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Abstract
Purpose—Venous neointimal hyperplasia in hemodialysis grafts is characterized by both
proliferation and migration of vascular smooth muscle cell and adventitial fibroblasts. Since fetuin-
A is a cytokine which has multifunctional effects on both vascular smooth muscle cells and
fibroblasts; we examined the course of its expression in early venous stenosis formation in a porcine
model of chronic renal insufficiency with arteriovenous polytetrafluoroethylene (PTFE) grafts.

Methods and materials—Pigs had chronic renal insufficiency created by complete embolization
of the left kidney and partial embolization of the right kidney. Twenty eight days later, arteriovenous
PTFE grafts were placed from the carotid artery to the ipsilateral jugular vein and the animals were
sacrificed 3 days (N=4), 7 days (N=4), and 14 days (N=4) later. Expression of fetuin-A was
determined by Western blotting at the venous stenosis, control veins, and plasma.
Immunohistochemical analysis of the venous stenosis and control vein was performed. Blood urea
nitrogen (BUN) and creatinine before embolization and at time of graft placement was determined.

Results—The mean BUN and creatinine at graft placement was significantly higher than the pre
embolization values (P<0.05). Severe venous neointimal hyperplasia occurred by day 14 which was
characterized by primarily α-smooth muscle actin positive cells. By day 14, fetuin-A had increased
significantly at the venous stenosis and serum of the animals when compared to control veins and
prior to embolization, respectively (P<0.05).

Conclusions—We observed significantly increased expression of fetuin-A in early venous stenosis
by day 14 and serum compared to baseline. Understanding the role of fetuin-A in venous neointimal
hyperplasia could help in improving outcomes in hemodialysis patients.

Introduction
There are currently more than 400,000 patients with end-stage renal disease (ESRD) in the
United States (1). Although arteriovenous fistulas are preferred as vascular access for
hemodialysis, expanded polytetrafluoroethylene (ePTFE) arteriovenous (AV) grafts are
commonly used for dialysis access in many patients. The enormity of the clinical problem lies
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in the lack of durability of these grafts as only 50% of the grafts are functioning at 1 year and
25% at 2 years and with patency after angioplasty being 40% at 6-months (2). Estimates suggest
that hemodialysis access dysfunction costs more than one billion dollars representing an
enormous medical and financial burden on the nation and many patients (1). However, the
specific mechanisms initiating venous stenosis caused by venous neointimal hyperplasia and
subsequent thrombosis remain unknown.

In patients with failed hemodialysis access, increased vascular smooth muscle cell proliferation
and migration with matrix deposition have been felt to be the etiology of venous neointimal
hyperplasia (3). Recent data suggests that there is adventitial migration and proliferation of
fibroblasts which dedifferentitate into myofibroblasts with translocation of these cells to the
endothelium resulting in venous neointimal hyperplasia (4). At a cellular level, many proteins
have been identified to be associated with failed hemodialysis access including vascular
endothelial growth factor-A (VEGF-A), platelet derived growth factor (PDGF), transforming
growth factor-β (TGF-β), basic fibroblast growth factor (BFGF), and matrix metalloproteinases
(MMPs) (5–8).

Recently there have been many reports in the literature on hemodialysis patients with abnormal
fetuin-A levels which have been shown to be the etiology of increased calcification in blood
vessels (9). This contention is based on the fact that fetuin-A knockout mice have been shown
to develop severe soft-tissue and intravascular calcifications (9). On a cellular level, fetuin-A
is a multifunctional molecule and acts as an antagonist of transforming growth factor-β,
regulating cytokine-dependent osteogenesis, and inhibiting insulin receptor tyrosine kinase and
some protease activities (10). It has been shown recently that it can also increase pro MMP-9
protein secretion by monocytes and it has been localized to arteries of patients on hemodialysis
(11). Increased expression of TGF-β1 and MMPs have been observed in failed hemodialysis
access grafts (12). Finally, recent experimental data shows that fetuin-A has been shown to
have an effect on vascular smooth muscle cells and fibroblasts, the major cell phenotypes
observed in venous neointimal hyperplasia (4,13).

