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D
iabetes mellitus is a worldwide
chronic metabolic disease that re-
sults in tremendous economic and

social burdens.1 The most common com-
plications of diabetes are diabetic angiopa-
thy and diabetic nephropathy; the former
mostly occurs in the cardiac and brain vas-
cular system, leading to a high risk of death
of diabetic patients, while the latter is the
leading cause for hemodialysis in adults
in developing countries. Diabetic angiopa-
thy requires replacement therapy to treat
lesioned vessels, and diabetic nephropathy
requires hemodialysis treatment during
which punctures are performed repeatedly
on the vascular bypass grafts. The appli-
cation of tissue-engineered blood vessels
(TEBVs) has been generally recognized as
themain developmental direction of vascular

replacement therapy.2 Currently, many
kinds of TEBVs have been used for vascular
replacement or hemodialysis access and
achieved good results under certain con-
ditions.3�5 However, patients who require
vascular replacement therapy always have
primary disease such as diabetes mellitus or
other cardiovascular diseases. Until now, no
successful construction of TEBVs in the
replacement of end-stage diabetic vessels
has been reported.
To minimize invasive procedures in pa-

tients by avoiding autologous cell harvest-
ing, bioengineered grafts without endo-
thelial cells is a major point of research in
the future.6,7 Endothelial progenitor cells
(EPCs) are the precursor cells of endothelial
cells.8 Through coating specific molecules
and antibodies on the inner surface of an
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ABSTRACT The application of tissue-engineered blood vessels (TEBVs) is the main developmental

direction of vascular replacement therapy. Due to few and/or dysfunctional endothelial progenitor

cells (EPCs), it is difficult to successfully construct EPC capture TEBVs in diabetes. RNA has a potential

application in cell protection and diabetes treatment, but poor specificity and low efficiency of RNA

transfection in vivo limit the application of RNA. On the basis of an acellular vascular matrix, we

propose an aptamer�siRNA chimera-modified TEBV that can maintain a satisfactory patency in

diabetes. This TEBV consists of two parts, CD133-adenosine kinase (ADK) chimeras and a TEBV scaffold.

Our results showed that CD133-ADK chimeras could selectively capture the CD133-positive cells in vivo,

and then captured cells can internalize the bound chimeras to achieve RNA self-transfection.

Subsequently, CD133-ADK chimeras were cut into ADK siRNA by a dicer, resulting in depletion of ADK. An ADK-deficient cell may act as a bioreactor that

sustainably releases adenosine. To reduce nonspecific RNA transfection, we increased the proportion of HAuCl4 during the material preparation, through

which the transfection capacity of polyethylenimine (PEI)/polyethylene glycol (PEG)-capped gold nanoparticles (PEI/PEG-AuNPs) was significantly decreased

and the ability of TEBV to resist tensile and liquid shear stress was greatly enhanced. PEG and 20-O-methyl modification was used to enhance the in vivo

stability of RNA chimeras. At day 30 postgrafting, the patency rate of CD133-ADK chimera-modified TEBVs reached 90% in diabetic rats and good

endothelialization was observed.
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acellular vascular matrix or other materials, researchers
have constructed TEBVs that can in vivo capture EPCs
and achieve satisfactory durable patency.9,10 The re-
search progress regarding the development of intra-
vascular stents may provide insights and knowledge
useful for the construction of TEBVs in diabetes melli-
tus. EPC capture stents could enhance rapid endothe-
lialization in animal models, but theymay fail in clinical
application because patients with diabetes or other
cardiovascular disease always have dysfunctional
and/or few EPCs. This can be ameliorated by enhancing
the EPC number and survival in patients.11,12 Therefore,
it might be applicable to improve the function of
homed stem cells and increase the number of EPCs
in blood circulation via gene regulation to promote the
patency of grafted TEBVs under diabetic conditions.
Adenosine kinase (ADK) is a nucleoside kinase that

catalyzes adenosine to form adenosine 5-triphosphate
(ATP).13 Studies have shown that ADK upregulation
accelerates cellular damage and death under ischemic
conditions, and ADK inhibition helps to maintain cel-
lular energy metabolism to fight against disease
hazards.14,15 Furthermore, ADK-deficient cells can sus-
tainably release adenosine, which improves the local
microenvironment through its functions such as those in

inflammatory regulation, cell protection, and pro-
angiogenesis.13,16 All of the above support the possibility
of ADK as a functional target of stem cells under diabetic
conditions. CD133 is a highly specific surface marker of
EPCs, and CD133-positive cells can promote the forma-
tion of blood vessels through the paracrine functions.17

