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Abstract. – OBJECTIVE: To discuss the cor-
relation between polymorphism of rs266729 
(-11377C/G, Cytosine/Guanine) (adiponectin pro-
moter) site and atherosclerotic plaque composi-
tions as well as related indicators under intra-
vascular ultrasound (IVUS). 

PATIENTS AND METHODS: 76 patients with 
coronary heart disease from December 2014 to 
December 2016 were enrolled. The PCR-RFLP 
method was used to analyze the adiponectin 
gene polymorphism in rs266729 site. All the 
objects were divided into CC type group (n=26), 
CG type group (n=23), and GG type group (n=27) 
according to the results of polymorphism. The 
amount of lesions and length of lesion in the 
vessel were determined according to the im-
ages of coronary angiography. The indicators 
from each group, including minimum external 
elastic membrane area, the smallest lumen ar-
ea, the patch area, the patch load, the lipid pool 
area, the lipid pool/plaque area, the fiber cap 
thickness, the reconstruction index, the positive 
reconstruction, the negative reconstruction and 
the patch character were measured according to 
the IVUS results.

RESULTS: The baseline data from distinct the 
gene types showed no significant difference. The 
results of quantitative IVUS plaque analysis indi-
cated a statistical difference of factors such as 
plaque area, plaque burden, lipid pool area, lipid 
pool/plaque area, and remodeling index between 
the CC and GG types (p<0.05). The levels of ami-
nopeptidase N (APN), tumor necrosis factor alpha 
(TNF-α), interleukin 1 beta (IL-1β), fasting serum 
insulin (FIN), triglyceride (TG), and low-density 
lipoprotein cholesterol (LDL-C) among diverse 
groups presented statistical difference (p<0.05). 
Of note, the analysis results of IVUS qualitative 
components of plaque showed that soft plaque 
in CC group was 42.3% (11/26), which was signifi-
cantly lower than GG group 11.1% (3/27) (p<0.05). 
The vascular remodeling ratio in CC group 26.9% 
(7/26) was also significantly decreased compared 
to that in GG group 66.7% (18/27) (p<0.05). The tu-

bular and diffuse ratio in CC groups according to 
the comparison of diseased vessel, count, length 
of the lesion were 34.6% (9/26) and 42.3% (11/26), 
respectively. 

CONCLUSIONS: Our data on biochemical indi-
cators demonstrates CC type gives rise to poor 
prognosis compared to GG type does, which 
suggests that close attention should be paid in 
the impact of adiponectin polymorphism on ath-
erosclerotic plaque compositions.
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Introduction

“Vulnerable plaque” was raised by Muller and 
others as early as 1994, and this term was used 
to describe the vulnerable or thrombosis plaque 
for the cause of acute coronary syndromes. It 
has been demonstrated that 65-70% thromboses 
were due to thin fiber cap, with additional 25-30% 
cases of plaque erosion, 2-5% of calcified nod-
ule protruding lumen1. Vulnerable plaque is also 
characterized with rare features, such as hemor-
rhage in plaque and yellow plaque, vascular with 
plaque-positive dilatation2. In recent years, the 
rapid progress of microcatheter ultrasonic trans-
ducer technique and acoustic imaging technology 
marked the wide application of intravascular ultra-
sound (IVUS) in the treatment of acute coronary 
syndromes3. IVUS can measure the size of lumen 
and atheroplaque accurately, and more important-
ly, IVUS facilitates to present constituents of ath-
eroplaque and vulnerability4. The vulnerability 
of plaque refers to the extent of the lesion. IVUS 
thus provides the information of plaque rupture, 
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ulcers, and thrombus, which were recognized as 
indicators of plaque’s vulnerability. The criteri-
ons of vulnerability plaque include5: the thick-
ness of the fiber cap was 0.7 mm; lipid core area 
was 1.0 mm2; lipid core takes up 20% of plaque 
volume; anechoic in plaque; eccentricity plaque. 
The study of NIssen proposed that IVUS was a 
“Gold standard” to determine the progression or 
regression of atherosclerosis6. Of note, Vasseur et 
al7 studied the SNP-11377 G allele frequency of 
Japanese and French, and showed that there was 
a negative correlation between serum adiponec-
tin level and G allelic genes in SNP-11377. The 
frequency of SNP-11377 carrying G allele in hy-
perglycemia group was significantly higher than 
that in normal subjects. Hoefie et al8 enrolled 402 
cases of male patients with coronary heart disease 
and found that SNP-11377 (G/C) presented an evi-
dent correlation between genotype and adiponec-
tin concentrations. Adiponectin levels of GG, CG 
type were significantly lower (p=0.004) than that 
of CC, suggesting a significant association with 
coronary heart disease (OR 95%CI 2.309 [1.067-
4.998], p=0.014). However, no correlations be-
tween SNP+276, SNP+45, adiponectin concen-
tration, and coronary disease were found. The 
SNP-11377 loci G allele may be a genetic risk fac-
tor for coronary disease. This study aims to iden-
tify the correlation of adiponectin SNP-11377 lo-
cus polymorphism and plaque formation, in order 
to provide support for the diagnosis and treatment 
of coronary heart disease.

