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BACKGROUND: Saphenous vein grafts (SVGs) are broadly used in coronary artery bypass grafting despite their inferior patency
compared with arterial grafts. Recently, the no-touch technique (NT), in which an SVG is harvested with a pedicle of perivas-
cular adipose tissue (PVAT) without conduit distension, was shown to improve long-term patency compared with conventional
preparation (CV), wherein outer tissue is removed with distension. The NT was also reportedly associated with reduced
atherosclerosis. Although endothelial damage provoked by conventional distension may underlie poor patency when CV is
performed, the precise mechanisms underlying the salutary effects of the NT have been unclear.

METHODS AND RESULTS: Residual SVGs prepared with CV (CV-SVGs) or NT (NT-SVGs) were obtained during coronary artery
bypass grafting. Nitric oxide (NO,/NO;~ (NO,)) levels after 24 hours of tissue culture were quantified. The protein expression
and localization were analyzed. The isometric force of SVG strips was measured. NT-SVGs showed superior NO, production
to CV-SVGs. PVAT generated the majority of NO, in NT-SVGs. PVAT highly expressed arginosuccinate synthase 1, a rate-
limiting enzyme in the molecular circuit for NO synthesis, thereby continuously providing the substrate for NO. A substantial
level of endothelial NO synthase was also expressed in PVAT. Pharmacological inhibition of arginosuccinate synthase 1 or
endothelial NO synthase significantly suppressed the NO, production in NT-SVGs. PVAT induced vasorelaxation through NO
production, even in the endothelium-denuded SVG strips.

CONCLUSIONS: Preserving PVAT was predominantly involved in the superior NO, production in NT-SVGs. Since NO plays cru-
cial roles in suppressing atherosclerosis, this mechanism may greatly contribute to the excellent patency in NT-SVGs.
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cutaneous coronary intervention are performed
as primary therapy for ischemic heart disease.
CABG has been shown to be superior to percutaneous
coronary intervention for reducing morbidity and mor-
tality in patients with multivessel disease or diabetes.
Arterial revascularization has been advocated because

COronary artery bypass grafting (CABG) and per-

of its superior patency; however, saphenous vein grafts
(SVGs) are still broadly used because of their ease of
manipulation.! Previously, SVGs were usually prepared
with the conventional method (CV), which involves the
removal of outer tissue and conduit distension against
spastic reaction. However, their long-term patency rate
was significantly inferior to that of the internal thoracic
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artery (ITA).? Vein graft adaptation to the arterial circu-
lation may accelerate atherosclerosis in SVGs.

In the mid-1990s, the no-touch technique (NT),
which harvests the saphenous vein (SV) with its ped-
icle of perivascular adipose tissue (PVAT), was intro-
duced.®* SVGs prepared via the NT (NT-SVGs), which
preserve the outer tissue intact without conduit dis-
tension, showed reduced atherosclerosis compared
with those prepared via the CV (CV-SVGs) at 8.5 years
after CABG.® A randomized controlled trial reported
the superior patency of NT-SVGs to CV-SVGs, which
was comparable to that of the left ITA, at 16 years after
surgery.* Subsequently, the 2018 European Society of
Cardiology/European Association for Cardio-Thoracic
Surgery Guidelines on myocardial revascularization
recommended the NT for preparing SVGs.®

Although the routine use of the NT has spread
worldwide, the predominant mechanism through
which NT provides its salutary effect has remained elu-
sive. Evidence suggests that CV-mediated distension
damages the endothelium and induces inflammation,
a potential cause of atherosclerosis and thrombosis.®
Endothelial denudation was reproducibly observed
after CV.” It is conceivable that endothelial damage
caused by conventional distension underlies the poor
patency of CV-SVGs; however, atherosclerosis and
thrombosis are attributable to many factors, so fac-
tors other than the endothelium may be involved in the
mechanism underlying the increased patency rate in
the NT group. For instance, the vasa vasorum, which is
preservedin NT-SVGs, was also suggested to suppress
atherosclerosis. In addition, we actually found that the
endothelial morphology in CV-SVGs was preserved to
a comparable degree to that in NT-SVGs when dis-
tending pressure was reduced (<300 mm Hg).8 Given
that the distending pressure varies among surgeons,
and only a higher pressure (>700 mm Hg) induces en-
dothelial damage, a substantial portion of patients with
CV-SVGs may have a preserved endothelium.

