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ABSTRACT
In recent years, the demand for functional small-diameter (< 6 mm) artificial vascular grafts has
greatly increased due to an increase in the number of patients with vascular heart disease.
However, currently, there are no available commercial small-diameter grafts. The objective of
this research was to develop a porous silk fibroin (SF)-coated poly(ethylene terephthalate) (PET)
graft with a diameter < 6 mm. The graft was compared with a gelatin-coated PET graft because
the latter PET graft with a diameter ~ 6 mm was widely used as a commercial vascular graft.
Initially, porous SF was prepared using Glyc as the porogen [termed SF(Glyc)] and the PET grafts
were prepared through the double-Raschel knitting method. Subsequently, the degradation of
the SF coating was monitored using protease XIV in vitro and was compared with that observed in
gelatin-coated PET grafts. Finally, these grafts were also implanted into rats for an in vivo
comparison. In degradation experiments, after 7 days, the SF was clearly digested by protease
XIV, but the gelatin on the graft was still remained at the outer surface. In implantation experi-
ments in rats, the SF(Glyc)-coated PET graft was rapidly degraded in vivo and remodeling to self-
tissues was promoted compared with the gelatin-coated PET graft. Thrombus formation and
intimal hyperplasia were observed in the gelatin-coated PET graft; however, such side reactions
were not observed in the SF(Glyc)-coated PET graft. Thus, the porous SF(Glyc)-coated PET graft
with a small diameter < 6 mm may be useful as a commercial vascular graft.
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Introduction

In recent years, the number of patients with car-
diovascular diseases has been increasing consider-
ably. Consequently, the need for small-diameter
artificial vascular grafts has also increased
worldwide.1 The expanded polytetrafluoroethylene
or gelatin-coated poly(ethylene terephthalate)
(PET) have been used for the commercially avail-
able artificial vascular grafts with a diameter ≥
6 mm, but the limitations of these materials in
connection with adverse developments in grafts
with diameter < 6 mm have been reported due to
thrombus formation and intimal hyperplasia.2,3

These problems are caused by the lack of vascular
endothelial cells and mismatch with self-blood
vessels.4–6 Thus, in the past decades, studies on
the development of small-diameter artificial
blood vessels using scaffolding materials that pro-
mote remodeling to self-tissues have been

conducted.7–9 However, the resulting grafts have
not been used yet in the clinical setting.

Silk fibroin (SF) from Bombyx mori has been
used in numerous biomedical applications invol-
ving drug delivery, tissue engineering, or implan-
table devices.10 The merits of SF for vascular
regeneration (i.e., good cytocompatibility, tailor-
able biodegradability, suitable mechanical proper-
ties and minimal inflammatory reactions) is
summarized in an excellent review by Wang et al.11

Our research group has proven, through numer-
ous in vitro and in vivo studies, that SF is suitable
for the development of small-diameter artificial
vascular grafts.12–25 In addition, this finding has
been supported by the work of other research
groups highlighting the potential use of SF for
the development of such vascular grafts.26,27 We
have used SF as both the vascular graft base and
the coating materials. Particularly, porous SF pre-
pared using porogen such as poly(ethylene glycol
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diglycidyl ether) (PGDE) or glycerin (Glyc) has
been shown to be useful for coating SF graft
bases with small diameter (< 6 mm).19–25

Moreover, Huang et al. reported that good trans-
plantation results have been obtained with a PET
graft coated by SF, although porous SF was not
investigated as a coating material.28 The PET graft
coated with gelatin with a diameter ~ 6 mm has
been widely used as commercial artificial vascular
graft.1 Therefore, developing a porous SF-coated
PET graft with a small diameter and comparing
the gelatin-coated and porous SF-coated PET
grafts through in vitro and in vivo experiments is
of particular interest.

The objective of this research was to develop
a porous SF-coated PET graft with a small dia-
meter (< 6 mm). Initially, The porous SF was
prepared using Glyc as the porogen [termed
SF(Glyc)] and the PET grafts were prepared
through the double-Raschel knitting method (a
method used for the preparation of the commer-
cial PET graft base). Subsequently, the degradation
of the SF coating was monitored using protease
XIV in vitro and was compared with that observed
in gelatin-coated PET grafts. Finally, these grafts
were also implanted into rats for an in vivo
comparison.

