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ABSTRACT
BACKGROUND: The aim of our study is to investigate the effects of urotensin-II (U-II) on the left internal 
mammary artery (LIMA) wall and role of U-II in atherosclerotic processes affecting the long-term patency of 
LIMA. 
METHOD: Patients were divided into 2 groups, namely Group I: patients with coronary artery disease (CAD) 
and Group II: DM + CAD. The patients were evaluated by Gencini scoring before coronary artery bypass 
grafting (CABG). Routine tissue follow-up, hemotoxylin-eosin staining and immunoreactivity with U-II were 
observed. Then, vessel damage score, H-Score and LIMA layer thickness were calculated and evaluated 
statistically.
RESULTS: On light microscopic examination, the LIMA total damage score in DM + CAD group was signifi cantly 
higher compared to the control group. The assessment of H score revealed that U-II was more intense in tunica 
intima and tunica media in the DM+CAD group as compared to the control group (p < 0.05). Furthermore, tunica 
intima and tunica media in the DM + CAD group were thicker than in the control group (p < 0.05).
CONCLUSIONS: We found that U-II is effective in atherosclerotic processes of arterial grafts. The DM + CAD 
group has high U-II density with high total damage score in intima and media layers of LIMA. U-II may be 
effective in late survival results after CABG (Tab. 3, Fig. 2, Ref. 19). Text in PDF www.elis.sk
KEY WORDS: coronary artery disease, left internal mammary artery, atherosclerosis. urotensin II, diabetes 
mellitus.
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Introduction

Diabetes mellitus (DM) is an important risk factor that in-
creases mortality and morbidity, while leading to long-term poorly 
outcomes in coronary artery disease patients (1). The use of internal 
mammary artery (IMA) for coronary grafts is currently considered 
the gold standard in the classic surgical approach. Therefore, the 
guidelines of the European Society of Cardiology on myocardial 
revascularization (2014) strongly supports the use of IMA grafts 
(2). Urotensin-II (U-II) levels have been shown to increase, par-
ticularly in diabetes mellitus-associated atherosclerosis (3). Uro-
tensin-II receptor antagonism may become a promising therapeutic 
strategy for the treatment of atherosclerosis (4). 

We performed immunohistochemical analysis to investigate 
the effects of urotensin-II on the LIMA wall as we think that 
urotensin-II is involved in atherosclerotic processes acting in the 
long-term patency of LIMA. We aimed to reveal the atheroscle-

rosis-associated histopathological features of the arterial grafts to 
improve late survival after CABG. To the best of our knowledge, 
this is the fi rst article in literature to demonstrate the involvement 
of urotensin in atherosclerotic processes in human LIMA.

Materials and methods

Study Design
Before starting the study, an approval of the Mersin University 

Clinical Research Ethics Committee was obtained with registra-
tion date/number of 19.10.2018/499. The study specimens were 
obtained from the total of 21 patients aged 30 to 80 years, who 
met the inclusion criteria and who were admitted to the outpa-
tient clinic of the Cardiovascular Surgery Department of Mersin 
City Training and Research Hospital in the period from October 
2018 to March 2019 with the indication to undergo CABG sur-
gery. Informed consent documents were obtained from all of the 
participating patients. Arterial tissue samples of 1–2 cm in length 
were used in the study and these samples were taken from the left 
internal mammary artery (LIMA) prepared for CABG.

The inclusion criteria were as follows: assessment of the di-
agnosis of coronary artery disease (CAD) at age in range of 30 to 
80 years, at least two coronary artery lesions to comply with the 
indication to undergo coronary artery bypass surgery, graft planned 
with the use of LIMA, no history of recent corticosteroid use, no 
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diagnosis of peripheral arterial disease (ankle-brachial index: 0.9-
1.40), fasting blood glucose (FBG) levels of ≥ 126 mg/dL, and/or 
HbA1c levels of ≥ 6.4 (%) indicating DM. 

Study Groups
Group 1 (CAD; control group): LIMA specimens obtained 

from atherosclerotic coronary artery patients with no diagnosis 
of DM. 

Group 2 (DM+CAD; case group): LIMA specimens obtained 
from atherosclerotic coronary artery patients with Type 2 DM.

Surgical technique 
The patient specimens included in the study were pedicled 

LIMA grafts described as LIMA grafts harvested with the intra-
thoracic fascia, veins, adipose tissue, and sometimes muscle tissue 
around the artery. Pedicled LIMA harvesting can be associated 
with arterial spasms and injuries less commonly since the arterial 
contact is minimal or absent in this type of graft (5). LAD-LIMA 
anastomosis was performed using the on-pump CABG technique.