Previous studies have been performed in animals with normal kidney function, (4,5,7,14–18),
however, in the experimental animal model used in the present study, chronic renal
insufficiency was induced prior to graft placement (19,20). The purpose of the present study
was to determine the expression of fetuin-A in early venous stenosis formation in an
experimental porcine model of renal failure with a PTFE arteriovenous hemodialysis graft.

Materials and methods
Study design

Institutional Animal Care and Use Committee approval was obtained prior to performing any
procedures on animals. Housing and handling of the animals was performed in accordance
with the Public Health Service Policy on Humane Care and Use of Laboratory Animals revised
in 2000. Twelve castrated juvenile male pigs (40–50 kg, domestic swine, Larson Products,
Sargeant, MN) had chronic renal insufficiency created by renal artery embolization (19).
Twenty eight days later, arteriovenous PTFE grafts were placed from the carotid artery to the
ipsilateral jugular vein. Protein expression for fetuin-A was determined by Western blotting at
the venous stenosis, inflow artery, and control vessels at day 3 (N=4), day 7 (N=4), and day
14 (N=4) following graft placement. In addition, the expression of fetuin-A was determined
in the serum of the blood of the animals before creation of renal insufficiency and at time of
graft placement. The BUN and creatinine before renal artery embolization and at time of graft
placement were determined.
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Creation of chronic renal insufficiency by renal artery embolization
Prior to all procedures, animals were kept NPO (nothing per oral) for 12 h. They were initially
anesthetized with a combination of 5 mg/kg tiletamine hydrochloride (50 mg/mL) and
zolazepam hydrochloride (50 mg/mL), 2 mg/kg xylazine (Bayer, Shawnee Mission, Kansas),
and 0.06 mg/kg glycopyrrolate given intramuscularly. To induce additional anesthesia, an
intravenous (IV) fluid line was placed in the ear vein for the delivery of zolazepam
hydrochloride (5 mg/kg) as needed. During the procedure, the animals were intubated and
placed on a positive-pressure ventilator delivering oxygen (3–5 mL/kg) and isoflurane (1%–
3%). The end-tidal CO2 volume, oxygen saturation, heart rate, electrocardiogram, and blood
pressure were monitored throughout the surgical procedure.

Chronic renal insufficiency was created by embolizing the renal artery (19,20). The
embolization procedure was standardized so that the left kidney was totally embolized and
either the upper or lower artery of the right kidney was embolized. Typically, there was a single
renal artery supplying each kidney with one upper and one lower polar branch with each polar
branch having 2 to 3 branches. The decision to embolize either the upper or lower pole was
made based upon which polar branch supplied the lesser amount of renal parenchyma.

Six F sheaths were placed in the right femoral artery and the left renal artery was selected by
using a 5F tapered angled glide catheter (Boston Scientific, Natick, MA). Through this catheter,
150 to 250-µm polyvinyl acrylide (PVA) particles (PVA Contour, Boston Scientific, Boston,
MA) were infused until the left renal artery was completely occluded. Next, either the right
upper or lower pole artery was selected and embolized completely in a similar fashion. The
sheath was removed and hemostasis was obtained by manual compression. The pig was treated
for 5 days with antibiotics to prevent infection. Blood urea nitrogen (BUN), creatinine, and
blood were determined prior to embolization and at the time of graft placement by removing
10-mL of blood from a peripheral vein. The pig was extubated, monitored postoperatively, and
started on normal pig diet (Lean Gain 95, Land O’Lakes, Inc. St. Paul, MN). The expression
of fetuin-A was determined in the serum of the blood removed prior to the embolization.

