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ABSTRACT

Varicose vein disease is a frequently occurring pathology with multifactorial causes and with
a genetic component. An intense remodelling of the varicose vein wall has been described and
could be at the origin of its weakness and altered elasticity. We previously described a
dysregulation of collagen synthesis in cultured smooth muscle cells from the saphenous veins
and in dermal fibroblasts from the skin of patients with varicose veins suggesting a systemic
defect in their connective tissue. The present work describes comparative morphological and
immunohistochemical data of both the skin and the saphenous veins of 8 control (undergoing
coronary bypass surgery) and 8 varicose vein patients.

Histological staining of glycoproteins, the elastic fiber network and of collagen bundles
shows that the remodelling and the fragmentation of elastic fibers observed in varicose veins
are also present in the skin of the patients. As compared to control subjects, we noted in both
the veins and the skin of varicose vein patients (1) an increase in the elastic network, as
quantified by image analysis ; (2) an accumulation of collagen type I, fibrillin-1 and laminin
and (3) an overproduction of the matrix metalloproteinase (MMP) —1,-2 and -3, analysed by
immunohistochemistry, but normal levels of other MMPs (MMP-7 and —9) and their
inhibitors (TIMP-1, -2, -3).

An imbalance of the extracellular matrix production/degradation was thus observed in veins
as well as in the skin of the varicose vein patients and taken together, these findings show that
a remodelling is present in different organs, confirming systemic alterations of connective

tissues.
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INTRODUCTION

Among the various connective tissues, the skin has been considered as a "window" for the
evaluation of abnormalities that occur in acquired or inherited disease states [1].Several
authors have shown that in hereditary pathologies such as pseudoxanthoma elasticum, Ehlers-
Danlos syndrome, Williams-Beuren syndrome, Marfan syndrome, as well as in acquired
diseases such as anetoderma, the extracellular matrix alterations which affect the skin are also
present in large blood vessels such as the aorta [2-5]. Furthermore, a correlation between the
amount of elastic fibers from the skin and the temporal artery was detected during aging in
man. Thus, analysis of skin biopsies may represent a valuable tool for predicting
abnormalities of extracellular matrix proteins in the arterial wall [2,6].

In arterial diseases such as atherosclerosis, stenosis, aneurysms or hypertension, extracellular
matrix remodelling of the vascular wall is observed. An accumulation of proteoglycans or
collagens is demonstrated in early intimal thickenings that characterize developing
atherosclerotic lesions [7]. The degradation of extracellular matrix by matrix
metalloproteinases (MMPs) is involved in plaque instability; and in coronary arteries, the
embolus can lead to myocardial infarction [8]. Saphenous vein (SV) bypass grafting is an
important treatment for coronary artery disease. In comparison to arterial grafts, venous grafts
are more prone to failure caused by accelerated remodelling leading to atherosclerosis and
occlusion [9].

A typical disease of the human saphenous veins is “varicose vein disease”. Varicose veins are
a common pathology affecting 30-40% of adults in the European population [10].
Epidemiological studies point toward an involvement of hereditary factors for the
transmission of this pathology with a high risk of developing varicose veins in children of
patients affected by venous insufficiency [10-12]. Histological studies of varicose veins
demonstrate the disorganization of the venous wall including varying degrees of intimal
thickening, infiltration of fibrous tissue in the muscular layers, accumulation of collagen and
fragmentation of elastic fibers [13,14]. In patients with varicose veins, skin abnormalities
have been detected such as abnormal skin collagen or dermal tissue thinner than that of
healthy subjects of the same range of age [15]. We previously showed that the synthesis of
collagen type I and I11 is dysregulated in dermal fibroblasts derived from patients with
varicose veins, and this dysregulation is comparable to that observed in smooth muscle cells
derived from varicose veins [16]. Taken together, these findings suggest that a systemic

biochemical defect of the extracellular matrix, affecting the entire body structure and not only
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the veins, is present early in the patients and they suggest that venous disease is the
expression of a systemic pathology of the connective tissue with a genetic cause. The
undetected presence of venous disease could also have consequences for patients undergoing
coronary bypass surgery for which the saphenous vein is still frequently used as a graft organ.
To study the possible correlation between skin and saphenous vein matrix alterations in
varicose vein patients, we have investigated qualitative and quantitative modifications of
extracellular matrix components such as collagens, elastic fibers, glycoproteins and
proteoglycans in skin and veins of these patients. Using indirect immunodetection, we have
also determined the presence and localisation of collagen type I, fibrillin-1 and laminin in
veins and skin as well as MMPs involved in tissue remodelling (MMP-1, MMP-2, MMP-3,
MMP-7, MMP-9 and their specific inhibitors TIMP-1, TIMP-2 and TIMP-3).
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MATERIALS AND METHODS