In the present study, we examined the functionality
of the endothelium using residual CV-SVGs, NT-SVGs,
and ITAs obtained during CABG before anastomo-
sis. Because the production of nitric oxide (NO) is a
major function of endothelium, we quantified and
compared it among CV-SVGs, NT-SVGs and ITAs ex
vivo. We found that NT-SVGs showed superior NO,/
NO,~ (NO,) production to CV-SVGs. Unexpectedly, our
result suggested that PVAT generates the majority of
NO, in NT-SVGs. PVAT highly expresses arginosucci-
nate synthase 1 (ASS1), a rate-limiting enzyme in the
citrulline-arginosuccinate-arginine cycle, thereby con-
tinuously providing the substrate for NO synthesis. A
substantial level of endothelial NO synthase (eNOS) is
also expressed in PVAT. Thus, this study suggests that
preserving PVAT is predominantly involved in the su-
perior production of NO, in NT-SVGs in comparison to

J Am Heart Assoc. 2022;11:e020637. DOI: 10.1161/JAHA.120.020637

PVAT is a Major Source of NO in SVG via NT

CV-SVGs. Given that NO regulates vascular homeo-
stasis through multiple factors (eg, inhibition of athero-
sclerosis and thrombosis, regulation of vascular tone,
etc.), this mechanism may greatly contribute to the ex-
cellent patency of NT-SVGs.

Although previous studies with animal models have
described the role of PVAT in vascular homeostasis,” it
is difficult to simply translate the results from animals to
human atherosclerosis. Although studies with human
SVs have clarified the significance of PVAT, whether
or how PVAT contributes to NO production is unclear,
because no study has compared NO production be-
tween the endothelium and PVAT.'® Accordingly, this
is the first study to delineate the crucial role of PVAT in
the production of NO, in human NT-SVGs. This find-
ing may provide significant insight into vascular biol-
ogy and surgical methodologies, offering clues to the
development of novel strategies for the regulation of
vascular homeostasis.

METHODS

The authors declare that all supporting data are avail-
able within the article and its online supplementary
files. A Supplemental Methods section is available in
Data S1.

Ethics Approval and Consent to
Participate

This study was approved by Institutional Review
Boards of Yamaguchi University Hospital (H2019-092)
and followed the Declaration of Helsinki and the ethical
standards of the responsible committee on human ex-
perimentation. All participants granted their informed
consent.

Surgical Aspects
The details were as described previously.2 The patient
characteristics are summarized in Tables S1 and S2.

SV Harvesting Techniques

The vein was removed from the leg after dissection,
connected to the cannula inserted into the femoral ar-
tery, and dilated with arterial pressure for 10 minutes
before sewing of anastomoses (Figure S1). More infor-
mation is described in Data S1.

NO, Measurement

The SV was cut into 4-mm ring segments, placed in 24-
well plates, and tissue-cultured at 37°C for 24 hours."
Serum-free medium supplemented with antibiotics
was used in the presence or absence of acetylcho-
line (107® M), N omega-Nitro-L-arginine methyl ester
hydrochloride (10-* M), and a-methyl-DL-aspartic acid
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(10" M)."2 The NO, content in the conditioned me-
dium was measured with the improved Griess method
(QuantiChrom Nitric Oxide Assay Kit; BioAssay
Systems, Hayward, CA, USA), which allows for the
reliable quantitation of NO,  (nitrite)/NO,~ (nitrate)
(Table S3)."" More information is described in Data S1.

Immunoblot and Immunohistochemical
Analyses
The details were as described previously.'

Measurements of Isometric force in SVG
Measurements of isometric force of vascular strips
(1.0 x 4.0 mm) were carried out as described
previously.'