Results

In vitro degradation of the SF(Glyc) or gelatin
coating on the PET grafts

The SEM pictures of the inner and outer surfaces
of the PET grafts coated with porous SF(Glyc) or
gelatin after degradation with protease XIV are
shown in Figure 1.29–32 The pictures of the sur-
faces were obtained at 0, 3, and 7 days after
degradation. The PET graft base without coating
yielded an identical picture to that previously
reported for the SF graft base without
coating.13,15,22,25 At 0 day after degradation (i.e.,
the stage of no enzyme reaction), the surfaces of
the SF(Glyc) and gelatin coatings were different
(Figure 1 (A)). Many cracks were observed on the
surface of the SF(Glyc)-coated graft, whereas the
surface the gelatin-coated graft was smooth. At
3days after degradation, the porous SF(Glyc) coat-
ing on the graft was digested using protease XIV

and adhered on the surface of the PET fiber as
clearly demonstrated in the picture of the expan-
sion (Figure 1 (B)). On the other hand, although
the gelatin on the graft was removed from the
inner surface of the graft, it remained on the
outer surface. At 7days after degradation,
a difference was still observed between the sur-
faces of the porous SF and gelatin coating,
although the amounts of the coated materials
decreased (Figure 1 (C)). Thus, the degradation
behavior using protease XIV was markedly differ-
ent between SF(Glyc) and gelatin.

Mechanical properties of 2 types of grafts

The longitude suture retention strength, circum-
ference tensile strength, compressive elastic mod-
ulus and water permeability of 2 types of the grafts
were measured (Figure 2). There were no signifi-
cantly differences among these grafts for the long-
itude suture retention, circumference tensile
strength and compressive elastic modulus. The
water permeability of SF(Glyc) coated grafts was
significantly higher than that of the gelatin coated
grafts.

Implantation of SF(Glyc)- or gelatin-coated PET
grafts into rat

All 24 implantations were successfully performed
without complications (e.g., uncontrolled bleed-
ing). After refluxing the blood, bleeding from the
gelatin-coated grafts was not observed, with
slight leakage of blood from the anastomotic
site (Figure 3(A)). On the other hand, mild
blood leakage was observed from both the
SF(Glyc)-coated graft and the anastomotic site
(Figure 3 (B)). The bleeding was stopped by
compression with a cotton swab for a few sec-
onds. There was no difference observed among
the grafts with respect to the ease of handling
and resistance to suture. All rats survived until
the scheduled date of removal and were sacri-
ficed at 2 weeks or 3 months after implantation.
After 3 months, occlusion was observed in 2 of 6
rats with gelatin-coated grafts. At 2 weeks and
3 months after implantation, all grafts were cov-
ered by a thin layer of adipose and surrounding
tissue (Figure 4). In addition, peeling of the
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Figure 1. SEM pictures of the morphologies of the inner and outer surfaces of the PET grafts coated with Silk Fibroin (Glyc) or Gelatin
at (a) 0 day, (b) 3 days, and (c) 7 days after degradation using protease XIV.
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Figure 2. Mechanical properties: (a) circumference tensile strength, (b) longitudinal suture retention, (c) compressive elastic modulus
and (d) water permeability of the gelatin- and SF(Glyc)-coated grafts.

Figure 3. Photograph immediately after releasing the vascular clamp following implantation. (a) The gelatin-coated graft exhibited
bleeding primarily from the anastomotic site and (b) the SF(Glyc)-coated graft was exuded from the anastomotic site and the graft.
However, hemostasis was achieved in all grafts and there were no deaths occurring due to bleeding.
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surrounding tissue from the grafts was easy, with
slight bleeding observed from the peeling sites.

Histopathological examination

In the samples obtained at 2 weeks after implan-
tation, HE-stained images showed more inflam-
matory cells, lymphocytes, macrophages and
neutrophils, around and inside the SF(Glyc)-
coated grafts compared with the gelatin-coated
grafts (Figure 5). In addition, in the SF(Glyc)-
coated graft had almost no coating remaining,
unlike the gelatin-coated graft which maintained
large amounts of coating. The MTC-stained
images showed that collagen fibers showed

limited infiltration into the gelatin-coated graft
and gathered only slightly around the graft
(Figure 6), while collagen fibers were gathered
around the SF(Glyc)-coated grafts, which were
also infiltrated interstices between the PET
bases. The α-SMA-stained images showed that
smooth muscle cells gathered mainly inside the
SF(Glyc)-coated grafts and along the luminal sur-
face of the graft. On the other hand, for the
gelatin-coated grafts, the presence of smooth
muscle cells could hardly be confirmed inside
and outside the graft. The CD31- and EVG-
stained images showed that vascular endothelial
cells and elastic fibers were not detected in the
luminal surfaces of the two types of grafts. The