Specimen collection. Two groups of internal saphenous veins were used. Eight control veins
were obtained from patients (5 men and 3 women mean age 63.8 years range 50-82)
undergoing coronary bypass surgery. Preoperative evaluation of the absence of varicose
abnormalities or retrograde flow was obtained by echo-Doppler studies; these veins are
referred to as “control” veins in comparison with varicose. Skin biopsies were recovered from
these patients during the surgery at the thorax to exclude solar elastosis.

Eight varicose veins (greater saphenous veins) were obtained from primary varicose vein
patients (2 men and 6 women; mean age 58.3 years range 36-79) during saphenectomy by
stripping. All patients were CEAP class 2 and 3 with saphenous vein reflux and varicosities
all along the venous axis and did not present venous ulcers. Skin biopsies were retrieved from
the groin (in non solar exposed zones) during the surgery.

The study was in accordance with the principles outlined in the Declaration of Helsinki and

was approved by the local ethical committee. All patients gave their informed consent.

Histological studies. All specimens were fixed in Bouin’s solution for 48 hours and then
embedded in paraffin. Serial tissue sections, 5um thick, prepared with a manual microtome

were routinely stained with haematoxylin and eosin to assess the tissue quality.

For staining the collagen bundles, Sirius red was used according to Junqueira’s technique
[17]. To analyse elastic fibers, the (+)catechin method was used as an appropriate histological
technique for the quantitative analysis of these fibers [18].

For staining proteoglycans, Alcian Blue was used according to Scott’s technique [19], and

Schiff reagent was used for glycoprotein detection.

Image analysis. After staining with (+)catechin method, the microscopic slides were
observed under a Zeiss microscope equipped with a CF 126 PHR video camera. Tissues were
observed and processed for image analysis by two pathologists with no knowledge of the
patients. Ten fields per skin or vein section, three sections per assay, thus a total of 30

microscopic fields, were analysed in each case, then summed and dealt statistically.

The black and white images generated by the video camera were converted into 256 different
grey levels using a SOPHRETEC MVM 600 image memory transferred to a BFM 186
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microcomputer, and analysed using a software for mathematical morphology [18,20]. The
image generated in this way was composed of 256 x 256 picture elements (pixels). The elastic
fibers were counted electronically and labelled in different colours to ease their identification.
Then the program calculates the area fraction occupied by the elastic fibers (AA%), i.e.,
pixels of elastin/65536 pixels. This AA% represents the surface of elastic fibers, AA% as a
function of the tissue area analysed. The evaluation of the diameters of the elastic fibers was
performed semi automatically on a BIOCOM station (BIOCOM, France) using the Imagenia

3000 program.

Immunodetection of collagen I, laminin and fibrillin-1. Paraffin-embedded sections were
deparaffinised and hydrated through xylene and graded alcohol series. Sections were rinsed
for 5 minutes in distilled water. Endogenous peroxydase activity was blocked by incubation in
3% hydrogen peroxide for 5 minutes. Tissue sections were washed in Phosphate buffered
saline (PBS) for 5 minutes, then incubated during 10 minutes with non fat dried milk, then
washed twice 5 minutes in PBS. Tissue sections were incubated during 1 hour with primary
monoclonal antibody in PBS and then washed three times for 10 minutes in PBS. Monoclonal
antibodies were purchased from Chemicon for fibrillin-1 (dilution 1/50), Dako (Carpinteria,
CA) for laminin (1/25), Biodesign (Saco, MN) for collagen type | (1/30). Absence of primary
antibody was used as a blank and controls were performed using non immune mouse serum.
Tissue sections were then incubated with anti- mouse peroxydase-conjugated antibody
(Amersham, Buckinghamshire, England) during 30 minutes and washed several times 5
minutes in PBS. The sections were then incubated in peroxydase substrate solution (Di Amino
Benzamidine) in a dark chamber for 20 minutes, then rinsed in distilled water (twice, 5
minutes), and counterstained with haematoxylin for collagen type I and fibrillin-1 or

(+)catechin-fuchsin for laminin, cleared and mounted for observation under light microscope.

