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Abstract

Background: Obesity, a medical condition with impaired adipokine secretion and function, has a detrimental
effect on insulin and glucose metabolism. CTRP3 and CTRP9 are adipokines with possible roles in energy
homeostasis regulation. We sought to compare CTRP3, CTRP9, and inflammatory gene expression in
subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) from obese women who underwent
bariatric surgery and non-obese women as controls.

Methods: For this study, the investigators recruited 20 morbidly obese women (BMI> 35) who qualified for
bariatric surgery and 20 normal-weight women (BMI< 25) who underwent elective surgeries. Real-time
PCR was performed to investigate mRNA expression of CTRP3, CTRP9, and the inflammatory genes IL1-
B, IL-6, MCP-1, and TNF-a in SAT and VAT from both obese patients and controls.

Results: We observed that CTRP3 mRNA levels were significantly greater in VAT from obese patients than
from controls (P< 0.0003). Also, patient group had higher levels of CTRP9 that control group (P< 0.0026).
Inflammatory cytokines were markedly increased in SAT of obese patients compared to controls (P< 0.05).
In addition, our results revealed a positive correlation of CTRP9 with HOMA-IR and waist circumference in
VAT and CTRP3 with IL-1B, MCP-1, and TNF-o.in SAT.

Conclusions: Both CTRP3 and CTRP9 expression were significantly higher in VAT from obese patients
than from controls, and CTRP3 expression positively correlated with inflammatory parameters. Our findings
indicate that CTRP3 and CTRP9 might be important in regulating glucose metabolism and obesity-related
conditions such as inflammation.
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Introduction

Obesity is an important metabolic complication suffer from obesity worldwide (1). Obesity is a
that has significantly increased over the past systemic condition that encompasses several
decade. According to a 2014 repon, complex metabolic pathways and inter-tissue
approximately 650 million adults over 18 years crosstalk, and has a detrimental effect on energy
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homeostasis (2). Furthermore, as obesity
progresses, the risks for cardiovascular diseases,
heart attack, type 2 diabetes (T2DM), and non-
alcoholic fatty liver disease (NAFLD) increase.
Thus, identifying and understanding the
molecules and related factors in the initiation and
development of obesity, and its underlying
mechanisms, are important challenges (3).
Adipose tissue is an endocrine organ responsible
for storing lipid droplets and releasing them as
triglyceride when needed. Principally, adipose
tissue has two distinct types of fat deposition;
subcutaneous and visceral (4). Visceral adipose
tissue (VAT) is more metabolically active than
subcutaneous adipose tissue (SAT) and plays a
crucial role in endocrine, metabolic, and
immunological functions (4). Furthermore,
adipose tissue, through secreting a wide range of
biomolecules called adipokines, plays a key role
in  homeostasis  regulation.  Accumulating
evidence indicates that alterations in adipokine
production and function could be important in
various conditions including inflammation,
insulin resistance, T2DM, obesity, hypertension,
dyslipidemia, and atherosclerosis (5). The
Clg/tumor necrosis factor-related proteins
(CTRPs) are a 15-member family of adipokines
that were recently discovered in mice and
humans. These secretory proteins are adiponectin
paralogues that are structurally similar to TNF-a
and, due to their C1q globular domains, have high
homology with complement system proteins.
CTRPs are widely expressed in various tissues,
especially in mouse and human adipose tissue and
plasma (6). Recent findings identified adipokines’
roles in glucose and lipid metabolism, insulin
resistance, and inflammatory pathways, bridging
the gap between metabolic and inflammatory
pathways (7).

