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Tight junctions and compression therapy in
chronic venous insufficiency
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Abstract. Tight junctions (TJs) provide a barrier function,
inhibiting solute and water flow through the paracellular
space. There had been no analysis until now as to how tight
junction molecules could be involved in the pathology of
patients with chronic venous insufficiency. The aim of the
study was to analyse the expression pattern of TJ-molecules
occludin (OCLN), claudin-1 (CLDN-1), claudin-3 (CLDN-3)
and claudin-5 (CLDN-5) on mRNA and protein level in
patients with edema, venous leg ulcers and healthy controls.
Biopsy specimens were taken in healthy individuals and in
patients before, and four weeks after compression therapy.
mRNA-expression was determined by using reverse-
transcriptase and polymerase chain reaction (RT-PCR) and
the protein-expression was determined by Western blotting
from tissue specimens. Quantification performed determining
the expression for TJ-molecules displayed diminished
expression for CLDN-1 (p<0.01) and CLDN-5 (p<0.01) in
patients with chronic venous insufficiency in comparison with
healthy controls on mRNA as well as protein level. No
statistical differences were detected for OCLN and CLDN-3
between the edema group and healthy controls. There was a
significantly elevated expression (p<0.01) on mRNA and
protein level between the leg ulcer group and healthy
controls for OCLN and CLDN-3. Densitometric evaluation
revealed a more significantly elevated expression (p<0.01)
for CLDN-1 and CLDN-5 on mRNA and protein level after
four weeks of compression therapy in comparison with prior
to treatment for the edema as well as the leg ulcer group.
Compression therapy tightens the paracellular barrier via
elevated expression of specific TJs and prevents thereby the
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progression of chronic venous insufficiency due to inhibited
permeability of fluid into the perivascular tissue.

Introduction

The integrity of interendothelial cell contacts is vital for the
physiological role of the endothelium as the interface
between the blood and tissue structures. The control of
vascular permeability is dependent on the opening and
closure or the dissociation and formation of interendothelial
cell junctions (1,2). Paracellular permeability across endothelial
or epithelial cell layers is determined by tight junctions (TJs)
that seal the intercellular space (3). Tight junctions provide a
barrier function, inhibiting solute and water flow through the
paracellular space (4,5). They are thought to be directly
involved in barrier and fence functions by sealing them to
generate the primary barrier against the diffusion of solutes
through the paracellular pathway and by acting as a boundary
between the apical and basolateral plasma membrane domains
to create and maintain cell polarity, respectively. There is
accumulating evidence that occludin (OCLN) and claudins
(CLDNSs) constitute the backbone and create the variable
properties of tight-junction strands (6). They belong to a family
of transmembrane proteins which are proteins with cyto-
plasmatic amino and carboxyl termini and two extracellular
domains (Fig. 1). Most cell types express more than two CLDN
species in various combinations to constitute TJ strands. Within
individual single strands, distinct species of CLDNs are
polymerized together to form ‘heteropolymers’ and, between
adjacent strands within ‘paired’ strands, CLDNs adhere with
each other in a homotypic as well as a heterotypic manner
(7,8). The extracellular domains of CLDNSs share regions of
sequence identity but are quite variable in the position and
number of amino acids with charged side chains, suggesting
they might have additionally different effects on the para-
cellular diffusion. However, it seems that the complexity of the
TJ strand network and the tightness of TJs is determined by
the combination of the different CLDNs (9).