Preparation of frozen tissue sections. Vein and skin biopsies were washed in saline
physiological solution, embedded in OCT compound (tissue-Tek) and then snap-frozen in
liquid nitrogen and stored at -80°C until use. Frozen tissue sections, 7um thick, were used at -
20°C with a manual cryomicrotome on slides, air dried for 30 minutes, fixed in acetone at

room temperature and stored at -80°C.
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Immunodetection of MMPs and TIMPs. Frozen sections were air dried and then washed in
PBS. Endogenous peroxydases were blocked as described previously. Immunolabelling of
MMP-1, MMP-2, MMP-3, MMP-7, MMP-9, TIMP-1, TIMP-2 and TIMP-3 was performed as
mentioned above. Monoclonal antibodies were purchased from France Biochem (Meudon,
France). The staining was developed for a same period of time for each antibody in control
and pathological specimen. Each antibody was tested at least on 8 patients, and the staining
was blindly scored by three different people. The final results take into account the relative
difference between control and varicose specimen as well as the intensity of the labelling in
each sample. The intensity of staining scoring was appreciated as follows: - discrete, + small,

++ slight and +++ large.

Statistical analysis. All statistical analysis were performed by unpaired Student’s t-test. P

values < .05 were interpreted as statistically significant.
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RESULTS

Histological studies

Veins: In control veins, the blood vessel wall is well-organized in three layers (Fig 1A): a
continuous endothelial cell monolayer (intima), a thin continuous internal elastic lamella that
separates the intima from the media and is composed of smooth muscle cells and regularly
organized collagen bundles and finally, fibroblasts in the adventitia with elastic fibers close to
each other. Elastic fibers are well organized from the intima to the adventitia (Fig 1B) and the

collagen bundles are uniformly distributed in the vessel wall (Fig 1C).

In varicose veins, the venous wall is thickened with a poorly structured connective tissue (Fig.
1D). There is neither a clear limit between the intima and the media nor between the media
and the adventitia. The smooth muscle cells have lost their original orientation, appear packed
in the intima-media and surrounded by unstructured material. Staining for elastic fibers shows
that the venous elastic network is highly disorganized (Fig 1E). Numerous elastic fibers
appear thickened and fragmented from the intima to the adventitia. Collagen bundles are
completely disorganized throughout the venous wall, especially in the inner part of the blood

vessel without differentiation of the media and the adventitia (Fig 1F).

Skin: In control skin, two parts are distinguished: the epidermis, lying on thin, continuous and
undulated basement membrane (Fig 2A) and the dermis with collagen bundles which appear
thin and regularly ordered with distinct interspaces at the lower part (Fig 2C). Typical elastic
fibers can be observed among the bundles of collagen (Fig 2B). The network of elastic fibers
is composed of well-individualised oxytalan fibers oriented perpendicularly to the dermo-
epidermal basement membrane. The oxytalan fibers are connected with elaunin fibers running
parallel to the epidermis (Fig 2B). In the deep part and the mid-dermis the elastic fibers
appear long and regularly positioned.

In skin from varicose vein patients, the epidermis lies on a continuous but thick and flat
basement membrane (Fig 2D). From the upper to the deeper part of the dermis, the collagen
bundles appear thick (Fig 2F). The oxytalan fibers of the elastic network become irregular,
short, thickened while the elaunin fibers appear fragmented and thick (Fig 2E). The elastic
fibers of the dermis are dispersed, fragmented and thickened (Fig 2E).

Copyright 2006 The Biochemical Society



Clinical Science Immediate Publication. Published on 5 Oct 2006 as manuscript CS20060170

Quantitative analysis of diameter and fraction area of elastic fibers

Veins: The mean diameter of elastic fibers was calculated in the three layers of the venous
wall (intima, media and adventitia). Figure 3A shows that this diameter is significantly
increased in the intima, the media and the adventitia of varicose veins as compared to control
veins.

