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Abstract

Background and aims: Novel pro- and anti-inflammatory adipocytokines affect inflammation, energy metabolism, and insulin
signaling. However, their role in acute coronary syndrome (ACS) development is unclear. We evaluated the diagnostic and risk
predictive value of such adipocytokines for ACS. Methods: We enrolled 168 consecutive inpatients with suspected ACS and
detected serum PLINI, PLIN2, PLIN5, CTRPé6, CTRP7, CTRPII, WISPI, FAMI9A5, TNF-o, and adiponectin levels.
Multivariate logistic regression analysis and Spearman’s test were used to assess risk factors for ACS and correlations between
serum adipocytokines and continuous variables, respectively. Results: Serum levels of the adipocytokines differed between ACS
and Non-ACS groups (p <0.05). After adjusting for confounding factors, serum PLINI, PLIN2, PLIN5, CTRP6, CTRP7, CTRPI I,
WISPI, and FAMI9AS levels were independently associated with ACS (p <0.05). Increasing tertiles of serum PLINI, PLIN2,
CTRP7, CTRPI |, and WISPI levels increased the ACS risk, which decreased gradually with increasing PLIN5 and CTRPé6 tertiles
(p for trend <0.05). Serum PLINI, PLIN5, CTRP6, CTRP7, CTRPII, WISPI, and FAMI9AS levels correlated with ACS
severity. Conclusions: PLINI, PLIN2, CTRP7, CTRPI I, and WISP| were identified as independent ACS risk factors, whereas
PLIN5, CTRP6, and FAMI9A5 were independent protective factors for ACS. These serum adipocytokines are novel potential
clinical biomarkers of ACS.
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Introduction surface.'® The C-terminus of PLIN1 has a relatively conserved
hydrophobic domain with five cysteine residues. Sulfhydration
might stabilize the C-terminal structure of PLIN1 and the distri-
bution of this protein in the lipid droplet, which enhances its
inhibitory effect on hormone-sensitive lipase (HSL) and
adipose triglyceride lipase (ATGL), thus, inhibiting lipolysis.'*
Overexpression of PLIN2 leads to accumulation of LD in

Acute coronary syndrome (ACS) is the leading cause of death
worldwide."* Substantial progress has been made in the diag-
nosis and treatment of ACS, which is mostly caused by acute
thrombosis in coronary arteries due to the rupture or erosion
of unstable atherosclerotic plaques.® The pro- and anti- inflam-
matory adipocytokines are classical risk factors associated with
ACS.*® Although several biomarkers have emerged as novel
risk factors of ACS{ their dlagnolstlcg ?gd prognostic value has Department of Cardiology, Chengde Medical University Affiliated Hospital,
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numerous tissues including that of heart.” The expression of
PLIN2 is also increased in tissues or cells, including foam cell
and atherosclerotic plaques, characterized by chronic inflamma-
tion.'* PLINS is arguably the most dynamic of the PLIN proteins
and is mostly expressed in highly oxidized tissues, such as brown
adipose tissue, heart, muscle, and liver tissue.” PLIN5 plays an
essential role in the regulation of atherogenesis. It might be a
new modulator of atherogenesis that suppresses inflammation,
apoptosis, and oxidative stress, and thereby, ameliorates the pro-
gression of atherogenesis.'”

Complement component 1q (Clqg)/tumor necrosis factor
(TNF)-related proteins (CTRPs) are a family of adiponectin
(ADP) paralogs, which show the highest expression in adipose
tissue around the heart.'® Recent studies have shown that
CTRPs have a role in inflammation regulation, energy metabo-
lism, and insulin signaling.” CTRP6, CTRP7, and CTRP11
belong to the same family but each of them has a unique tissue
expression profile and assays diverse functions. CTRP6 is a
240-amino acid protein that consists of a signal peptide, a short
variable region, a collagen-like region, and a C-terminal globular
domain.'® CTRPS, expressed in adipose tissue, heart, placenta,
and brain, modulates metabolism and inflammation.'® CTRP7 is
positively correlated with obesity, glucose and lipid levels, and
insulin resistance (IR) and is an independent factor in impaired
glucose tolerance (IGT) and type 2 diabetes mellitus
(T2DM).**?! CTRP11 is highly expressed in the adipose tissue
in both human and mice, and is predominantly derived in this
tissue from cells of the stromal vascular compartment. CTRP11
can function as an endogenous paracrine regulator of adipocyte
differentiation.”>?*

Whntl-induced signaling pathway protein 1 (WISPI), a
downstream target of Wnt/B-catenin, is a member of the CCN
protein family.>* It plays an important role in the survival, pro-
liferation, and migration of cells.>>?% In 2015, WISP1 was iden-
tified as a novel adipokine secreted from human adipocytes,
which was linked to IR and metabolic disorders.?”

The family with sequence similarity 19 member A5
(FAMI19AY) is a novel cytokine that is predominantly expressed
in the brain and adipose tissue.?*° It can inhibit vascular smooth
muscle cell proliferation and migration, and is, therefore, a poten-
tial candidate biomarker of cardiovascular diseases.”’

In this study, we aimed to investigate the association of some
new pro- and anti- inflammatory adipocytokines, namely serum
PLIN1, PLIN2, PLINS, CTRP6, CTRP7, CTRP11, WISP1, and
FAMI19AS5 with the development and exacerbation of ACS, and
to explore inflammatory biomarkers for diagnosis and risk
assessment of ACS in clinical practice.