RESULTS

The residual SVG harvested via the CV or NT was
obtained (Figure 1A). After 24 hours of tissue culture,
the NO, produced by each SVG method ex vivo was
measured (Figure 1B). Because the endothelium is
exposed to blood flow and sensitized by shear stress
and vasoactive mediators in vivo, we tissue cultured
SVGs in the absence or presence of acetylcholine in
order to evaluate the endothelial function at baseline
or during stimulation, respectively. A low level of NO,
was produced by the CV-SVG at baseline (Figure 1B).
There was not obvious change in the level of NO, in
response to acetylcholine stimulation in the CV group.
In contrast, a modest level of NO, was produced by
the NT-SVG at baseline (Figure 1B). The level of NO,
was significantly upregulated in response to acetylcho-
line stimulation and this significance was abrogated in
the presence of N omega-Nitro-L-arginine methyl ester
hydrochloride, an inhibitor of NOS, in the NT group.
This result suggests that the NT-SVG preserves NO,
production more markedly than the CV-SVG. When
the value of NO, was normalized by dry weight of SV,
the NT-SVG significantly displayed a high production
of NO, during acetylcholine treatment (Table S4), so
the same conclusion was obtained. Because the NT-
SVG contains SV and outer tissue, we also normalized
the value with the dry weight of total tissue (Table S5).
Although statistical significance was abrogated by this
normalization, we believe that this is due to the surgi-
cal characteristics of NT-SVG and does not deny the
superior productivity of NO, in NT-SVG.

Although endothelial damage provoked by conven-
tional distension might impair the NO, production in
the CV-SVG, the perivascular tissue preserved in the
NT-SVG might play a role in producing NO,. These
2 factors may account for the difference in the NO,
production between SVGs obtained using the 2
techniques. Because PVAT is a major component of
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perivascular tissues, we first quantified the NO, pro-
duced by PVAT. Interestingly, a substantial level of NO,
was produced by PVAT both at baseline and during
acetylcholine stimulation (Figure 1C). When CV-SVG
was incubated with PVAT, the level of NO, was sig-
nificantly upregulated and restored to a level similar to
that observed in the NT group (Figure 1B and 1C). This
result suggests that PVAT is a major source of NO, in
the NT-SVG.

Next, we examined whether or not NO, production
was impaired by conventional distension. We mea-
sured the NO, generated by the NT-SVG in the absence
or presence of manual distension. As a result, the NO,
production was not significantly affected by conduit
distension (Figure 1D). Because we used a relatively
low pressure (<300 mm Hg) for manual distension,
endothelial damage might not have been significantly
induced there. Thus, PVAT, rather than endothelium, is
suggested to be associated with the superior produc-
tion of NO, in the NT-SVG.

As a reference, we examined the NO, production
in the ITA. The level of NO, produced by the ITA was
comparable or superior to that obtained by the NT-
SVG both at baseline and during acetylcholine stimu-
lation (Figure 1E). The deviations in the data obtained
by the ITA were smaller than those obtained by SVGs
(Figure 1B through 1E). Given that the ITA clinically dis-
plays the highest patency among all grafts, our results
regarding NO, production appeared to be positively
correlated with their patency rates.

It would have been ideal to evaluate the NO, produc-
tion in the CV-SVG, NT-SVG, CV-SVG with PVAT, and
NT-SVG without PVAT using the same SVG specimen,
both at baseline and during acetylcholine stimulation.
However, this experiment was technically difficult be-
cause of the limited length of the residual SVG. Instead,
we examined these 4 groups derived from the same
SVG specimen only at baseline. As shown, the levels
of NO, from the NT-SVG, CV-SVG with PVAT, and NT-
SVG without PVAT were significantly higher than that
from the CV-SVG (Figure S2). Interestingly, the level
of NO, from the NT-SVG was significantly higher than
that from the NT-SVG without PVAT (Figure S2). This
result further supports the pivotal role of PVAT in NO,
production.

We subsequently investigated the molecular mech-
anisms by which PVAT produces high levels of NO,.
NOS catalyzes the conversion of L-arginine to L-citrulline
and N“-hydroxy-L-arginine, an intermediate that sub-
sequently forms NO."® The by-product of citrulline is
converted to arginosuccinate by ASS1, followed by de
novo synthesis of arginine by arginosuccinate lyase
(Figure 2A). In this molecular circuit, ASS1 is considered a
rate-limiting enzyme.'® We examined the protein levels of
ASS1 and eNOS in CV-SVG, PVAT, and ITA specimens.
Interestingly, the level of ASS1 in PVAT was significantly
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higher than that in the CV-SVG and ITA specimens  a pharmacological inhibitor of ASS1,"? significantly ame-
(Figure 2B). A substantial level of eNOS was also ex- liorated the NO,, production in response to acetylcholine
pressed in PVAT (Figure 2B). a-methyl-DL-aspartic acid, in NT-SVG (Figure 2C). These results suggest that ASS1
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Figure 1. PVAT plays a major role in the production of NO, in NT-SVGs.