Patients with chronic venous insufficiency early develop
edema of the lower extremity (10). Elevated hydrostatic
pressure had been thought to be the underlying mechanism of
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Figure 1. Integral membrane proteins of TJ-molecules. (A) Occludin has
four transmembrane domains with two extracellular loops. (B) Claudin-1 is
constituted by four transmembrane domains, but shows sequence similarity
to OCLN. The cytoplasmatic tail of CLDN-1 is shorter than that of occludin.

elevated leakage of fluid from insufficient vessels into the
perivascular tissue causing intradermal edema (11). The lasting
presence of intradermal edema may predispose to the
development of severe stages of chronic venous insufficiency.
There had been no analysis as to how TJ-molecules could be
involved in the progression of chronic venous insufficiency.
Medical compression stockings are a cornerstone of treatment
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in these patients since compression garments, when efficiently
applied, prevent stasis and support the resorption of intradermal
fluid (12). Therefore, we were prompted to question whether
compression therapy with compression stockings influences the
pattern of TJ-molecule expression in patients with chronic
venous insufficiency.

Patients and methods

Clinical specimens. Patients with chronic venous insufficiency-
associated edema and chronic venous ulcers have been
characterized according to the international clinical CEAP-
classification of chronic venous insufficiency (CVI). The
diagnosis was confirmed clinically by duplex scanning, doppler
sonography, and by photoplethysmography. Patients with
varicosis-associated edema (n=8) and venous leg ulcers (n=8)
received compression stockings (Bauerfeind Phlebologie
GmbH & Co KG, Zeulenroda, Germany) over a period of 4
weeks. Punch biopsies were obtained from patients with edema,
venous leg ulcers and healthy skin extending to the
subcutaneous fat of the lower portion of the leg. In patients with
edema and in healthy controls, punch biopsies were taken 2 cm
above the medial malleolus. In patients with venous leg ulcers,
specimens were obtained from the ulcer ground. Tissue
specimens were taken in patients with chronic venous
insufficiency prior to treatment and 4 weeks after treatment
with compression stockings. The second tissue specimens were
taken 1 cm from the first biopsy. Patients with venous leg ulcers
received Venotrain ulcertec and patients with CVI-associated
edema received Venotrain Micro or Venotrain Champion.
Biopsy specimens were snap-frozen in liquid nitrogen and
stored at -70°C until further processing. Control biopsies from
healthy volunteers (n=8) were taken from the lower portion of
the leg. All subjects provided informed written consent, and
procedures involving humans were approved by the Ethics
Committee of the University of Freiburg (Votum-NR.21/2002).

Table I. Designed primers for detecting mRNA expression with RT-PCR.

OCLN and CLDNs Sequence (5'-3") PCR size
OCLN TCT GCA ACG TTG TCA GAA GG 204 bp
Sense
Antisense ACT CAG TCC TTT AGC ACA ACA GC
CLDN-1
Sense TCA GCA CTG CCC TGC CCC AGT 506 bp
Antisense TGG TGT TGG GTA AGA GGT TGT
CLDN-3
Sense AAG GCC AAG ATC ACC ATC GTG 304 bp
Antisense AGA CGT AGT CCT TGC GGT CGT
CLDN-5
Sense ATG TCG TGC GTG GTG CAG AG 413 bp