Among CTRPs, CTRP3 and CTRP9 are
capable of adipose-selective expression, and in
vitro studies confirm their role in glucose and
lipid metabolism along with whole-body
metabolism regulation (6). CTRP3, also known as
cartonectin and cartducin, is the most homologous
(38% in humans) of the CTRPs to adiponectin. It
is released from mesenteric adipose tissue and
mature adipocytes and can be found as protein in
various organs, including liver, kidney, fat tissue,
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muscle, and spleen (8). CTRP9 is a close
paralogue to adiponectin and is stored
predominantly in stroma vascular cells (SVC) and
adipocytes (9). As highly conserved secretory
proteins, CTRP3 and CTRP9 circulate in the
blood, indicating their role in endocrine
metabolism and mechanisms (6). In vitro studies
suggest CTRP3 as a vital part of glucose and lipid
metabolism and show its involvement in
suppression of inflammatory responses, increase
of adipokine secretion, and spurring of cell
division and differentiation (10-14). One study
demonstrated a decrease in CTRP3 in diet-
induced obese mice was concurrent to an increase
in TNF-a and IL-6 levels (15). Moreover, CTRP3
serum concentration is significantly greater in
T2DM and prediabetic than in healthy individuals
(6). In the obesity field, the results are not
conclusive; it has been reported a decline in serum
CTRP3 levels in diet-induced obese (DIO) mice
while it was observed that CTRP3 level
significantly increased in leptin-deficient ob/ob
mice ob/ob mice (10). To date, few studies have
attempted to compare CTRP3 expression in fat
tissue from obese and non-obese individuals.
Further research is needed to address these issues.

Recently, CTRP9 has attracted attention from
researchers. Studies show CTRP9 expression is
generally greater in men than women and
involved in lipid, glucose, and inflammatory
processes (16). One study reported that CTRP9
expression was high in DIO and T2DM mice; but
in transgenic mice, increased CTRP9 levels
impeded DIO and T2DM (14). In addition,
CTRP9 inhibition reduced insulin resistance in
peripheral tissues and increased plasma insulin,
consequently  mediating  insulin  signaling
pathways impairment and reducing insulin
tolerance (16). Also, CTRP9 expression in fat
tissue of DIO and 8-week ob/ob mice was
significantly greater than in lean mice (17).
CTRP9 expression is inhibited by TNF-a, and
CTRP9 can suppress pro-inflammatory genes,
thus indicating a relationship between CTRP9 and
pro-inflammatory factors (18).

To our knowledge, no data are available
regarding CTRP3 and CTRP9 expression
alterations in human adipose tissue and their
possible association with metabolic indices in the
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context of obesity. Hence, we conducted the current
study to investigate CTRP3 and CTRP9 expression
and also and also the inflammation-associated
molecules IL-1pB, IL-6, MCP-1, and TNF-a in SAT
and VAT from obese and normal-weight. We also
aimed to assess the possibility of an association
between gene expression and clinical and
biochemical parameters in obese patients.

Materials and methods

Study design

This case-control study was performed from July
2017 to August 2018. The study received approval
from the Ethics Committee of the Shahid Beheshti
University of Medical Sciences
(IRSBMU.RETECH.REC.1396.59), and all
participants fulfilled written informed consent. The
obese group consisted of 20 morbidly obese, non-
diabetic women (BMI> 35, age 18-49) who were
admitted to the general surgery department of
Erfan Hospital, and by the specialist’s advice
qualified for Roux—en Y gastric bypass or vertical
sleeve gastrectomy bariatric surgery. The control
group consisted of 20 women (BMI< 25, age 18-
49) who were not diabetic or obese and were
considered for other elective operations including
cholecystectomy, abdominal hernia, gastric bypass,
and inguinal, in the Sina and Logman Hakim
Hospitals” women’s wards. Exclusion criteria were
malignancy, autoimmune  diseases, genetic
disorders, mental disability, NAFLD,
cardiovascular problems, acute and chronic
infections, and thyroid issues. In addition, pregnant
women, those who had surgery over the past six
months, and/or were taking weight loss
medications, were excluded from the study.

Anthropometric and demographic assessment

Demographic information was collected from the
patients’ medical records.  Anthropometric
measurements were completed before the surgeries.
Height and weight were measured by tape measure
and digital scale, respectively, and BMI was
calculated by dividing the weight in kilograms by
the square of the height in meters. Waist
circumference (WC) was measured by passing the
tape measure through the midpoint between the
superior iliac crest and the lowest rib. Hip
circumference was measured at the maximum

protrusion. The waist-hip ratio was calculated from
the waist and hip circumference data. Systolic and
diastolic blood pressures were measured three times
after the patient was calmly seated for 10 minutes
and the average was recorded.

