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SUMMARY After being anastomosed with the artery, vein graft is exposed to abruptly
increased hemodynamic stresses. These hemodynamic stresses may change the profile of endo-
thelial gap junction expression as demonstrated in the artery, which may subsequently play
active roles in physiological adaptation or pathophysiological changes of the vein grafts. We
investigated the endothelial expression of gap junction in the venous vessels exposed to differ-
ent hemodynamic stresses. Immunocytochemical analysis of the endothelial Cx expression was
performed by observing thewholemounts of inferior vena cava (IVC) of aortocaval fistula (ACF)
rats or IVC-banded ACF rats using confocal microscope. Immunocytochemical analysis demon-
strated that in the endothelium of the native vein, the gap-junctional spot numbers (GJSNs)
and the total gap-junctional areas (TGJAs) of Cx40 and Cx43 were lower than those of the
thoracic aorta and that Cx37was hardly detectable. In the IVCs ofACF rats,whichweredemon-
strated to be exposed to a hemodynamic condition of high flow velocity and low pressure, the
GJSNs and the TGJAs of all three Cxs were increased. In the IVCs of IVC-bandedACF rats, which
were exposed to a hemodynamic condition of high pressure and low flow velocity, the GJSNs
and the TGJAs of Cx37 increased markedly and those of Cx40 and Cx43 remained without
significant changes. In conclusion, the endothelial expressions of gap junctions in the native
veinswere lower than those of the arteries.When exposed to different hemodynamic stresses,
the gap junctions were expressed in specific patterns. (J Histochem Cytochem 58:1083–1092, 2010)
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IN UREMIC PATIENTS, the superficial vein is the most com-
mon vessel used for the creation of arteriovenous fis-
tulas for hemodialysis access. The superficial vein also
remained the major conduit for bypass surgery in
patients with coronary or peripheral arterial diseases.
After being anastomosed with the artery, the venous
vessel is exposed to various abruptly increased hemo-
dynamic stresses, including increased flow (Greenfield
et al. 1972), laminar (Jiang et al. 2004) and oscillatory
shear stresses (Wang et al. 1990), intraluminal pressure
(Spray and Roberts 1976), and cyclic circumferential
strain (Casey et al. 2001). The endothelial expression

of Cxs, the component proteins of gap junctions, has
been demonstrated to be regulated by the hemo-
dynamic stresses in the arteries (Gabriels and Paul
1998). However, the baseline Cx expression and the
changes in Cx expression when exposed to arterialized
hemodynamics in venous vessels remain to be eluci-
dated. It is essential to clarify these gap junction ex-
pression profiles because the gap junctions may play
important roles in regulating vascular tone acutely, in
remodeling of vascular structure, and even in the de-
velopment of neointimal hyperplasia after being anas-
tomosed with the arteries.
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Accordingly, we investigated the Cx expression in the
luminal endothelial cells of inferior vena cava (IVC) of
the rat with aortocaval fistula (ACF) or with IVC-banded
ACF. Endothelial Cx expression was observed in the
whole mounts of IVC using ICC.

Materials and Methods

Rat Model of ACF

The ACF model was created in adult male Sprague–
Dawley rats (300–350 g) as described previously (Nath
et al. 2003). After anesthetization with ketamine
(0.2 ml/100 mg IP), the abdominal cavity was opened.
The IVC and aorta (Ao) were exposed and clamped
right below the renal artery proximally and right above
the iliac bifurcation distally. An 18-gauge needle was
used to puncture the lateral wall of the abdominal Ao,
right superior to the distal clamped site. The needle was
advanced to cross the opposite aortic wall toward the
IVC and then penetrated the neighboring wall of the
IVC cautiously to create a hole connecting both lumens
of the abdominal Ao and the IVC. The procedure was
done cautiously to avoid puncturing the opposite wall
of the IVC. Finally, the needle was withdrawn gently;
the entry point was sealed with cyanoacrylate glue
(Vetbond 3M; St. Paul, MN). The patency of fistula was
confirmed by pulsation and color change in the IVC,
resulting from the shunt of oxygenated blood from the
Ao. For creation of the IVC-banded ACF rats, the ACF
was created first as described earlier. A 2-0 silk suture
was then snared around the IVC right below the renal
artery. Then an 18-gauge needle was placed next to the
IVC and the suture was snugly tied around the needle
and vessel. After ligation, the needle was removed. To
test the potential effect of simple banding of IVC on
the endothelial Cx expression, a model of IVC banding
without ACF was created. The IVC was banded as was
done in the rats with IVC-banded ACF. Sham operations
were done as in the procedure of ACF creation except
that the needle used to puncture the lateral wall of the
Ao was not advanced to cross the wall opposite to the
entry site.