Here we prepared an aptamer�siRNA chimera-
modified TEBV for cell-type-specific capture and deliv-
ery. The strategy that we propose has many advan-
tages (Scheme 1): First, the CD133-ADK chimeras can
specifically capture and self-transfect into target cells,
a feature that is different from the traditional RNA
delivery method used in the construction of tissue-
engineering materials. Second, using ADK as a target,
CD133-ADK chimeras can not only reverse the im-
paired stem cell function and protect cells but also
turn cells into “bioreactors” that constantly produce
adenosine to further significantly optimize the micro-
environment and promote the mobilization of EPCs.
Third, the increase in the proportion of Au in PEI/PEG-
AuNPs decreases nonspecific RNA transfection and
improves the antishearing force and tensile strength
of TEBVs. In addition, PEG and 20-O-methyl (20-OMe)
modification were used to enhance the in vivo stability
of RNA chimeras.18 Finally, TEBV scaffolds and RNA are

Scheme 1. Construction of an aptamer�siRNA chimera-modified TEBV for cell-type-specific capture and delivery. CD133-
ADK chimera-modified TEBV consisted of two parts, CD133-ADK chimeras and a TEBV scaffold. PEI/PEG-AuNPs act as bridges
to connect the TEBV scaffolds and CD133-ADK chimeras. CD133-ADK chimeras could selectively capture the CD133-positive
cells in the blood, and the captured cells internalized the bound chimeras to achieve RNA self-transfection. Subsequently,
CD133-ADK chimeras were released from the endosome and cut into ADK siRNA by a dicer. Then the RNA-induced silencing
complex (RISC) that contained an ADK siRNA strand mediated targeted mRNA degradation, further resulting in depletion of
ADK. ADK is a nucleoside kinase that catalyzes adenosine to form ATP, and ADK inhibition helps to maintain cellular energy
metabolism to protect seed cells from hyperglycemia-induced damage in diabetes. Furthermore, an ADK-deficient cell may
act as a bioreactor that sustainably releases adenosine, leading to the significant optimization of the microenvironment and
promotion of angiogenesis.
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separately stored, and they are freshly assembled prior
to grafting, allowing the maximum preservation of
RNA bioactivity; this method is also suitable for the
application of other materials.

RESULTS AND DISCUSSION

In this paper, we first designed CD133-ADK chi-
meras. The predicted secondary structure of CD133-
ADK chimeras is demonstrated in Figure 1A. This
chimera was divided into CD133 aptamer and ADK
siRNA. CD133 aptamer was the capture zone, which
could specifically capture CD133-positive cells. ADK
siRNA was the functional zone, which suppressed

high-glucose-induced cell apoptosis and promoted
the paracrine of angiogenesis factors (Figures S1 and
S2). The increased vascular endothelial growth factor
(VEGF), stromal cell-derived factor-1 (SDF-1), and inter-
leukin-8 (IL-8) from CD133-ADK chimera-bound cells
promoted endothelial cell migration and the healing of
scratches (Figures S3 and S4). Moreover, SDF-1 and
VEGF, also known as stem/progenitor cell mobilization-
associatedmolecules, could promote EPCmobilization
from bone marrow, further increasing the number of
EPCs in the blood.19,20

To detect the ability of CD133-ADK chimeras to bind
CD133-positive cells, we used CD133-PE antibody as

Figure 1. CD133-ADK chimeras could specifically bind to CD133-positive cells. (A) Predicted secondary structure for the
CD133-ADK chimeras. (B) After selective cultivation, the cells were incubatedwith FAM-RNA, FAM-CD133 aptamer, and FAM-
CD133-ADK chimeras in the presence of PE-CD133 antibody. Proportion of bound cells was assessed by flow cytometry.
(C) Parallel-plate flow chamber was used to detect the effect of CD133-ADK chimeras on capturing flowing cells. (D) Flow
cytometry showed CD133 aptamer and CD133-ADK chimeras could specifically bind to CD133-positive cells. (E) CD133
aptamer and CD133-ADK chimeras could effectively capture flowing CD133-positive cells. *p < 0.05 (n = 6) versus ADK-SiRNA.
Values are mean ( SD.
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the positive control. Flow cytometry demonstrated
that approximately 71% of cultured cells were positive
for CD133 after 5 day of selective culturing. ADK RNA
did not specifically bind to CD133-positive cells. The
CD133 aptamer bound to 53%of CD133-positive cells.
CD133-ADK chimeras showed the ability to specifi-
cally bind to CD133-positive cells, with a binding ratio
of approximately 41.6%, while nonspecifically bound
cells accounted for 8% (Figure 1B). These results
indicated that CD133-ADK chimeras could specifically
recognize CD133-positive cells. To study the effect of
CD133-ADK chimeras on intracellular ADK expression,
we detected adenosine concentration in cell cul-
tures. CD133-ADK chimera-bound CD133-positive
cells could continuously release adenosine for 7 d,
with a peak at the third day, and the peak level was
approximately 6.47 times that of the control group
(Figure S2a).
To investigate the CD133-positive-cell-capturing