Polytetrafluoroethylene graft placement
Polytetrafluoroethylene grafts were placed twenty eight days after renal artery embolization
(5). An arteriovenous PTFE graft (4-mm diameter by 7-cm long, Gore, Flagstaff, AZ) was
placed from either the right or left carotid artery to the ipsilateral jugular vein (Fig. 1). The
contralateral vessels were isolated surgically at the time of graft placement to serve as controls.
Ten-mL of blood was removed at time of graft placement and the serum used for determining
fetuin-A expression. Plavix (75 mg by mouth, Bristol-Myers Squibb/Sanofi Pharmaceuticals
Partnership, Bridgewater, NJ) was started the night before the graft placement and given daily
until the animal was sacrificed.

Vessel harvesting
The animals were sacrificed at 3 days (N=4), 7 days (N=4), and 14 days (N=4) after graft
placement. To harvest the venous stenosis, inflow artery, and control vessels, both the carotid
and jugular vessels were dissected free of the surrounding soft tissue and a heparin bolus of
250 units/kg was given intravenously. Venous stenosis formed predictably at the vein-to-graft
anastomosis. The vein-to-graft anastomosis approximately 2-cm towards the heart (venous
stenosis, Fig. 1), inflow artery, and control vessels were removed as described previously (5).
The specimen was sectioned transversely into two equal parts and half was snap frozen in liquid
nitrogen and stored at −80 °C for Western blotting and the other half stored in formalin for 24
hours and then embedded in paraffin for immunohistochemical analysis (5).
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Immunohistochemical analysis
Hematoxylin and eosin (H & E) and α-smooth muscle staining were performed on specimens
embedded in paraffin from the vein-to-graft anastomosis and control vessels as described
previously (5).

Sample preparation for Western blot
Specimens were thawed at room temperature (RT) and all graft material was removed by
careful dissection and then washed 3 X with 1.0-mL washing buffer (0.45 mM Tris, pH 8.5).
The vessels were then sliced with a surgical knife into thin pieces and then put into a denaturing
buffer (0.5 mM Tris plus 0.1% SDS). An electronic glass grinder was used to homogenize the
blood vessels. The supernatant was separated by centrifugation at 14,000 RPM for 10 min. In
a similar fashion, the plasma was separated from the blood removed prior to embolization and
at the time of graft placement for Western blots for fetuin-A (see later). The protein
concentration of the supernatant was measured with a Bio-Rad (Hercules, CA) protein assay
kit and 100-µgs of protein from each of the venous stenosis and control vessels (contralateral
vessels) were used for the Western blot.

Western Blot of Fetuin-A
To determine fetuin-A expression, we used Western blotting on whole vessel lysate as
previously described (21). The antibody used for fetuin-A was rabbit anti-human (Abcam,
Cambridge, MA).

Statistical analysis
The Western blot data, BUN, and creatinine are presented as mean ± SD. Analysis of variance
(ANOVA) was used first to compare the means across the day 3, day 7, and day 14 groups. If
the ANOVA F-test P-value was statistically significant (P < 0.05) or showed a trend toward
significance, a Student t test was performed. The P-values for Western blots for the venous
stenosis and control veins were calculated using a one-sample Student t-test to test the null
hypothesis that the mean ratio of the venous stenosis to control vein for fetuin-A was different
from 1. For the serum samples, this was calculated to determine if there was a difference
between the pre embolization values and the values at the time of graft placement. P-value of
less than or equal to 0.05 was considered statistically significant. SAS version 9, (SAS Institute
Inc., Cary, NC) was used for statistical analyses.