The residual SVG harvested via the CV, the residual SVG harvested via the NT, and PVAT were tissue cultured in the presence or
absence of acetylcholine (107 M) and L-NAME (10~* M) for 24 h. The levels of NO, in the conditioned medium were measured. Box
plots show the center line as the median, box limits as the upper and lower quartiles, whiskers as the minimum and maximum values,
dots as outlier values, and “X” as the average value. (A) Representative images of the CV, NT, and ITA are shown. Scale bar, 1 cm.
(B) NT-SVGs produced more NO, than CV-SVGs; this occurred in response to acetylcholine in an eNOS-dependent manner (n=9-
11, Steel-Dwass test, #P<0.05 vs GV control, TP<0.05 vs CV acetylcholine (+), ¥P<0.05 vs CV acetylcholine(+) L-NAME(+)). (C) PVAT
produced a substantial level of NO. When a CV-SVG specimen was incubated with PVAT, the NO, level was restored to a similar degree
to that observed in NT-SVG specimens (n=5-10, Steel test, #P<0.05 vs CV control). (D) The NO, levels were compared between vessels
harvested via the NT without manual distension (Distension (-)) and those harvested via the NT with manual distension (Distension (+)).
There was no significant difference between the groups (n=5, N.S., not significant). (E) The ITA produced a relatively high level of NO,
(n=5, Student’s t-test, ¥P<0.05 vs control). CV indicates conventional preparation; eNOS, endothelial NO synthase; ITA, internal thoracic
artery; L-NAME, N omega-Nitro-L-arginine methyl ester hydrochloride; NO, nitric oxide; NO,, NO,/NO,~; NT, no-touch technique;
PVAT, perivascular adipose tissue; and SVG, saphenous vein graft.

and eNOS in PVAT play an important role in producing molecules, we conducted an immunohistochemical
NO, in the NT-SVG. The same conclusion was obtained staining of CV-SVG and NT-SVG specimens. The sig-
when the value of NO, was normalized by the dry weight nal of von Willebrand Factor, a representative marker
of the SV (Table S6) or total tissue (Table S7). of the endothelium,® was equally detected through-

Although countless studies have investigated eNOS  out the vascular wall in both types of SVG, suggesting
in vasculature, the characteristics of ASS1 have been that the endothelium was morphologically preserved
poorly understood. To clarify the localization of these  in both (Figure 2D and 2E). The signal of ASS1 was
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Figure 2. PVAT expresses a high level of ASS1, a rate limiting enzyme for the synthesis of NO, in NT-SVGs.

(A) A schematic illustration depicting the molecular circuit of NO synthesis. (B) The ASS1 and eNOS levels in the CV-SVG, PVAT, and
ITA were analyzed by immunoblotting. Perilipin is an adipocyte marker. GAPDH is a loading control (n=7-10, Steel test, #P<0.05 vs CV).
Representative images and summaries are shown. Error bars represent the SD. (C) NO, levels were measured in conditioned medium
of NT-SVG in the presence or absence of acetylcholine (10-¢ M) or MDLA (10-3 M), a specific inhibitor of ASS1, after 24 h of tissue
culture. (n=6, Dunnett test, #P<0.05 vs control). Error bars represent the SD. (D, E) The localization of ASS1 in CV-SVGs (D) and NT-
SVGs (E) was assessed by immunohistochemistry. VWF is an endothelial marker. Representative images are shown. The demarcated
area shows a higher magnification view. Scale bar, 200 pm. ASS1 indicates arginosuccinate synthase 1; CV, conventional preparation;
eNOS, endothelial NO synthase; EVG, Elastica Van Gieson staining; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; ITA,
internal thoracic artery; L-NAME, N omega-Nitro-L-arginine methyl ester hydrochloride; MDLA, a-methyl-DL-aspartic acid; NO,
nitric oxide; NO,, NO,7/NO;~; NT, no-touch technique; PVAT, perivascular adipose tissue; SVG, saphenous vein graft; and vWF, Von
Willebrand Factor.
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Figure 3. NO derived from PVAT functionally induces vasorelaxation in SVGs.