Antisense

GGT GCA GAC CCA GGC GCC GCA
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Figure 2. The mRNA expression of OCLN, CLDN-1, CLDN-3 and CLDN-5
in healthy skin (left bands), in patients with edema prior to treatment (middle
bands) and after treatment with compression stockings (right bands). (A) Total
mRNA was prepared for reverse transcription and amplification of generated
cDNA with polymerase chain reaction. Amplified products of OCLN,
CLDN-1, CLDN-3 and CLDN-5 and the control gene, GAPDH, were stained
by ethidium bromide. Representative data from one patient with edema and
one control are shown. (B) Densitometric evaluation of generated mRNA-
products of OCLN, CLDN-1, CLDN-3 and CLDN-5 in healthy controls [(1)
white bars], edema patients prior to treatment [(2) crossed bar] and after
treatment [(3) black bars] To compare mRNA expression of patients, the
obtained signals were normalized to the level of the control gene, GAPDH, by
calculating the ratio between the analysed genes and GAPDH. Data are means
+ SEM (n=8 for healthy skin; n=8 for edema group). The significance of
difference was determined by an unpaired Student's t-test. Differences were
considered significant at “p<0.01.
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Figure 3. The mRNA expression of OCLN, CLDN-1, CLDN-3 and CLDN-5
in healthy skin (left bands), in patients with venous leg ulcers prior to
treatment (middle bands) and after treatment with compression stockings
(right bands). (A) Total mRNA was prepared for reverse transcription and
amplification of generated cDNA with polymerase chain reaction.
Amplified products of OCLN, CLDN-1, CLDN-3 and CLDN-5 and the
control gene, GAPDH, were stained by ethidium bromide. Representative
data from one patient with venous leg ulcers and one control are shown. (B)
Densitometric evaluation of generated mRNA-products of OCLN, CLDN-1,
CLDN-3 and CLDN-5 in healthy controls [(1) white bars], patients with
venous leg ulcers prior to treatment [(2) crossed bar] and after treatment [(3)
black bars]. To compare the mRNA expression of patients, the obtained
signals were normalized to the level of the control gene, GAPDH, by
calculating the ratio between the analysed genes and GAPDH. Data are
means = SEM (n=8 for healthy skin; n=8 for venous leg ulcer group). The
significance of difference was determined by an unpaired Student's t-test.
Differences were considered significant at p<0.01.

217

10 Western and Edema

-~ 8
o
Q
=
A
c
@
©
=3
© Lt

2_

|
o ! -
123 123 123 123
Occludin  CLDN-1 CLDN-3 CLDN-5

Figure 4. Protein expression of OCLN, CLDN-1, CLDN-3 and CLDN-5 in
healthy skin and in patients with edema prior to treatment and after
treatment with compression stockings. (A) Western blotting was performed
with antibodies against OCLN, CLDN-1, CLDN-3 and CLDN-5 in healthy
skin (left blots) and in patients with edema prior (middle blots) and after
compression therapy (right blots). (B) Densitometric evaluation of
immunoblots of OCLN, CLDN-1, CLDN-3 and CLDN-5 in healthy controls
[(1) white bars], edema patients prior to treatment [(2) crossed bar] and after
treatment [(3) black bars]. Data are means + SEM (n=8 for healthy skin; n=8
for edema group). The significance of difference was determined by an
unpaired Student's t-test. Differences were considered significant at “p<0.01.

Antibodies. Antibodies against OCLN (mono-Ab. OC-3F10),
CLDN-1 (poly-Ab. JAY.8), CLDN-3 (poly-Ab. Z23.JM), and
CLDN-5 (Ab. Z43.JK) were purchased from Zymed
Laboratories (San Francisco, CA, USA).

Reverse-transcriptase polymerase chain reaction (RT-PCR).
Detection of mRNAs for specific claudins was performed
semi-quantitatively by reverse transcriptase and polymerase
chain reaction (RT-PCR) (13). Briefly, total mRNA was
isolated and cDNA was obtained using the first strand cDNA
synthesis kit using mRNA. All oligonucleotides were designed
to recognize a unique sequence exclusive for each cDNA for
OCLN, CLDN-1, CLDN-3 and CLDN-5 (Tab. I). The
control gene, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), served as a reference. Polymerase chain reaction
was performed using a GeneAmp PCR thermal cycler
(Perkin-Elmer, Weiterstadt, Germany) and consisted of
cycles of denaturation (94°C for 1 min), ramped annealing
(60°C for 30 sec) and extension (72°C for 1 min). The
generated products were subjected to electrophoresis on a 3%
agarose gel and were visualized by ethidium bromide staining.
To compare the mRNA expression of different biopsies,
signals of OCLN, CLDN-1, CLDN-3 and CLDN-5 were
normalized to GAPDH and a ratio was calculated. In order to
assure linear cDNA amplification in our experiments, different
amplifying cycles (22-36) were checked. Linear amplification
was obtained between 22 and 32 cycles. The specificity of the
generated products was proven by sequencing after cloning
using pPCRTMII vectors.