capability of CD133-ADK chimeras, we used a parallel
plate flow chamber to simulate the inner surface of
TEBVs. The results revealed that ADK siRNA did not
capture the flowing CD133-positive cells. The CD133
aptamer could capture the flowing CD133-positive
cells,as evidenced by the data that the number of
cells adherent to the CD133 aptamer increased by 9.4
times compared with the control group. CD133-ADK
chimeras could capture the flowing CD133-positive
cells, and the number of adhered cells increased by
8.3 times compared with the control group (Figure 1C).
To study the recruitment phenomenon, we trans-
planted CD133-ADK chimera or CD133 aptamer mod-
ified TEBVs in vivo. The CD133 immunofluorescence
assay showed that at postgrafting day 1 the TEBVs in
both the CD133-ADK chimera and CD133 aptamer
group showed expression of CD133-positive cells on
the inner wall. The patency rate of TEBVs was 40% in
the siRNA control group, and few CD133-positive cells
were observed in unobstructed TEBVs (Figure S5).
Polyethylenimine (PEI)/polyethylene glycol (PEG)-

capped gold nanoparticles (PEI/PEG-AuNPs) act as
bridges to connect the TEBV scaffolds and CD133-
ADK chimeras. To detect the capability of nanoparticles
to be transfected into CD133-negative cells, we se-
lected vascular smooth muscle cells (SMCs) that were
abundant in the carotid arterial wall and easily trans-
fected by siRNA as transfection subjects. Flow cyto-
metry revealed that PEI could achieve a smooth siRNA
transfection into SMCs, while low-density PEI/PEG-
AuNPs exhibited a stronger transfection capability
and achieved a mean fluorescence intensity in SMCs
1.29 times higher than that in the PEI group. However,
the increase in the Au concentration added during the
preparation process greatly inhibited the transfection
ability of PEI/PEG-AuNPs, leading to the average fluo-
rescence intensity in SMCs being only 41% of that in
the PEI group (Figure 2C).

There are high requirements for the stability of
TEBVs, because transplanted TEBVs have to face fluid
shear stresses of high intensities and an extremely
complex microenvironment. After exposure to liquid
shear stress for 48 h, FAM-modified siRNA in the
college group hardly remained; a portion of FAM-
modified siRNA remained in the PEI cross-linked group
that was much less than that remaining in the PEI/
PEG-AuNPs group. The increased concentration of Au
added during the preparation process could remark-
ably increase the remaining FAM-modified siRNA, thus
enhancing the ability of TEBVs to resist shear stress
(Figure 2A and B).
The average maximum load and tensile strength of

the vascular acellular scaffolds were only 0.12 N and
0.22 MPa, respectively, which could be increased by
3.92 and 3.91 times, respectively, through incubation
and cross-linking with collagen. The cross-linking with
PEI/PEG-AuNPs further enhanced the ability of TEBVs
to resist tensile stress; compared with TEBVs incubated
with only collagen, the average maximum load and
tensile strength of high-density PEI/PEG-AuNP-
modified TEBVs increased by 25.42% and 26.85%,
respectively (Figure 2E).
We used vascular matrix material as the TEBV

scaffolds. Hematoxylin and eosin (HE) staining showed
that vascular acellular scaffolds contained only col-
lagen, and the presence of the remaining cells was
hardly noticeable. After incubation, collagen formed a
smooth surface without any significant protrusions.
After a further coating of high-density PEI/PEG-AuNPs,
the nanoparticles of approximately 50�150 nm in
diameter were evenly cross-linked on the collagen
surface (Figure S6).
To study the effect of the CD133 aptamer and