The area fraction occupied by these lamellae was calculated and was also significantly

augmented in the three layers of the varicose vein wall (Fig. 3B).

Skin: The diameter of oxytalan fibers in the skin of control patients and patients with varicose
veins was measured. The diameter of these pre-elastic fibers was significantly increased in
skin of patients with varicose veins (.65 + .12um and 1.05 * .13um for control and varicose
vein patients respectively, n=6, P<.001, unpaired t test).

The area fraction occupied by the oxytalan fibers in the skin of control patients was 3.95% +
5% and was similar to that noted in skin of varicose vein patients (3.90% % .50%, n=6, NS,
unpaired t test).

Figure 3A shows that the diameter of the dermal elastic fibers was significantly augmented in
skin of patients with varicose veins. The area fraction occupied by the dermal elastic fibers

was also significantly increased in varicose vein patients (Fig.3B ).

Immunodetection of collagen type I, fibrillin-1 and laminin

Veins: In control veins, the extracellular matrix contains predominantly collagen type |
regularly distributed from the media to the adventitia throughout the vessel wall (Fig 4A). The
fibrillin-1 underlines the elastic lamellae of the vein wall (Fig 4B) and the laminin is

particularly observable associated to the endothelial and smooth muscle cells (Fig 4C).

In varicose veins, the accumulation of the extracellular matrix is demonstrated with large
quantities of collagen type I but there is not apparent difference in its distribution (Fig 4D).
Prominent labelling is observed in the media for fibrillin-1 (Fig 4E) and laminin (Fig 4F). The
absence of labelling of laminin in the intima of varicose veins is probably due to the absence

of endothelium in the specimen after stripping (Fig 4F).

Skin: In control skin, the extracellular matrix contains large quantities of collagen type |

predominant throughout the dermis (Fig 5A).
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Fibrillin-1 is recovered associated to pre-elastic fibers in the upper part of the dermis and to
elastic fibers in the deep and mid-dermis (Fig 5B). The laminin underlines the derma-
epidermal basement membrane and also the outer part of vessels (Fig 5C).

In skin from varicose vein patients, no difference is observed in the distribution of collagen
type | but the staining is more intense when compared with control (Fig 5D). Fibrillin-1
underlines the elastic network from the papillary to the deep dermis with a very intense
labelling (Fig 5E) and the laminin is also positive for the basement membrane of the vessels

and strongly positive for the dermo-epidermal basement membrane of the skin (Fig 5F).

Immunodetection of MMPs and TIMPs
Veins: Table 1 shows that MMP-1, 2, 3 and 7 are produced both by the endothelium and

smooth muscle cells, MMP-9 is poorly detected in tissues (data not shown). The labelling of
MMP-1, 2, 3 and 7 is increased in the intima and media of varicose veins (Table 1 and Figure
6). The staining of MMP-2 appears to be weak in the intima and media of control veins and
positive in the adventitia whereas it strongly increases in all the compartments of the vessel
wall of varicose veins (Fig 6A and C).The 3 inhibitors TIMP-1, 2 and 3 are also detected in
the two parts of veins except in media of control veins for TIMP-3 and in intima of varicose
veins for TIMP-2 (Table 1). TIMP-1 and 3 labellings are slightly increased in varicose vein
media compared to control veins whereas TIMP-2 seems to be decreased in varicose veins
(Table 1).

Skin: The 3 proteases MMP-1, 2 and 3 are present in epidermis and dermis and are increased
in skin of patients with varicose veins (Table 1 and Fig. 7). MMP-7 labelling is similar in skin
of patients with varicose veins and in control skin. The 3 inhibitors TIMP-1, 2 and 3 are
present to a similar extend in skin of control and varicose vein patients (Table 1).

10
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DISCUSSION

The major finding of the present study is the demonstration of similar tissue structure
abnormalities in saphenous veins and skin of patients with varicose veins: (1) elastic fibers are
thickened and fragmented, associated with increased levels of fibrillin-1, (2) collagen bundles
are increased and have lost their original orientation, (3) the diameter and fraction area of
elastic fibers are increased and (4), MMP-1, -2 and -3 labelling is increased.