All the animal experiments were performed accord-
ing to the guidelines of the Committee on Animal
Research at Chang Gung Memorial Hospital.

Duplex Scan to Assay IVC Flow

Duplex scans (Acuson; Aspen, Willoughby, OH) were
performed to assay flow patterns and velocity of IVC.
B-mode and Doppler imaging was obtained using
a high-resolution linear transducer at a frequency of
15 MHz. After euthanization, laparotomy was done and
the IVC was exposed. The transducer was then placed
over the IVC as lightly as possible to avoid compression
of the vessel, as guided by the B-mode image. The IVC
flow velocity was recorded along the entire IVC segment.

Measurement of IVC Pressure

For measurement of IVC pressure, an 18-Fr intravenous
catheter needlewas inserted into the IVCwith anentry site
lower to the AVanastomosis. The cannula was connected
to a pressure transducer (MLT0380/D; ADInstruments,
Castle Hill, Australia), and the signals were amplified by
a bridge amplifier (QuadBridge Amp; ADInstruments).
Signals from these amplifiers were digitized at 4 kHz
using a PowerLab/4sp A/D converter (ADInstruments)
and stored in an online computer. The data were ana-
lyzed by Chart 5.4.2 software (ADInstruments).

Tissue Preparation

IVCs were harvested 1 week after surgery. The speci-
mens were harvested with the animals perfusion fixed
with 3% paraformaldehyde in PBS at 100 mm Hg for
10 min. The adventitia of the IVCs was trimmed gently
to avoid vessel injury before perfusion fixation. After
perfusion fixation, the IVCs were harvested and the spec-
imens were transected through the midlevel into the
upper and lower segments. The vessel was opened lon-
gitudinally, and the whole tissue was submitted for IHC
study. Adequate tissue preservation during processing of
IVC specimens has been verified in a previous study by
our group (Chang et al. 2009). Immunolabeling using
an anti-CD31 antibody as an endothelial cell marker
was done in the IVC specimens of all groups for further
verification of luminal endothelium preservation. Anti-
CD31 signals were constantly found in all IVC speci-
mens throughout the luminal surface except at the edge,
which confirmed the adequate preservation of endo-
thelial cells (data not shown).

Immunofluorescence Labeling and Confocal
Microscopic Study of Gap-junctional Connexins

Because Cx37, Cx40, and Cx43 have been demon-
strated to be the major Cxs expressed in vascular
endothelial cells in mammals (Van Rijen et al. 1997;
Yeh et al. 1998) and anti-Cx45 signal was not detectable
in the endothelium of IVC in a preliminary IHC study
(data not shown), anti-Cx37, anti-Cx40, and anti-
Cx43 antibodies were used for the immunohistochem-
ical reaction to investigate the Cx expression profile.
The polyclonal antisera against Cx37 or Cx40 were
produced in rabbits against the synthetic peptides cor-
responding to residues 266–281 or 256–270 of the
cytoplasmic C-terminal tail of rat Cx37 orCx40, respec-
tively, as validated in previous studies (Yeh et al.
1998,2000,2003). For Cx43 and CD31 immunolabel-
ing, a monoclonal mouse anti-rat Cx43 antibody (BD
Transduction Laboratories; San Jose, CA) and a goat-
anti-mouse CD31 antibody (Santa Cruz; Santa Cruz,
CA) were used. For the immunohistochemical reaction,
the perfusion-fixed IVC samples were first rinsed in PBS
for 5 min and blocked in 0.5% BSA in PBS for 15 min.
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The samples were incubated with anti-Cx37 (1:500 at
4C overnight), anti-Cx40 (1:1000 at 4C overnight),
anti-Cx43 (1:500 at room temperature for 1 hr), or
anti-CD31 (1:500 at 4C overnight) and then with
appropriate CY3-conjugated secondary bodies at room
temperature for 1 hr. During the immunolabeling
process, all steps were performed in 2-ml Eppendorf