Materials and Methods
Study Population

A total of 168 inpatients with suspected ACS were consecutively
enrolled for this study from October 2020 to December 2021 at
The Affiliated Hospital of Chengde Medical University, China.
They were assigned to the ACS (n=121) and Non-ACS (n=
47) groups according to symptoms, and electrocardiography,

laboratory, echocardiography and coronary angiography (CAG)
findings. The clinical types of ACS include unstable angina
(UA), non-ST-segment elevation myocardial infarction, and
acute ST-segment elevation myocardial infarction.

Angiographic ACS is defined as stenosis of >50% of one or
more of the left main, left anterior descending artery, left cir-
cumflex artery, right coronary artery, or their main branches
(diameter of vessel >2.0 mm). This definition also includes
patients who underwent previous percutaneous coronary inter-
vention, whereas patients in the Non-ACS group did not have
significant luminal stenosis (<50%) after CAG.>'™

The exclusion criteria were as follows: coronary artery spasm
or other secondary causes of angina or myocardial infarction,
infectious diseases, malignant tumors, severe heart diseases
(eg, aortic dissection and hypertrophic cardiomyopathy), muscu-
lar disorders (eg, polymyositis and dermatomyositis), encephali-
tis (eg, viral Encephalitis and autoimmune encephalitis), hepatitis
(eg, primary biliary cholangitis and primary sclerosing cholangi-
tis), systemic disease, systemic inflammatory disorders, and
hepatic and renal dysfunction. This study was approved by the
Institutional Review Board of The Affiliated Hospital of
Chengde Medical University, and all participants provided
written informed consent before participating.

Baseline Demographics and Clinical Characteristics

Data on demographics and clinical characteristics, including
sex, age, height, weight, body mass index (BMI), history of
smoking, dyslipidemia, hypertension, diabetes mellitus
(DM), metabolic syndrome (MetS), history of stroke, and
family history of coronary artery disease (CAD), were col-
lected by our research team. Systolic blood pressure (SBP),
diastolic blood pressure (DBP), routine blood test results,
and serum biochemistry parameters, namely total cholesterol
(TC), triglycerides (TG), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
albumin (ALB), creatinine (Cr), and homocysteine (Hcy)
levels, were also recorded. MetS was defined as the presence
of three or more of the following criteria: BMI >30 kg/m?,
HDL-C <50 mg/dL in women and <40 mg/dL in men,
fasting plasma TG >150 mg/dL, SBP >130 mm Hg, DBP
>85 mm Hg, fasting plasma glucose (FPG) >100 mg/dL, or
previously diagnosed type 2 DM (T2DM).**

Coronary Angiography and Gensini Score

The angiography results were independently evaluated and
explained by two experienced interventional cardiologists
who were blinded to this study. The severity of coronary
artery stenosis was quantitated using the International Gensini
score and a guide for score calculation.*’

Enzyme-Linked Immunosorbent Assay

Blood samples were drawn from the radial artery of all patients
after overnight fasting before the CAR was performed. The
blood samples were centrifuged at 3000 X g for 10 min, and
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then stored at—80°C. The serum levels of PLIN1, PLIN2,
PLINS, CTRP6, CTRP7, CTRP11, WISP1, FAM19AS, TNF-a,
and ADP were measured using an enzyme-linked immunosorbent
assay (ELISA) kit (Jiangsu Meimian Industrial Co., Ltd, China).

Statistical Analyses

Statistics analyses were performed using the Statistical Package
for the Social Sciences (SPSS) 26.0 (SPSS Inc, Chicago, IL,
USA) and GraphPad Prism 8.0 (GraphPad Software Inc., La
Jolla, CA). The Kolmogorov—Smirnov test was used to analyze
the continuous variables. Continuous variables are expressed as
mean + standard deviation (normally distributed data), median
and quartile spacing [M (P25-P75)] (non-normally distributed
data). To compare the relationship of all continuous variables
between the ACS and Non-ACS groups, continuous variables
were analyzed using Student’s #-test in normally distributed
data, and Mann—Whitney U test in non-normally distributed
data. Categorical variables are expressed as frequency and per-
centages, and were compared using the chi-squared test.

Receiver-operating characteristic (ROC) curves were used to
calculate the cutoff value of adipocytokines for diagnosing
ACS. Youden’s index (sensitivity + specificity — 1) was used
to determine the optimal cutoff point. Multivariable logistic
regression models were constructed to evaluate the association
between serum adipocytokines and ACS in the general popula-
tion and different subgroups. The odds ratio (OR) was deter-
mined based on 1 standard deviation (1-SD) increases in
serum adipocytokine levels.

To examine the independent performance of serum adipocyto-
kines for assessing the occurrence of ACS, participants were
assigned to three groups (T1, T2, and T3) according to the tertiles
of serum adipocytokine levels. We examined the linear trend using
p for trend, which was calculated using serum adipocytokine ter-
tiles as a continuous variable. Spearman’s test was used to
analyze the correlations between serum adipocytokines and con-
tinuous variables. A Kruskal-Wallis H test was used to test for dif-
ferences between the quartiles groups of the Gensini score.
Two-tailed p-values < 0.05 were considered significant.

Results

Baseline Clinical Characteristics

The baseline clinical characteristics of all the enrolled patients
are given in Table 1. The proportion of male patients with dys-
lipidemia, hypertension, DM, and MetS was higher in the ACS
group than that in the Non-ACS group (p <0.05). The percent-
age of patients with UA (50.4%) was higher in the ACS group
than that in the Non-ACS group.

