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Diabetes Mellitus Induces Hyperreactivity of S-Hydroxytryptamine
(5-HT)-Induced Constriction in Human Internal Thoracic Artery and
Is Associated with Increase in the Membrane Protein Level of S-HT,,
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Studies indicate that 5-hydroxytryptamine (5-HT) released from activated platelets in coronary artery

bypass grafting (CABG) induces 5-HT,, receptor-mediated graft spasm. We previously reported that 5-HT-
induced constriction of human endothelium-denuded saphenous vein (SV) was significantly augmented in
patients with diabetes mellitus (DM) than in patients without DM (non-DM), without changes in the levels
of the membrane-bound 5-HT),, receptor of their smooth muscle cells. Although the internal thoracic artery
(ITA) is the key graft conduit for CABG, the effect of DM on the ITA graft spasm is still unclear. Therefore,
in this study, we investigated the effect of DM on 5-HT-induced vasoconstriction and the level of membrane-
bound 5-HT,, receptor in ITA grafts. 5-HT-induced constriction of the isolated human endothelial-denuded
ITA was significantly higher in patients with DM than in patients without DM. In addition, the level of the
5-HT,, receptor in the membrane fraction of human ITA smooth muscle cells was significantly higher in
patients with DM than in those without DM. These results demonstrate that DM is a risk factor for CABG in
both venous and arterial conduits, and that it differentially affects the level of the membrane-bound 5-HT,,
receptor in the venous and arterial smooth muscle cells.
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Reports show that diabetes mellitus (DM) increases short-
term mortality and morbidity in patients undergoing coronary
artery bypass grafting (CABG).” One of the problems associ-
ated with CABG is that the bypass grafts undergo spasms
after implantation into coronary arterial circulation.® Studies
indicate that release of 5-hydroxytryptamine (5-HT) from ac-
tivated platelets plays a crucial role in constriction of bypass
grafts via activation of the 5-HT,, receptor.”

Endothelial dysfunction is consistently observed in patients
with DM, which may induce vasoconstriction.” In contrast,
several groups suggested that vascular hyperreactivity, caused
by hyperglycemia, is mediated by changes in the expression of
signaling molecules in vascular smooth muscle cells.®” There-
fore, mechanisms other than endothelial dysfunction may also
participate in the vascular hyperreactivity. The saphenous vein
(SV) has been commonly used as a conduit for CABG be-
cause of its ready availability and suppleness.Y’ We previously
reported that 5-HT-induced constriction was significantly aug-
mented in human endothelium-denuded SV of patients with
DM compared to those in patients without DM.>'” Further-
more, we reported that the level of the 5-HT,, receptor in the
membrane fraction of human SV smooth muscle cells did not
change between patients with and without DM.!%

The internal thoracic artery (ITA) is the key graft conduit
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for CABG because of its excellent long-term patency.''?

However, the effect of DM on the arterial graft spasm is still
unclear. Therefore, in this study, we investigated the effect of
DM on 5-HT-induced constriction and the membrane level of
5-HT,, receptor in ITA grafts.

MATERIALS AND METHODS

Preparation of Blood Vessels and Contractile Studies
Human ITAs were obtained from patients undergoing CABG
at the Miyazaki Prefectural Nobeoka Hospital (Nobeoka,
Japan). ITA samples from 11 patients with DM (DM group)
and 18 patients without DM (non-DM group) were used in this
study. The diabetes status of patients was accepted as diag-
nosed from the medical records. At the Miyazaki Prefectural
Hospital, portions of each ITA graft were sectioned for by-
passing the occluded coronary arteries, whereas the remaining
portion was used for experiments. The small ITA segments
were transported and their constrictive responses were mea-
sured using the method followed for saphenous vein samples
as described previously.”

Western Blot Analysis of the 5-HT,, Receptor in the
Membrane Fraction The endothelium-denuded ITA rings
were flash frozen in liquid nitrogen and stored at —80°C for
Western blot analysis. Membrane fraction preparation and
Western blot analysis were performed as described previous-
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ly.'% Equal amounts of protein (5.5 ug per lane) were separated
by sodium dodecyl sulfate (SDS)-polyacrylamide gel elec-
trophoresis (PAGE) and transferred onto a Hybond-P polyvi-
nylidene difluoride membrane (GE Healthcare, Japan, Tokyo,
Japan). The membrane was blocked with 1% skim milk and
reacted with rabbit anti-5-HT,, receptor (1:2000, Santa Cruz
Biotechnology, Dallas, TX, U.S.A., catalog No. sc-166775) or
rabbit anti-B-actin (1:2000, Cell Signaling Technology, Tokyo,
Japan, catalog No. 3700) overnight at 4°C. The immunoreac-
tive bands were reacted with horseradish peroxidase-conjugat-
ed anti-rabbit antibodies, visualized using the Immuno-Star
enhanced chemiluminescent detection system (Wako Pure
Chemical Industries, Ltd., Osaka, Japan), and quantified using
a luminoimage LAS-4000 analyzer (GE Healthcare, Japan).
Protein levels of the 5-HT,, receptor and AT R were normal-
ized to the S-actin levels. The amount of the ITA samples was
limited because they were derived from the remnants left after
the CABG operation. Since we prioritized the examination
of constrictive reactivity, we could not perform Western blot
analysis on the vascular samples from all patients.