tubes to prevent injury to the endothelial surface. After
immunoreactions, the IVC tissues were carefully placed
on slides with the luminal side facing up and mounted
using Citifluor mounting medium (Agar Scientific;
Mannheim, Germany). The signals of anti-Cx labeling
in the luminal EC of specimens were then examined
using a confocal laser scanning microscope (Leica TCS

Figure 1 Hemodynamic assays for
inferior vena cava (IVC) of sham-
operated, aortocaval fistula (ACF),
and IVC-banded ACF rats (n53 for
each group). (A) Duplex scan assay
to detect the flow of IVC. (B) Pressure
tracing of IVC. (C) Bar graph of the
mean peak flow velocity of IVC. (D)
Bar graph of the mean peak pressure
of IVC. **p,0.001 when compared
with sham; 1p,0.05, 11p,0.001,
and nonsignificant (ns) difference
when compared between two indi-
cated groups.
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SP; Stansted, UK). The images were observed at a mag-
nification of 3630. Each recorded image was 1024 3
1024 pixels in size, and projection views of consecutive
optical sections were taken at 0.6-mm intervals through-
out the full thickness of the endothelial signals. Each
pixel represented 0.23 mm. All specimens were exam-
ined within 24 hr of immunolabeling. For each speci-
men, five images were randomly selected and analyzed
using QWIN image analysis software (Leica) with the
setting kept constant throughout the analysis. Mean
values (6SDs) of the number of immunolabeled gap
junctions per 100 mm2 of luminal surface area and the
total area of immunolabeled gap junction expressed as
the percentage of luminal surface area were obtained for
each experimental group. The immunoconfocal method
has been well established in previous studies to provide
reliable data about the relative level of a given Cx as-
sembled in the form of gap junctions, although it does
not provide data of the absolute amount of Cxs (Green
et al. 1993; Blackburn et al. 1995; Yeh et al. 1997).

Statistical Analysis

Datawere presented asmean6 SD.Differences between
two groups were determined by Student’s t-test.

For multiple groups, one-way ANOVA with post hoc
Scheffe test was used to compare data among groups.
p Value ,0.05 was considered statistically significant.

Results

Hemodynamic Study

IVC flow was observed using the duplex scan at 1 week
(n53 for each group) as demonstrated in Figure 1A. In
the sham-operated rats, a normal central venous flow
pattern, reflecting atrial pulsation, was detected. The
flow velocity was low and constant throughout the
entire IVC segment. In the ACF rats, a flow of broad
velocity spectrum was detected in the IVCs, indicating
a turbulent flow. The flow was pulsatile with a highly
increased velocity at the lower IVC segment and
remained pulsatile but with a lower velocity at the upper
IVC segment. When compared between the lower and
upper IVC, the mean peak velocity was significantly
higher in the former (p,0.001), and the mean peak
velocity of both was significantly higher than that of
the sham-operated rats (p,0.001 for both). In the
IVC-banded ACF rats, a pulsatile and turbulent flow
was detected in the lower IVC and a continuous flow

Figure 2 Representative en face confocal images showing the expression of Cx37, Cx40, and Cx43 in endothelium of the thoracic aorta
(Tho Ao) and IVC (n54 for each).