Patients with ACS showed significant differences in white
blood cell (WBC) count, TG, HDL-C, ALB, serum uric acid,
Hcy, creatine kinase (CK), CK-MB, left ventricular end-systolic
diameter (LVESD), and left ventricular ejection fraction (LVEF,
all p<0.05). No statistically significant differences were found
for other indicators. Coronary stenosis with the involvement of

three-vessels was the most common (present in 38.1% of the
patients), as evident from angiographic findings.

Serum levels of PLIN1, PLIN2, CTRP7, CTRP11, WISP1,
and TNF-a were significantly higher, whereas those of
PLINS, FAMI19AS, CTRP6, and ADP were significantly
lower in the ACS group than the corresponding levels in the
Non-ACS group (all p<0.05,Table 1 and Figure 1).

ROC Curve Analysis of serum Adipocytokines for
Diagnosing ACS

ROC curve analysis was performed to determine the optimal
cutoff values of adipocytokines for predicting ACS (Figure 2).
The area under the curve (AUC) for PLIN1 was 0.695 (95% con-
fidence interval [CI]: 0.598, 0.793; p<0.05). The optimal diag-
nostic cutoff value was 373.48 pg/mL, with a sensitivity and
specificity of 75.0% and 58.8%, respectively. The AUC for
PLIN2 was 0.674 (95% CIL: 0.580, 0.768; p<0.05), and the
optimal diagnostic cutoff value was 318.20 pg/mL, with a sensi-
tivity and specificity of 32.4% and 100.0%, respectively. The
AUC for CTRP7 was 0.662 (95% CI: 0.565, 0.759; p<0.05),
and the optimal diagnostic cutoff value was 91.48 pg/mL, with
a sensitivity and specificity of 34.3% and 94.9%, respectively.
The AUC for CTRP11 was 0.722 (95% CI: 0.629, 0.815; p<
0.001), and the optimal diagnostic cutoff value was 45.76 pg/
mL, with a sensitivity and specificity of 60.5% and 76.7%,
respectively. The AUC for WISP1 was 0.657 (95% CI: 0.556,
0.758; p<0.05), and the optimal diagnostic cutoff value was
222.23 pg/mL, with a sensitivity and specificity of 86.1% and
39.5%, respectively. The AUC for TNF-a was 0.681 (95% CI:
0.565, 0.797; p<0.05), and the optimal diagnostic cutoff value
was 285.60 pg/mL, with a sensitivity and specificity of 83.5%
and 55.2%, respectively. The AUC of PLIN1, PLIN2, CTRP7,
CTRP11, and WISP1 was 0.886 (95% CI: 0.825, 0.947; p<
0.001), with a sensitivity and specificity of 71.4% and 96.0%,
respectively. The predictive power of these proatherogenic adipo-
cytokines for ACS improved after values for PLINI, PLIN2,
CTRP7, CTRP11, and WISP1 were combined.

The optimal diagnostic cutoff values of PLINS, CTRP6,
FAMI19AS5, and ADP were 94.43 pg/mL (AUC: 0.682; 95% CI:
0.582, 0.782; p<0.05; sensitivity: 100.0%; specificity: 33.7%),
178.60 pg/mL (AUC: 0.690; 95% CI: 0.600, 0.780; p <0.001; sen-
sitivity: 62.8%, specificity: 70.4%), 208.43 pg/mL (AUC: 0.695;
95% CI: 0.599, 0.792; p<0.001; sensitivity: 37.5%, specificity:
95.8%), 1479.75 pg/mL (AUC: 0.718; 95% CI: 0.622, 0.814; p
<0.001; sensitivity: 93.9%; specificity: 43.0%). Furthermore, the
predictive power of these antiatherogenic adipocytokines for
ACS improved after data for PLIN5, CTRP6, and FAMI19AS5
were combined (AUC: 0.863; 95% CI: 0.791, 0.934; p <0.001;
sensitivity: 75.8%; specificity: 79.5%; Table 2).

Univariate and Multivariate Logistic Regression Analyses
of ACS Risks

Univariate and multivariate analyses were performed using
logistic regression models to determine independent predictors
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Table |. Baseline Clinical Characteristics of Acute Coronary Syndrome (ACS) and Non-ACS Groups.

