
tomical and pathological elements (CEAP) classifi-
cation, chronic venous disease (CVD) has been
classified into seven clinical classes, C0–6, thus
defining as follows: C0, no visible sign of venous
disease; C1, telangiectasies or reticular veins; C2,
varicose veins; C3, oedema; C4a, pigmentation or
eczema; C4b, lipodermatosclerosis or atrophie

blanche; C5, healed ulcer; C6, active ulcer. In
addition, C4–6 have been designated as chronic
venous insufficiency (CVI), reflecting the advanced
clinical stage of venous disease.1,2

Varicose veins are a common venous disease that
affects over 25 million of the adult population in
USA. Varicose veins are superficial vessels in the
lower extremity that are abnormally twisted,
lengthened and dilated, and often associated with
incompetent valves within the vein. In all indivi-
duals in the standing position, the column of blood
in the venous system reflects a venous pressure at
the ankle of 90–100 mmHg.3,4 This venous pressure
column is transmitted to the vein wall as a signifi-
cant increase in tension. Despite this significant
venous pressure and wall tension, not all indivi-
duals develop venous insufficiency and varicose
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veins. How the transmitted hydrostatic pressure
incites a stimulus in the venous system of certain
individuals to cause varicose veins remains
unclear. Several predisposing genetic and environ-
mental factors have been associated with CVD,
but the specific mechanisms and determinants in
the development of varicosities have not been
clearly defined. It is well recognized that, in vari-
cose veins, there is reflux with incompetent valves
and vein wall dilation and both leads to CVD. But
how do the valves become incompetent? Are there
primary changes in the structure of the valves
making them ‘leaky’ with progressive reflux,
which then induces changes in the venous wall
and result in CVD? Are there structural abnormal-
ities in the vein wall near the valve junctions that
become dilated, and then valve reflux occurs as a
secondary event (epiphenomenon)? The short
answer to these questions is we do not know for
sure. It is well recognized that valve reflux and
venous wall distension can lead to the other.
However, the biophysics/mechanical forces may
allow a primary vein wall dilation to expand to
the neighbouring valves and cause direct valve dis-
tortion, dysfunction and leakage.2 On the other
hand, a primary valve dysfunction may need to
reach a threshold level that causes significant
reflux, increased venous hydrostatic pressure and
chronic venous hypertension, which may then
cause secondary vein wall dilation (Figure 1).
Also, there are clinical observations and basic
experimental data that may help us understand
how the process of varicose veins formation takes
place. Recent studies suggest that mechanical
stretch/pressure in human tissues leads to the over-
expression of matrix metalloproteinases (MMPs) in
fibroblasts, endothelial cells and smooth muscle
cells (Figure 1).5 – 7 In addition to their effect on
the extracellular matrix (ECM), MMPs may have
other effects on the endothelium and smooth
muscles. Also, the increased venous hydrostatic
pressure may induce endothelial cell per-
meability/injury, leukocyte infiltration, attachment,
and thereby initiating an inflammatory cascade.8

Persistent leukocyte infiltration and activation in
the venous wall leads to tissue fibrosis, which in
the late stage of CVI contributes to wall degene-
ration, valve degradation and irreversible vein
damage.

The objective of this review is to highlight the
clinical and experimental evidence and the litera-
ture obtained from the National Centres for Biotech-
nology Information searched under PubMed, with
emphasis on the predisposing factors leading to
valve dysfunction and wall dilation in the setting

of progressive venous dilation, varicose vein for-
mation and CVI. Because of the critical role of
MMPs in venous inflammation, ECM degradation
and wall dilation, we will begin the review with a
brief description of the MMPs structure and
function.

Structure and function of matrix
metalloproteinases

MMPs are highly homologous zinc-dependent
endopeptidases that belong to a large group of pro-
teases called the metzincins, and are able to cleave
most of the constituents of ECM.9,10 To date, 26
MMPs have been identified in vertebrates: 23 of
them have been found in humans, and at least 14
of them have been identified in vascular tissues
(Table 1). MMPs are classified according to their
structural components and substrate specificity
into five major families: collagenases, gelatinases,
stomelysins, matrilysins and membrane-type
MMP. Other MMPs may have unique properties
and include enamelysins and metalloelastase. The
basic MMP structure consists of a prodomain, cata-
lytic domain, hinge region and hemopexin domain.
MMPs are produced in a pro-inactive form
(proMMP), which are activated by various exoge-
nous and endogenous activators including MMPs
themselves. The activity of MMP is further con-
trolled by endogenous tissue inhibitors of MMPs
(TIMP 1–4).11

Predisposing factors for chronic
venous disease

Predisposing factors such as age and gender could
play a role in the development of varicose veins
and CVD. In many studies CVD appears to be
more prevalent in women.12 The Framingham
Study, found an annual incidence of varicose vein
of 2.6% in women and 1.9% in men.13 In the well-
designed cross-sectional Edinburgh Vein Study
that screened 1566 subjects for CVD involved 12
general practices and evaluated patients who were
18–64 years old, and found that women were
more likely to report leg symptoms.14 However, in
a follow-up study, the age-adjusted prevalence of
truncal varicose veins was 40% in men and 32% in
women, and the prevalence of varicose veins and
CVD increased with age.15 Also, by duplex ultra-
sound evaluation for reflux found CVD in 9.4% of
men and 6.6% of women, which rose significantly
with age (21.2% in men older than 50, and 12.0%
in women older than 50).16
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Figure 1 Mechanisms of varicose vein formation. Increased hydrostatic pressure and wall tension in individuals with
predisposing risk factors causes matrix metalloproteinases (MMPs) activation and changes in the endothelium and
vascular smooth muscle function. In addition, leukocyte wall infiltration and inflammation activates MMPs and leads to
extracellular matrix degradation, venous wall weakening and wall/valve fibrosis. Although a possible mechanism may
involve primary valve insufficiency in both the axial and tributary veins, this likely represents a secondary event from
primary venous wall changes and dilation. Persistent venous wall dilation and valvular dysfunction leads to increased
hydrostatic pressure. MMP-mediated vein wall dilation with secondary valve dysfunction leads to chronic venous
disease (CVD) and varicose vein formation. The early stages of CVD are maintained within the vasculature leading to
clinical sign of varicose veins, while more advanced CVD causes progression of chronic venous insufficiency affecting
surrounding tissues and leading to skin changes and ulcer formation