To evaluate biochemical parameters, blood
samples were collected after a 12-hour fast and the
samples promptly sent to Massoud laboratory
(Tehran, Iran). Serum was isolated by centrifuging
blood samples at 448 RCF for 10 min. A cobas
6000 autoanalyzer was utilized to determine alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), serum
creatinine (Cr), uric acid, total cholesterol (TC),
triglycerides  (TG), high-density  lipoprotein-
cholesterol (HDL-C), low-density lipoprotein-
cholesterol (LDL-C), and fasting blood sugar (FBS)
levels. The hemoglobin Alc (HbALc) as percentage
was measured on a SEBIA capillary electrophoresis
(CE) instrument (FRANCE), fasting insulin was
assessed by electrochemiluminescence (ECL) using
a cobas 6000 autoanalyzer, and high-sensitivity C-
reactive protein (hs-CRP) level was determined by
the immunoturbidimetric method in a Roche Integra
device. In addition, HOMA-IR, as the index of
insulin resistance, was calculated based on this
formula:

HOMA-IR= FBG (mmol/l) x fasting insulin (ul
U/ml)/22.5

Tissue sampling

Visceral and subcutaneous adipose tissues were
retrieved from the surgeon during each operation.
In brief, 2-3 grams of visceral fat derived from
omentum was eviscerated by the surgeon. A small
aperture was cut under the skin and approximately
0.5 gm of subcutaneous fat was collected with a
scalpel. Upon collection, fat tissue samples were
placed in sterile Falcon tubes containing RPMI
1640 on dry ice and immediately transferred to
the laboratory. The samples were rinsed
thoroughly with PBS, cut into smaller pieces,
placed in sterile tubes, and stored at -80 °C for
later analysis. All steps were performed sterilely.

RNA extraction and real-time PCR

To extract total RNA, the samples were first
defrosted at ambient temperature. Next, 70-100
mg of VAT/SAT were placed in a mortar, frozen
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with liquid nitrogen, and crushed gently to a
uniform powder. TRIzol solution was then added
to make the sample homogenous. Total RNA
was extracted with the RNeasy lipid tissue kit
(cat no. 74804, QIAGEN, Germany). The
extracted RNA was analyzed for quantity and
quality with a NanoDrop spectrophotometer
(NanoDrop™ 2000, Thermo Fisher Scientific).
Then, 1 pg of each sample was reverse-
transcribed using the PrimeScript™ RT Reagent
Kit (cat. RRO37A, TAKARA BIO INC, Japan).

The primer sequences are listed in Table 1. To
evaluate mMRNA expression differences between
the obese and control groups, real-time PCR
was performed using a SYBR® Premix Ex Taq
™ I kit (Cat. #RR820L, Takara Bio Inc.,
Japan) on a Rotor-Gene Q instrument
(QIAGEN, Germany). The data were
normalized using glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as the reference gene.
Gene expression results were analyzed by the 2°
At method.

Table 1. Primers used for real-time PCR. Listed are sense and antisense primer sequences with 5'-3' orientation.

Target gene Sense primer

Antisense primer

CTRP3 GAGTCTCCACAAACCGGAGG
CTRP9 TAGGGTCCAGGTGATGTTTCC
IL-1p AAACAGATGAAGTGCTCCTTCC
IL-6 CCAGCTATGAACTCCTTCTC
MCP-1 TCAGCCAGATGCAATCAA-TG
TNF-a GAAAGCATGATCCGGGACGTG
GAPDH TGGAAGGACTCATGACCACA

TCACCTTTGTCGCCCTTCTC
CCACCAGATCCTCATGGTTCAG
AAGATGAAGGGAAAGAAGGTGC
GCTTGTTCCTCACATCTCTC
ATGGTCTTGAAGATCACAGC
GATGGCAGAGAGGAGGTTGAC
AGGGGTCTACATGGCAACTG

Abbreviations: CTRP3: C1g/TNF-related protein-3; CTRP9: C1g/TNF-related protein-9; GAPDH: Glyceraldehyde 3-phosphate
dehydrogenase; IL-1B: Interleukin 1-beta; IL-6: Interleukin-6; MCP-1: Monocyte chemoattractant protein 1; TNF-a: Tumor necrosis

factor-alpha.