ACS group Non-ACS group
Variables (n=121) (n=47) Y2zt p-value
Demographics and clinical data
Male 76 (62.8) 21 (44.7) 4.559 0.033
Age >65 years 34 (28.1) 13 (27.7) 0.003 0.955
BMI 25.48 +3.50 25.39+2.92 0.155 0.877
Dyslipidemia 72 (64.3) 18 (41.9) 6.417 0.011
Hypertension 97 (80.2) 26 (55.3) 10.656 0.001
Diabetes mellitus 69 (57.0) 10 (21.3) 17.365 <0.001
Smoking 67 (55.4) 20 (42.6) 2.228 0.136
Metabolic syndrome 71 (58.7) 9 (19.1) 21.205 <0.001
History of stroke 26 (21.5) 6 (12.8) 1.670 0.196
Family history of CAD 20 (16.5) 5(10.6) 0.927 0.336
UA 61 (50.4)
Non-STEMI 27 (22.3)
STEMI 33 (27.3)
Laboratory data
WBC count (10%/L) 8.53 (6.87, 12.10) 7.08 (5.78, 8.93) —2.964 0.003
Platelet count (10°/L) 236.00 (195.00, 289.00) 217.00 (190.25, 269.75) —1.259 0.208
TC (mmol/L) 3.67 (3.03, 4.45) 3.66 (3.00, 4.24) —0.264 0.792
TG (mmol/L) 1.49 (0.95, 2.19) 1.13 (0.76, 1.87) —2.100 0.036
LDL-C (mmol/L) 2.11 (1.59, 2.78) 2.03 (1.54, 2.56) —0.564 0.573
HDL-C (mmol/L) 1.05 (0.86, 1.25) 1.16 (1.03, 1.38) —3.296 0.001
ALB (g/L) 40.89 (38.82, 43.19) 42.65 (39.64, 44.96) —2.401 0.016
Cr (umol/L) 68.80 (58.95, 79.43) 63.10 (52.10, 75.40) —1.651 0.099
Serum uric acid (umol/L) 346.75 (279.37, 429.91) 291.43 (256.00, 369.15) -2.399 0.016
Hcy (umol/L) 15.25 (12.08, 18.63) 12.75 (10.15, 16.05) -2.517 0.012
CK (U/L) 110.00 (70.00, 374.00) 76.00 (57.25, 92.75) —3.648 <0.001
CK-MB (U/L) 13.24 (9.68, 31.90) 9.89 (8.49, 13.15) —3.408 0.001
Echocardiography
LA (mm) 35.0 (33.0, 39.0) 35.0 (32.5, 37.0) —1.356 0.175
LVEDD (mm) 49.0 (47.0, 54.0) 49.0 (46.0, 51.0) —-1.379 0.168
LVESD (mm) 33.0 (31.0, 37.0) 32.0 (29.0, 34.0) —2.035 0.042
LVEF (%) 62.0 (55.0, 66.0) 65.0 (59.0, 69.0) —2.205 0.027
Coronary angiography
| vessel 41 (34.8)
2 vessels 32 (27.1)
3 vessels 45 (38.1)
Inflammatory adipocytokines (pg/mL)
PLINI 421.48 (370.34, 512.50) 354.43 (298.43, 444.24) —3.456 0.001
PLIN2 257.85 (213.43, 334.98) 223.00 (193.20, 270.75) —-3.090 0.002
PLIN5S 115.70 (86.14, 135.21) 134.23 (107.99, 173.44) -3.166 0.002
CTRP6 156.95 (133.60, 188.45) 191.50 (158.95, 215.65) —3.672 <0.001
CTRP7 81.93 (71.84, 101.93) 75.55 (62.80, 85.60) —2.971 0.003
CTRPI | 47.87 (40.33, 56.55) 39.38 (32.78, 45.75) —-4313 <0.001
WISPI 296.90 (237.65, 350.05) 243.23 (208.26, 316.91) —2.893 0.004
FAMI9AS5 158.70 (126.25,195.70) 179.53 (152.38, 237.05) —-3.578 <0.001
ADP 1544.00 (1362.25, 1781.75) 1779.00 (1550.00, 2292.25) —-3.709 <0.001
TNF-a 366.00 (304.68, 424.63) 282.75 (239.25, 405.10) -3.020 0.003

Abbreviations: BMI, body mass index; CAD, coronary artery disease; UA, unstable angina; Non-STEMI, non-ST-segment elevation myocardial infarction; STEMI,
ST-segment elevation myocardial infarction; WBC, white blood cell; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; ALB, albumin; Cr, creatinine; Hecy, homocysteine; CK, creatine kinase; CK-MB, creatine kinase isoenzyme MB; LA, left atrium;
LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; LVEF, left ventricular ejection fraction; PLIN, perilipin; CTRP,
complement component | g/tumor necrosis factor-related protein; WISPI, wnt family member |-inducible signaling pathway protein |; FAMI9AS, family with
sequence similarity 19, member A5; ADP, adiponectin; TNF-o, tumor necrosis factor-o.

for ACS, the results of which are presented in Table 3. After
adjusting for confounding factors in Model 3, we found that
the serum levels of these adipocytokines were independently
associated with ACS. The OR of PLIN1, PLIN2, CTRP7,

CTRP11, WISP1, PLIN5, CTRP6, and FAM19AS5 expression
levels per 1-SD increase were 5.056 (95% CI: 1.266, 20.195;
p<0.05), 5.530 (95% CI: 1.418, 21.570; p<0.05), 7.683
(95% CI: 1.604, 36.792; p<0.05), 3.978 (95% CI. 1.528,
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Figure |I. Comparison of serum adipocytokine levels in acute coronary syndrome (ACS) and Non-ACS groups. (A) PLINI, (B) PLIN2,
(C) PLINS, (D) CTRPS6, (E) CTRP7, (F) CTRPII, (G) WISPI, (H) FAMI9AS, (I) ADP, and (J) TNF-c.
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Figure 2. Receiver operating characteristic (ROC) curves of (A) proinflammatory and (B) anti-inflammatory adipocytokines for predicting

acute coronary syndrome (ACS).

10.356; p <0.05), 2.586 (95% CI: 1.048, 6.382; p <0.05), 0.472
(95% CI: 0.232, 0.957; p<0.05), 0.592 (95% CI: 0.361, 0.972;
p<0.05), and 0.236 (95% CIL 0.070, 0.800; p<0.05).
Surprisingly, CTRP7 and FAMI19AS5 had a greater impact on
ACS than the other serum adipocytokines.