Table 1 Members of the MMP family in vascular tissues

MMP Other name

Molecular weight
(kDa)

Collagen substrate Other substrates
Proform Active

MMP-1 Collagenase-1 55 45 I, II, III, VII, VIII, X Aggrecan, Gelatin, MMP-2, -9
MMP-2 Gelatinase-A 72 66 I, II, III, IV, V, VII, X, XI Aggrecan, Elastin, Fibronectin, Gelatin, Laminin, MMP-9, -13
MMP-3 Stromelysin-1 57 45 II, III, IV, IX, X, XI Aggrecan, Elastin, Fibronectin, Gelatin, Laminin, MMP-7, -8, -13
MMP-7 Matrilysin-1 28 19 IV, X Aggrecan, Elastin, Fibronectin, Gelatin, Laminin, MMP-1, -2, -9
MMP-8 Collagenase-2 75 58 I, II, III, V, VII, VIII, X Aggrecan, Elastin, Fibronectin, Gelatin, Laminin
MMP-9 Gelatinase-B 92 86 IV, V, VII, X, XIV Aggrecan, Elastin, Fibronectin, Gelatin
MMP-10 Stromelysin-2 57 44 III, IV, V Aggrecan, Elastin, Fibronectin, Gelatin, Laminin, MMP-1, -8
MMP-11 Stromelysin-3 51 44 None Aggrecan, Fibronectin, Laminin
MMP-12 Metalloelastase 54 45 and 22 IV Elastin, Fibronectin, Gelatin, Laminin
MMP-13 Collagenase-3 60 48 I, II, III, IV Aggrecan, Gelatin
MMP-14 Membrane-Type

MT1-MMP
66 56 I, II, III Aggrecan, Elastin, Fibronectin, Gelatin, Laminin, MMP-2, -13

MMP-15 MT2-MMP 72 50 I Fibronectin, Gelatin, Laminin, MMP-2
MMP-16 MT3-MMP 64 52 I MMP-2
MMP-24 MT5-MMP 57 53 None Fibrin, Gelatin
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Other risk factors that could be associated with
CVD include pregnancy, oestrogen therapy,
obesity, family history of varicose veins, phlebitis

and prior leg injury.17,18 Evidence for familial here-
ditary factors may also be important indicating a
genetic basis for risk of varicose vein formation.19

There may also be environmental or behavioural
factors associated with CVD such as prolonged
standing and perhaps a sitting posture at work.18,20

Although a clear genetic basis for varicose vein
formation has not been identified, there have been
advances in determining the role of certain genes
in CVD. Iron deposition is a known complication
of long-standing venous reflux. Studies have quan-
tified the amount of venous reflux and have shown
direct correlation with the advanced clinical symp-
toms of CVI including skin changes and lipoderma-
tosclerosis.21 However, iron deposition has also
been shown to induce free radical formation,
which may cause further tissue injury and thereby
lead to more advanced forms of CVI characterized
by wound ulceration. One possible mechanism of
CVD is iron overload with dermal haemosiderin
deposition, free radical formation with tissue
injury and progression to skin ulcer formation.22,23

Also, factor XIII is an important cross-linking
protein that plays a key role during ulcer
healing.24 These observations have prompted inves-
tigation of whether the genes associated with hae-
mochromatosis and factor XIII had mutations in
patients with CVD. Haemochromatosis C282Y
(HFE) gene mutation and certain factor XIII V34L
gene variants have been demonstrated in patients
with CVD and varicose veins, and may have long-
term implications for increased risk of more
severe forms of CVD (venous skin changes and
ulceration), as well as the size of venous
ulcers.25,26 HFE and FXIII genes were also evaluated
in predicting venous ulcer healing following super-
ficial venous surgery in patients with CVD. It was
demonstrated that specific FXIII genotypes had
favourable ulcer healing rates, while the HFE gene
mutation, despite its importance in venous ulcer
risk, had no influence on healing time.27

There are several clinical conditions that would
support a genetic basis for varicose vein formation.
In the congenital Klippel-Trenaunay Syndrome
(KTS), the patient presents with varicose veins,
limb hypertrophy and dermal capillary haemangio-
mas (port wine stain). Patients with KTS have con-
genital venous anomalies in the form of atresia,
agenesis of the deep venous system, valvular insuf-
ficiency, venous aneurysms and embryonic veins.28