Figure 4. Photographs of microscopic findings during extraction of the grafts: (a) gelatin-coated graft and (b) SF(Glyc)-coated graft
at 2 weeks after implantation, (c) gelatin-coated graft and (d) SF(Glyc)-coated graft at 3 months after implantation. Bending,
dehiscence, granuloma, hematoma, and formation of aneurysm were not observed. There was no clear difference between the
gelatin-coated graft and SF(Glyc)-coated graft in terms of macroscopic findings at the time of excision. However, both grafts at
3 months after implantation exhibited strong adhesion to surrounding tissues compared with that observed at 2 weeks after
implantation. Peeling of the surrounding tissue from these grafts was easy and there was no fatal bleeding observed.
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CD68-stained images confirmed a greater pre-
sence of macrophages inside the SF(Glyc)-coated
graft compared with that observed in the gelatin-
coated graft.

In the samples obtained at 3 months after
implantation, the HE-stained images showed
reduction in the presence of inflammatory cells
around and inside the two types of grafts. The
presence of a thin layer along the luminal surface
of the gelatin-coated grafts and a thick layer along
the luminal surface of the SF(Glyc)-coated grafts
was confirmed (Figure 7). For the gelatin-coated
grafts, the amounts of the coating reduced com-
pared with that observed at 2 weeks after implan-
tation, but still slightly remained. In addition, graft
occlusion was due to thrombus formation (1 case)
and intimal hyperplasia (1 case). The presence of
smooth muscle cells and vascular endothelial cells
was evaluated in the central part (1 cm) of the
graft. Smooth muscle cells mainly gathered along
the luminal surface of the two types of grafts

(Figure 8). Vascular endothelial cells were not
detected in any of the gelatin-coated grafts.
However, the presence of these cells was con-
firmed along the entire area of the central part of
the SF(Glyc)-coated grafts.

Image analysis of histopathological examination

Collagen fibers inside the SF(Glyc)- and gelatin-
coated grafts were measured and analyzed (Figure 9
(A)). Analysis of tissue infiltration at 3 months after
implantation indicated that more collagen fibers infil-
trated SF(Glyc)-coated grafts than gelatin-coated
grafts. In addition, more tissue infiltration was
observed after 3 months of implantation than after
2 weeks of implantation for both types of grafts. The
proportion of macrophages in the graft was also mea-
sured and analyzed as mentioned earlier in this article
(Figure 9(B)). At 2 weeks after implantation, the per-
centage of macrophages in the SF(Glyc)-coated grafts
was higher than that observed in gelatin-coated grafts.

Figure 5. Histological cross-section images of hematoxylin and eosin staining 2 weeks after implantation: (a) gelatin-coated graft and (b)
higher magnification of the gelatin-coated graft, (c) SF(Glyc)-coated graft and (d) higher magnification of the SF(Glyc)-coated graft.
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For the gelatin-coated grafts, the percentage ofmacro-
phages was not different at 2 weeks and 3 months
after implantation. However, for the SF(Glyc)-coated
grafts, fewer macrophages were observed at 3 months
than at 2 weeks after implantation.

Discussion

SF has proven to be a suitable material for the
small-diameter artificial vascular grafts as reported
by us and other researchers.11–25 Huang et al.
reported that SF-coated PET graft gave excellent
results in in vivo experiment.28 Therefore, it seems
important to compare the gelatin-coated and SF-
coated PET grafts in detail because the gelatin-
coated PET graft has been widely used as commer-
cial artificial vescular glaft for further development

of silk grafts. In degradation experiments of
SF(Glyc)- and gelatin-coated PET grafts with pro-
tease XIV in vitro, the aspects of the surfaces are
quite different before degradation between two
kinds of the grafts. Cracks was occurred on the
surfaces of SF(Glyc) coated graft, but smooth sur-
face was observed for gelatin-coated graft. The
latter gelatin seems favorable for coating.
However, both samples were dried for observation
of SEM pictures and the SF(Glyc)-coated PET
graft was kept in the hydrated state and therefore
such a cracking did not occur till in vivo implanta-
tion experiment. After 3 days, the SF was clearly
digested by protease XIV. The gelatin on the graft
was removed at the inner surface of the graft, but
still remained at the outer surface. A similar dif-
ferent picture was obtained after 7 days. Thus it is

Figure 6. Histological cross-section images of MTC staining 2 weeks after implantation: (a) gelatin-coated graft and (b) higher
magnification of the gelatin-coated graft, (c) SF(Glyc)-coated graft and (d) higher magnification of the SF(Glyc)-coated graft. In the
gelatin-coated graft, the presence of collagen fibers was hardly confirmed on the outer periphery and inside the graft. In the
SF(Glyc)-coated graft, collagen fibers were mainly gathered around the graft. Moreover, it was observed that they penetrated from
the outside to the inside of the graft, also entering through the gaps between the polyester fibers.
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noted that aspects of the degradation are remark-
ably different between the SF(Glyc) and gelatin in
in vitro experiment using protease XIV.