Patients and Methods

Patients
76 cases patients with coronary heart disease 

from December 2014 to December 2016 in our 
hospital were enrolled. The coronary arteriog-
raphy showed at least one inner diameter of left 
anterior descending branch of the artery, left cir-
cumflex branch, and right coronary artery. After 
the human genome was extracted, Polymerase 
Chain Reaction-Restriction Fragment Length 
Polymorphism (PCR-RFLP) method was used to 
analyze the polymorphism of adiponectin gene 
rs266729 (-11377C/G) loci. All patients were di-
vided into three groups according to the results 
of adiponectin: CC type group (n=26), CG type 
group (n=23), and GG type group (n=27). Exclu-
sion criteria: patients with malignant tumor, com-
bined with acute or chronic infection, combined 
autoimmune disease or connective tissue disease 

like systemic lupus erythematosus, rheumatism, 
Takayasu’s arthritis, etc., patients with liver and 
kidney insufficiency.

Adiponectin Gene rs266729 
(-11377C/G) Loci Polymorphism 
Detection 

Specimen collection
Specimen collection: 3 ml fasting venous 

blood of the patients in this work was centrifuged 
at 3000 r/min 5 min after the treatment with Eth-
ylene Diamine Tetraacetic Acid (EDTA) antico-
agulant (Sigma-Aldrich, St. Louis, MO, USA). 
The genome DNA from peripheral blood was ex-
tracted after leukocyte layer was separated.

Genome DNA extraction
Extraction Kit of QIAGEN (Hilden, Qiagen, 

Germany) was used to extract genome DNA in 
accordance with the instruction. The purity and 
quantity were evaluated by the detection of Op-
tical Density (OD) value with an ultraviolet spec-
trometer.

PCR amplification
According to human adiponectin (APMI) gene 

sequence (GenBank SN: NM-004797) from Gen-
Bank, PCR primers for the amplification of the 
promoter sequence of adiponectin genomic loci 
were designed: forward primers: 5’-CTTTAAT-
GGT-GGACTTGA-3’, reverse primers: 5’-TTC-
GGAATAA-CATTTTGAC-3’, synthesized by 
Shanghai Bio Technology Co., Ltd (Shanghai, 
China). PCR reaction system: 10×Buffer 2 μl, 
MgC12 2 μl, dNTP 0.5 μl, primers were 0.3 μl, 
r-Tag DNA polymerase 0.25 μl, DNA template 
about 3 μl, double distilled water to 20 μl. Reac-
tion conditions were 95°C 3 min, followed by 38 
cycles each containing 95°C 45 s, 55°C 45 s, and 
72°C 60 s, 72°C terminal extension for 5 min by 
using PRC kit (TaKaRa, Otsu, Shiga, Japan). PCR 
amplification was performed by using a thermo-
cycler PCR amplification instrument (Bio-Rad, 
Hercules, CA, USA). 470 bp of the product was 
observed by 1.5% agarose electrophoresis and ul-
traviolet light.

Plaque composition by IVUS
To observe the location of the lesion during 

coronary arteriography, 100 IU/kg of heparin 
were continuously delivered to the orifice of the 
coronary artery with 6F gulding catheter. Far-end 
of target lesion vessel was detected with 0.014 
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inches Guide Wire. When the ultrasound catheter 
reached left or right coronary arteries, automatic 
retracement catheter was controlled by a motor, 
with the retracement speed of 0.5 mm/s. The posi-
tion of the film-recording probe was marked. Im-
age of a cross-section of coronary artery should 
be recorded simultaneously and should be stored 
in the CD-ROM. 