These patients have a significant impairment of
venous muscle pump function and valvular compe-

tence, and have advanced symptoms of CVI.29 In the
rare primary lymphoedema-distichiasis syndrome,
gene mutation in FOXC2 is found and varicose
veins are commonly observed as one of its phenoty-
pic features at an early age. These findings have
implicated FOXC2 gene in the pathogenesis of vari-
cose vein formation and provided evidence that var-
icose veins have a heritable element.30,31 Also in the
CADASIL pedigree with varicose veins, a hetero-
geneous mutation on the Notch3 gene has been
identified, which is thought to lead to degeneration
of venous vacular smooth muscle cells.32 In addition,
gene expression profiles on varicose veins and
control veins have shown upregulation of 82 genes
from a microarray of 3063 human cDNAs. Of inter-
est, genes regulating the ECM, cytoskeletal proteins
and myofibroblasts production were upregulated in
varicose veins.33 Ehlers-Danlos syndrome com-
prises more than 10 types of connective tissue dis-
orders with abnormal collagen synthesis. The
syndrome is characterized by joint hypermobility,
distensible skin, ocular disease, bone deformities
and fragility, as well as cardiovascular disorders
that render blood vessels and visceral tissue walls
fragile and susceptible to rupture. Patients with
Ehlers-Danlos syndrome type IV, which predisposes
to vascular pathology, may present with varicose
veins.34,35 We should note that hereditary connective
tissue syndromes may not always present with var-
icose veins. In effect, Marfan syndrome is a connec-
tive tissue autosomal dominant disorder that carries
a mutation in the FBN1 gene which codes for
fibrillin-1, an essential protein in elastic fibre syn-
thesis.36 Marfan syndrome mainly affects the aorta
and heart valves, and unlike Ehlers-Danlos, is not
associated with the development of varicose veins.

Supporting a genetic basis in the risk for develop-
ment of CVD is the interesting observation that var-
icose vein formation is not just a local phenomenon,
but may affect other tissues and cells in the body in
a systemic fashion. Studies have evaluated cultured
dermal fibroblasts for collagen abnormalities, to
determine if the phenotypic changes observed in
venous smooth muscle cells of patients with vari-
cose veins are also present in their dermal fibro-
blasts. The dermal fibroblast like that of smooth
muscle cells cultured from varicose veins, had
increased synthesis of type I collagen, but a
decrease in the synthesis of type III collagen
despite normal transcript production. The signifi-
cance is that varicose veins patients have a systemic
problem with collagen production that affect
various tissues, and likely involve post-
translational inhibition of type III collagen pro-
duction. These alterations in collagen synthesis
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and the appropriate ratios of collagen (type I and
type III) may have an effect on the early changes in
the vein wall leading to structural weakness, dilation
and varicose vein formation. Also, among the
various MMPs evaluated, proMMP-2 was increased
in dermal fibroblasts cultured from patients with
venous disease. It was concluded that the synthesis
of collagen type III is dysregulated in dermal fibro-
blasts and is comparable to the observations of
smooth muscle cells derived from patients with var-
icose veins, suggesting a systemic alteration in tissue

remodelling.37 Type III collagen is important for
blood vessels elasticity and distensibility. The abnor-
mal production of type III collagen in both smooth
muscle cells cultured form varicose veins and fibro-
blasts cultured from dermal biopsies of patients with
CVD raises the possibility that varicose veins pathol-
ogy may arise from abnormal matrix collagen depo-
sition. Furthermore, to identify factors involved in
the lack of distensibility in varicose veins, a study
evaluated the content of hydroxyproline and quanti-
fied collagen types I, III and V. It was found that in
both smooth muscle cells and fibroblast of patients
with varicose veins when compared with control,
there was an increase in hydroxyproline content,
indicating increased collagen; however, the pro-
portion of collagen type III was significantly
reduced despite normal mRNA transcript. These
data offered an explanation for the loss of distensi-
bility in varicose veins and suggested that the
defect is generalized, supporting a genetic basis for
the alterations in varicose vein patients.38

Evidence for a role of primary
valve dysfunction

Valve dysfunction with reflux (retrograde flow) is
an important factor that leads to progressive
venous insufficiency (Figure 1). Pathologic reflux
in the venous system may occur in the superficial
truncal (great saphenous vein, small saphenous
vein), named tributary veins, saphenofemoral and
saphenopopliteal junctions, deep venous system
and perforator veins. The duration of retrograde
flow across a diseased valve has been studied and
reflux duration .0.5 s is considered abnormal in
superficial veins, deep femoral and calf veins,
while reflux duration .1 s is considered significant
in femoropopliteal veins.39 Reflux may also occur in
the venous tributaries in the absence of any axial
reflux in the truncal, deep or perforator veins.
Several studies illustrate these points. In a recent
study, three groups of age-/sex-matched subjects
(asymptomatic; prominent but non-varicose veins;

and patients with varicose veins) were evaluated
by colour flow Duplex ultrasound (CFDUS). The
prevalence of reflux was 14% in the asymptomatic
group; 77% in the prominent but non-varicose
veins group; and 87% in the varicose vein group.
For the entire cohort, 80% of reflux was confined
to the superficial veins. Multisegment reflux was
highest in the varicose vein group (95%). It was con-
cluded that primary venous reflux in both super-
ficial and deep veins of the lower limb can take
place in an ascending fashion (not retrograde),
and importantly the process can be local and
segmental.40