Histopathological examination
Collecting waste tissue samples after the coronary artery bypass 
surgery

In our study, the LIMA tissue specimens from atherosclerotic 
CAD patient were collected primarily in compliance with CABG 
principles. The parts of LIMA grafts not used in CABG surgery 
were subjected to examination. LIMA of each patient was exposed 
by the same surgeon using the aforementioned artery preparation 
technique. After the preparation of grafts, atraumatic tissue speci-
mens of 1–2 cm in length were obtained from the unused LIMA 
graft parts. As soon as the tissue specimens for the study had been 
collected, they were placed in an appropriate fi xative solution (10 

% formalin) to conduct examinations under 
the light microscope.

Tissue monitoring with light microscopy
Routine tissue monitoring procedures 

were applied at the Pathology Department 
of the Mersin City Training and Research 
Hospital to investigate the study specimens. 
Sections of 5 μm in thickness were taken 
from prepared paraffi n blocks using Leica 
RM-2245. The sections were stained with 
routine hematoxylin-eosin staining (H+E) 
to reveal the general characteristics of 
LIMA tissue, and with urotensin II (U-II) 
to evaluate the tissue for immunoreactivity.

Immunohistochemistry
First, the tissue samples fi xed in 10 % 

formalin were embedded in paraffi n after 
carrying out the routine procedures. Sec-
tions of 5–6 μm in thickness were taken. 
Of these tissue sections, some were stained 
with H+E stain while some underwent im-

munohistochemical staining. Deparaffi nization and rehydration of 
the sections were performed to prepare them for the immunohisto-
chemical staining. Respectively, rehydration process and antigen 
retrieval processes were performed. The sections were incubated 
at +4 °C for 20 hours with U-II primary antibody at 1/150 dilu-
tion. Biotinylated secondary antibody and streptavidin-peroxidase 
enzyme conjugate (20 minutes) were administered, respectively. 
Then, 3-amino-9-ethyl carbazole (AEC) chromogen was used. 
Contrast staining was performed with Mayer’s hematoxylin solu-
tion and the tissue sections were covered with the mounting me-
dium, LabVision, TA-060-UG. Then, the slides were made ready 
for examination under the light microscope.

Evaluation of the tissue preparations
The tissue sections were examined under a light microscope 

(Olympus BX53) to evaluate the morphological structure of the 
vessel layers (tunica intima, tunica media, and tunica adventitia) 
and investigate whether the cells were intact. Furthermore, the 
sections were analyzed in terms of intensity immunoreactivity. 
NIS-Elements Documentation 4.5 image analysis system and DP26 
camera system were used for photographing. At least 20 fi elds 
were examined in each tissue preparation under 20X magnifi ca-
tion to calculate the average number of damaged cells. Then, any 
damage in endothelium, internal elastic lamina, or smooth muscle 
cell in the tunica media were scored as follows: none = 0, mild 
fi ndings in focal areas = 1, moderately common and in moderate 
severity = 2, widespread and severe = 3. The maximum possibly 
attainable total score was 9.

After the immunohistochemical staining, H-scores (density of 
immunoreactivity) were calculated in a modifi ed form described 
by Ozcan-Kucuk et al (6).

Variables All patients
(n=21)

Without DM
+CAD (n=8)

With DM+CAD
(n=13) p

Age (y)
Gender (Male–Woman)

Height (m)
Weight (kg)
BSA (m2)
Waist circumference (cm)
BMI (kg/m2)
Triglycerides (mg/dL)
Cholesterol (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
VLDL (mg/dL)
Creatinine (mg/dL)
Uric acid

 62.7±8.2
17 (85.0)
4 (15.0)

1.7 (1.7–1.7)
77 (73–80)

1.9±0.1
61.4±31.7
27.3±3.3

166.9±69.6
165.5±51.9
39.5±7.1
92.6±40.9
32.9±13.3
0.88±0.41
  7.4±2,2

59.7±6.8
6 (85.7)
2 (14.3)

1.7 (1.7–1.7)
77 (73–84)

1.9±0.1
75.6±37.2
27.6±1.5

150.7±57.7
163.7±52.1
40.8±3.0
92.6±45.0
30.2±11.6
0.85±0.38
6.9±2.1

64.2±8.6
11 (84.6)
2 (15.4)

1.7 (1.6–1.7)
76 (72–80)

1.9±0.2
54.2±27.4
27.1±4.0

175.6±76.0
166.7±54.5
38.9±8.5
92.5±40.4
34.4±14.4
0.98±0.48
8.1±2.4

0.25
 0.73

0.88
0.70
0.75
0.19
0.74
0.47
0.91
0.57
0.99
0.51
0.52
0.25

Gensini Score
Gensini score category 

Gensini Score <20, Gensini Score ≥20
0.006All patients

(n=21)
Without DM
+CAD (n=8)

DM +CAD
(n=13)

 Mean rank   21.43 6.33 13.27
 min–max   (12–128) (12–72) (33–128)
CAD – coronary artery disease; BMI – body mass index; BSA – body surface area.