The association between the tertiles of the serum levels of
adipocytokines and ACS is shown in Table 4. The risk of
ACS increased gradually with rising PLINT1 tertiles (OR [95%
CI]: TI1: reference, T2: 8.358 [2.005, 34.834], T3: 3.814
[1.118, 13.016]; p for trend <0.05) and CTRP11 tertiles (OR
[95% CI]: T1: reference, T2: 4.070 [1.375, 12.046], T3:
6.985 [2.130, 22.906]; p for trend <0.05). Furthermore, the
increased risk of ACS was significantly associated with

elevated levels of PLIN2, CTRP7, and WISP1 (p for trend
<0.05). In contrast, the risk of ACS decreased gradually with
rising CTRP6 tertiles (OR [95% CI]: T1: reference, T2: 0.220
[0.057, 0.841], T3: 0.093 [0.024, 0.369]; p for trend <0.05].
Moreover, increasing PLINS levels were significantly associ-
ated with reduced risk of ACS (p for trend <0.05).

Correlation Analysis of serum Adipocytokines and ACS
Severity

The serum levels of PLIN1, CTRP7, CTRP11, and WISP1 were
positively correlated, whereas those of PLINS, CTRP6, and
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FAMI19AS5 were negatively correlated with the Gensini score (p
<0.05; Table 5).

The patients were categorized into four quartiles according
to the Gensini score (Figure 3), Q1 (n=44, Gensini score <
25.5), Q2 (n=40, 25.6<Gensini score< 37.8), Q3 (n=42,
37.9<Gensini score< 57.0), and Q4 (n=42, Gensini
score>57.1). The levels of PLIN1 and CTRP11 were increased

Table 2. Receiver Operating Characteristic (ROC) Curve Analysis of
Proinflammatory and Anti-Inflammatory Adipocytokines for Diagnosing
Acute Coronary Syndrome (ACYS).

Se Sp

Variables AUC 95% Cl  p-value (%) (%) Cut-off
Proatherogenic adipocytokines (pg/mL)
PLINI 0.695 0.598,0.793 0.001 750 588 373.48
PLIN2 0.674 0.580,0.768 0.002 324 100.0 318.20
CTRP7 0.662 0.565,0.759 0.003 343 949 91.48
CTRPI | 0.722 0.629,0.815 <0.001 605 76.7 45.76
WISPI 0.657 0.556,0.758 0.004 86.1 39.5 22223
TNF-a 0.681 0.565,0.797 0.003 835 552 285.60
Combination of 0.886 0.825,0.947 <0.001 714 96.0 -

PLINI, 2,

CTRP7, 11,

and WISPI
Anti-atherogenic adipocytokines (pg/mL)
PLINS 0.682 0.582,0.782 0.002 100.0 33.7 94.43
CTRP6 0.690 0.600,0.780 <0.001 62.8 70.4 178.60
FAMI9AS5 0.695 0.599,0.792 <0.001 37.5 958 208.43
ADP 0.718 0.622,0.814 <0.001 939 43.0 1479.75
Combination of 0.863 0.791, 0.934 <0.001 758 79.5 -

PLINS,

CTRP6, and

FAMI9AS5

Abbreviations: PLIN, perilipin; CTRP, complement component |g/tumor
necrosis factor-related protein; TNF-o, tumor necrosis factor-o; FAMI9A5,
family with sequence similarity 19, member A5; WISPI, wnt family member
I-inducible signaling pathway protein |; ADP, adiponectin; AUC, area under
curve; Cl, confidence interval; Se, sensitivity; Sp, specificity.

across the quartiles of the Gensini score. In addition, the levels
of PLINS, CTRP6, and FAM19AS5 showed a decreasing trend
across the quartiles of the Gensini score (p <0.05,Figure 3).

Discussion

In the present study, we investigated the association between
serum levels of PLIN1, PLIN2, PLINS5, CTRP6, CTRP7,
CTRP11, WISP1, FAMI19A5 and ACS. To the best of our
knowledge, this is the first study to elucidate and compare the
diagnostic performance of these adipocytokines for ACS. The
major findings of our study are as follows: (1) The selected
serum adipocytokines, as proinflammatory or anti-
inflammatory adipokines, are independent predictors for the
diagnosis of ACS; (2) Increasing levels of PLIN1, PLIN2,
CTRP6, CTRP7, CTRP11, and WISP1 show a linear trend
with the risk of ACS; (3) Serum levels of PLINI, PLINS,
CTRP6, CTRP7, CTRP11, WISP1, and FAM19AS5 correlate
with the severity of ACS.

Atherosclerosis, which is the leading cause of ACS, is a
complex process and its development involves lipids, immune
cells, vascular smooth muscle cells (VSMCs), and various adi-
pokines.*® Thus, PLIN1, PLIN2, PLIN5, CTRP6, CTRP7,
CTRP11, WISP1, and FAMI19AS5 can affect atherosclerotic
plaques through different mechanisms.

Notably, the major isoforms of PLIN1 (PLINla), PLIN2,
and PLINS preferentially associate with LDs enriched in triacyl-
glycerol (TAG), whereas the minor isoforms of PLIN1 (PLINI1c
and PLIN1d) preferentially associate with LDs enriched in cho-
lesterol ester (CE).'? Under basal conditions, the binding of
PLINI to CGI58 blocks the access of cytosolic lipases
(adipose triglyceride lipase [ATGL] and hormone-sensitive
lipase [HSL]) to lipid droplets and interacts with the CIDE-N
domain of fat-specific protein 27 to promote lipid-droplet for-
mation, thereby, facilitating TG storage.'> A key factor in the
pathogenesis of atherosclerosis is the modification of macro-
phages into foam cells due to massive accumulation of LDs).