IVUS quantitative analysis
The measurement followed the guidelines of 

the European Heart correlation and the American 
Society of Cardiology IVUS testing guide and 
image analysis9. Centripetal plaques: plaque was 

evenly distributed around the wall of the whole 
vessel (Figures 1-3). Eccentricity plaque: it re-
ferred to the uneven distribution of plaque around 
the vessels. Plaque located only in a certain or a 
few radians around the wall of a vessel or plaque 
was distributed along the wall of the whole vessel, 
but the ratio of the thickest to the thinnest was 
more than 2:1 (Figures 4-5). Positive reconstruc-
tion referred to the increase of the external elastic 
membrane (EEM) area in the process of athero-
sclerosis, which was called positive reconstruc-
tion. Negative reconstruction represented the 
reducing of EEM area in the process of athero-
sclerosis. Restructure indexes of a cross section of 
narrow section/reference section EEM cross-sec-
tion area were normally from 0.95 to 1.05, The 

Figure 1. The three layer structure of the coronary vessels (intima, middle membrane, outer membrane) and the vascular wall 
histology of the coronary vessels showed by IVUS.

Figure 2. The measurement diagram of the cavity tube and 
EEM. Figure 3. Measurement diagram of plaque.
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ratio more than 1.05 referred to “positive recon-
struction” (Figure 6). The ratio less than 1.05 
meant to “negative reconstruction” (Figure 7).

IVUS qualitative analysis
IVUS can provide the morphological informa-

tion of atherosclerotic plaque10. Anechoic or hy-
poechoic plaque: the lipid pool was shown in the 
IVUS image with the black shadow or the anechoic 
zone in the lesion. Fibrous plaque: echo intensity 
was similar to that of the outer membrane. Calci-
fied plaques: a strong echoic plaque with a sound 

shadow, the echo intensity of the plaque exceed-
ing the outer membrane was accompanied by the 
sound shadow behind the patch. Mixed plaques: 
echo characteristics with some of the above patch-
es. Fibrous plaques, mixed plaques, and calcified 
plaques collectively referred to hard plaque11. The 
IVUS character of vulnerable plaque12: thickness 
of fiber cap≤0.7 mm; lipid pool area≥1.0 mm2; 
lipid pool/plaque area≥20%; anechoic in plaque; 
eccentricity plaque. Stable plaque mainly includ-
ed calcified plaques, plaques, and mixed plaques 
(Figures 8-11). 

Figure 5. Eccentricity plaque.Figure 4. Concentric plaque.

Figure 6. Positive recostruction.
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Laboratory examination
The blood was sampled from the median vein 

of the elbow after the morning fasting an hour on 
the second day of admission. Blood was put into 
an anticoagulant tube with Sodium Catalpol, for 
30 min, and then centrifuged at 3000 rpm for 10 
min. The supernatant was collected for the detec-
tion of various biochemical indexes.

Statistical Analysis
SPSS 19.0 (IBM, Armonk, NY, USA) was 

used for the statistical analysis in this study. 
One-way ANOVA was performed in intra-
group comparison, followed by Bonferroni 

post-hoc test. The t-test was used for the com-
parison between the two groups. Qualitative 
data are compared by multiple sample rates 
and chi-square tests. p<0.05 was defined as a 
statistical difference.

Results

Comparison of the Basic Data 
of Each Genome

The results showed no statistical difference of 
the baseline data of each type (Table I).

Figure 7. Negative recostruction.

Figure 8. Lipid plaques. Figure 9. Fibrous plaques.
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Comparison of Each Genomic Lesion
In comparison to vessels, the amount of 

branches in GG group were statistically lower 
than those in CG or CC type, with smaller lesions 
and lower diffuse occupation ratio (p<0.05) (Ta-
ble II).

Comparison of Each Genome 
Laboratory Indexes

Our data demonstrated that the levels of TNF-α, 
IL-1β, FIN, and TG were statistically up-regulated 
in types of CG and GG, compared to that of CC 
type, with the significant reduction of APN expres-
sion, correspondingly (p<0.05) (Table III).

Figure 10. Calcified plaques. Figure 11. Mixed patch.

Table I. Comparison of the baseline data of each genome.

Indicator CC Type CG Type GG Type χ2-value p-value
 (26 cases) (23 cases) (27 cases)  
  
Sex (Male/Female) 8/18 8/15 10/17 0.09 0.89
Age (Year) 66.32±6.36 65.88±5.47 68.58±8.99 1.05 0.36
Family history of coronary  15 14 14 0.43 0.81
 heart disease
History of hypertension 11 12 14 0.64 0.72
History of diabetes mellitus   7   8 10 0.67 0.71
History of smoking  18 15 19 0.16 0.92
Hyperlipidemia 12 13 11 1.26 0.53

Table II. Comparison of each genomic lesion.