In a study to further define reflux in non-truncal
(non-axial) superficial venous tributaries, 62
patients (84 limbs) with signs and symptoms of
CVD, but with no evidence of reflux in truncal
saphenous vein or deep veins, perforators or mus-
cular veins, or superficial or deep venous throm-
bosis, were evaluated with CFDUS and compared
with consecutive cases of patients with truncal
reflux. In this cohort, the prevalence of tributary
reflux was 9.7% (84/860 limbs), and of all tribu-
taries studied 19.9% had reflux. The most
common tributaries with reflux were in communi-
cation with the greater saphenous vein (65%),
lesser saphenous vein (19%) or with both (7%).
This study concluded that reflux confined to the
superficial tributaries occurs throughout the limb,
and importantly, tributary reflux can develop in
the absence of reflux in truncal superficial or
deep veins or perforator veins.41 The study also
raised two fundamental questions: (1) what leads
to tributary reflux without the presence of axial
and retrograde insufficiency; (2) if tributaries or
superficial venous segments with reflux are left
untreated, do they lead to new or extension of
reflux in their communicating superficial (i.e.
greater and lesser saphenous) or perforator
veins? In a recent study involving 90 patients
(116 limbs) with CVD that had delayed surgery
and two separate CFDUS of the index limb at
the same institution, the reflux pattern was
unchanged in 73.3% of limbs, but in 11.2% of
limbs there was clinical progression and 26.7%
had CFDUS progression. The progression was
most common in the great saphenous vein and
tributaries followed by perforators. Extension of
pre-existing reflux was found in 14.7% of limbs
and new reflux in 12.1% of limbs. This study con-
cluded that anatomic extension of reflux is fre-
quent and progression is commonly seen after six
months from the initial Duplex ultrasound.42

In support of the concept that venous insuffi-
ciency can occur in an ascending (antegrade)
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progression, a study evaluated the pattern of super-
ficial venous reflux in two distinct groups: 82
patients aged ,30 years and 183 patients aged
.60 years. In the ,30-year-old group, limb reflux
was present in tributaries (25%), non-saphenous
superficial veins (36%) and in saphenous vein
(39%). In the .60-year-old group, reflux in the
saphenous vein was more common (62%) and
reflux in the tributaries was frequently associated
with reflux in the saphenous vein. It was concluded
that the presence of saphenous vein reflux is not
required for primary varicose vein pathology to
occur. Also, the different patterns observed in
younger vs. older patients raise the interesting
hypothesis that CVD may progress in an antegrade
fashion, starting in the tributaries and affecting the
saphenous vein (Figure 1).43 Thus, CVD may begin
in essentially any vein segment of the limb and can
progress to affect other tributaries, superficial and
perforator veins, as well as have an ascending and
segmental pattern that does not need a retrograde
axial reflux to cause CVD.

Evidence for a role of secondary
valve dysfunction

The observations that venous reflux occurs both in
segmental as well as in an ascending fashion
suggest that changes in the vein wall may take
place before valve dysfunction. The question then
is, what local factors in the vein wall would cause
the secondary segmental reflux and valve dysfunc-
tion. Studies have evaluated segments of varicose
and non-varicose veins for possible changes in the
vein wall. In an earlier report, the collagen and
elastin content of non-thrombophlebitic greater
saphenous varicose vein and saphenous vein prox-
imal to varices was compared with normal saphe-
nous veins. The study found an increase in
collagen, a significant decrease in elastin and
increased collagen:elastin ratio in both varicose
veins and competent saphenous vein segments in
proximity to varicosities compared with normal
saphenous vein. Gelatin zymography and elastase
activity did not show any quantitative differences.
It was concluded that in varicose veins and saphe-
nous vein with varices, there is an imbalance in con-
nective tissue matrix, connective tissue changes
occur prior to valve insufficiency, and increases in
proteolytic activity and matrix degradation are not
essential for varicose vein formation.44 In support
of this study, evaluation of the vein segment at the
saphenofemoral junction in patients with varicose
veins compared with saphenofemoral vein from

bypass patients demonstrated that MMPs activity
was unchanged compared with that of control,
with most of the MMPs located in the adventitia,
and the content of MMP-2 was decreased
while the content of tissue inhibitor of
metalloproteinase-1 (TIMP-1) was increased. The
authors concluded that structural wall changes
and varicose vein formation may occur despite a
decrease in proteolytic activity in the vein wall.45

Another study investigated the ratio of TIMP-1/
MMP-2 and found a three-fold ratio increase in vari-
cose veins compared with normal veins. It was con-
cluded that proteolytic inhibition and ECM
accumulation may account for the pathogenesis of
varicose veins.46 These studies highlight several
important points in varicose vein formation: (1)
imbalance of connective tissue matrix (collagen:
elastin); (2) imbalance of proteolytic tissue degra-
dation; (3) changes in the vein wall connective
tissue structure prior to valve insufficiency; (4)
proteolytic activity and matrix degradation are
not necessary for varicose vein formation. These
studies also raise the question of what role do
MMPs have in varicose vein formation if not degra-
dation of ECM? MMPs may have different effects
on other venous cell types in the early stages of vari-
cose vein formation, in addition to their proteolytic
effects on the ECM in the late stages of CVD.

It is apparent that retrograde flow in a venous
segment with an incompetent valve can lead to
venous hypertension and CVD. It is also likely
that changes in the vein wall may affect the
venous valve and lead to the clinically observed
CFDUS characteristics of reflux (increased duration
of retrograde flow). An interesting report evaluated
segments of varicose veins in patients using Duplex
ultrasound of the greater saphenous vein. The
saphenous vein segments had a dilated varicosity
that was proximal to a competent venous valve
and adjacent to a normal appearing distal vein
segment. The study evaluated rigidity, matrix
fibres and elastin in the varicose vein and compared
it with that of the continuous normal vein. It was
demonstrated that the rigidity was the same in
both the varicose vein and normal vein, and both
vein segments had increased matrix fibres and frag-
mented elastin. It was concluded that the role of
venous valve pathology in varicose veins is second-
ary to the vein wall changes.47 Other studies evalu-
ated the matrix proteins in the vein wall of varicose
veins in 372 specimens (17 patients), as compared
with normal control veins in 36 specimens (six
patients), and took into account the valve-oriented
sites as well as the location of vein for comparison.
The varicose veins demonstrated a significant
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increase in wall matrix proteins that included col-
lagen, laminin and tenascin, and nearly significant
fibronectin increase. Importantly, in varicose vein
patients, normal appearing segments of vein just
inferior to the varicose vein had the same biochemi-
cal profile as that of the adjacent varicose vein.48

This study provided further evidence that altera-
tions in the vein wall precede changes in the
venous valve during varicose vein formation.