The vascular tone was examined in the residual SVG harvested via the CV in the presence or absence of PVAT. The effects
of acetylcholine (10-* M) and L-NAME (10-* M) were tested. The relaxation was described as a percentage of the response
to the steady-state tension induced by 40 mM K*. Error bars represent the SD. (A) Intact strips were used. Representative
recordings of the CV (left), CV with PVAT (middle) and CV with PVAT pretreated with L-NAME (right) are shown. (B)
Endothelium-denuded strips were used. Representative recordings of the CV (left), CV with PVAT (middle), and CV with
PVAT pretreated with L-NAME (right) are shown. (C) Summary of intact strips of SVGs (n=7, Dunnett test, #P<0.05 vs CV). (D)
Summary of endothelium-denuded strips of SVGs (n=7, Dunnett test, #P<0.05 vs CV). CV indicates conventional preparation;

L-NAME, N omega-Nitro-L-arginine methyl ester hydrochloride; NO, nitric oxide; PVAT, perivascular adipose tissue; and
SVG, saphenous vein graft.
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predominantly found in the endothelium of CV-SVG
specimens, suggesting a significant role of the endo-
thelium in producing arginosuccinate (Figure 2D). In
addition to the endothelium, the strong expression of
ASS1 was detected in PVAT in NT-SVG specimens
(Figure 2E). The signal of ASS1 appeared in adipocytes,
encircling lipid droplets. This result further supports that
preservation of PVAT is a crucial factor in the high level
of ASS1 expressed in NT-SVGs. As expected, the sig-
nal of eNOS was predominantly observed in the endo-
thelium in both types of SVG (Figure S3). The signal of
eNOS was weakly and fragmentally observed in adipo-
cytes in NT-SVG specimens (Figure S3). Taken together
with the results of the immunoblot analyses (Figure 2B),
we concluded that PVAT significantly expresses eNOS
and that the protein level in PVAT is not less than that in
the CV-SVG.

To determine whether or not NO derived from
PVAT functionally protects SVGs, we measured
the vasorelaxation in the CV-SVG with or without
PVAT. Acetylcholine induced weak relaxation during
40 mM K*-induced precontraction in the CV-SVG
(Figure 3A left and 3C). In the presence of PVAT, the
CV-SVG displayed more relaxation than in its absence
in response to acetylcholine (Figure 3A middle and 3C),
and this significance was abrogated by pretreatment
with N omega-Nitro-L-arginine methyl ester hydro-
chloride (Figure 3A right and 3C). This result suggests
that PVAT induces vasorelaxation through NO. Next,
we removed the endothelium in CV-SVGs and con-
ducted the same experiment. In the CV-SVG without
endothelium, acetylcholine induced contraction during
40 mM Kt-induced precontraction (Figure 3B left and
3D). In the presence of PVAT, CV-SVG displayed the
significant relaxation in response to acetylcholine even
without endothelium (Figure 3B middle and 3D), and
this significance was abrogated by pretreatment with
N omega-Nitro-L-arginine methyl ester hydrochloride
(Figure 3B right and 3D). This result suggests that NO
derived from PVAT diffuses to vascular smooth mus-
cle and functionally induces vasorelaxation, even in the
endothelium-denuded SVG.

DISCUSSION

In the present study, we clarified for the first time that
PVAT is the predominant source of NO, in the NT-SVG
by analyzing residual SVGs obtained during CABG
before grafting. PVAT expresses high levels of ASS1
and eNOS, which is advantageous in the continuous
cycling of the molecular circuit for NO synthesis. This
mechanism may be deeply associated with the supe-
rior patency of NT-SVGs in comparison to CV-SVGs.
Previous studies with animal models have suggested
that PVAT plays a role in NO production.® Studies with
high-fat diet and/or genetic manipulation models also
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reported the pathophysiological significance of PVAT in
mediating inflammation, eNOS uncoupling, and other
processes.® However, few studies have compared the
NO production among vascular components, such
as the endothelium and PVAT. To our knowledge, the
present study is the first to identify PVAT as a predom-
inant source of NO in human vasculature.

In the last experiment, it was demonstrated that
PVAT functionally relaxes SVG specimens through NO
production. In the intact CV-SVG, PVAT significantly
induced vasorelaxation (17.52%+8.43%, Figure 3C). In
the endothelium-denuded CV-SVG, the PVAT-mediated
vasorelaxation (7.48%=+15.64%, Figure 3D) was less
marked than that seen in the intact CV-SVG; nonethe-
less, this result suggests that PVAT plays an important
role in relaxing the SVG as well as the endothelium.