Statistical analysis

All statistics were analyzed using SPSS (version
16.0; SPSS Inc., Chicago, IL, USA). Continuous
variables were tested for normality by the
Shapiro-Wilk test. Variables with normal
distribution are expressed as means + standard
error of the means (SEM). Variables without
normal distribution are displayed as median and
interquartile ranges (IQR). Between-group
comparisons were analyzed by the student’s t-
test and Mann-Whitney U test when indicated,
based on normality assumption. Spearman’s rho
correlation coefficients were computed for the
associations of genes together and for their
associations with clinical variables. Multivariate
analysis of covariance (ANCOVA) was
performed for the effects of biochemical factors
adjustment. We used the comparative CT
method for mMRNA expression analysis (19). For
all analyses, a p-value less than 0.05 was
considered statistically significant.

Results

Subjects’ baseline characteristics

The subjects’ anthropometric and biochemical
parameters are shown in Table 2. The average
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BMIs of the obese and non-obese groups were 41
kg/m? (range 36.3-45.2 kg/m?) and 24.93 kg/m?
(range 24.9-25.94 kg/m?, respectively). Waist
circumference, BMI, and hip circumference were
significantly greater in the obese than in the control
group (Table 2). Furthermore, LDL-C, FINS,
HOMA-IR, TC, urea, Cr, and hs-CRP values were
significantly greater in the obese than in the control
group. No significant difference was found
between the two groups for SBP, DBP, WHR,
HDL-C, VLDL-C, ALT, AST, ALP, or TG levels.

MRNA expression levels in VAT and SAT

CTRP3 and CTRP9 expression in VAT were
significantly greater in the obese than in the control
group (Fig. la and 1c). CTRP3 and CTRP9
expression in SAT from the two groups were not
significantly different (Fig. 1b and 1d). In addition,
the obese group had significantly greater
expression than the controls for IL-1p, MCP-1, IL-
6, and TNF-a in VAT (Figs. 2a, 2c, 3a, and 3c).
MCP-1 and IL-6 expression were significantly
greater in SAT from the obese group than from
controls (Figs. 2d and 3b). IL-1p and TNF-o
expression in SAT were not statistically different
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between the two groups (Figs. 2b and 3d). Results
of Spearman correlation analysis in whole study
participants to examine CTRP3 and CTRP9
association with metabolic variables and
inflammation-related genes are shown in Table 3.
Here, a positive correlation exists between SAT
CTRP3 expression and IL-1p, MCP-1, and TNF-
o expression. Moreover, a positive correlation

was observed between VAT CTRP3 gene
expression and HOMA-IR and WC. We also
found a positive correlation between VAT
CTRP9 expression and WC.

ANCOVA showed CTRP3 and CTRP9
expression levels in VAT are independent of age
and HOMA-IR (age/HOMA-IR-corrected p

value< 0.05).
Table 2. Study subjects’ clinical and laboratory characteristics.

Normal- weight group Obese group p value

Age (years) 36.5 (31.5-51) 35(30.5-38) 0.115
BMI (kg/m?) 24.93 (24.21-25.9) 41(36.2-45.5) <0.001*
WC (cm) 88 (85-101) 114 (110-125) <0.001*
Hip circumference (cm) 1015 (92.5-107.5) 130.5 (120-141) <0.001*
WHR 0.887 (0.870-0.934) 0.913 (0.842-0.948) 049
SBP (mm Hg) 120 (110-120) 120 (110-125) 0379
DBP (mm Hg) 75 (70-80) 715 (60-80) 0.320
FBS (mg/dL) 91(81.25-98.7) 85.05 (80.65-92) 0.223
FINS 7.615 (5.41-9.86) 1945 (15.8-25.32) <0.001*
HOMA-IR 1.71 (1.05-2.20) 3.90 (3.26-5.49) <0.001*
hs-CRP (mg/dL) 1.8 (1.045-2.845) 4.84 (2.675-9.750) 0.002*
LDL-C (mg/dL) 84.95 (68.75-110.25) 119.05 (100.5-131.7) 0.001*
VLDL (mg/dL) 20 (13.5-28) 21(17-29) 0215
TC (mg/dL) 137.1 (115.45-167.65) 186.95 (165.25-201.45)  0.001*
TG (mg/dL) 91.55 (63.15-125.5) 124.9 (109.95-157.65) 0.061
Urea (mg/dL) 20.85 (16.65.27.65) 25.5(21.3-28.55) 0.048*
Cr (mg/dL) 0.575 (0.5-0.675) 0.705 (0.645-0.81) 0.001*
AST (UMl 15.8 (10.9-21.1) 20.65 (15.55-23.55) 0.064
ALT (UN) 12.85 (11.1-20.9) 19.55 (14.2-28.05) 0.083
ALP (U/l) 63.75 (51.1-87.25) 70.85 (62.4-83.45) 0.207