Table 3. Logistic Regression Models of Acute Coronary Syndrome (ACS) Risks According to |-Standard Deviation (SD) Increase in serum

Adipocytokine Levels.

Serum adipocytokines

Model |

Model 2

Model 3

(per 1-SD increase) OR (95% ClI) p-value OR (95% ClI) p-value OR (95% ClI) p-value
PLINI 6.040 (2.052, 17.778) 0.001 5.246 (1.339, 20.554) 0.017 5.056 (1.266, 20.195) 0.022
PLIN2 4.433 (1.696, 11.586) 0.002 6.006 (1.545, 23.351) 0.010 5.530 (1.418, 21.570) 0.014
CTRP7 4.984 (1.676, 14.822) 0.004 7.578 (1.655, 34.691) 0.009 7.683 (1.604, 36.792) 0.011

CTRPI | 3.679 (1.659, 8.156) 0.001 4.014 (1.557, 10.347) 0.004 3.978 (1.528, 10.356) 0.005

WISPI 2.843 (1.351, 5.986) 0.006 2.695 (1.109, 6.550) 0.029 2.586 (1.048, 6.382) 0.039
PLINS 0.449 (0.267, 0.756) 0.003 0.496 (0.257, 0.954) 0.036 0.472 (0.232, 0.957) 0.037
CTRP6 0.544 (0.373, 0.792) 0.002 0.616 (0.383, 0.989) 0.045 0.592 (0.361, 0.972) 0.038
FAMI9AS5 0.213 (0.086, 0.526) 0.001 0.233 (0.069, 0.783) 0.019 0.236 (0.070, 0.800) 0.020

Model I: Unadjusted.

Model 2: Adjusted for sex, age, BMI, heart rate at admission, blood pressure at admission, smoking, dyslipidemia, hypertension, DM.
Model 3: Adjusted for terms in Model 2 and MetS, history of stroke, family history of CAD.
Abbreviations: SD, standard deviation; Cl, confidence interval; OR, odds ratio; PLIN, perilipin; CTRP, Clq/TNF-related protein; WISPI, wnt family member

I-inducible signaling pathway protein |; FAMI9A5, family with sequence similarity 19, member AS5; BMI, body mass index; DM, diabetes mellitus; MetS, metabolic
syndrome; CAD, coronary artery disease.
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Table 4. Logistic Regression Models of Acute Coronary Syndrome (ACS) Risks According to Tertiles of serum Adipocytokine Levels.
Serum adipocytokines Model | Model 2 Model 3
(tertiles 1-3) OR (95%Cl) p-value OR (95%Cl) p-value OR (95%Cl) p-value
PLINI Tl | (Reference) - | (Reference) - | (Reference) -
T2 4.000 (1.501, 10.658) 0.006 8.487 (2.042, 35.284) 0.003 8.358 (2.005, 34.834) 0.004
T3 4.190 (1.576, 11.141) 0.004 3.986 (1.190, 13.356) 0.025 3.814 (1.118, 13.016) 0.033
p for trend 0.002 0.023 0.029
PLIN2 Tl | (Reference) - | (Reference) - | (Reference) -
T2 1.346 (0.561, 3.229) 0.505 1.562 (0.515, 4.742) 0.431 1.501 (0.492, 4.575) 0.475
T3 3.417 (1.200, 9.724) 0.021 5.139 (1.267, 20.847) 0.022 4.759 (1.166, 19.416) 0.030
p for trend 0.022 0.023 0.032
CTRP7 Tl | (Reference) - | (Reference) - | (Reference) -
T2 1.133 (0.480, 2.676) 0.775 1.502 (0.454, 4.973) 0.505 1.390 (0.407, 4.752) 0.599
T3 3.400 (1.254, 9.216) 0.016 6.485 (1.613, 26.077) 0.008 6.615 (1.562, 28.014) 0.010
p for trend 0.018 0.009 0.012
CTRPI | Tl | (Reference) - | (Reference) - | (Reference) -
T2 3.055 (1.301, 7.173) 0.010 3.738 (1.293, 10.811) 0.015 4.070 (1.375, 12.046) 0.011
T3 4.700 (1.869, 11.817) 0.001 6.740 (2.091, 21.722) 0.001 6.985 (2.130, 22.906) 0.001
p for trend 0.001 0.001 0.001
WISPI Tl | (Reference) - | (Reference) - | (Reference) -
T2 2.375 (0.970, 5.817) 0.058 6.015 (1.732, 20.882) 0.005 6.449 (1.832, 22.701) 0.004
T3 2.837 (1.135, 7.087) 0.026 3.225 (1.080, 9.631) 0.036 2.953 (0.971, 8.985) 0.056
p for trend 0.021 0.028 0.039
PLIN5S Tl | (Reference) - | (Reference) - | (Reference) -
T2 0.561 (0.193, 1.632) 0.289 0.957 (0.249, 3.680) 0.950 1.075 (0.270, 4.287) 0918
T3 0.252 (0.090, 0.701) 0.008 0.295 (0.082, 1.065) 0.062 0.295 (0.081, 1.078) 0.065
p for trend 0.007 0.047 0.048
CTRP6 Tl | (Reference) - | (Reference) - | (Reference) -
T2 0.356 (0.125, 1.013) 0.053 0.270 (0.074, 0.989) 0.048 0.220 (0.057, 0.841) 0.027
T3 0.161 (0.059, 0.442) <0.001 0.134 (0.037, 0.486) 0.002 0.093 (0.024, 0.369) 0.001
p for trend <0.001 0.002 0.001
FAMI9AS5 Tl | (Reference) - | (Reference) - | (Reference) -
T2 0.279 (0.097, 0.800) 0.018 0.382 (0.100, 1.466) 0.161 0.347 (0.089, 1.350) 0.127
T3 0.231 (0.081, 0.657) 0.006 0.319 (0.088, 1.156) 0.082 0.316 (0.087, 1.146) 0.080
p for trend 0.007 0.096 0.098

Model I: Unadjusted.