Immunoblot analysis. Protein analysis of OCLN, CLDN-1,
CLDN-3 and CLDN-5 was performed by Western blotting.
Lesion and skin samples were pulverized with a micro-
dismembrator from Braun Biotech International (Melsungen,
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Figure 5. Protein expression of OCLN, CLDN-1, CLDN-3 and CLDN-5 in
healthy skin and in patients with venous leg ulcer prior to treatment and
after treatment with compression stockings. (A) Western blotting was
performed with antibodies against OCLN, CLDN-1, CLDN-3 and CLDN-5
in healthy skin (left blots) and in patients with venous leg ulcers prior
(middle blots) and after compression therapy (right blots). (B) Densitometric
evaluation of immunoblots of OCLN, CLDN-1, CLDN-3 and CLDN-5 in
healthy controls [(1) white bars], patients with venous leg ulcers prior to
treatment [(2) crossed bar] and after treatment [(3) black bars]. Data are
means + SEM (n=8 for healthy skin; n=8 for venous leg ulcers group). The
significance of difference was determined by an unpaired Student's t-test.
Differences were considered significant at “p<0.01.

Germany). Proteins were solubilized in electrophoresis
sample buffer and samples with equal protein content were
separated by 10% SDS-PAGE. Proteins were electroblotted
to nitrocellulose membrane and were stained with indicated
antibodies using peroxidase-conjugated secondary antibodies
and the ECL chemiluminescence system from Amersham
(Braunschweig, Germany).

Densitometric evaluation and statistical analysis. The
intensity of bands and blots were quantified measuring the
optical density with OneDscan computer software package.
Data were analysed by an unpaired Student's t-test.
Differences were considered significant at p<0.01. All values
were expressed as means + SEM.

Results

Gene expression. Patients with chronic venous insufficiency
and healthy controls displayed gene expression for OCLN,
CLDN-1, CLDN-3 and CLDN-5. The mRNA expression of
OCLN, CLDN-1, CLDN-3 and CLDN-5 in biopsies of
edema (Fig. 2), venous leg ulceration (Fig. 3) and healthy
controls was analysed semi-quantitatively by RT-PCR. The
mRNA-products for TJ-molecules displayed diminished band
intensity for CLDN-1 (p<0.01) and CLDN-5 (p<0.01) in
patients with chronic venous insufficiency in comparison
with healthy controls. No difference was detected for OCLN
and CLDN-3 with regard to the band intensity between the
edema group and healthy controls. However, there was a
significantly elevated expression (p<0.01) on mRNA level
between the leg ulcer group and healthy controls for OCLN
and CLDN-3 (Fig. 3). Densitometric evaluation revealed a
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more significantly elevated expression (p<0.01) for CLDN-1
and CLDN-5 on mRNA level after four weeks of compression
therapy in comparison with prior to treatment for the edema
(Fig. 2) as well as the leg ulcer group (Fig. 3). No statistical
differences could be found for OCLN and CLDN-3 solely
for the edema group prior to treatment in comparison with
compression therapy treated patients on mRNA-level (Fig. 2).
The quantitation performed by determination of the relative
expression normalized to the expression of GAPDH demon-
strated significant differences.

Protein expression. Patients with chronic venous insufficiency
and healthy controls displayed immunoreactivity on protein
level for OCLN, CLDN-1, CLDN-3 and CLDN-5. The
protein expression of OCLN, CLDN-1, CLDN-3 and CLDN-5
in biopsies of edema (Fig. 4) and venous leg ulceration (Fig. 5)
and healthy controls was performed by Western blotting. The
immunoreactive blots for TJ-molecules displayed diminished
blot intensity for CLDN-1 (p<0.01) and CLDN-5 (p<0.01) in
patients with chronic venous insufficiency in comparison with
healthy controls (Figs. 4 and 5). No difference could be
detected for OCLN and CLDN-3 with regard to the blot
intensity between the edema group and healthy controls.
However, there was a significantly elevated expression
(p<0.01) on protein level between the leg ulcer group and
healthy controls for OCLN and CLDN-3 (Fig. 5).
Densitometric evaluation revealed a more significantly
elevated expression (p<0.01) for CLDN-1 and CLDN-5 on
protein level after four weeks of compression therapy in
comparison with prior to treatment for the edema (Fig. 4) as
well as the leg ulcer group (Fig. 5). No statistical differences
were found for OCLN and CLDN-3 solely for the edema
group prior to treatment in comparison with compression
therapy treated patients on protein-level (Fig. 4).