Abbreviations: ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; BMI: Body mass index; Cr:
Creatinine; DBP: Diastolic blood pressure; FBS: Fasting blood sugar; FINS: Fasting insulin; HbAlc: Hemoglobin Alc; hs-CRP: High-sensitivity C-
reactive protein; HOMA-IR: Homeostatic model assessment of insulin resistance; LDL-C: Low-density lipoprotein-cholesterol; SBP: Systolic blood
pressure; TC: Total cholesterol; TG: Triglycerides; VLDL: Very low density lipoprotein; WC: Waist circumference; WHR: Waist-to-hip ratio. Data
are presented as median [inter-quartile range (IQR)]. *: p< 0.05 indicates significant differences between the study groups.

Table 3. Correlation of CTRP3 and CTRP9 gene expression with anthropometric and laboratory variables and inflammatory marker expression.

Variable CTRP3 gene expression CTRP9 gene expression
SAT VAT SAT VAT
, r=0.065 r=0.346 r=0.092 r=0.262
BMI (Kg/m?) p=0.345 p=0.014* p=0.286 p=0.051
WC (em) r=0.207 r=0.499 r=0.172 r=0.266
p=0.100 p=0.001* p=0.144 p=0.049*
r=0.041 r=0.445 r=0.093 r=0.044
HOMA-IR p=0.402 p=0.002* p=0.284 p=0.393
r=0.039 r=0.388 r=0.212 r=0.473
HDL-C p=0.405 p=0.007* p=0.095 p=0.001*
r=0.243 r=0.185 r=0.166 r=0.094
IL-1B (SAT) 0=0.014* 0=0.047* 0=0.066 0=0.198
r=0.185 r=0.135 r=0.023 r=0.113
IL-1B (VAT) p=0.047* p=0.111 p=0.417 p=0.153
r=0.217 r=0.175 r=0.243 r=0.173
MCP-1 (SAT) p=0.024* p=0.057 p=0.014* p=0.058
r=0.318 r=0.217 r=0.141 r=0.190
TNF-o (SAT) 0=0.002* 0=0.024* 0=0.100 0=0.042*

Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein-cholesterol; HOMA-IR, Homeostasis Model Assessment for insulin
resistance; II-1p, interleukin 1 beta; MCP-1, Monocyte chemoattractant protein 1; TNF-o, Tumor necrosis factor o; WC, waist circumference.
*Spearman correlation was used to calculate associations between variables. All p values less than 0.05 were considered significant.
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Fig. 1. Relative C1g/TNF-related protein-3 (CTRP3) and CTRP9 mRNA expression in visceral adipose tissue (VAT) and subcutaneous
adipose tissue (SAT) samples from the control and patient groups. (2) CTRP3 expression was significantly greater in VAT from patients
than from controls (p= 0.0003); (b) No significant difference in CTRP3 expression in SAT was seen between the two groups (p= 0.2087);
(c) CTRP9 expression was significantly greater in VAT from patients than from controls (p= 0.0026); (d) No significant difference in
CTRP9 expression in SAT was seen between the two groups (p=0.0902). *The relative gene expression levels were presented as 2- AACT
and gene expression data were transformed log 2 scale to approximate a normal distribution. **p< 0.05 indicates significant differences.
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Fig. 2. Relative interleukin (IL)-1p and monocyte chemoattractant protein 1 (MCP-1) inflammatory cytokines expression in visceral adipose
tissue (VAT) and subcutaneous adipose tissue (SAT) from the control and patient groups. (a) IL-1p expression was significantly greater in
VAT from patients than from controls (p= 0.015); (b) No significant difference in IL-1p expression in SAT was seen between the two
groups (p=0.0737); (c and d) MCP-1 expression was significantly greater in VAT and SAT from patients than from controls (p= 0.0013
and 0.005, respectively). *The relative gene expression levels were presented as 2- AACT and gene expression data were transformed log 2
scale to approximate a normal distribution. **p< 0.05 indicates significant differences.
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**p< 0.05 indicates significant differences.