1086 Chang, Wu, Hsu, Chang, Chen, Yeh, Ko

Th
e
Jo
ur
na

l
of

H
is
to
ch

em
is
tr
y
&

C
yt
oc

he
m
is
tr
y



was detected in the upper IVC. In the lower IVC, the
mean peak flow velocity was significantly higher than
that of the IVC of sham-operated rats (p,0.001) and
was significantly lower than that of the corresponding
segment of ACF rats (p,0.001). In the upper IVC, the
mean peak velocity was similar to that of the IVC of
sham-operated rats (p50.146) and was significantly
lower than that of the corresponding IVC segment
of ACF rats (p,0.001).

The pressure tracing of the IVC was performed at
1 week (n53 for each group) as demonstrated in Fig-
ure 1B. In the sham-operated rats, the pressure tracing
of IVC showed a normal central venous pressure wave-
form. The pressure was low and constant throughout
the whole segment. In the ACF group, the IVC pressure
was pulsatile and the level declined from the aortocaval
junction upward toward the heart. The mean peak pres-
sures in both the upper and lower IVCwere significantly
higher than that of the sham-operated rats (p50.010
and p,0.001, respectively). When comparing the lower
and upper segments, the mean peak pressure in the
lower segment was significantly higher (p,0.001). In
the IVC-banded ACF rats, the pressures of the lower
and upper IVC were significantly higher than those of
the corresponding segments of the ACF rats and also
higher than that of the sham-operated rats (p,0.001
for all). The quantitative data of the hemodynamic
study are summarized in Figures 1C and 1D. These find-
ings confirmed that the ACF rats represent a vein graft
model of high flow velocity and mildly but signifi-
cantly increased pressure and IVC-banded ACF rats
represent a model of high pressure and relatively low
flow velocity.

Endothelial Cx Expression in Thoracic Ao and IVC
of Sham-operated Rats

The specimens of IVC and thoracic Ao of sham-
operated rats (n54 for each group) immunoreactedwith
anti-Cx37, anti-Cx40, and anti-Cx43 antibodies were
observed en face by confocal microscopy. Punctuated
anti-Cx signals were found to delineate the cell borders
of luminal endothelial cells of either IVCs or thoracic
Aos with the same pattern as that found in a previous
study (Yeh et al. 1998). In the thoracic Ao, the anti-
Cx37, anti-Cx40, and anti-Cx43 signals were all dif-
fusely distributed. In IVCs of the sham-operated rats,
the anti-Cx40 signals were found to be the prevailing
isoform and were present in most of the endothelial cells
with variable abundance. Different from the diffuse
distribution of Cx43 in the normal thoracic Ao, the
anti-Cx43 signals were localized to sparsely scattered
patches throughout the entire IVC segment. The patches
were composed of tens of endothelial cells. The anti-
Cx37 signals were hardly detectable throughout the
entire IVC (Figure 2). Quantitative analysis showed that
the gap-junctional spot numbers (GJSNs) and total gap-

junctional areas (TGJAs) of Cx37, Cx40, and Cx43
were significantly lower in the IVCwhen comparedwith
those of the thoracic Ao (p,0.001 and p50.001 for
Cx37, p50.001 and p,0.001 for Cx40, and p,0.001
and p,0.001 for Cx43) (Figure 3).