CONCLUSIONS

In conclusion, the present study clarified—for the first
time—that PVAT is a predominant source of NO, in the
NT-SVG, which may be significantly associated with
its superior patency. This finding has shed light on a
long-standing enigma and will contribute to the future
development of innovative strategies for the regulation
of vascular homeostasis.

LIMITATIONS

Several limitations associated with the present study
warrant mention. More information is described in Data
S2.
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Supplemental Methods

Ethics approval and consent to participate

This study was approved by Institutional Review Boards of Yamaguchi University
Hospital (H2019-092) and followed the Declaration of Helsinki and the ethical
standards of the responsible committee on human experimentation. All participants

granted their informed consent.

Surgical aspects

All SVs were examined by echocardiography before surgery to determine their size,
morphology and functionality.® Veins with any abnormalities, such as regurgitation or
varix, were excluded from graft candidates. CABG was performed in an on-pump or
off-pump fashion at the surgeon’s direction. There were no marked differences in the
handling of SVGs between them. In on-pump cases, the surgical procedure was
performed under cardiopulmonary bypass with moderate hypothermia (28 to 30 °C)
and cardiac arrest with tepid blood cardioplegia. SVGs were mainly bypassed to the
RCA and LCX, and LAD was reconstructed by ITA. SVGs were anastomosed to the

RCA or LCX, followed by perfusion with tepid blood cardioplegia (on-pump) or blood



(off-pump) and anastomosis of the other side to the aorta.

SV harvesting techniques

The SV was exposed mainly from the lower leg by skipped longitudinal leg skin
incisions, wherein the side branches were ligated.® The vein was removed from the
leg after dissection, connected to the cannula inserted into the femoral artery and
dilated with arterial pressure for 10 min with blood mixed solution before the sewing
of the anastomoses. The residual part of the vein was cut off from the aortic side
after the anastomosis of the other side to the RCA or LCX and divided into two parts
side-by-side for the CV and NT groups. In the CV group, we carefully removed the
tissue outside the adventitia without damaging the vascular structure, endothelium,
media, or adventitia. The vein was manually distended with blood mixed solution (30
ml blood, 3000 U of heparin sodium and 30 mg of papaverine hydrochloride) at <300
mmHg. In the NT group, the vein was neither flushed nor distended manually. The

tissue outside the adventitia was not removed.

NOyx measurement
The harvested SVs were stored in wet gauze at room temperature in an operating

room, and transported to the laboratory, where they were washed with PBS. The SV



was cut into 4-mm ring segments, placed in 24-well plates, and tissue-cultured at

37 °C for 24 h."' PVAT was obtained from the NT-SVG and tissue-cultured in the
same way as the SV. Serum-free medium (IMDM, Thermo Fisher Scientific)
supplemented with antibiotics was used in the presence or absence of acetylcholine
(ACh, 10 M), N omega-Nitro-L-arginine methyl ester hydrochloride (L-NAME, an
inhibitor of NOS, 104 M) and a-methyl-DL-aspartic acid (MDLA, an inhibitor of ASS1,
103 M).'2 The NOx content in the conditioned medium was measured with the
improved Griess method (QuantiChrom Nitric Oxide Assay Kit, BioAssay Systems) in
accordance with manufacturer’s instructions.' In order to confirm that NOx signal
was not quenched by reactive oxygen species (ROS), we examined the value of NOx
with or without superoxide dismutase (SOD, Sigma-Aldrich, #5395) during the Griess
reaction. As shown, the value was not significantly affected by SOD (Table S3),

suggesting that NOx signal was not quenched by ROS in this assay.

Immunoblot analysis

The proteins from residual tissues were extracted in Pierce Ripa Lysis Buffer
(Thermo Fisher Scientific).'® Proteins samples were separated by SDS-PAGE and
transferred to PVDF membranes (Bio-Rad). After blocking with 5% non-fat dry milk,

the membranes were incubated with the indicated primary antibodies and



appropriate secondary antibodies conjugated with horseradish peroxidase. The
primary antibodies were as follows: anti-ASS1 (Cell Signaling Technology, #70720),
anti-eNOS (Santa Cruz Biotechnology, sc-376751), Adipogenesis Marker Antibody
Sampler Kit (Cell Signaling Technology, #12589T), and anti-GAPDH (Cell Signaling
Technology, #5174). The secondary antibodies were as follows: anti-rabbit IgG HRP-
linked antibody (Cell Signaling Technology, #7074) and anti-mouse IgG HRP-linked

antibody (Cell Signaling Technology, #7076).