Several studies have described a remodelling in varicose veins leading to a decreased
elasticity and an increased distensibility of the venous wall [13,21]. All limb veins from
patients with varicosities are more distensible than normal, suggesting a genetic basis for the
abnormality [22]. This hypothesis was sustained by a similar dysregulation of collagen type |
and I11 production in cultured venous smooth muscle cells and dermal fibroblasts obtained
from varicose vein patients [16]. Thus, a genetic defect in the regulation of the composition of
the extracellular matrix might participate to the pathogenesis of varicose veins. Such a genetic
defect should affect different connective tissues, because the smooth muscle cells of blood
vessels and fibroblasts of the dermis both derive from embryonic mesenchyme.

An altered elastic network with fragmented elastic fibers has been described in varicose veins
[21,23-26]. In the present study, we have observed fragmentation, scattering and an abnormal
distribution of elastic fibers in varicose veins and these alterations may help to explain the
functional findings of their reduced strength and elasticity. The elastic network was quantified
by the measurement of the diameter of the fibers and the area occupied by them. The method
used has several advantages over previously published procedures: (1) the stain reproducibly
distinguishes the elastic fibers from other macromolecular components and yields a colourless
background which is a prerequisite for image analysis [27]; (2) two different staining methods
were compared in a previous study to determine whether the dermal elastic fibers could be
accurately measured by computerized image analysis; comparisons were made after indirect
immunostaining using human monoclonal antibody to elastin and by the (+) catechin-fuchsin
method [27]. The two stainings were superimposable and after image analysis the difference
between the two methods corresponds to 5-6% [4,28]. In the present study, we demonstrated
that the diameter and fraction occupied by elastic fibers in the skin of patients suffering from
varicose veins correlates with those found in their veins. The diameter and the area fraction of
these elastic fibers were significantly increased in the 3 layers of the varicose veins. It is
possible that an extended disorganization of the extracellular matrix leads to a disassembly of

elastic fibers. The demonstration in this study and others [25,29] of qualitative and

11
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quantitative changes in elastic fibers may explain the weakness of the varicose vein wall and
its subsequent dilatation.

In the skin of control patients, the network of elastic fibers presents a typical organization in
agreement with previous studies on human skin elastic fibers [29]. In the skin of patients
suffering from varicose vein disease, the elastic network becomes irregular with thickened
and fragmented elastic and pre-elastic fibers. The amount of elastic fibers detected in skin of
varicose vein patients when compared with control skin of individuals with similar age range
is increased. Previous studies have demonstrated an augmentation of the content of elastic
fibers with ageing of the skin [30] but the values obtained in varicose vein patients exceed
greatly those reported with healthy patients with similar age range. Moreover, it has been
described that these qualitative as well as the quantitative modifications of the skin elastic
fibers with age involve a continuous decrease in the skin elasticity [31]. These observations
suggest that the elastic properties of the skin of patients with varicose veins are profoundly
altered. By immunodetection of fibrillin-1, we demonstrate a more intense labelling of the
skin and also of venous elastic fibers in tissues of varicose vein patients. This is consistent
with the structure of elastic fibers which are composed of an amorphous elastin core
associated with microfibrils, the microfibrillar proteins including among others, fibrillins and
microfibrillar-associated glycoproteins-1 and 2, MAGP1 and 2 [32]. This augmentation of
fibrillin-1 in skin and veins of patients with varicose veins is well correlated with the
increased amount of elastic fibers. Moreover, a visual disorganization of the elastic network
in skin and veins of varicose vein patients is evidenced by the immunolabelling of fibrillin-1.
Several studies have indicated that in certain acquired or hereditary conditions such as:
atherosclerosis [2], Marfan syndrome [33], Williams Beuren syndrome [4] the amount of
elastin in the skin and the loss of integrity of elastic fibers reflect similar changes in several
vessels such as the aorta.

Collagen bundles in varicose veins appear thick and disorganized in the media; this is also
observed in the skin of the patients, from the upper to the deeper part of the dermis. The
thickening of collagen bundles may be due to an enhanced synthesis and deposition of
collagen, mainly collagen type I as we demonstrated by immunolabelling, and also to a
decrease in its susceptibility to catabolic enzymes due to the classic finding of Verzar [34]
concerning crosslinking of collagen with age. The accumulation of collagen type | in varicose
veins agrees with the findings of previous studies, which showed that varicosis is related to
increased production of collagenous tissue involving fibrosis [35], and was also demonstrated

in cultured venous smooth muscle cells and dermal fibroblasts of patients with varicose veins

12
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[13,16]. This accumulation may be involved in the decreased elasticity and increased rigidity
observed in varicose veins and probably also in skin of the patients.