Model 2: Adjusted for sex, age, BMI, heart rate at admission, blood pressure at admission, smoking, dyslipidemia, hypertension, DM.
Model 3: Adjusted for terms in Model 2 and MetS, history of stroke, family history of CAD.
Abbreviations: OR, odds ratio; Cl, confidence interval; PLIN, perilipin; CTRP, Cl1q/TNF-related protein; WISPI, wnt family member |-inducible signaling pathway
protein |; FAMI9AS, family with sequence similarity 19, member A5; BMI, body mass index; DM, diabetes mellitus; MetS, metabolic syndrome; CAD, coronary

artery disease.

Table 5. Correlation Analysis of serum Adipocytokines and Gensini
Score.

Gensini score

Serum adipocytokines (pg/mL) r p-value
PLINI 0.267 0.001
PLIN2 0.154 0.066
CTRP7 0.184 0.029
CTRPI | 0.216 0.006
WISPI 0.182 0.024
PLINS —-0.275 0.002
CTRP6 —-0.257 0.001
FAMI9A5 —0.284 0.001

Abbreviations: r, coefficient of correlation; PLIN, perilipin; CTRP, Clq/
TNF-related protein; WISPI, wnt family member |-inducible signaling pathway
protein |; FAMI9AS, family with sequence similarity 19, member A5.

Upon the death of foam cells, their atherosclerotic contents are
released, which can lead to plaque rupture and thrombotic
vessel occlusion. PLIN2 is the main LD-coating protein in mac-
rophages and foam cells, the levels of which are even higher in
unstable atherosclerotic plaques.’” We show that PLIN1 and
PLIN2 are independent risk factors for ACS; increasing tertiles
of their serum levels, significantly increased the ACS risk,
further indicating the proinflammatory effects of these
adipocytokines.

We demonstrate that the serum levels of CTRP7 and
CTRPI11 in the ACS group were higher than those in the
Non-ACS group, and their elevated serum levels were associ-
ated with an increased risk of ACS. In a previous study, it
was shown that CTRP7 deficiency attenuated IR and enhanced
glucose tolerance and that these effects were independent of
body weight, metabolic rate, and physical activity level.
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Figure 3. Comparison of serum adipocytokine levels between different groups according to Gensini score quartiles. (A) PLINI, (B) PLIN2,
(C) PLINS, (D) CTRP6, (E) CTRP7, (F) CTRPI I, (G) WISPI, and (H) FAMI9AS. Data are means + standard error of the mean (SEM).

Improved glucose metabolism in CTRP7-deficient mice was
associated with reduced adipose tissue inflammation, as well
as with decreased liver fibrosis and oxidative and endoplasmic
reticulum stress. This suggests that CTRP7 is a secreted regula-
tor of inflammation and cellular stress, as well as of whole body
insulin sensitivity and glucose metabolism.?! Ectopic expres-
sion of CTRPI1 in 3T3-L1 cells inhibited the differentiation
of adipocytes by suppressing the expression of peroxisome
proliferator-activated receptor-y (PPAR-y) and CCAAT-enhancer
binding proteins-o (C/EBP-a), two critical transcriptional regula-
tors of adipogenesis, and genes involved in the metabolism and for-
mation of LDs.*

In this study, we found that the concentration of WISP1 was
significantly higher in the ACS group than it was in the
Non-ACS group and that the risk of ACS increased with
increasing WISP1 levels. Based on the findings in previous
studies, this could be attributable to the fact that WISP1 pro-
motes adipose inflammation responses via the regulation of
macrophage polarization and migration.>® Mechanistically,
macrophages are by far the most abundant immune cells in
the adipose tissue.*® Epicardial adipose tissue (EAT) is a rich
source of macrophages, neutrophils, and lymphocytes. The
macrophage population in the fat depot mainly consists of
proinflammatory M1 and anti-inflammatory M2 macrophages.
Adipokines released from the adipose tissue influence macro-
phage polarization. EAT can be a major source of M1 macro-
phages during cardiac injury. Activated M1 macrophages
create an inflammatory milieu within the fat pad by secreting
proinflammatory cytokines, which compromise the functioning
of the adipose tissue. On the contrary, EAT plays a protective

role in a healthy heart by providing it with fatty acids for
energy or conversely serves as a buffer for lipid overload.
Macrophages polarized toward the M2 phenotype play a role
in improving metabolism.?'** Notably, we found that the diag-
nostic performance of CTRP7 as a predictive factor for ACS
was significantly higher than that of PLIN1, PLIN2, CTRP11,
and WISP1.