Discussion

Obesity, a condition with disrupted adipokine
secretion and function, is strongly associated with
T2DM, cardiovascular diseases, dyslipidemia,
and hypertension (20, 21). Adipokines, proteins
secreted from adipose tissue, have a vital role in
regulating insulin signaling and energy balance
(20, 22). CTRP3 and CTRP9 are adipokines with
roles in glucose and lipid metabolism regulation
and inflammation (23). Hence, to unravel
underlying mechanisms for obesity we analyzed
CTRP3 and CTRP9 and the inflammation-related
genes IL-1p, IL-6, TNF-a, MCP-1 expression in
VAT and SAT from obese and non-obese
women. We also assessed the possible
correlations of CTRP3 and CTRP9 levels with
obesity indices and inflammatory gene
expression. CTRP3 mRNA expression in VAT
was significantly greater in obese women than in
controls. Similar to our results, Schmid et al.
observed that CTRP3 is highly expressed in SAT
and VAT, and its expression might be affected by
BMI and insulin (24). Moreover, Wagner et al.
showed that CTRP3 serum levels were greater in

obese men than in women with T2DM (20). It
was recently reported that CTRP3 serum levels
were greater in obese than in non-obese
individuals, but no difference was found between
the two groups for IL-6 or TNF (25). However,
Qu et al. reported that patients with obesity and
T2DM had lower CTRP3 serum levels than
healthy controls and CTRP3 serum levels
negatively correlated with IL-6. Therefore, they
suggested that CTRP3 is associated with insulin
resistance, possibly by regulating inflammatory
pathways (26).

We also found that CTRP9 mRNA expression
was significantly greater in obese women than in
controls. Wong et al. showed that CTRP9 was
overexpressed in obese mice and caused lowered
serum glucose levels by stimulation of AMPK,
Akt, and p44/42 MAPK phosphorylation in
myotubes in the mice muscles (16). However,
Peterson et al. revealed that obese mice had lower
CTRP9 levels than lean mice due to a decrease in
Akt phosphorylation and insulin-impaired
signaling in mice livers (17). Moreover, Forouhi
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et al. reported similar CTRP9 serum levels in
polycystic ovary syndrome (PCOS) women and
healthy controls, but CTRP9 levels positively
correlated with serum LDL-C and total
cholesterol in these patients (27).

These discrepancies might be due to
differences between animal models and humans.
Animal models are often designed to exhibit
certain aspects of a disease. For example, diet-
induced models have been considered as
polygenic models for obesity, while in others,
obesity is genetically engineered (28). Notably,
the point should be stressed that patient gender
differences might be an important factor that
should also be considered in comparing our
results to others.