The quality and amount of these coating mate-
rials will affect the strength and handling of the
graft.20 Therefore, it is important to carry out

Figure 7. Histological cross-section images of hematoxylin and eosin staining 3 months after implantation: (a) gelatin-coated graft
and (b) higher magnification of the gelatin-coated graft, (c) SF(Glyc)-coated graft and (d) higher magnification of the SF(Glyc)-coated
graft, (e) gelatin-coated graft with thrombus formed in lumen and (f) thrombus indicated by arrow, (g) gelatin-coated graft with
intimal hyperplasia and (h) the part enclosed by the dotted line shows the intimal hyperplasia. A thick-layered structure, consisting
of smooth muscle cells and vascular endothelial cells, was found inside the SF(Glyc)-coated graft. Although a thin-layered structure
was formed in the gelatin-coated graft, the presence of cells was not observed.

Figure 8. Histological longitudinal images of the central part of the graft at 3 months after implantation: (a) gelatin-coated graft
after α-SMA staining and (b) gelatin-coated graft after CD31 staining, (c) SF(Glyc)-coated graft after α-SMA staining, and (d) SF(Glyc)-
coated graft after CD31 staining. The part enclosed by the dotted line shows the smooth muscle cells in the intima. Arrows indicate
that vascular endothelial cells adhered to the inner surfaces of the grafts. The presence of smooth muscle cells was confirmed in
layers inside the central part (1 cm) in both grafts. Vascular endothelial cells were observed continuously without interruption in the
central part (1 cm) of the SF(Glyc)-coated graft; however, they were not observed in the gelatin-coated graft.
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physical property tests and investigate before
implantation. In the longitude suture retention
and circumference tensile tests of this study, 2
types of the grafts had the strength necessary for
implantation compared with grafts made
previously.13,19 On the other hand, SF(Glyc)-
coated grafts was almost the same value as the
gelatin-coated grafts in the compressive modulus
tests. In the previous study,19 SF coated grafts
made with conventional coating methods had
more than twice the hardness compared to gelatin-
coated grafts. Therefore, the present coating meth-
ods has flexibility and it was found that similar
flexibility can be imparted to polyester base. In the
water permeability test, SF(Glyc)-coated grafts had
a higher permeability than gelatin-coated grafts. It
is considered that the coating agent was not com-
pletely coated on the inner surface of the grafts
However, since SF was firmly coated on outer
surface, bleeding at the time of implantation
could be controlled with mild pressure in this
study.

At 2 weeks after implantation, there was no
occlusion observed in the gelatin-coated grafts.
However, this may be attributed to the length of

the graft (1 cm).33 At 3 months after implanta-
tion, as reported previously,34–36 occlusion was
thought to be due to a deficiency of vascular
endothelial cells and turbulence caused by differ-
ences in compliance between implanted grafts
and native blood vessels. In this study, vascular
endothelial cells and smooth muscle cells were
confirmed along the entire area of the central
part of the SF(Glyc)-coated grafts. These results
were superior to those observed with silk-based
artificial vascular grafts produced using TG
silk.17,21,23 Although materials such as PET do
not cause cell adhesion, the SF coating was bio-
degraded immediately after implantation, result-
ing in migration of inflammatory cells and
promoting remodeling. The gathering of fibro-
blasts and collagen fibers was confirmed inside
and outside the SF(Glyc)-coated grafts at
2 weeks after implantation. Although the pre-
sence of vascular endothelial cells was not con-
firmed in the luminal surface of the graft, a large
number of blood vessels along with invasion of
collagen fiber were confirmed inside the graft.
Moreover, the percentage of macrophages in the
SF(Glyc)-coated grafts was higher than that