Notes: *compared with the CC group had statistical difference, p<0.05

Indicator CC Type CG Type GG Type χ2-value p-value
 (26 cases) (23 cases) (27 cases)  
  
LM 3 3 3 0.05 0.98
LAD 12 10 13 0.11 0.95
LCX 6 5 6 0.01 0.99
RCA 5 5 5 0.09 0.95
Single 17 15 18 0.01 0.99
Double branch 8 7 7 0.18 0.91
Multi branch 1 1 2 0.39 0.82
Local 6 4 5 0.29 0.87
Tubular 9 13 18* 5.66 0.06
Diffuse 11 6 3* 6.64 0.04
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Comparison of IVUS Quantitative Index 
of Each Genome

Quantitative IVUS plaque analysis results on 
the measurement of indicator Maximum, Mini-
mum, Thickness showed no statistical difference. 
Of note, the factors of patch, plaque, lipid and re-
structure in CG and GG types were statistically 
gradually increased, compared to that in CC type 
(p<0.05) (Table IV).

Comparison of IVUS Qualitative Index 
of Each Genome

Moreover, except for the indicators of fibrous 
plaque, calcified plaque, mixed patch, positive 
reconfiguration, no reconfiguration, there were 
significant differences of soft plaque, eccentric, 
negative reconfiguration between GG type and 
CC type (p<0.05) (Table V).

Table III. Comparison of genome laboratory indicators.

Notes: *compared with the CC group had statistical difference, p<0.05; #compared with the CG group had statistical difference p<0.05.

Indicator CC Type CG Type GG Type F-value p-value
 (26 cases) (23 cases) (27 cases)  
  
APN (ng/ml) 2.72±0.71 1.82±0.42* 0.91±0.56*# 73.23 <0.01
TNF-α (pg/ml) 60.68±16.87 82.36±13.99* 104.41±10.25*# 64.52 <0.01
IL-1β (pg/ml) 85.64±14.39 114.48±22.36* 134.44±24.98*# 38.34 <0.01
FPG (mmol/L) 7.77±0.58 8.14±0.97 8.31±1.47 2.85 0.06
FIN (mU/L) 12.74±2.13 14.87±2.03* 16.54±3.14*# 15.21 <0.01
TC (mmol/L) 5.51±1.08 5.74±1.38 6.04±1.69 0.94 0.39
TG (mmol/L) 2.38±0.48 2.73±0.61* 3.07±0.59*# 10.01 <0.01
LDL-C (mmol/L) 2.82±0.62 3.33±1.05 3.69±0.82 7.76 <0.01
HDL-C (mmol/L) 1.02±0.34 0.85±0.38 0.79±0.49 2.37 0.1

Table IV. Comparison of genome laboratory indicators.

Notes: *compared with the CC group had statistical difference, p<0.05; #compared with the CG group had statistical difference 
p<0.05.

Indicator CC Type CG Type GG Type F-value p-value
 (26 cases) (23 cases) (27 cases)  
  
Maximum 14.98±2.44 14.44±2.30 14.05±1.77 1.17 0.32
Minimum 4.98±1.34 4.77±0.71 4.81±0.56 0.36 0.71
Patch 8.45±1.86 9.32±2.04* 9.98±1.99*# 4.04 0.02
Plaque 62.47±4.39 66.57±5.08* 70.65±6.26*# 15.64 <0.01
Lipid 2.57±1.45 3.14±1.18 3.49±1.08* 3.72 0.03
Lipid 15.57±5.67 18.24±6.47 21.68±7.97* 5.46 0.01
Restructure 1.15±0.17 1.28±0.27* 1.38±0.20*# 7.63 <0.01
Thickness 0.83±0.39 0.82±0.25 0.75±0.19 0.58 0.56

Table V. Comparison of IVUS qualitative index of each genome.

Notes: *compared with the CC group had statistical difference, p<0.05; #compared with the CG group had statistical difference p<0.05.