Immunohistochemical analysis

The sample was fixed with 10% formalin overnight at room temperature and
embedded in paraffin.!® Tissue sections (3 um) were stained with the primary
antibodies as follows: anti-ASS1 (Cell Signaling Technology, #70720), anti-vWF (Cell
Signaling Technology, #65707), and anti-eNOS (Cell Signaling Technology, #35362).
Alexa Fluor 594 conjugated secondary antibody (Thermo Fisher Scientific) was used
for the detection of indirect fluorescence. All images were captured by a BZ-X710

microscope (Keyence).

Measurements of isometric force in SVG

Measurements of isometric force of vascular strips (1.0 x 4.0 mm) were carried out



as described previously.' In brief, after recording steady responses to repeated
applications of 118 mM K*-depolarization, an injection of 40 mM K* was used to
induce contraction of smooth muscle in SVG. The effects of ACh (104 M) and L-
NAME (104 M) were then examined at the plateau phase of the sustained
contraction induced by 40 mM K*. ACh or L-NAME was applied at 20 or 10 min,
respectively, after an injection of 40 mM K*. The vascular tone was measured at 40
min after the ACh application. The relaxation was described as a percentage of the

response to the steady-state tension induced by 40 mM K*.



Data S2.

Limitations

The present study was associated with some limitations. First, although NOx is

believed to play a fundamental role in suppressing atherosclerosis and thrombosis,

multiple factors are involved in graft patency. The present study did not analyze

factors other than NOx that may affect the long-term patency of NT-SVGs. Second,

the measurement of NOx in the conditioned medium after tissue-culture is believed to

be correlated with NOx productivity, however, this ex vivo experiment fails to mimic in

vivo conditions in some aspects, such as blood flow and shear stress. Furthermore,

the effect of L-NAME might be insufficient in our analyses (Figure 1B). Although L-

NAME significantly suppressed the NOx production in NT group, the level was still

higher than that in the CV group. In addition, the effect of L-NAME was not observed

in the CV group. Although we confirmed that ROS did not quench NOx signaling

(Table S3), we could not completely exclude the possibility that something may have

interfered with the assay.



Table S1. Patient characteristics are summarized.

Number 36 (Male: 26, Female: 10)
Age (years) 72.06 + 1.83
Smoking status

Current smoker 5 (14%)

Ex-smoker (> 6 months) 17 (47%)

Never smoked 14 (39%)
Diabetes mellitus 25 (69%)
Hypertension 28 (78%)
Hyperlipidemia 30 (83%)
Renal disease 22 (61%)
eGFR (mL/min/1.73m?) 51.23+4.11
Purpose of surgery

CABG 32 (89%)

(CABG + AVR) 7

(CABG + LAA resection) 6

(CABG + others) 5

Bypass surgery for ASO 4 (11%)
CABG procedure

On-pump 18 (56%)

On-pump beating 6 (19%)

Off-pump

8 (25%)




Table S2. Patients’ medications are summarized.

ACE inhibitors/ARBs 26 (72%)
Beta blockers 23 (64%)
Statins 30 (83%)
Diuretics 16 (44%)
Calcium channel blockers 12 (33%)
Insulin 6 (17%)

This study sequentially enrolled 36 patients. When veins with any abnormalities were

detected by pre-surgical echography, the patient was excluded from the study.



Table S3. The value of NOx was examined in the presence or absence of SOD

during Griess reaction.

control SOD (150 U/ml)
NO2 standard 60.0 yM 62.3 uM
NT-SV 10.7 uM 10.3 uM
CV-SV +PVAT 11.1 uM 11.3 uM

As shown above, the value of NOx was not significantly affected by the presence of
SOD, suggesting that the NOx signal was not quenched by ROS in this assay.

NOx, NO2/NOs; ROS, reactive oxygen species; SOD, superoxide dismutase.



Table S4. The NOx level was normalized by the dry weight of SV.