Evidence for a role of vein
wall dilation

Increased venous hydrostatic pressure could cause
endothelial cell damage and leukocyte infiltration
(Figure 1), suggesting the involvement of an inflam-
matory process. However, significant inflammation
likely occurs at a later stage of the disease and is
preceded by other actions on the endothelium and
smooth muscle. Initial increases in wall tension
may cause increases in MMPs expression/activity
with effects on different wall structures and cell
types, including the ECM, fibroblasts, vascular
smooth muscle and endothelial cells. In the sub-
sequent sections, we will discuss the role of inflam-
mation followed by the role of MMPs in the
pathogenesis of wall dilation and varicose vein for-
mation, and also include studies evaluating apopto-
sis and how it influences the vein pathology.

Evidence for role of inflammation

The role of leukocyte interaction with the endo-
thelium and progression to inflammation has been
studied in varicose vein pathophysiology. Leuko-
cytes are present throughout the circulation and
studies have demonstrated fewer leukocytes
leaving the extremities of patients with CVD,
especially in advanced stages of CVI.49 In other
studies, venous hypertension resulted in sequestra-
tion of activated neutrophils and monocytes in the
microcirculation, which persisted despite removal
of venous hypertension, indicating leukocyte
adhesion to the endothelium.50 In an interesting
study, plasma collected from patients with CVD
caused significant granulocyte activation, which
was more prominent in advanced stages of CVI.
In addition, there was a greater hydrogen peroxide
production from patients’ plasma-activated gra-
nulocyte than control plasma.51 These data
suggested the presence of a circulating activating
factor in the plasma of patients with CVD (circulat-
ing CVD factor), that may be important in the

pathophysiology of CVD. Another study found
that regardless of the stage of CVD, blood collected
from the affected limbs of patients had elevated
aggregation of platelets and monocytes when
treated with agonists, and overexpression of mono-
cyte activation marker (CD11b) than control sub-
jects.52 Also, studies in human saphenous vein
specimens from patients with CVD have demon-
strated an increased monocytes/macrophage infil-
tration in the venous wall and valves. Elevated
intercellular adhesion molecule-1 (activation of leu-
kocytes to adhere to the endothelium) was detected
in CVD specimens, however other cytokines were
not.53 There is clinical evidence that certain
pharmacological agents such as flavonoids, which
affect leukocytes and endothelium by modifying
the degree of inflammation and reducing oedema,
may have the potential to improve the symptoms
associated with CVD. The micronized purified fla-
vonoid fraction, Daflon has been shown to reduce
oedema-related symptoms when used either as
primary treatment or in conjunction with surgical
therapy for CVD.54,55 Horse chestnut seed extract,
which is rich in flavones, has been found to be as
effective in the short-term in reducing leg oedema
and pain from CVD, and may also work by increas-
ing venous tone in the dilated varicose vein.56 In
addition to human studies, a rat model consisting
of venous hypertension produced by a femoral
arterio-venous (AV) fistula has been used to study
the effects of treatment with flavonoids. Untreated
veins developed venous hypertension with reflux
and morphological changes in the vein wall and
valve. In contrast, veins treated with flavonoid
had reduced physiological and anatomical
changes in response to venous hypertension.57

Matrix metalloproteinases and
extracellular matrix degradation

A possible explanation for venous dilation and tor-
tuosity may be from the influences of MMPs and
their inhibitors (TIMPs), which lead to venous
wall remodelling and subsequent dilatation and
valve incompetence. Several studies have evaluated
the content and activity of MMPs in human vari-
cose veins as well as circulating MMPs in varicose
vein patients. To demonstrate that MMPs were
induced by postural changes in patients with vari-
cose veins, a study sampled blood from the brachial
vein and lower extremity varicose vein in erect
patients following 30 min of stasis. It was
found that there was an abundant increase of
pro-MMP-9 in the plasma of sampled blood from
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the varicose vein when compared with arm vein.
Also, the proteolytic activity was associated with
increased levels of endothelial membrane intercel-
lular adhesion molecule-1 (marker for activation
of leukocytes to adhere to the endothelium),
vascular cell adhesion molecule-1, angiotensin-
converting enzyme and L-selectins indicating
endothelial cell and polymorphonuclear cell acti-
vation and enzymatic granule release in varicose
veins during periods of stasis.58 This study pro-
vided evidence that MMPs are important proteo-
lytic enzymes in patients with CVD, which are
involved in the interaction occurring between leu-
kocytes and the endothelium in the varicose veins.