Figure 3 Immunoconfocal analysis of gap junction spots of
endotheliumof ThoAo and IVCof sham-operated rats (n54 for each)
detected by antibodies against Cx37, Cx40, and Cx43. (A) Gap-
junctional spot numbers (GJSNs). (B) Total gap-junctional areas
(TGJAs).11p,0.001when compared between two indicated groups.
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Endothelial Cx Expression in IVC of ACF Rats

Endothelial Cx expressions in the IVC of ACF rats were
investigated 1 week after operation (n54). As the hemo-
dynamic study showed significant difference in flow
velocity and pressure between the upper and lower
IVC, the Cx expression in both segments was observed
separately. In the upper IVC of ACF rats, the anti-Cx40
and anti-Cx43 signals were distributed in a pattern simi-
lar to that found in IVCs of the sham-operated rats, and
Cx37 remained undetectable. In the lower IVC, the
abundance of Cx40 was increased in general, but was
more heterogenous. The Cx43 was distributed as iso-
lated patches as found in the IVC of sham-operated rats.
However, the patches with positive anti-Cx43 labeling
were generally larger andwere composed of tens to hun-
dreds of cells. Different from the IVCs of the sham-
operated rats, small patches of positive anti-Cx37
signals appeared in the lower IVC of the ACF rats (Fig-
ure 4). Quantitative analysis showed that the GJSNs
and TGJAs of Cx37, Cx40, and Cx43 in the upper IVCs
of ACF rats were similar to those in the IVCs of sham-
operated rats (p51.0 and 1.0 for Cx37, p50.618 and
0.851 for Cx40, and p50.476 and 0.966 for Cx43).
In contrast, the GJSNs and the TGJAs of all three Cxs
in the lower IVCs of ACF rats were significantly higher
when compared with those in the IVCs of the sham-
operated rats (p,0.001 and p50.002 for Cx37,
p,0.001 and p,0.001 for Cx40, and p50.001 and
p50.001 for Cx43).When compared between the upper
and lower IVC, the GJSNs and TGJAs of all three Cxs
were significantly higher in the latter (p50.011 and
p50.002 for Cx37, p,0.001 and p,0.001 for Cx40,
and p50.001 and p50.010 for Cx43) (Figure 5).

Endothelial Cx Expression in IVC of IVC-banded
ACF Rats

In the IVC-banded ACF rats, the signals of all three
Cxs were found in both the lower and upper segments.
Instead of small patches in the lower IVCs of ACF rats,
the anti-Cx37 signals were distributed in large patches
composed of hundreds of cells in the lower IVCs of
IVC-banded ACF rats. In the upper IVCs, the anti-
Cx37 signals were distributed in small patches. The dis-
tribution patterns of Cx40 and Cx43 were similar to
those of the sham-operated rats (Figure 4). Quantitative
analysis showed that the GJSN and TGJA of Cx37 of
both the upper and lower IVCs were significantly higher
than those of the sham-operated rats (upper IVC vs
sham-operated: p50.008 and p50.014; lower IVC vs
sham-operated: p,0.001 and p,0.001). When com-

paring the upper and lower IVCs of the IVC-banded
ACF rats, the GJSN and TGJA of the former were sig-
nificantly lower (p50.001 and p50.002). In contrast,
the GJSNs and TGJAs of the Cx40 and Cx43 in both
the upper and lower IVCs of IVC-banded ACF rats were
similar to those of the IVCs of sham-operated rats
(upper IVC vs sham-operated: p50.968 and p50.999
for Cx40 and p51.000 and p50.998 for Cx43; lower
IVC vs sham-operated: p50.968 and p50.999 for
Cx40 and p51.000 and p50.998 for Cx43) (Figure 5).
To exclude the potential effect of IVC banding on the
endothelial Cx expression, the Cx expression in IVC
of rats with simple IVC banding without creation of
ACF (n54) was compared with that of sham-operated
rats. ICC showed that the patterns of anti-Cx40 and
anti-Cx43 labeling in luminal endothelium of IVC of
simple IVC-banded rats were identical to those of IVC
of sham-operated rats. The anti-Cx37 signal was hardly
detectable as found in the sham-operated rats. The
GJSNs and TGJAs of Cx40 and Cx43 were similar in
both groups (p50.966 and p50.951 for Cx 40;
p50.919 and p50.968 for Cx43) (Figure 6). These
findings indicated that the alteration in endothelial Cx
expression in IVC-banded ACF rats was not likely to
be related to the banding procedure itself.