Tab. 1. The comparison of demographic characteristics and Gensini score of the study groups.
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Fig. 1. The sections of Group 1 (CAD; Control group) are examined. Artery sections stained with H&E (Fig. 1 a,b,c) and some parts stained 
for immunoreactivity with urotensin-II (Fig. 1 d,e,f) are shown. Endothelial cells, media layer, smooth muscle cells, and IEL were evaluated 
as in normal structure. 
Rightward-pointing arrow: endothelial cells; upward-pointing arrow: foam cells; star: tunica intima; TM: tunica media; straight line: tunica 
adventitia; IEL: internal elastic lamina; FS: fatty streak; L: lumen, H&E, U-II; scale bar: 50 μm, 100 μm.

a b c

d e f

a b c

d e f

Fig. 2. Group 2 (DM+CAD; case group): Artery sections stained with H&E (Fig. 2 a,b,c) and urotensin-II (Fig. 2 d,e,f). The fi gure shows dam-
aged endothelial areas, loss in regular structure in IEL and corruptions occurring in some of its regions. SMCs in the tunica media do not 
maintain their normal structure; there are changes in cell morphology and localization in many areas, and signifi cant separations in the layer. 
Rightward arrow: endothelial cells; arrow head: foam cells, star: tunica intima, TM: tunica media; straight line: tunica adventitia; IEL: inter-
nal elastic lamina; FS: fatty streak; L: lumen; H&E; U-II; scale bar: 50 μm, 100 μm.
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Assessment of the severity of coronary artery stenosis
According to the results from the coronary angiography, Gen-

sini scoring was used for estimating the severity of coronary artery 
stenosis in each patient. Modifi ed Gensini scores were calculated 
for each study patient as specifi ed in the study of Beypınar et al. 
To grade the severity of the coronary atherosclerosis, the average 
Gensini scores were categorized into two groups, using the cut-
off point between the “mild-to-absent” and “moderate-to-severe” 
coronary atherosclerosis (7, 8). Then, the scores were summed to 
obtain a single numeric value for each patient.

Statistical analysis
The statistical analyses were performed using the SPSS (Statis-

tical Package for Social Sciences) software. Continuous variables 
conforming to a normal distribution were presented as mean ± stan-
dard deviation, while those not conforming to normal distribution 
were presented as median. The Mann–Whitney U test was used for 
comparing two groups. A p-value of < 0.05 was considered statis-
tically signifi cant. Assuming the type-I error with the alpha value 
of 0.05 and the test power of 0.80, the minimum sample width for 
each group was calculated to be 9 for this study.

Results

The LIMA tissue samples of Group I (control group) and 
Group II (case group) were examined under the light microscopic 
examination and the results were evaluated.

Group I (CAD)
The arterial tissue sections stained with H&E generally ap-

peared normal despite some mild degeneration and loss in epi-
thelial cells and smooth muscle cells in the tunica media. The ar-
chitecture of elastic laminae was considered natural. Foam cells, 
indicating the atherosclerotic processes, were observed at spaces 
in the subendothelial areas (Fig. 1a, b, c). In the sections stained 
with U-II immunohistochemistry, it was observed that the intima 
layer was regular and the endothelial cells retained their architec-
ture. The subendothelial layer was thin in most parts. The inner 
elastic membrane was observed as indented, while the smooth 

muscle cells and collagen fi bers had normal architecture. It was 
observed that the endothelial cells were stained distinctly and very 
strongly with U-II immunoreactivity. Although tunica intima and 
tunica adventitia showed moderate immunoreactivity, it was ob-
served that the immunoreactivity in the former showed to be more 
intense (Fig. 1d, e, f).