Several studies have specifically examined
various MMPs in varicose veins. A recent study
examining MMP-1, MMP-3, MMP-13 in the proxi-
mal and distal vein segments in patients with
CVD vs. normal control veins, demonstrated that
transcriptional mRNA for MMP-1 or MMP-13 was
neither different in varicose vs. control veins nor
in proximal vs. distal varicose segments. MMP-3
was not amplified in any vein segment studied.
However, the protein expression of MMP-1 was
elevated in varicose veins when compared with
controls. In addition, regional variations of
MMP-1 and MMP-13 expression were significantly
increased in proximal vs. distal varicose segments.
This study supported that the expression of
MMPs is increased in varicose veins and that their
post-transcriptional modification may explain vari-
ations in varicose vein location.59 Other studies
have provided immunohistochemical evidence for
variations of MMPs localization in the intima,
media and adventitia. Varicose veins have
increased distribution of MMP-1 in all layers,
while in normal veins MMP-1 is localized in the
endothelium and adventitia. MMP-9 was found
throughout the venous wall in both normal and vari-
cose veins, with varicose veins expressing increased
levels in the smooth muscle layer. Interestingly,
TIMPs were not present in any vein examined.60

In another study, MMP-9 immunopositive staining
was increased in smooth muscle cells of varicose
veins, but not in control veins.61 These findings,
although not causative, suggest that MMPs may
affect all layers of the venous wall including the
ECM structure leading to venous wall degradation
and varicose vein formation.

Of interest is whether varicose veins with concomi-
tant thrombophlebitis have variations in MMPs
expression compared with varicose veins. In a recent
study evaluating MMP-1, MMP-2, MMP-3 and
MMP-9 activity, it was found that thrombophlebitic
varicose veins had elevated content of MMPs in

the vein wall, with increased gelatinase and
MMP-1 activity. Varicose veins had increased
activity of MMP-2. It was concluded that the wall
of varicose veins, especially those affected with
thrombophlebitis, have extensive alterations in
content and activity of MMPs that may lead to
remodelling and influence venous wall mechanical
properties.62

Experimental studies in animal models have
helped clarify the role of MMPs as well as the
venous wall and valve changes. There are two in
vivo animal models that have investigated the
effect of acute and chronic venous hypertension
on molecular changes of the vein wall and valve
function. By creating a femoral artery and vein AV
fistula, an acute rat model of venous hypertension
evaluated valvular changes and vein wall bio-
chemical characteristics. At three weeks, three of
four rats had demonstrable venous reflux and
increased venous pressure compared with the con-
tralateral control femoral vein. The pressurized
veins were dilated and the valve leaflets length
and width were reduced. There was a significant
inflammatory response represented by leukocytes
infiltrating the entire vein wall, and upregulation
of P-selectin and intercellular adhesion molecules.
There were no differences in MMP-2 or MMP-9 at
three weeks, and interestingly, the number of apop-
totic cells in the vein wall and valves was
increased.63 A subsequent study evaluated both
acute and chronic venous hypertension in the
femoral vein of 60 rats by the same methodology.
The findings were an increased pressure in the
femoral vein with progressive reflux at 42 days
post-AV fistula formation. The valves distal to the
fistula demonstrated increased diameter, decreased
height and valve fibrosis in the media and adventi-
tia. Of interest, valve obliteration was observed and
MMP-2 and MMP-9 were significantly elevated
after 21 and 42 days of venous hypertension.64

These studies demonstrated the feasibility of a rat
model of venous hypertension as well as significant
endothelial, biochemical and valve structure
changes of inflammation and fibrosis in this
model. The presence of MMP-2 and -9 in the
venous wall with valvular destruction raises the
possibility of MMPs effects on the pathogenesis of
varicose vein formation. However, only proximal
segments of veins were analysed, and whether the
venous changes are a result of venous hypertension,
venous arterialization or a combination will require
further work to evaluate if these venous abnormal-
ities are transmitted to distal segments of the axial
veins as observed in human CVD pathology. Also,
an increase in apoptosis in this model is not a
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feature of human varicose veins, and raises the
possibility of differences between venous-induced
injury when compared with that resulting from
adaptation to an AV fistula.

Smooth muscle cell apoptosis

Apoptosis involves cell suicide in response to
intrinsic signals (mitochondrial pathway) or extrin-
sic stimuli (death receptor pathway, membrane
pathway) in order to maintain homeostasis of the
organism. In normal cells, the mitochondria
express the bcl-2 protein on their surface that is
bound to Apaf-1 (apoptotic protease activating
factor 1). Internal damage of a cell by reactive
oxygen species, drugs, toxins or radiation leads to
Apaf-1 dissociation with concomitant Bax (pore
former) protein to enter the mitochondria with
resultant cytochrome c egression in the cytosol.
Cytochrome c and Apaf-1 bind to caspase 9 (cystei-
nyl aspartate-specific proteinase, cleave at specific
aspartic acid residues) forming an apoptosome
that activates other caspases, which digest struc-
tural proteins and cleave chromosomal DNA and
thereby causing DNA fragmentation. In the extrin-
sic pathway, the events which commit a cell to
either a path of apoptosis or necrotic cell death
after a specific stimulus, is dictated in the former
and not the latter by the activation of the central
cell death signal via a specific set of surface death
receptors that form a specific death domain effector
and activate caspase 8. The specific inducers of
apoptosis include tumour necrosis factor, neuro-
transmitters, growth factor withdrawal, IL-2 with-
drawal, Fas ligands (expressed on cytotoxic T
lymphocytes), while reactive oxygen metabolites,
viral infection, chemotherapeutic drugs, radiation
(UV and gamma) and toxins can affect both the
intrinsic and extrinsic pathways.65