CD133-ADK chimera on TEBV patency, the TEBVs were
transplanted into the rats not induced to be hypergly-
cemic. At postgrafting day 30, the patency rate of
control siRNA-modified TEBV is only 10%. TEBVs in
the CD133-ADK chimera group and CD133 aptamer
group had a patency rate of 90% and 70% and had
no significant intimal hyperplasia, respectively. These
results showed that the CD133 aptamer could increase
the TEBV patency rate through capturing EPCs in
the blood. PEG and 20-OMe modification effectively
enhanced the in vivo stability of RNA (Figure S7).
Then TEBVs in each group were grafted into the

common carotid artery of diabetic rats, followed by
vascular anastomosis. Grafted TEBVs were removed at
postgrafting day 7, 14, and 30. Micro-computed tomo-
graphy (micro-CT) revealed that at postgrafting day
30 the TEBV graft on the right side in the rats of the
CD133-ADK chimera group showed normal contrast
enhancement and had similar lumen to the vessels
at the opposite side and a trace of vessel grafting.
By contrast, TEBVs in the siRNA control group and
CD133 aptamer group did not show normal contrast
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enhancement, indicating occlusion of TEBVs (Figure 3E).
HE staining results demonstrated that the siRNA control
group had thrombosis-induced vascular occlusion at
postgrafting day 7; the patency rate was 20%, 10%, and
0%, and the average blood flow in the patent TEBVwas
1.8, 0.7, and 0mL/min at postgrafting day 7, 14, and 30,

respectively. The CD133 aptamer group had certain
TEBV stenosis caused by partial intimal proliferation,
a patency rate of 80%, 70%, and 10%, and an aver-
age blood flow in the patent TEBV of 5.3, 3.2, and
1.9 mL/min at postgrafting day 7, 14, and 30, respec-
tively. The CD133-ADK chimera group had a patency

Figure 2. AuNPs enhanced antishearing force and tensile strength of TEBVs. (A) The collagen was cross-linked with PEI, low-
density PEI/PEG-AuNPs (LD AuNPs), or high-density PEI/PEG-AuNPs (HD AuNPs) and then incubated with FAM-SiRNA for
15 min. Circulating pump drive PBS shear for 48 h and the fluorescence were determined. (B) The LD AuNPs and HD AuNPs
were characterized on the interior surface of the TEBV, respectively, and then the prepared TEBVs were grafted onto the
common carotid artery after incubating with FAM-CD133-ADK chimeras. The transplanted TEBVs were removed after 48 h,
and the fluorescence intensity was determined by a fluorescence imaging detection system. (C) Vascular smoothmuscle cells
were used to detect the transfection capacity. The transfected cells were assessed by flow cytometry, and the results are
presented asmean fluorescence intensity (MFI). (D) Comparedwith the PEI group, theMFI in the LD AuNP group increased by
129%. TheMFI in the HD AuNP group decreased to 41% of that in the PEI group. *p < 0.05 (n = 6) versus RNA. #p < 0.05 (n = 6)
versus PEI. (E) Computer-controlled electronic universal testing machine was used to detect the maximum load and tensile
strength of the acellular vascular matrix, collagen control TEBV, LD AuNP modified TEBV, and HD AuNP modified TEBV.
(F) AuNP-enhanced tensile strength of TEBV. *p < 0.05 (n = 10) versus acellular vascular matrix. #p < 0.05 (n = 10) versus
collagen control TEBV. Values are mean ( SD.
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rate of 90%, 90%, and 90% and an average blood flow
in the patent TEBV of 6.5, 6.1, and 5.7 mL/min at
postgrafting day 7, 14, and 30, respectively (Figure 3).
Immunofluorescence staining showed that, in the
CD133-ADK chimera group, the EC layer was formed
in TEBVs at postgrafting day 7 and remained intact at
day 14 and day 30. In the CD133 aptamer group, TEBVs
were only partially covered by ECs and did not have a
complete EC layer at day 14 (Figure 3B, Figure S7).
However, HE staining results demonstrated that SMCs
had grown through the inner layer of the TEBVs and
had grown into the lumen at day 14 (Figure 3A).