Results
Surgical outcomes

Twelve castrated juvenile male pigs weighing 48.6 ± 1.2 kg underwent total embolization of
the left kidney (12) and partial embolization of the right kidney (2 upper pole and 10 lower
poles). There were no complications as a result of the embolization procedure other than the
expected induction of renal insufficiency. The BUN and creatinine prior to embolization was
8.36 ± 2.01 mg/dL and 1.27 ± 0.18 mg/dL, respectively; and at time of graft placement increased
to 17.1 ± 9.12 mg/dL (P < 0.05 when compared to pre) and 2.17 ± 0.57 mg/dl (P < 0.05 when
compared to pre), respectively. Twenty eight days later, twelve pigs underwent placement of
12 (4-mm by 7-cm PTFE grafts) - 2 grafts on the left and 10 grafts on the right with the
contralateral vessels serving as controls. All grafts were patent on follow-up as documented
by auscultation with a bruit over the anastomosis.

Immunohistochemical analysis
Hematoxylin and eosin stained vein-to-graft anastomosis revealed a thickened neointima and
media by day 14 (Fig. 2A) when compared to the contralateral (control) vessels (Fig. 2B). The
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neointima was composed primarily of α-smooth muscle actin positive cells (Fig. 2C) when
compared to control vessels (Fig. 2D).

Western blot of Fetuin-A
We determined protein expression of fetuin-A by Western blot on the venous stenosis, inflow
artery, control vessels, and plasma before renal artery embolization, and at time of graft
placement. Scanning densitometric values from the immunoblots obtained from protein
samples of the stenotic vein were divided by the control vein for each time point and then
normalized for differences in protein loading between samples (Fig. 3 and Fig 4). By day 14,
the mean fetuin-A at the vein-to-graft anastomosis to control vein was statistically significant
(1.43 ± 0.11, P<0.05, Fig. 3). There was no difference in protein expression in fetuin-A between
the inflow artery and control artery. Because fetuin-A has been found to be increased in serum
of patients with chronic kidney disease, we also determined fetuin-A expression in serum
plasma of 12 animals at baseline (before embolization) and in 12 animals at time of graft
placement after embolization. There was significant increase in fetuin-A expression in plasma
at time of graft placement (33 ± 6.9) when compared to before embolization (23.8 ± 4.5, P<0.05,
Fig. 4).

Discussion
Previous experimental porcine models which have been used to study the mechanisms
responsible for hemodialysis graft failure have been performed in animals with normal kidney
function (4,5,7,14–18). In the present study, a porcine model of renal insufficiency with
arteriovenous PTFE graft placement was used to show significantly elevated levels of fetuin-
A by day 14 at the venous stenosis when compared to control vessels. In addition, significantly
higher expression of fetuin-A was observed in the plasma at time of graft placement which
correlated with increased BUN and creatinine when compared to pre embolization values.

At present, factors contributing to hemodialysis graft failure are not well understood, but are
hypothesized to include changes in wall shear stress (22) and turbulent flow (23) coupled with
vessel hypoxia (6,20) which cause activation of matrix regulatory proteins (MMPs, VEGF-A,
bFGF, TGF-β, and PDGF) resulting in increased cellular proliferation, migration, and matrix
deposition. The serum protein fetuin-A was originally described as the major globulin in fetal
and newborn calf serum (24). The human homologue was named α2–Heremans-Schmid
glycoprotein after its two co discoverers (25). Fetuin-A is a member of the cystatin super family
of cysteine protease inhibitors. It is secreted by the liver and found in high concentrations in
serum and shown to be involved in vascular disease, atherosclerosis, hemodialysis, and
inflammatory conditions (26). There is current controversy in the literature as to the role of
fetuin-A in causing cardiovascular mortality in patients with abnormal levels of fetuin-A in
serum with some studies suggesting it is associated with metabolic syndrome (26–28). In
addition, there appears to be no correlation between the serum creatinine and fetuin-A (28,
32).