In the past 10 years, investigators have examined
the role of apoptosis in varicose vein formation. In
an earlier report, the apoptotic index was 48% in
control veins and only 15% in varicose veins. Apop-
tosis was only observed in the adventitia, and
immunoreactivity was similar for bcl-2 protein but
cyclin D1 was significantly increased in varicose
veins, indicating inhibition of apoptosis in varicose
veins may be related to changes in the expression of
cell cycle events.66 To further explore the reduced
apoptosis in varicose veins, the same authors exam-
ined the expression of bax protein and of poly
ADP-ribose polymerase (PARP, involved in repair
of DNA damage), which is inhibited by caspases 3
and 6 activation. In 20 patients with varicose

veins, the immunoreactivity expression of bax and
PARP was decreased in the distal portion of the var-
icose veins compared with distal control vein speci-
mens. In normal veins there was significantly
higher immunoreactivity for bax. In addition,
neither bax nor PARP were present in the adventitia
of varicose veins, but was significantly expressed in
control veins. These studies suggest that abnormal
apoptosis may cause venous wall changes and
dilation in varicose vein pathogenesis. Other
studies support the role of changes in apoptosis
regulatory proteins in varicose veins pathophysiol-
ogy. A recent study evaluating the distal segment of
varicose veins and controls, demonstrated disorga-
nized architecture with increased collagen fibres
and a decrease in the density and size of elastic
fibres. In addition, varicose veins exhibited fewer
immunoreactive cells for bax and caspase 9 in the
media, suggesting that the dysregulation of the
intrinsic pathway of apoptosis disrupts normal
tissue integrity leading to varicose vein formation.67

Smooth muscle cell dysfunction

Several studies have investigated cultured smooth
muscle cells derived from varicose veins to deter-
mine if the ECM modifications seen in varicose
vein tissue are related to smooth muscle cells.
Smooth muscle cells cultured from varicose veins
were found to have decreased number of cells stain-
ing for collagen type III and fibronectin compared
with control veins, although the transcriptional pro-
ducts of these two proteins were not dissimilar in
varicose veins vs. control vein. The synthesis and
deposition of collagen type III but not type I was
significantly lower in varicose veins. When MMPs
(-1, -2, and -9) and TIMPs (-1 and -2) were analysed
from the supernatant of confluent cells, no differ-
ences were observed. These data suggested that
the regulation for both collagen type III and fibro-
nectin in smooth muscle cells were altered during
post-transcriptional events.68 Although there were
no differences in MMP and TIMP in the supernatant
tested, this does not exclude the possibility that
altered expression and activity of MMPs and
TIMPs exist in whole tissues. Further work in this
area demonstrated that varicose greater saphenous
vein has a smaller spiralled collagen distribution
specifically in the intima and media. To investigate
this latter finding, the same investigators demon-
strated that inhibition of MMP with marimastat
(BB-2516, non-selective MMP inhibitor) resulted in
partial restoration in the production of collagen
type III in smooth muscle cells from varicose
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veins. In addition, MMP-3, which degrades fibro-
nectin, was elevated in both transcription product
and protein expression. It was concluded that the
mechanism involved in collagen type III and fibro-
nectin degradation in the smooth muscle cells cul-
tured from varicose veins is likely linked to the
expression of MMP-3.69 Taken together, these find-
ings suggest that at least in cultured smooth
muscle cells from varicose vein, there is an imbal-
ance of collagen production with dysregulation
and increased type I collagen, but suppressed type
III collagen production. Because of normal
expression of mRNA for type III collagen, the
reduction in production is related to post-
transcriptional events. The inhibition of type III col-
lagen synthesis could be a result of degradation/
inhibition by MMP-3 and may explain changes in
mechanical properties (elasticity and distensibility)
of the vein wall leading to varicose vein formation.

In further defining the morphological ECM com-
ponents and the role of a systemic effect of varicose
veins in patients with CVD, the expression of matrix
proteins collagen type I, fibrillin-1 and laminin, as
well as MMPs and TIMPs were examined. The
control group was dermal biopsies and saphenous
vein specimens from patients undergoing coronary
revascularization. From this study, both dermal
biopsies and varicose vein specimens had elevated
matrix proteins and MMP-1, -2, and -3, but neither
MMP-7 or -9 nor TIMPs (-1, -2 and -3). This study
reinforced the notion of an imbalance in matrix pro-
duction and degradation, and the systemic effect in
different tissues of patients with varicose veins.70

These studies raise the possibility that a skin
biopsy may be useful to identify patients at risk
for the development of CVD before clinical manifes-
tations are even present.

Endothelial cell dysfunction

An increase in MMP immunoreactivity has been
observed in the adventitia, endothelium and
smooth muscles of the varicose vein wall.60 The
role of MMPs in varicose vein has largely been
attributed to their proteolytic effects on the ECM,
degradation of the valve leaflets and weakening of
vein wall structure.71,72 The localization of MMPs
in the varicose vein wall adventitia and fibroblast
is consistent with a role in ECM degradation. On
the other hand, the localization of MMPs in the
vicinity of the venous endothelium and smooth
muscle raises the possibility of an additional effect
of MMPs on these cell types.60,73