Group II (CAD+DM) 
H+E staining and immunoreactivity with U-II of the tissue 

specimens revealed a loss in continuity in the endothelial layer, 
damaged endothelial cells at spaces, and disruptions at areas 
against the lumen. The examination of endothelial cells under a 
high magnifi cation showed that the vesicles in the apical and basal 
cell membranes were more common when compared to the control 
group. It was noted that the subendothelial layer was expanded 
at spaces and these areas were protruded towards the lumen. The 
abundance of collagen fi bers increased in the subendothelial layer 
which was thicker compared to that in the control group. It was 
observed that the internal elastic lamina had lost its regular struc-
ture and undulating pattern, while displaying interruptions. Also, 
fatty streaks were observed in association with foam cells of the 
subendothelial layer (Fig. 2 a,b,c).

The morphology of smooth muscle cells in tunica media was 
deteriorated while invading tunica intima with distinct interrup-
tions. The U-II immunoreactivity was more intense in tunica intima 
and tunica media when compared to the control group (p < 0.05).
Furthermore, intensely positive U-II immunoreactivity was ob-
served in tunica adventitia (Fig. 2 d,e,f, Tab. 2) (p < 0.05). The 
thickness of tunica intima and tunica media in the study groups 
was measured and compared with the use of Mann–Whitney U 
test. Tunica intima and tunica media of the vessels were thicker 
in the DM+CAD group as compared to the control group (Tab. 3)
(p < 0.05). There were no further statistically signifi cant dif-
ferences between the groups in terms of demographic characteristics 
of patients (hypertension, hyperlipidemia, smoking, redo coronary 
surgery, family history of CAD, preoperative atrial fi brillation) and 
postoperative one-year follow-up results (redo coronary surgery, 
angina pectoris, re-hospitalization, NYHA classifi cation, morta-
lity; p > 0.05).

LIMA-U-II
Endothelial 

damage
(Max: 3)

Damage in smooth 
muscle cells in T. 
media (Max: 3)

Damage in elastic 
lamina in T. media 

(Max: 3)

Total Damage 
Score (Max: 9)

H Score = Pi (i+1)

T. intima T. media T. adventitia

Without DM+CAD(n:8) 1.0±0.4 1.0±0.3 0.8 (0.5–0.8) 3.0 (1.9–3.3) 300 ±52.6 240.0±54.8 210.2±51.4
With DM+CAD(n:13) 2.2±0.5 2.3±0.2 2.4 (2.2–2.6) 6.8 (6.2–7.4) 240±54.7 357.1±53.5 255.0±57.3
p 0.001* 0.001* 0.004* 0.004* 0.026* 0.004*  0.085

Tab. 2. The comparison of total damage scores and H-score of the study groups.

LIMA–U-II Layer thickness of LIMA (μm)
Tunica (T.) intima 

minimum
T. intima

maximum
T. intima

mean
T. media
minimum

T. media
maximum

T. media
mean

Without DM+CAD(n:8) 20.45±7.3 33.96±11.4 24.94±7.3 46.33±28.9 182.46±54.6 152.42±40.2
With DM+CAD(n:13)  37.98±9.2 47.87±5.2 39.83±6.0 112.25±18.5 286.16±57.0 227.93±49.6
p < 0.05 < 0.05

Tab. 3. Comparisons of Layer thickness of LIMA of groups (tunica intima and tunica media).
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Statistical analysis
The Mann–Whitney U test was used for comparing two groups. 

A p-value of < 0.05 was considered signifi cant. As seen in Table 1, 
the comparison of demographic characteristics and Gensini scores 
of groups were statistically signifi cant. The mean and standard 
deviation values of the scores of damage found in endothelium, 
internal elastic lamina, and smooth muscle cells in tunica media 
were determined using the characteristic light microscopy fi ndings 
in LIMA. Then, they were compared between the study groups 
and the respective p-values were obtained (Tab. 2). There was a 
statistically signifi cant difference in each of these three parameters 
between the study groups. Furthermore, the total damage score was 
signifi cantly different between the groups (p = 0.004*). H-scores 
of tunica intima and tunica media were statistically signifi cantly 
different between the groups (p = 0.001*). The immune reactiv-
ity was more intense in tunica adventitia in Group II; however, 
the difference was not signifi cant between the groups (p = 0.085).

Discussion

U-II is involved in atherosclerosis pathogenesis, restenosis, 
and pathophysiology of vascular remodelling (9). Urotensin-II is 
potentiated under the condition of endothelial dysfunction (10). 