Indicator CC Type CG Type GG Type χ2-value p-value
 (26 cases) (23 cases) (27 cases)  
  
Soft plaque 11 5 3* 7.06 0.03
Fibrous plaque 5 7 5 1.24 0.54
Calcified plaque 4 5 10 3.49 0.17
Mixed patch 6 6 9 0.74 0.69
Eccentric 6 9 15* 5.85 0.05
Concentric 20 14 12  
Positive reconfiguration 11 10 6 3.24 0.19
Negative reconfiguration 7 10 18* 8.51 0.01
No reconfiguration 8 3 3 4.04 0.13
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Discussion

Coronary atherosclerosis represents the most 
common cause of coronary stenosis or obstruc-
tion. Plaque directly blocks the coronary artery, 
and induces thrombosis, which is considered as the 
main nosogenesis of the acute coronary syndrome 
(ACS). ACS includes acute myocardial infarction, 
unstable angina, and sudden cardiac death of the 
ischemic heart. In the process of atherosclerosis, 
plaque primarily leads to the formation of adverse 
cardiac events. Accumulative studies collates ath-
erosclerotic plaque into stable plaque and unstable 
plaque (easily breakable plaque)13-15, the patholog-
ical features of which contains eccentrically thin 
fibrous cap, large lipid pool (more than 40% of the 
volume of plaque), large numbers of inflammatory 
cells, few extracellular matrix and smooth muscle 
cells, easy rupture with thrombus formation and 
ACS. The fibrous cap thickness or lesion of sta-
ble plaque mainly consists of fibrous connective 
tissue, where the lipid pool is small or no matrix, 
with many smooth muscle cells and fewer inflam-
matory cells, macrophages. It is profiled with high 
strength, hard to break, and shows no inclination of 
ACS. Therefore, the stability of the plaque is related 
to its composition. Identification of the components 
of the certain plaque is of great importance for the 
early diagnosis. Also, identification of atheroscle-
rotic plaque facilitates the decrease of incidence 
of major adverse cardiac events. The level of adi-
ponectin is associated with the severity of coronary 
artery disease. It has been indicated that serum ad-
iponectin concentrations in patients with coronary 
heart disease gradually reduced with the increase 
of the severity of coronary artery lesion, and is sig-
nificantly correlated with the plaque stability. The 
determination of adiponectin can indirectly reflect 
the severity of coronary artery lesions in patients 
with coronary heart disease, so as to exert function 
on risk stratification16. It also confirmed the cor-
relation between serum adiponectin level and cor-
onary atherosclerosis range and the severity. The 
analysis of 100 patients with coronary heart disease 
in Japan found that there was a significant negative 
correlation between blood plasma and coronary 
score. Also, the correlation was still strong among 
traditional risk factors, such as sex, age, hyperten-
sion, diabetes, etc. In this scenario, blood plasma 
adiponectin level can be used in the evaluation for 
coronary severity17. Based on the data of adiponec-
tin gene from 383 Japanese coronal heart patients 
and 368 healthy persons, three polymorphic loci, 
I164T, SNP+45, and SNP 276 were found, among 

which, SNP+45 and SNP 276 showed no correla-
tions with coronary heart disease18. Result also in-
dicated the significant correlation between SNP+45 
and coronary heart disease through the research of 
Caucasus, but no association was found between 
SNP+45 and plasma adiponectin level19. On the 
other hand, neither SNP-11377 was found to be as-
sociated with coronary heart disease, nor statistical 
difference of SNP+276 was observed between the 
coronary heart disease group and control group20. 
There were 5 SNPs in AMP-1 gene promoter re-
gion: -11426, -1139, -11377, -4041, and -3971. The 
evidence on Caucasian white women revealed that 
-11391, -11377, and plasma adiponectin levels were 
significantly correlated19. In the study of 402 cases 
on male patients with coronary heart disease, the 
results showed that SNP-11377 (G/C) gene type 
was significantly correlated with adiponectin con-
centration, while the adiponectin concentration 
level of GG, CG type group reduced significant-
ly (p=0.004), which was significantly related with 
coronary heart disease (OR 2.309 95%CI [1.067-
4.998], p=0.014)21, indicating SNP-11377 loci G 
allelic genes may be one of a genetic risk factor of 
coronary heart disease.

Conclusions

We demonstrated the correlation between 
SNP-11377 and biochemical indicator such as: 
APN, TNF-α, IL-1β, FIN, TG, and LDL-C. We 
identified the difference among CC, CG, GG 
types. The data indicated that APN level of GG 
type and CG type group was significantly lower 
than that in CC type group. The lipid metabolism 
and glycometabolism indexes showed the serious 
tendency of disease (from CC, GC, to GG type). 
IVUS was used for the qualitative and quanti-
tative analysis of plaque, and unraveled that pa-
tients of adiponectin SNP-11377 GG type should 
be paid close attention.
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