We have recently examined the acute effects of
MMPs in the contractile function of the rat
inferior vena cava and the role of the endo-
thelium and smooth muscle during contraction
and relaxation. We found that MMP-2 caused
relaxation of phenylephrine contraction in the
inferior vena cava.74 The endothelium controls
vascular tone through nitric oxide (NO) and
prostacyclin (PGI2), but also through hyperpolar-
ization of the underlying smooth muscle cell
by endothelial-derived hyperpolarizing factor
(EDHF).75 EDHF-mediated responses involve an
increase in the intracellular calcium concen-
tration, the opening of calcium-activated potass-
ium channels of small and intermediate
conductance and the hyperpolarization of the
endothelial cells. The resulting endothelial hyper-
polarization spreads via myoendothelial gap
junctions to result in the EDHF-mediated hyper-
polarization and relaxation of the smooth
muscle.76 – 78 MMPs could increase PGI2 synthesis
and activate PGI2–cAMP pathway, or increase
EDHF release and enhance Kþ efflux (Kþ is
extruded from the cell via K-channels) leading
to venous tissue hyperpolarization and relax-
ation.79 We have found that MMP-2-induced
venous relaxation was essentially abolished in
96 mmol/L KCl depolarizing solution, which pre-
vents outward movement of Kþ from the cell
through Kþ channels. In order to define which
Kþ channels were involved, we tested the
effects of Kþ channel agonists and antagonists
on MMP-2-induced venous relaxation. MMP-2
caused further relaxation of vein segments in
the presence of activators of ATP-sensitive pot-
assium (KATP) channel, indicating that MMP-2 is
not working through the KATP channel during
cell hyperpolarization. In contrast, blockade of
the large conductance Ca2þ-dependent Kþ chan-
nels (BKCa) significantly inhibited the MMP-2
effect on venous relaxation, suggesting that
MMP-2 actions, in part, involve hyperpolariz-
ation and activation of large conductance BKCa.
MMP-2-induced activation of Kþ channels likely
causes smooth muscle hyperpolarization, and
leads to decreased Ca2þ influx through voltage-
gated channels. This is supported by a previous
report which demonstrated that MMP-2 and
MMP-9 cause aortic dilatation by inhibiting
Ca2þ entry into aortic smooth muscle.80 Taken
together, these data demonstrate novel effects of
MMPs on venous tissue function and suggest
that protracted MMP-2-induced venous relax-
ation could lead to progressive venous dilatation,
possibly influencing the venous wall before
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changes in the valve occur, leading to varicose
vein formation and CVD.74

Conclusions

The pathogenesis of varicose vein formation
is a complex process and likely multifactorial.
Although the common clinical findings of CVD
are both clinical manifestations and laboratory evi-
dence of valvular insufficiency, it appears that the
changes associated with incompetent valves are
secondary to alterations in the vein wall. From the
evidence presented, clinical studies have demon-
strated that varicose veins can form in any
segment of the limb, and tributaries that connect
to axial veins can have varicosities without any
reflux in the communicating vein. These findings
are supported by basic scientific studies that have
demonstrated alterations in vascular wall collagen:
elastin ratios, in the absence of significant activity
of proteinase and matrix degradation. Importantly,
venous segments that are normal but in continuity
to varicose veins have the same biochemical proper-
ties of the vein wall as varicose veins, suggesting
that vein wall changes precede valvular changes.
Although a genetic basis for varicose vein is
unclear, certain gene mutations and variants have
an important role in determining risk for advanced
CVD. Furthermore, varicose vein pathology may
have more than just a local affect on the veins of
the extremity, but penetrate to other tissue in the
body indicating that varicose vein formation may
be a systemic disease and supporting a genetic
basis.

Venous tissue homeostasis and turnover is a
complex process and requires a balance between
cell renewal, matrix deposition, remodelling and
stability. Abnormal apoptosis in venous disease
disrupts this balance, and favours accumulation
of cellular elements and matrix in the wall struc-
ture of varicose veins. MMPs and their naturally
occurring TIMPs have been implicated in nume-
rous human diseases including varicose veins.
The abundance of data demonstrating MMPs in
venous tissue raises the possibility for a role in var-
icose vein formation. MMPs may have multiple
roles that are temporally dependent on the stage
of varicose vein development. In the early stages,
MMPs may cause venous dilation by inducing
hyperpolarization of the vein wall, and inhibiting
proper and balanced production of collagen sub-
types. In later stages of CVD, MMPs may alter
the vein wall matrix composition to such an
extent where dilation and tortuousity becomes

the prevailing morphological feature that is
observed clinically in CVD.

Perspective

The elusive nature of varicose vein formation and
its wide prevalence among individuals throughout
the world make it necessary to understand the
mechanisms involved in the pathogenesis of the
disease. Little is known regarding the initiating
events and progress of the disease, and most
studies are cross-sectional evaluating disease at a
given time in point. One area of focus could be a
longitudinal epidemiological study, similar to the
Framingham Heart Study.81 A longitudinal epide-
miological venous study would aim at defining
the natural determinants of varicose veins with
respect to genetic predisposition, risk factors and
environmental influences. Subjects from the
general population with no evidence of venous
disease would enrol at a young adulthood age,
and be followed to the geriatric age. At specific
yearly intervals, both genotyping and phenotypic
characteristics including inflammatory markers of
cardiovascular disease, hypercoagulation disorders
would be determined. Parallel venous anatomical,
morphological, and physiological studies with
Duplex ultrasound and air plethysmography
would be used to diagnose the anatomical regions
as well as the severity of the CVD for possible cor-
relation with predisposing genetic, environmental
and other risk factors.

Genetic abnormalities for more severe forms of
CVD have been described. Identifying a genetic
basis for varicose vein will not only help eluci-
date the molecular abnormalities involved with
that gene and its function, but also provide infor-
mation on individuals at risk and guide in thera-
peutic decisions during treatment. An
understanding of the molecular basis of varicose
veins formation with respect to changes in endo-
thelial cell and smooth muscle function, as well
as the influence of abnormal apoptotic function
and MMP involvement, will provide valuable
information on the mechanisms involved in the
disease development and progression, and high-
light possible targets for pharmacological inter-
vention or genetic manipulation of the disease.
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