Discussion
This study investigated the gap junction expression
profile in the endothelium of venous vessels exposed
to normal venous hemodynamic or increased hemo-
dynamic stresses. We found that the expression of gap
junctions in the luminal EC of native vein that is exposed
to normal venous hemodynamic stress was generally
lower than that of the arteries. Cx37, which was abun-
dantly expressed in the endothelium of thoracic Ao, was
hardly detectable in the native IVC. This Cx expression
profile was similar to that demonstrated in a previous
study done by Inai and Shibata (2009). In the endo-
thelium of rat abdominal IVC, the segment that we
observed in this study, they found that the expression
level of Cx40 was higher than that of the Cx43 and
the level of Cx37 was much less compared with both
the Cx40 andCx43 (Inai and Shibata 2009). Differences
in the endothelial phenotype and the hemodynamic con-
ditions between the arteries and veins may be responsi-
ble for the differential Cx expression in the endothelium
of the arteries and the veins.

When the venous vessels were exposed to a high flow
velocity and amildly but significantly increased pressure
by connecting with the artery in the pattern of ACF, the

'

Figure 4 Representative en face confocal images showing the expression of Cx37, Cx40, and Cx43 in endothelium of the IVC of rats with ACF
and rats with IVC-banded ACF (n54 for each group).
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Cx37, Cx40, and Cx43 were all markedly upregulated
in the endothelium. In this model, the large pressure gra-
dient and the discrepancy of the vascular diameter and
elasticity between the Ao and the IVC altogether result
in the hemodynamic changes, which have been dem-
onstrated in a previous study to exert a high mean and
oscillatory shear stress and increased turbulence in-
tensity to the venous vessels (Sivanesan et al. 1999).
Previous studies showed that the increased shear stresses
actively regulate the endothelial Cx expressions in cul-
tured cells. Most of those studies focused on Cx43
expression. The effect of increased laminar shear stress
on Cx43 expression was controversial. Two studies
showed upregulation of Cx43 in cultured endothelial
cell in response to sustained levels of increased laminar
stress (Cowan et al. 1998; Kwak et al. 2005). However,
the level of Cx43 expression was reported to be
unchanged in another study (Johnson and Nerem
2007). In contrast to laminar shear stress, oscillatory

shear stress has been shown consistently to upregulate
endothelial Cx43 (DePaola et al. 1999; Kwak et al.
2005). When the oscillatory shear stress was combined
with cyclic circumferential stretch, upregulation of
Cx43 was even more prominent (Kwak et al. 2005). In
contrast to Cx43, few studies have ever investigated the
effect of increased shear stresses on expressions of Cx37
or Cx40. Johnson and Nerem (2007) recently reported
that the laminar shear stress upregulated mRNA but
not protein of Cx37 orCx40 in cultured endothelial cells.
In ACF model, the endothelial cells of IVC were exposed
to a hemodynamic stress that was much more complex
than that of the in vitro–cultured cell conditions. Those
stresses may synergistically result in upregulation of
all three Cxs in the endothelium of IVCs.

In venous vessel exposed to a highly increased pres-
sure and a flow with a mildly increased velocity as in the
model of IVC-banded ACF rats, we found that the
endothelial Cx40 and Cx43 expression levels remained

Figure 5 Immunoconfocal analysis of
gap junction spots of endothelium of
IVC of sham-operated rats, rats with
ACF, and rats with IVC-banded ACF
(n54 for each group) detected by
antibodies against Cx37, Cx40, and
Cx43. (A) GJSNs. (B) TGJAs. *p,0.05
and **p,0.001 when compared with
sham; 1p,0.05, 11p,0.001, and
nonsignificant (ns) difference when
compared between two indicated
groups.
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similar to those of the native venous vessel. In contrast,
the Cx37 was markedly upregulated. This Cx expres-
sion profile in response to increased pressure differs
from that of the resistant arteries. In the tail artery of
spontaneously hypertensive rat, the Cx37, Cx40, and
Cx43 were all demonstrated to be downregulated
(Rummery et al. 2002). In the mesenteric artery of the