Figure 9. (a) Tissue infiltrations at 2 weeks and 3 months after implantation of the two types of grafts and (b) expression of
macrophages at 2 weeks and 3 months after implantation of the two types of grafts. Tissue infiltration at 3 months after
implantation was significantly higher in both grafts compared with that observed at 2 weeks after implantation. At 3 months
after implantation, tissue infiltration in the SF(Glyc)-coated graft was significantly higher than in the gelatin-coated graft. In the
gelatin-coated graft, the expression of macrophages was not significantly different at 2 weeks and 3 months after implantation.
However, in the SF(Glyc)-coated graft, the expression of macrophages at 3 months after implantation was significantly lower than
that observed at 2 weeks after implantation.
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observed in gelatin-coated grafts at 2 weeks after
implantation. These results suggested that the SF
used as the coating material was biodegraded at
an early stage after implantation and the char-
acteristics of SF were fully demonstrated, thereby
accelerating the remodeling to self-tissue.

Conclusions

In order to develop a porous SF(Glyc)-coated PET
graft with small diameter < 6 mm, several in vitro
and in vivo experiments were performed. The
implantation experiments in rats showed that the
porous SF(Glyc)-coated PET graft was rapidly
degraded in vivo and remodeling to self-tissues
was promoted, compared with the gelatin-coated
PET graft. These results, show that the porous
SF(Glyc)-coated PET graft with a small diameter
< 6 mm may be useful as a commercial vascular
graft.

Materials & methods

Preparation of PET vascular grafts coated with
porous SF(Glyc) or gelatin

The tubes of the PET vascular grafts with a 1.5 mm
diameter were produced using PET fiber and
a computer-controlled double-Raschel knitting
machine (Fukui Tateami Kogyo Co., Ltd., Japan).

The preparation of the PET graft coated with SF
sponge was as follows. A SF aqueous solution was
prepared after removal of silk sericin.12–25 A PTFE
rod with a 1.5 mm diameter was inserted into the
PET tube with a 1.5 mm diameter. The rod cov-
ered with the PET tube was immersed into a pipe
filled with a mixed aqueous solution with a 50:50
(w/w %) ratio of SF and Glyc for
coating.15,19,20,24,25 The pipe was placed in
a desiccator maintained at a reduced pressure of
100 hPa until the absence of air bubbles on the
coated surface. Subsequently, the PET graft coated
with the mixture of SF and Glyc was frozen at −20°
C overnight and then placed in distilled water to
remove the Glyc. Subsequently, the PET graft
coated with porous SF was placed in a plastic bag
with distilled water to avoid the dryness of the
sample and then sterilized in an autoclave at 120°
C for 20 min. The preparation of the PET graft

coated with gelatin was as follows.20,22 An aqueous
solution of gelatin was prepared by dissolving
MediGelatin (Nippi, Tokyo, Japan) in distilled
water to a concentration of 3% (w/v) at 60°C for
4 hr. The gelatin was crosslinked to make it inso-
luble by immersing the gelatin-coated grafts in
10% glutaraldehyde for 30 min at room tempera-
ture, followed by immersion in 70% ethanol for
10 min. This process was repeated three times to
remove the glutaraldehyde. The gelatin graft was
placed in a plastic bag and sterilized in an auto-
clave at 120°C for 20 min.

Mechanical properties of PET vascular grafts
coated with gelatin and SF

Two types of grafts were observed mechanical
properties according to the methods reported pre-
viously in detail.13,14,21,22,25 We investigated long-
itudinal suture retention strength, circumferential
tensile strength, and circumferential compressive
elastic modulus and water permeability. To mea-
sure the longitudinal suture retention strength (N),
SF grafts were cut into 20-mm length and suture
was passed through 2 mm from the end, pulled by
the clamp (3 mm/min) using a 100 N operator cell
until the break point, and analyzed using the EZ
graph (Shimadzu, Japan). Next, the same EZ graph
was used with specific evaluation software to
determine circumference tensile strength (N) and
compressive elastic moduli (N/mm2). Ring-shaped
specimens with an axial length of 10 mm were
prepared for each SF graft and the outer diameters
were measured. The load cell was 5 N, and the rate
of compression was 2 mm/min. The compressive
tensile strength was measured when the specimen
was compressed using 25% of the value of the
inner diameter. The water reservoir was set to
apply a hydrostatic pressure to the graft of
approximately 120 mmHg. The water permeating
through the graft wall was collected and calculated
in ml/min.