An increase of laminin labelling was observed in the media of varicose veins and agrees with
previous studies [23]. Laminin is responsible for the modulation of cellular functions and the
organization of the extracellular matrix. Therefore, enhanced production of laminin can result
in increased remodelling and disorganization of matrix vessel wall. The augmentation of
laminin was also found in the skin of patients with varicose vein disease; intense labelling of
laminin was indeed observed at the level of the dermo epidermal junction but also at the level
of the vascular basement membrane by comparison with healthy patients. Some years ago,
Olsen and Uitto [36] reported a differential regulation of the expression of different basement
membrane macromolecules, namely collagen type IV and laminin during chronological aging
of cultured skin fibroblasts. The expression of a1 and 2 collagen type IV genes was reduced
in old individuals, but in contrast laminin B1 and B2 chains mRNA levels showed little age-
associated variation. In our study, high levels of laminin appear in the dermo epidermal
junction and it could be of interest to investigate whether this accumulation is due to
enhanced expression or to an increased resistance to enzymatic hydrolysis or both.

In all pathologies involving matrix remodelling, an imbalance between the production of
extracellular matrix proteins, MMPs and TIMPs is observed. The production of several
MMPs and of the three inhibitors TIMPs was evaluated by immunohistochemistry. In
varicose veins, the production of MMP-1,-2,-3 and —7 was augmented in the intima and the
media. This increase in MMP expression reflects changes in the regulation of connective
tissue. However, the level of TIMP labelling also appears to be increased in varicose veins,
except for TIMP-2, the preferential inhibitor of MMP-2, indicating a possible over activity of
MMP-2. The augmentation of MMP-1, -2 and TIMP-1 in varicose veins has already be
described [37-39], whereas others describe a decrease of MMP-2 [40]. The findings appear to
be contradictory but one has to take into account the lack of standardization of the specimen
used in the different studies with respect to vein source, localization and subject age. In our
present study, we compared the labelling in the varicose veins with that in the skin of the
patients. The levels of MMP-1,-7 and the inhibitors TIMP-1,-2 and -3 were slightly modified,
but the staining of MMP-2 and -3 was highly augmented in skin of varicose vein patients
compared to control skin. The increase of MMP-2 production was also described previously
for cultured dermal fibroblasts derived from skin of varicose vein patients [16]. Elastin and
collagen type Il1, conferring elasticity, are substrates for MMP-2 and MMP-3 [41-43] and
thus, the higher MMP-2 and MMP-3 production may be implicated in the degradation of

13
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collagen type I11 and fragmentation of elastin in skin and saphenous veins of varicose vein
patients. Moreover, MMP-3 was recently shown to be upregulated in cultured smooth muscle
cells from varicose veins [44] and in tissues [45] and was described as a potential therapeutic
target for the treatment of chronic venous ulcers [46].

Changes in extracellular matrix proteins are also abundant in atherosclerosis, a disease of the
arteries. Saphenous veins, used for coronary artery bypass surgery are known to be
susceptible to accelerated atherosclerosis leading to graft failure [47,48]. The use of veins, in
coronary patients susceptible to venous disease, could present an increased risk for such graft

failure.

All these findings show that the alterations of extracellular matrix in varicose veins are also
present in the skin of these patients and may suggest that varicose veins are the expression of
a systemic pathology of the connective tissue. It can thus be concluded that patients with
varicose veins suffer from a systemic disease where cells deriving from embryonic
mesenchyme synthesize and degrade matrix abnormally. Further studies are now necessary to

search genes implicated in these matrix metabolism abnormalities.

14
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LEGENDS OF FIGURES

Figure 1: Histological structure of the venous wall of control (A, B, C) and varicose (D, E, F)
saphenous veins. Veins were stained with Hemalun and Schiff reagent (A, D) for the
detection of glycoproteins and cell nuclei; (+) catechin (B, E) for the detection of elastic
fibers; and Sirius red and visualised in polarized light (C, F) for the detection of collagen
bundles. Smooth muscle cells of media appear unstructured in varicose veins (C), associated
with fragmentation of elastic fibers (D) and disorganization of collagen bundles (E). I: lumen;

m: media. Bar represents 100um.