Discussion

Exchange of solutes and ions between the luminal and
abluminal compartments of the circulation is critically
dependent on the barrier properties of the vascular
endothelium. TJs provide a barrier function, inhibiting solute
and water flow through the paracellular space. There is
accumulating evidence that claudins constitute the backbone
of TJ strands and create the variable properties of the barrier
(4,5). It had been reported that overexpression of specific
claudin molecules in MDCK cell monolayers increased
transepithelial electric resistence (6). Clinically, patients with
chronic venous insufficiency, early develop edema of the lower
extremity, indicating that elevated paracellular permeability
could play a crucial role. In patients with severe chronic venous
insufficiency, elevated transcapillary and interstitial diffusion of
could be found in capillary vessels by using Na-fluorescein
(14). The underlying pathogenic mechanism of chronic
venous insufficiency have long been a matter of debate.
Pressure damaged capillary vessels with leakage of fibrinogen
or release of toxic metabolites and elevated expression of
adhesion molecules by accumulated leukocytes or cytokine
mediated fibrin cuff formation have been suggested (15-19).
Impairment of gas and nutrients exchange between blood and
dermis has been supposed to be a common feature. There had
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been no analysis as to how TJ-molecules could play a role in
the progression of the disease. Furthermore, there were no
indications as to how compression therapy could alter the
expression of specific TJ-molecules. Our results provide
evidence that specific TJ-molecules are downregulated in
patients with chronic venous insufficiency in comparison
with healthy controls. CLDN-1 and CLDN-5 displayed
diminished expression on mRNA- and protein-level in patients
with edema and venous leg ulceration in comparison with
healthy controls. Compression therapy over four weeks
induced the expression of CLDN-1 and CLDN-5. Since the
complexity of the TJ strand network and the tightness of TJs
are determined by the combination of the different TJ-
molecules, it is tempting to speculate that elevated paracellular
fluid transfer could be based on an altered expression of
specific TJ-molecules, such as CLDN-1 and CLDN-5, which
differs significantly from the expression pattern in healthy
controls. Elevated paracellular fluid transport, due to altered
tightness of the paracellular barrier, could possibly additionally
explain the clinical observation of edema in patients with
chronic venous insufficiency. Whether downregulation of TJ-
molecules can be directly associated with elevated hydrostatic
pressure in varicose veins remains, however, unclear and
requires further investigation. Compression therapy induces
strongly the expression of CLDN-1 and CLDN-5 in patients
with chronic venous insufficiency, which significantly differs
from the expression of healthy controls as well as patients
prior to treatment. Until now, compression stockings were
known to reduce the diameter of veins, thereby increasing flow
velocity, to reduce filtration of fluid out of the intravascular
space and to improve lymphatic flow, thereby reducing edema.
Graduated compression reduces reflux and improves venous
outflow, thus decreasing venous pressure at rest and with
ambulation. It seems that compression therapy additionally
tightens the paracellular barrier by upregulation of specific
TJ-molecules such as CLDN-1 and CLDN-5. These results
indicate that compression therapy strengthens the veins to
prevent leakage of fluid out of the vessels into the tissue space
and may prevent the progression of chronic venous
insufficiency. In summary, compression therapy isn't only an
external mechanical aid to combat varicose vein disease but
also provides a vasoprotective role through tightening the
paracellular barrier.
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