In vitro degradation of porous SF(Glyc) or
gelatin coating on PET grafts

The degradation of the PET vascular grafts coated
with SF(Glyc) or gelatin was examined in vitro
using the enzymatic digestion of protease XIV
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prior to the in vivo experiment.29–32 The PET
vascular grafts coated with SF(Glyc) or gelatin
were incubated in phosphate buffered saline
(PBS, DANIBON) solution containing protease
XIV (0.1 U/ml: SIGMA) at 37°C. The grafts were
removed after 1, 3, 5, and 7 days of incubation and
dried. In this experimental condition, the PET
graft base was not biodegradable, whereas the
SF(Glyc) or gelatin coatings on the graft base
were degradable. Because of the limited amounts
of the coating materials, it was difficult to monitor
changes in these amounts experimentally.
Therefore, the morphologies of the inner and
outer surfaces of the coated PET grafts were
observed using a scanning electron microscope
(SEM: VE-7800 Keyence).

Animals

Sprague–Dawley rats (Charles River Laboratories)
weighing 200–300 g were used for the in vivo
study. All rats were maintained in micro-isolator
cages with a 12 h light/dark cycle. All experimental
procedures and protocols were approved by the
Tokyo University of Agriculture and Technology
(TUAT, Approval number: 30–9). The rats were
managed and cared for in accordance with the
standards established by the TUAT and described
in its “Guide for the Care and Use of Laboratory
Animals.”

Surgical procedure

Each of the PET grafts coated with SF(Glyc) or
gelatin was implanted in the abdominal aorta of 12
rats under a stereoscope (LEICA M60; Leica
Microsystems). Half of the rats were sacrificed at
2 weeks after implantation, whereas the remaining
half were sacrificed at 3 months after implantation.
The dimensions of the PET grafts coated with
SF(Glyc) were 1 cm in length and 1.5 mm in inner
diameter. The dimensions of the PET grafts coated
with gelatin were 3 cm in length and 1.5 mm in
inner diameter. For graft implantation, rats were
anesthetized using an intraperitoneal injection of
pentobarbital (50 mg/kg of body weight). The
abdominal aorta was carefully exposed and the aor-
tic branches in this segment were ligated. The aorta
was removed and replaced with a PET graft by an

end-to-end anastomosis using 9–0 monofilament
nylon sutures (BEAR, Japan). The distal and subse-
quently the proximal vascular clamps were slowly
removed, and the flow was restored through the
grafts. Graft patency was confirmed visually. No
anticoagulant or antiplatelet agents were adminis-
tered postoperatively. Prior to euthanasia, the rats
were perfused with 0.9% saline solution through the
left ventricle. The grafts were carefully removed
together with the surrounding tissue.

Histopathological examination

The grafts removed at 2 weeks after implantation
were cut 4 mm transversely at the center part. The
central part of the grafts removed at 3 months after
implantation was cut longitudinally (approximately
10mm) and cut 4 mm transversely toward the cranial
and caudal side from the central part. The sutured
parts of the remaining native blood vessel and artifi-
cial vascular graft were cut transversely (6 mm each).
These samples were fixed using ethanol for histologi-
cal analyzes. Fixed samples were embedded in paraf-
fin and stained with hematoxylin and eosin (HE),
Masson’s trichrome (MTC), and Elastica van
Gieson (EVG). Sections for immunohistochemical
staining were incubated with primary antibodies,
including α-smooth muscle actin (α-SMA: clone
1A4; Sigma-Aldrich Inc.), CD68 anti-rat antibody
(BIO-RAD Inc.), and CD31 anti-rat antibody (BD
biosciences Inc.). These samples were incubated
with N-Histofine Simple Stain Rat MAX-PO
(Nichirei Biosciences Inc.). Subsequently, color devel-
opment was performed using the ImmPACT DAB
Peroxidase Substrate Kit (Vector laboratories Inc.).

Imaging and statistical analysis

The biological reactions in the stained specimens
were visualized using the All-in-One fluorescence
microscope (Keyence BZ-9000, Keyence). The area
of the PET graft and collagenous fibers inside the
graft were also measured, and the percentage of
tissue infiltration (area of collagenous fibers inside
the graft/area of vascular graft) was calculated. The
percentage of tissue infiltration was considered to
be the tissue infiltration rate. Moreover, the per-
centage of macrophages was calculated. Data are
presented as mean ± standard error. Comparison
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of means was performed using one-way analysis of
variance, followed by the Bonferroni post-hoc test.
Mechanical property data were analyzed using
Student’s t-test. Data analysis was performed
using the commercial statistics software package
GraphPad Prism (Version 5.0a, San Diego, CA,
USA). Statistical significance was defined
as P < .05.
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