Especially in patients with coronary artery disease and DM, the 
U-II levels were found out to be high (11). The expression of U-II 
increases in subendothelial infl ammation or in endothelial cells 
with fi brofatty lesions. This increase in U-II was also observed in 
the myointimal and foam cells (12). Macrophages transforming 
into foam cells are involved in the infl ammatory processes of ath-
erosclerotic lesions in the intima layer (13). In our study, the CAD 
patients had mild degeneration and loss in endothelial and some 
smooth muscle cells in tunica media. In subendothelial areas, we 
detected foam cells at spaces, indicating the occurrence of ath-
erosclerotic processes. In the CAD+DM group, we observed that 
the endothelial layer of LIMA lost its continuity, endothelial cells 
were damaged at spaces, and tissue ruptures occurred against the 
lumen. The vesicles in the apical and basal cell membranes of the 
endothelial cells were more common as compared to the control 
group. The subendothelial layer expanded and protruded towards 
the lumen. We observed increased collagen fi bers and disruptions 
in the undulating pattern of the internal elastic lamina in this layer. 
Furthermore, fatty streaks originating from the foam cells were 
present in the subendothelial layer. Moreover, atherosclerosis af-
fected also the tunica media. U-II causes an increase in reactive 
oxygen species (ROS) synthesis in the smooth muscle cells in tu-
nica media. U-II and ROS show synergistic effects in stimulating 
smooth muscle cell proliferation (14). Oxidized phospholipids cause 
monocytes to adhere to endothelial cells. These oxidized phospho-
lipids are novel biomarkers with mixed effects on atherosclerosis. 
They cause chemokine synthesis, stimulate the proinfl ammatory 
cytokines and growth factors, suppress leukocyte infl ammation, 
and induce smooth muscle cell proliferation (15). In individuals at 
risk of developing coronary artery disease, endothelial dysfunction 
can be easily detected with the oxidative stress index (16). In our 
study, we observed a more intense U-II immune reactivity in tunica 

media in CAD patients along with moderate-intensity U-II immune 
reactivity in tunica intima and tunica adventitia. In the specimens 
of CAD+DM patients, there was a loss in the morphologic features 
of smooth muscle cells in tunica media, while invading tunica in-
tima. The immune reactivity was highly intense in tunica intima 
and tunica media in this group. The positive immunoreactivity was 
more intense in tunica adventitia compared to the control group. 
However, the degenerative changes occur in tunica media at a rate of 
36.8 % during the preparation of LIMA grafts. These ultrastructural 
changes and the effects on the vascular tone are reported to affect 
late-term graft patency. It is suggested that well-controlled dyslip-
idemia will help maintain the LIMA graft patency in the long term 
in these patients (17). In this study, we aimed to reduce the risk of 
injury by preparing pedicled LIMA grafts (5). We followed up the 
study patients receiving statin therapy in the postoperative period.

As it is known, CABG surgery is also performed in patients 
younger than 59 years of age (18). The mean age is around 64.8 
years in redo CABG surgery patients. Redo coronary artery sur-
gery is associated with higher risks of morbidity and mortality 
compared to primary CABG (19). In both the diabetic and non-
diabetic patients undergoing CABG with the use of IMA on either 
side of the body, the rates of morbidity/mortality, redo operations, 
stroke, and renal failure were higher along with the longer dura-
tion of ICU stay in diabetic patients as compared to non-diabetic 
patients (20). According to the patient outcomes in a one-year 
follow-up, there were no differences in the chest pain, functional 
capacity, re-hospitalization, and mortality between the groups. 
This might have occurred because the atherosclerotic process in 
LIMA does not lead to the development of stenosis severe enough 
to cause ischemia. Atherosclerosis in LIMA is slow and progres-
sive. In this study, we demonstrated the relationship between U-II 
and atherosclerotic process in LIMA. Revealing this relationship 
is important to pave the way for further studies and to gain further 
insight into the histopathological features occurring in atheroscle-
rosis of LIMA. The description of the relationship between U-II 
and atherosclerosis in LIMA will contribute to maintaining the 
long-term patency of the graft. This will reduce the need for redo 
surgery in patients who underwent CABG at a young age. In par-
ticular, high mortality and morbidity in CAD+DM patients neces-
sitate the long-term maintenance of arterial grafts used for CABG. 

Conclusions 

U-II plays an important role in LIMA atherosclerosis in 
CAD+DM patients. Prevention of atherosclerotic processes in 
LIMA will reduce the need for redo CABG and percutaneous 
coronary interventions (PCI). We suggest that this will increase the 
quality of life and longevity in patients at advanced ages.

Limitations: In our study, no statistically signifi cant difference 
was found in terms of the main characteristics of the patients in-
cluded in the study. The patients were evaluated before and after 
CABG and a further clinical follow-up was carried out within 
one year after the operation. The results of longer follow-up of 
patients will be evaluated.
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