CONCLUSIONS

We successfully constructed an aptamer�siRNA chi-
mera-modified TEBV for cell-type-specific capture and
delivery. This TEBV reached a patency rate of 90% in
diabetic rats 30 days after grafting; mechanistically,
CD133 aptamer could selectively capture the CD133-
positive cells in the blood; then transfected ADK SiRNA
inhibited the apoptosis of CD133-positive cells and
promoted the release of adenosine and angiogenesis
factors in diabetes mellitus. Our study may provide a
new strategy for TEBV construction under disease
conditions.

MATERIALS AND METHODS

Cell Culture. Peripheral blood was collected from healthy
volunteer donors. Using human lymphocyte separation
medium (TBD), we isolated the cloudy mononuclear cell layer
by density gradient centrifugation. The cell culture and iden-
tification methods were the same as described previously.9

A magnetic bead separation method was used to isolate
CD133-positive cells. After the separation of mononuclear
cells, anti-CD133 beads (Miltenyi Biotec) were used for selec-
tive sorting, and the sorted cells were cultured as described
previously.9,16 Vascular smooth muscle cells (ATCC) were
cultured in DMEM/F12 medium (Hyclone) containing 10%
FBS (Gibco).

Figure 3. CD133-ADK chimeras upregulated the patency rate of TEBV in diabetic rats. (A) HE staining of TEBVs for 14 days and
30 days. (B) Endothelial cells in cryosections were immunostained for 7 days and 14 days. (C) The unobstructed proportion of
TEBV for 7, 14, and 30 days. (D) Blood flow volume of TEBV was determined by Doppler at 7, 14, and 30 days after being
transplanted into the rat. (E) Microcomputed tomography angiography at 30 days showed that only CD133-ADK chimera-
modified TEBVs remained open, and the arrows indicate the TEBVs. *p < 0.05 (n = 10) versus control TEBV. #p < 0.05 (n = 10)
versus aptamer-modified TEBV. Values are mean ( SD.
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CD133-ADK Chimeras. CD133-ADK chimeras were designed
following the reported methods and comprised two parts:
the aptamer and siRNA.21,22 The CD133 aptamer captures
CD133-positive cells and has a sequence of CAGAACGUA
UACUAUUCUG.23 ADK siRNA resists disease damage and has a
sequence of GGAGAGAUGACACUAUAAUUU. 20-OMe modifica-
tion was used to maintain the stability of chimeras in vivo.

Detection of the Ability to Bind CD133-Positive Cells. After 5 days of
selective culturing, the cells were trypsinized and incubated
with the CD133-PE antibody (Miltenyi Biotec) for 30 min,
followed by three phosphate-buffered saline (PBS) washes.
Subsequently, 20 nM carboxyfluorescein (FAM)-modified ADK
siRNA, CD133 aptamer, or CD133-ADK chimeras were added.
After incubation at 37 �C for 15 min and three PBS washes, the
samples were subjected to fluorescence detection on a flow
cytometer.

Flow Chamber Experiments. After incubation of collagen on a
glass slide for 24 h, high-density PEI/PEG-AuNPs were added,
followed by 24 h of 1-ethyl-3-(3-(dimethylamino)propyl)-
carbodiimide (EDC, Sigma)-induced cross-linking. Next, FAM-
modified ADK siRNA, CD133 aptamer, or CD133-ADK chimeras
were added and incubated on the slide for 15 min, followed by
placement into a flow chamber. In our experiment, we used the
maximum shear stress value (30 dyn/cm2, 1 dyn/cm2 = 0.1 Pa)
measured in the human carotid artery.24 The width (w) of the
flow chamber used in our experiments was 16 mm, and its
height (h) was 0.5 mm. The volume flow rate (Q) was 1.54 mL/s,
the circulating fluid viscosity (μ) was 1.3 m Pa s, and the wall
shear stress was τ = 6 � Q � μ/(w � h2) = 3 Pa. The cultured
CD133-positive cell suspension at a density of 1� 105/mL was
allowed to flow through the coated slide. Finally, the cells
adherent to the slide surface were counted under an inverted
microscope.

Synthesis of PEI/PEG-AuNPs. PEG-NHS (Sigma)was slowly added
to the PEI (Sigma) in KH2PO4/NaOH solution and gently stirred
for 48 h. Then the PEI/PEG-AuNPs were synthesized using a
one-step method. A total of 1.44 mL of 1% PEI/PEG solution was
slowly added into a 14 mM or 42 mM HAuCl4 (Sigma) aqueous
solution (25 mL) and stirred at room temperature for 24 h
to produce low-density or high-density PEI/PEG-AuNPs, res-
pectively.