CV (ACh, NT (ACh,
CV (ctr) | CV (ACh) NT (ctr) | NT (ACh)
L-NAME) L-NAME)
NOx
0.26+£0.05 | 0.29+0.06 | 0.31£0.02 | 1.09+0.64 | 1.44+0.60 | 0.96+0.41
(MM/mg)
statistical
I #
significance

n=9-11, Steel-Dwass test, #p<0.05 vs. CV (ctr). Data are expressed as the mean *

SEM.

ACh, acetylcholine; ctr, control; CV, the residual SVG harvested via conventional

preparation; L-NAME, N omega-Nitro-L-arginine methyl ester hydrochloride; NOx,

NO2/NOs-; NT, the residual SVG harvested via the no-touch technique; SVG,

saphenous vein graft.




Table S5. The NO«x level was normalized by the dry weight of total tissue.

CV (ACh, NT (ACh,
CV (ctr) | CV (ACh) NT (ctr) | NT (ACh)
L-NAME) L-NAME)
NOx
0.26+0.05 | 0.2940.06 | 0.31£0.02 | 0.34+0.19 | 0.58+£0.28 | 0.37+£0.17
(MM/mg)
statistical
significance

n=9-11, there was no statistical significance. Data are expressed as the mean *

SEM.

ACh, acetylcholine; ctr, control; CV, the residual SVG harvested via conventional

preparation; L-NAME, N omega-Nitro-L-arginine methyl ester hydrochloride; NOx,

NO2/NOs-; NT, the residual SVG harvested via the no-touch technique; SVG,

saphenous vein graft.




Table S6. The NOx level was normalized by the dry weight of SV.

NT (ACh,
NT (ctr) | NT (ACh)
MDLA)
NOx
0.73+0.23 | 1.80+0.42 | 0.92+0.19
(MM/mg)
statistical
. #
significance

n=6, Dunnet test, #p<0.05 vs. NT (ctr). Data are expressed as the mean + SEM.
ACh, acetylcholine; ctr, control; MDLA, a-methyl-DL-aspartic acid; NOx, NO2/NOs’;
NT, the residual SVG harvested via the no-touch technique; SVG, saphenous vein

graft.



Table S7. The NOx level was normalized by the dry weight of total tissue.

NT (ACh,
NT (ctr) | NT (ACh)
MDLA)
NOx
0.24+0.08 | 0.61£0.15 | 0.33+0.06
(MM/mg)
statistical
. #
significance

n=6, Dunnet test, #p<0.05 vs. NT (ctr). Data are expressed as the mean + SEM.
ACh, acetylcholine; ctr, control; MDLA, a-methyl-DL-aspartic acid; NOx, NO2/NOs’;
NT, the residual SVG harvested via the no-touch technique; SVG, saphenous vein

graft.



Figure S1. The saphenous vein was harvested with its pedicle of perivascular

adipose tissue.

The vein was removed from the leg after dissection, connected to the cannula
inserted into the femoral artery and dilated with arterial pressure before sewing of
anastomoses. Then, the residual part of the vein was cut off from the aortic side after
the anastomosis of the other side to the RCA or LCX, and divided into two parts side-
by-side for the CV and NT groups.

CV, conventional preparation; LCX, left circumflex artery; NT, no-touch technique;

RCA, right coronary artery.



Figure S2. PVAT plays a major role in the production of NOx in NT-SVGs.
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The NOx production was evaluated at baseline in CV-SVG (CV), NT-SVG (NT), CV-
SVG with PVAT (CV+PVAT), and NT-SVG without PVAT (NT-PVAT) derived from
the same SVG specimens. NT, CV+PVAT, and NT-PVAT produced more NOx than
CV. NT produced more NOx than NT-PVAT (n=6, Steel-Dwass test, #p<0.05 vs. CV,
Tp<0.05 vs. NT-PVAT). Data are expressed as the mean + SD.

CV, conventional preparation; NOx, NO2/NOs"; NT, no-touch technique; PVAT,

perivascular adipose tissue; SVG, saphenous vein graft.



Figure S3. eNOS staining in CV-SVGs and NT-SVGs.

EVG eNOS

The localization of eNOS in CV-SVGs (CV) and NT-SVGs (NT) was assessed by
immunohistochemistry. Representative images are shown. The demarcated area
shows a higher magnification view. Scale bar, 200 um.

CV, conventional preparation; eNOS, endothelial NO synthase; EVG, Elastica Van
Gieson staining; NO, nitric oxide; NT, no-touch technique; SVG, saphenous vein

graft.