On a cellular level, fetuin-A is a multifunctional molecule and acts as an antagonist of
transforming growth factor-β, regulating cytokine-dependent osteogenesis, and inhibiting
insulin receptor tyrosine kinase and some protease activities (10). Fetuin-A knockout mice
have been shown to develop severe soft-tissue and intravascular calcifications (9). It has been
shown recently that in monocytes in vitro it can protect pro MMP-9 protein autolysis thus
effectively increase local activity of pro MMP-9 (29). Increased expression of MMPs have
been observed in failed hemodialysis access grafts and we hypothesize that increased
expression of fetuin-A in the venous stenosis can cause an increase in MMP expression which
will favor increased cell migration and proliferation leading to venous neointimal hyperplasia
formation (5–7,12,30).
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Previous experimental animal models of hemodialysis graft failure have used animals with
normal kidney function (5,7,8,14–16). In the present model, chronic renal insufficiency was
induced prior to hemodialysis graft placement. In this animal model, we observed a significant
increase in fetuin-A expression in the serum of the animals at time of graft placement twenty
eight days later when compared to plasma prior to induction of renal insufficiency (31). This
is consistent with animal experiments and observations from clinical studies which have shown
that increased fetuin-A expression can occur in chronic kidney disease (32). In clinical samples
of arteries removed from patients with hemodialysis, fetuin-A was localized by
immunohistochemistry. In the present study, we observed no difference in fetuin-A expression
within the inflow artery and control artery by Western blot. A potential explanation for this
observation is that the animals had chronic kidney disease with increased serum fetuin-A levels
while patients on hemodialysis have decreased fetuin-A levels resulting in calcification of
blood vessels (11,26,31).

Because the observation of fetuin-A and hemodialysis is relatively new, there are several
limitations that must be discussed. There have been no studies performed investigating the
amount of fetuin-A in hemodialysis graft duration, frequency of dialysis, or the effect after
angioplasty on the vascular access. The findings from the present study need to be validated
in different experimental animal models as well as the clinical scenario. It is unclear whether
the fetuin-A contributes to venous neointimal hyperplasia or venous neointimal hyperplasia
causes the increase in the expression of fetuin-A.

In the present study, we observed that there was significantly increased expression of fetuin-
A in venous stenosis formation and in serum of animals prior to graft placement. We
hypothesize that increased expression of fetuin-A can cause increased expression of MMPs
resulting in increased cell migration and proliferation resulting in venous neointimal
hyperplasia formation. The identification of fetuin-A in early venous stenosis formation
provides a potential mechanism and therapeutic target for inhibiting hemodialysis graft failure
and provide preliminary data for further studies on determining the effect of these proteins on
intimal hyperplasia in hemodialysis grafts.
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Figure 1.
Placement of hemodialysis polytetrafluoroethylene grafts.
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Figure 2.
Hematoxylin and eosin staining was performed at the vein to graft anastomosis (A) and
contralateral control vessel (B). There is venous neointimal hyperplasia (VNH) and thickened
media when compared to the control vein (B). L is the lumen. Alpha smooth muscle actin
staining was performed in C and D. Blue is cell nuclei and red is α-smooth muscle actin. Cells
(red) in the neointima stained positive for a-smooth muscle actin (C) and the control vein
(D) is negative for α-smooth muscle actin.
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Figure 3.
Fetuin-A expression in the venous stenosis compared to control vein. A (upper panel) is the
Western blot of fetuin-A at day 3, day 7, and day 14, and lower panel is Western blot for actin
showing equal loading of protein. VS is the venous stenosis and CV is the control vein. B is
the pooled data of fetuin-A expression at day 3, day 7, and day 14. In PTFE grafts, expression
of fetuin-A (*) was significantly higher than the control vein by day 14 (P<0.05). Data are
presented as mean ± SD.
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Figure 4.
Immunoprecipitation followed by Western blot analysis of fetuin-A in serum at baseline (prior
to renal artery embolization) and at graft placement. A is representative blots of fetuin-A in
plasma prior to (baseline) renal artery embolization and at PTFE graft placement and controls
with IgG loading. B shows pooled data for the fetuin-A. In plasma, there was significant
increase in expression of fetuin-A (*) was significantly higher than the baseline plasma value
(P<0.05). Data are presented as mean ± SD.
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