Ethics Statement The ethics committees of the Miyazaki
Prefectural Nobeoka Hospital and Kyushu University of
Health and Welfare approved this study (acceptance numbers
09-004).

Statistical Analysis The number of subjects indicated
in the figures is the number of patients. Differences between
the baseline characteristics of patients, vasoconstriction, and
membrane protein levels were analyzed using the chi-squared
test, two-way ANOVA and Welch #-test. Data are presented as
a mean=standard error of the mean (S.E.M.). Significance was
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assumed at p<<0.05. Statistical analyses were performed using
SPSS 21.0J for Windows (IBM, Corp:, Armonk, NY, U.S.A.).

RESULTS

The clinical characteristics of the patients in the two groups
were almost well-matched (Table 1). The glycated hemoglobin
Alc (HbAlc) level was significantly higher in the DM group
than in the non-DM group.

First, we examined the 5-HT-induced constriction of iso-
lated human endothelium-denuded ITAs. The cumulative ad-
ministration of 5-HT (1nm—10 um) induced the constriction of
the ITA in a concentration-dependent manner in both the DM
group (n=11) and the non-DM group (»=18) (Fig. 1). Results
of two-way ANOVA showed that the 5-HT-induced vasocon-
striction was significantly higher in the DM group than in the
non-DM group.

To investigate the reason underlying the significantly higher
constrictive reactivity of ITA in the DM group, we determined
the protein levels of the 5-HT,, receptor in the membrane
fraction prepared from ITAs harvested from patients with
and without DM. Figure 2 shows the relative amounts of the
5-HT,, receptor/f-actin quantified using a bioimage analyzer.
The 5-HT,, receptor level in the membrane fraction was sig-
nificantly higher in the DM group than in the non-DM group.

DISCUSSION

In this study, we included patients with DM who were
receiving treatment for their condition. However, the HbAlc

Table 1. Clinical Characteristics of the DM Group and Non-DM Groups at Baseline
Non-DM group DM group
Characteristics p-Value
(n=18) (n=11)

Age (years) 68+2 65+3 ns
Female sex (%) 12 (66.7) 3(27.3) ns
HbA,, (%) 5.1+0.1 7.0%0.3 <0.01
Treatment for DM

Use of oral drugs (%) 11 (100) ns

Use of insulin (%) 2 (18.2) ns
Body mass index >26 (%) 4 (22.2) 3(27.3) ns
Smoking (%) 12 (66.7) 5 (45.5) ns
Hypertension (%) 15 (83.3) 10 (90.9) ns
Hyperlipidemia (%) 12 (66.7) 10 (90.9) ns !
Chronic renal failure (%) 3 (16.7) 2 (18.2) ns
Chronic obstructive pulmonary disease (%) 1 (5.6) 2 (18.2) ns
Cerebrovascular accident (%) 4 (22.2) 19.1) ns
Thoracic aortic aneurysm (%) 2 (11.1) 0 (0) ns
Peripheral arterial disease (%) 4(22.2) 19.1) ns
Previous myocardial infarction (%) 5(27.8) 2 (18.2) ns
Type of Angina

Stable (%) 16 (88.9) 8 (72.7) ns

Unstable (%) 2 (11.1) 3(27.3) ns
Coronary lesions

One-vessel disease (%) 2 (11.1) 1(9.1) ns

Two-vessel disease (%) 9 (50.0) 1(9.1) 0.0436

Three-vessel disease (%) 8 (44.4) 8 (72.7) ns

Left main disease (%) 8 (44.4) 6 (54.5) ns

Ejection fraction (%) 55.9+2.3 59.8+2.6 ns

Differences between the baseline characteristics of patients were analyzed using the chi-squared test for categorical data.
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Fig. 1. The Contractile Reactivity to 5-Hydroxytryptamine (5-HT) of

Endothelium-Denuded Internal Thoracic Arteries (ITAs) Harvested from
Patients in the Non-DM (Open Circles, n=18) and DM Groups (Closed
Circle, n=11)