Detection of the Ability to Resist Shear Forces. After incubation of
collagen on a glass slide for 24 h, PEI or low-density or high-
density PEI/PEG-AuNPs were added, followed by 24 h of EDC-
induced cross-linking. Next, FAM-modified siRNA was added and
incubated on the slide for 15 min, followed by placement into a
flow chamber. To simulate the normal shear forces and scouring
forces generated by blood flow in vivo, the solution in the
chamber was driven to flow at a rate of 1.54 mL/s using a
circulation pump. After 48 h, the slidewas removed and subjected
to fluorescence observation under a fluorescence microscope.

Detection of Transfection Capability. FAM-modified siRNA was
incubated with Lip2000, PEI, and low-density or high-density
PEI/PEG-AuNPs for 15 min and then was added to the SMC
culture medium. The cells were cultured at 37 �C for 4 h; after
another 24 h of culturing, the cells were subjected to flow
cytometry for measurement of average fluorescence intensity.

Construction of PEI/PEG-AuNP-Modified TEBV. Under sterile condi-
tions, 200 g of common carotid arterial tissue was harvested
from Wistar rats and rinsed with saline to remove blood. The
sample was digested with 0.15% trypsin at 37 �C under 5% CO2

for 40 min. Nucleic acids and fat in the sample were removed
using RNase, DNase, and lipase to obtain vascular matrix
material that did not contain any cells and extracellular matrix
but had preserved vascular collagen fibers and elastic fibers.
Subsequently, the vascular matrix material was incubated with
4 mg/mL of collagen solution for 24 h and was subjected to
cross-linking induced by 5mMEDC (Sigma) for 24 h, followed by
three PBS washes. Next, PEI/PEG-AuNPs were added, followed
by 5 mM EDC-induced cross-linking for 24 h. Finally, the sam-
ple was washed three times with PBS and stored in a 4 �C
refrigerator for subsequent use. Before grafting, the TEBV
scaffolds were incubated with ADK siRNA, CD133 aptamer, or
the CD133-ADK chimera solution for 30 min and then washed
three times with PBS. Themaximum load and tensile strength of

TEBVs were measured using a computer-controlled electronic
universal test system.

Animal Experiments. All of the animal experiments were per-
formed in accordance with the regulations on animal experi-
ments of the Third Military Medical University (Chongqing,
China) and were approved by the Ethics Committee of the
Third Military Medical University. The 8-week-old Wistar rats
were intraperitoneally injected with streptozotocin after 12 h
of fasting, and the rats with a fasting blood glucose level of
>16.7 mmol/L were considered diabetic rats. One month after
the successful establishment of diabetic models, the diabetic
rats were anesthetized with 1% sodium pentobarbital and
underwent TEBV grafting into the right common carotid artery,
followed by vascular anastomosis. The blood flow was mea-
sured using a Doppler flowmeter at postgrafting day 0, 7, 14,
and 30. Furthermore, the grafted TEBVs were removed for
frozen sectioning at different time points. A portion of slices
was stained with HE staining, and another portion of slices
underwent immunofluorescence assays for CD31 (Abcam) and
CD133 (Biorbyt). In the immunofluorescence assays, the slices
were incubated with the primary antibody at 4 �C overnight,
washed three times with PBS, incubated with the fluorescence-
conjugated secondary antibody at 37 �C for 1 h, washed three
times with PBS again, and finally mounted.

Fluorescence Imaging Detection. TEBVs coated with low-density
or high-density PEI/PEG-AuNPs were incubated with the CD133-
ADKchimera solution for 30minandwashed three timeswithPBS.
Two days after being grafted into rats, TEBVs were removed and
washed to clean up the blood. Finally, the fluorescence intensity
was observed using a fluorescence imaging detection system.

Micro-Computed Tomography. One month after TEBV grafting,
the diabetic rats were anesthetized with 1% sodium pentobar-
bital and intraperitoneally injected with 1 mL of heparin. After
5 min of heparinization, the rat's chest was opened to expose
the heart for intravascular contrast agent (iopromide) injection.
The rats were then sacrificed, and a micro-CT scanner was used
to evaluate the patency of the grafts.

Statistical Methods. A t test of the data and the homogeneity
of the variance test were performedby using SPSS12.0 software.
All of the experimental data were expressed as means (
standard deviation. A p value less than 0.05 was considered a
statistically significant difference.
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