same rat model, Kansui et al. (2004) showed that the
Cx37 and Cx40 were downregulated and the Cx43,
though scarce and heterogenous, was upregulated.
In the tail artery of rat with N-nitro-L-arginine methyl
ester–induced hypertension, Yeh et al. (2006) demon-
strated that the endothelial Cx37 and Cx43 were down-
regulated and the Cx40 remained unchanged. When
compared with the resistant arteries, the baseline pres-
sure of the venous vessels before being anastomosed
with the arteries is much lower. In addition, the vascular
compliance of the venous vessels is much higher than
that of the arteries, which may result in a higher circum-
ferential stretch when exposed to an increased pressure.
All these factors may potentially contribute to the dif-
ferences in Cx expressions.

Intercellular communication of endothelial cells
through gap junctions has been demonstrated to play
a crucial role in regulating vasodilation in arteries and
arterioles (de Wit et al. 2000; Figueroa et al. 2003;
Mather et al. 2005; Lang et al. 2007). In native venous
vessels, the hemodynamic stresses are low and active
regulation of the vascular tone may not be mandatory.
After being anastomosedwith the artery, the venous ves-
sels respond to dramatically increased hemodynamic
stresses by acute alteration in vessel tone. Upregulation
of endothelial Cxs in vein may play a role in regulating
vessel tone to adopt the abrupt hemodynamic changes
of the vein grafts.

Recently, Cx43 was shown to play an important role
in leukocyte adhesion and transmigration during acute
inflammation in vivo (Véliz et al. 2008). In ACF rats,
infiltration of neutrophils and monocytes has been
found in the vascular walls of vein grafts soon after crea-
tion of ACF (Nath et al. 2003). Upregulation of Cx43
in the IVC of ACF rats, as demonstrated in this study,
may contribute to the leukocyte infiltration and sub-
sequent development of neointimal hyperplasia.

Limitation

There are several limitations to this study. First, the
immunoconfocal study on Cx expression does not pro-
vide quantitative data about the absolute amount of a
given Cx.However, previous studies have demonstrated
that it provides reliable data about the relative expression
level of Cx (Green et al. 1993; Blackburn et al. 1995;Yeh
et al. 1997). Second, we observed the Cx expression at
1 week after ACF creation. The Cx expression profile
may differ between the early and late phases after expo-
sure to the hemodynamic stresses. However, accurate en
face observations of the endothelial Cx expression on
thewhole-mount vein graft tissue using a confocal micro-
scope would be limited by the presence of neointimal
tissue at later phase.We have demonstrated recently that
neointimal hyperplasia begins to develop in vein graft of
ACF rats as early as 2 weeks after creation of the ACF
(Chang et al. 2009). The presence of neointimal tissue

Figure 6 Immunoconfocal analysis of gap junction spots of
endothelium of IVC of sham-operated and simple IVC-banded rats,
rats with ACF, and rats with IVC-banded ACF (n54 for each group)
detected by antibodies against Cx37, Cx40, and Cx43. (A) GJSNs.
(B) TGJAs. ns, nonsignificant difference when compared between
two indicated groups.
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would make the tissue surface uneven, which makes en
face observation difficult. In addition, the anti-Cx sig-
nals that originated from the luminal endothelial cells
could not be distinguished from those from smooth
muscle cells of the neointima if the neointima is present.

In conclusion, this study shows that the endothelial
Cx expression in the venous vessels is generally lower
when compared with that in the arteries. When exposed
to different hemodynamic models, specific Cx expres-
sion pattern was found. The Cx37, Cx40, and Cx43
were all upregulated in endothelium of vein exposed to
a highly increased flow velocity and a mildly increased
pressure. Only Cx37 was upregulated in the endo-
thelium of vein exposed to a highly increased pressure.
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