CTRP6 is a recently discovered superfamily member of the
adipogenic complement Clgq/TNF-related protein (CTRP)
family, which is structurally homologous to adiponectin.*!
Based on our experimental results, the concentration of CTRP6
was significantly lower in the ACS group than it was in the
Non-ACS group and the risk of ACS decreased with increasing
CTRP6 levels. Thus, we infer that the biological activities of
CTRP6 are similar to those of ADP. In rodents, CTRP6 can
improve PPAR-y activation and relieve angiotensin-II-induced
hypertension and vascular endothelial dysfunction in spontane-
ously hypertensive rats.** Lei et al reported that CTRP6 was
mainly expressed in adult rat cardiomyocytes and that its levels
were significantly decreased in the infarct ventricle post-MI.'
These results suggest that CTRP6 has certain protective anti-
inflammatory and antifibrotic effects post-MI. Contrary to our
findings, those of Liao et al suggest that overweight/obese
(OW/OB) adults have an increased concentration of circulating
CTRP6. They observed a positive correlation of circulating
CTRP6 with the percentage of fat (Fat%), BMI, and waist hip
ratio (WHR) in their study population. The discrepancies
between the results of these studies could be attributable to the
exclusion of cardiovascular disease (CVD) and T2DM patients
in the study of Liao et al** Furthermore, the sample size may
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be the main reason for the difference. Finally, the discrepancy
could also be attributable to the use of different ELISA kits for
detection of CTRP6. Thus, more clinical studies are necessary
to obtain accurate results.

PLINS was reported to be the key factor in regulating the
contact of LDs with mitochondria. PLINS could reduce cellu-
lar levels of reactive oxygen species (ROS) and cell apopto-
sis.** PLIN5 plays an important role in promoting and
stabilizing cardiac LDs by increasing the levels of other peril-
ipin proteins.** PLINS knockout could increase the degree of
aortic atherosclerosis in mice.'> The abovementioned studies
indicate that PLINS might be involved in the regulation of
inflammation and protects against atherogenesis both in vivo
and in vitro. In summary, PLINS plays a protective role
against atherosclerosis development, which is consistent
with our findings that elevated levels of PLINS are indepen-
dent protective factors for ACS.

We also show that elevated serum FAMI19AS level is an
independent protective factor for ACS. The diagnostic perfor-
mance of FAM19AS, which plays an antiatherosclerosis role,
was significantly higher than that of CTRP6 and PLINS. In an
in vitro test, FAM19AS5 was shown to inhibit the proliferation
and migration of VSMCs and the formation of neointima via
sphingosine-1-phosphate receptor 2-G12/13-RhoA signal-
ing.?® Furthermore, an association between FAM19A5 and
neurodegenerative changes has been reported for major
depressive disorder.*® Interestingly, Lee et al reported that
serum FAMI9AS concentrations were greater in patients
with type 2 diabetes compared with those in non-diabetic sub-
jects. Mechanistically, we speculated that increased serum
FAMI19AS concentrations in DM patients may originate
from compensatory upregulation of FAM19AS5 to overcome
cardiometabolic stress or resistance to FAM19AS5, similar to
hyperinsulinemia in IR states.*’ Likewise, circulating FAM19A5
concentration may vary with the ACS phase. In summary, addi-
tional research is needed to elucidate the association between
FAMI9AS and patients with ACS.

To the best of our knowledge, ADP and TNF-a are classical
adipocytokines associated with CVD.**-° The proinflamma-
tory cytokines, PLIN1, PLIN2, CTRP7, CTRPI1l, and
WISP1, and the anti-inflammatory cytokines, PLINS, CTRP6,
FAMI19AS5, have significant diagnostic and risk predictive
value for ACS same as that of TNF-a and ADP.

In this study, the serum levels of PLIN1, PLIN5, CTRP6,
CTRP7, CTRP11, WISP1, and FAM19A5 showed a weak cor-
relation with the Gensini score. The proinflammatory cytokines,
PLIN1, CTRP7, and CTRP11, and the anti-inflammatory cyto-
kines, PLINS, CTRP6, and FAMI19AS5, showed an apparently
increasing or decreasing trend with the Gensini score quartiles.
In contrast to previous studies, which used the number of
lesion vessels, we used the Gensini score to systemically evaluate
the association between serum levels of adipocytokines and the
severity of ACS. This suggests the potential usefulness of proin-
flammatory cytokines, PLIN1, CTRP7, and CTRP11, and anti-
inflammatory cytokines, PLIN5, CTRP6, and FAMI9AS in
assessing the severity of ACS.

Limitations

Several limitations of this study should be acknowledged. First,
in view of the case—control design of this study, clarification of
causality was inherently limited. Second, the inpatients were
from a single center, and they may not represent the general
Chinese population. Third, the serum levels of adipocytokines
were evaluated only once after the patients were admitted,
and information on the change in levels during hospitalization
was limited. More large-scale prospective studies should be
conducted to validate the diagnostic significance of PLINI,
PLIN2, PLINS, CTRP6, CTRP7, CTRP11, WISPI, and
FAMI19AS in patients with ACS.

Conclusion

In this study, we discovered that PLIN1, PLIN2, PLINS,
CTRP6, CTRP7, CTRP11, WISP1, and FAM19AS, as risk or
protective factors, are independently associated with ACS.
Specifically, PLIN1, PLIN2, CTRP7, CTRP11, and WISP1
were identified as independent risk factors for ACS, whereas
PLINS, CTRP6, and FAM19AS were independent protective
factors for ACS. Moreover, PLIN1, PLIN5, CTRP6, CTRP7,
CTRP11, and FAM19AS5 were found to be more closely corre-
lated with the severity of ACS than were PLIN2 and WISPI.
PLIN1, PLIN2, PLIN5, CTRP6, CTRP7, CTRP11, WISPI1,
and FAM19AS5 have the potential to serve as novel diagnostic
biomarkers and future therapeutic targets for ACS in clinical
practice.
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