Figure 2: Histological structure of the skin of control patients (A, B, C) and varicose vein
patients (D, E, F). Skins were stained with Hemalun and Schiff reagent (A, D) for the
detection of glycoproteins and cell nuclei; (+) catechin (B, E) for the detection of elastic
fibers, and Sirius red visualised in polarized light (C, F) for the detection of collagen bundles.
Elastic fibers become irregular in patients with varicose veins (E, red arrows) and collagen
bundles are thickened (F, white arrows). Ep: epidermis; d: dermis; Ox: oxytalan fibers; E:

Elaunin fibers. Bar represents 100um and 50um for the upper part of B and E.

Figure 3: The diameter (A) and the fraction area (B) of elastic fibers are increased in skins
and veins of varicose vein patients. Vein (intima, media and adventitia (ADV.)) and skin
specimen from control (white) and varicose vein patients (black) were fixed, embedded in
paraffin, cut with a microtome and stained by the (+) catechin method. Elastic fibers were
quantified after acquisition with a video camera and analysed with an image analysis
software. Results are reported as the mean + SEM.

*, ** *x%: values significantly different from control value (P<.05; .01; .001 respectively;
Student's t-test for unpaired observations, n=8).

Figure 4: Immunodetection of collagen type | (A,D); fibrillin-1 (B, E) and laminin (C, F) in
control (A, B, C) and varicose veins (D, E, F). Immunohistochemistry was performed and
revealed by a substrate of peroxydase. An increased labelling of collagen type I (D), fibrillin-
1 (E) and laminin (F) was observed in the media of varicose veins. |: lumen; m: media. Bar
represents 100um for A, D, E and 50uM for B, C and F.
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Figure 5: Immunodetection of collagen type | (A,D); fibrillin-1 (B, E) and laminin (C, F) in
skin of control subjects (A, B, C) and varicose vein patients (D, E, F). Immunohistochemistry
was performed and revealed by a substrate of peroxydase. The labelling for collagen | (D) and
fibrillin-1 (E) was strongly increased in the dermis of varicose vein patients; laminin labelling
was increased in the dermo-epidermal basement membrane (F, red arrows). Ep: epidermis; d:

dermis. Bar represents 100um.

Figure 6: Immunodetection of MMP-2 (A,C) and MMP-3 (B, D) in control (A, B) and
varicose veins (C, D). The MMP-2 and MMP-3 labelling was increased in the media of

varicose veins (C and D respectively). I: lumen; m: media. Bar represents 100um.

Figure 7: Immunodetection of MMP-2 (A,C) and MMP-3 (B, D) in skin of control subjects
(A, B) and varicose vein patients (C, D). ). The MMP-2 and MMP-3 labelling was strongly
increased in the dermis and epidermis of patients with varicose veins (C and D respectively).

Ep: epidermis; d: dermis. Bar represents 100um.
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Table 1: Immunodetection of MMP-1,2,3 and 7, TIMP-1, 2 and 3 in tissue sections of veins and skins of control and varicose vein patients.
MMP-1 MMP-2 MMP-3 MMP-7 TIMP-1 TIMP-2 TIMP-3
CONTROL + +/- + + + 4+ +
INTIMA VARICOSE ++ ++ +++ +++ + - ++
VEIN
CONTROL + +/- + + + +++ -
MEDIA
VARICOSE ++ ++ +++ +++ ++ ++ ++
CONTROL ++ + + ++ ++ ++ +
EPIDERMIS
VARICOSE +++ ++ ++ + ++ ++ +
SKIN
CONTROL ++ + + + + +++ +/++
DERMIS
VARICOSE +++ +/++ +++ + +/++ +++ 4+

Frozen sections of control veins and varicose veins and skin from control and varicose vein patients were cut with a cryomicrotome and
immunohistochemistry was performed.
The scores were blindly established by three independent observers according to the labelling observed with a microscope and abbreviated as

follows:

-: discrete ; + : small ; ++ : slight ; +++ : large.
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