The vessel was cut into 2-mm rings, and the rings were denuded of endothelium
by inserting an injection needle into the lumen and gently rolling the ring back
and forth. Then, each rings were suspended between stainless steel hooks in a
5-mL organ bath containing a modified Krebs buffer (pH 7.4). One hook was con-
nected to a force transducer to record the isometric tension. The ITA rings were
stretched progressively to the optimal tension (2.0g). After the tension of the rings
had completely stabilized, they were preconstricted with 60mmKCI. Thereafter,
cumulative concentration-response curves to 5-HT for the concentration range of
1nM—10 um were constructed. Finally, the contraction in response to a second expo-
sure to 60mmKCl was recorded as the control contraction. The absolute forces of
ITA rings induced by the second 60mMKCl in patients without and with DM were
1.09+0.15g (n=18) and 1.19%0.19g (n=11), respectively. The absolute forces of ITA
rings induced by 5-HT (10 um) in patients without and with DM were 0.84x0.12¢
(n=18) and 1.40*+0.29 g (n=11), respectively. The contractile reactivity of ITA rings
was evaluated considering the percentage of the second KCl-induced vasoconstric-
tion as 100%. Data are expressed as a mean=*S.E.M. Statistical comparisons of the
mean value of 5-HT-induced vasoconstriction were made using two-way ANOVA.
*p<0.05 compared to the non-DM group.
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Fig. 2. Protein Levels of the 5-HT,, Receptor Normalized to f-Actin
Levels in the Membrane Fraction of Internal Thoracic Artery Smooth
Muscle Harvested from Patients in the DM (n=5) or Non-DM Groups
(n=5)

Data are expressed as mean+S.E.M. Statistical comparisons of the 5-HT,, re-

ceptor level in the membrane fraction of ITA smooth muscle cells were made using
the Welch #-test. *p<<0.05 compared to the non-DM group.

level was significantly higher in the DM group than in the
non-DM group. We observed that 5-HT-induced constriction
of the isolated human endothelial-denuded ITA was sig-
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nificantly higher in the DM group than in the non-DM group,
which was consistent with the results of our previous study
using isolated human endothelial-denuded SV.*'” The level
of the 5-HT,, receptor in the membrane fraction of human
ITA smooth muscle cells was significantly higher in patients
with DM than in patients without DM, which was different
from the results of our previous study using isolated human
endothelial-denuded SV.!” These results demonstrate that DM
is a risk factor for CABG in both venous and arterial conduits.
In addition, these results suggest that DM differentially affects
the membrane level of the 5-HT,, receptor in the venous and
the arterial smooth muscle cells.

In our present study, we observed that the membrane level
of the 5-HT,, receptor in the ITA smooth muscle cells was
significantly higher in the DM group than in the non-DM
group. Thus, these results suggest that hyperreactivity to 5-HT
in the ITA smooth muscle of patients with DM is because of
increase in the membrane level of the 5-HT,, receptor. In ad-
dition, these results are similar to our previous experimental
results that in human endothelium-denuded SV, DM induces
hyperreactivity of angiotensin II-induced constriction and
is associated with increase in the membrane protein level of
AT, receptor.'” In this experiment, the HbAlc level was sig-
nificantly higher in the DM group than in the non-DM group.
Thus, there is high possibility that before the CABG, ITA of
patients without DM was exposed to higher concentration of
insulin than ITA of patients with DM at least for 2-3 months.
Since DM is associated with defects in insulin action, changes
in physiological functions in patients with DM may be caused
by insufficient insulin secretion. We previously reported that
insulin receptor signaling via tyrosine kinase activation induc-
es internalization of the plasma membrane 5-HT,, receptor
which was fused with yellow fluorescent protein for visualiza-
tion and stably expressed in HEK293 cells."”” Thus, it is likely
that the increase in the membrane levels of the 5-HT,, recep-
tor in patients with DM is caused by impaired insulin-induced
internalization of the plasma membrane-bound 5-HT,, recep-
tor. On the contrary, we recently reported that 5-HT-induced
constrictive reactivity of isolated human endothelial-denuded
SV in the DM group was higher compared to that in the non-
DM group.>'¥ Interestingly, however, the membrane level
of 5-HT,, receptor was not affected by DM in the isolated
human SV smooth muscle cells.!” Further investigation is
required to understand the mechanism underlying the dif-
ferential effects of DM on the levels of the membrane-bound
5-HT,, receptor in the SV and ITA smooth muscle cells.

We previously reported that the hyperreactivity to 5-HT in
the SV smooth muscle of patients with DM is due to defective
activity of myosin light chain phosphatase (MLCP).” Thus,
the results can partially explain the poor patency of SV graft
harvested from patients with DM. Further investigation is
required to clarify the effect of DM on MLCP activity in ITA
smooth muscle.
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