In our study, a significant correlation was seen
between CTRP3 mRNA expression and MCP-1
and TNF-a in SAT, and between CTRP3
expression and BMI, WC, HOMA-IR, and HDL-
C in VAT of obese women. Also, CTRP3
expression was significantly related to IL-1p in
VAT and SAT of obese women. Ban et al.
reported that CTRP3 serum levels were lower in
T2DM patients than in controls (21). In addition,
no correlation was found between CTRP3 levels
with glucose, hs-CRP, insulin, HOMA-IR, or
leptin in their study (21). Moreover, Deng et al.
showed that CTRP3 serum levels were lower in
the obese group than in controls, and a significant
correlation was found between CTRP3 and WC,
TG, FBG, and HOMA-B (29). They confirmed
that CTRP3 can lower glucose by activating the
Akt signaling pathway and suppressing enzyme
expression in the liver (29). Furthermore, Wolf et
al. report that CTRP3 levels were lower in the
obese group than in controls. Also, serum CTRP3
levels correlated with BMI, TG, HDL,
adiponectin, and female gender, which agreed
with our data that showed a correlation between
CTRP3 levels and BMI, HDL-C, and female
gender (30). On the other hand, Zhang et al.
showed that CTRP3 levels were lower in T2DM
patients with NAFLD than in healthy controls,
and CTRPS3 levels had no correlation with BMI,
HbAlc, TG, CRP, IL-6, or HOMA-IR (31). In
contrast with other studies, our results showed
greater CTRP3 levels in the obese woman than in
controls. Obesity, a low-inflammatory condition,
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is associated with increased macrophage
accumulation within the fat mass. The production
and expression of proinflammatory molecules and
chemokines have been shown to be increased in
obesity (32). The anti-inflammatory role of
CTRP3, through suppressing the toll-like receptor
4 (TLR4) signaling pathway (33) and inhibiting
TNF-a and IL-6 production in immune cells (34),
has been well documented. In agreement with
ample  evidence for  up-regulation  of
proinflammatory cytokines in the context of
obesity in humans (35), we found greater IL-1p,
IL-6, MCP-1, and TNF-a expression in adipose
tissues from obese patients than from controls.
These results indicate that increased CTRP-3
serum levels in these women reflect a
compensatory mechanism against  increased
inflammation in obese patients’ adipose tissues.
Notably, a significant correlation was found
between CTRP9 expression and WC, HDL-C,
and MCP-1. In contrast to our results, Hwang et
al. reported that patients with metabolic disorders
had reduced serum CTRP9, and these levels
inversely correlated with age, blood pressure,
fasting glucose, and LDL-C (36). In addition,
Wang et al. showed that CTRP9 levels were
lower in coronary angiography-confirmed patients
than in healthy controls, and had no correlation
with BMI, HOMA-IR, TNF-a, or IL-6 but were
positively correlated with HDL-C circulating
levels (37). However, based on a recent study,
CTRP9 serum levels were greater in obese
woman than in controls (38). Also, there is
evidence that CTRP9 levels were greater in both
impaired glucose tolerance (IGT) and T2DM
patients than in healthy controls, and elevated
CTRP9 levels were more common in women
than in men. Moreover, CTRP9 levels correlated
with BMI, FBS, HbAlc, and LDL-C (39).
Recently, it was shown that hypoxia causes an
increase in ERK1/2 phosphorylation, but CTRP9
suppressed hypoxia-induced ERK1/2
phosphorylation and the TGF-f1/ERK1/2
pathway in pulmonary arterial hypertension
(PAH) patients, indicating a protective role for it
in these patients (39). Therefore, the results of our
study were similar to recent studies that showed
greater CTRP9 levels in obese women than in
controls. However, we found a positive
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correlation between CTRP9 levels and MCP-1 in
obese women, providing further evidence for the
possible involvement of CTRP9 in regulating
inflammatory signaling pathways. In agreement
this finding, Moradi et al. found a positive
correlation between CTRP9 circulating levels and
the inflammatory cytokines IL-6 and TNF-a in
patients with coronary artery disease (40). Several
experimental results point to a role for CTRP9 in
attenuating inflammation. For example, CTRP9
was up-regulated in macrophages and it
suppressed pro-inflammatory cytokine expression
in macrophage foam cells (41). Moreover,
CTRP9 significantly reduced oxidized low-
density lipoprotein (oxLDL)-induced TNF-a and
MCP-1 expression by inhibiting nuclear factor-xB
signaling pathways in macrophages (42).

MCP-1, a proinflammatory chemokine, is
produced by macrophages, human preadipocytes,
and isolated mature adipocytes. A number of
studies reported overexpression of this chemokine
in humans and rodents with obesity (43).
Therefore, it is tempting to speculate that CTRP9
gene expression is increased in a compensatory
manner in adipose tissues from obese individuals
to combat detrimental effects of inflammation and
obesity; however, more studies are required to
establish this concept.

Some limitations should be addressed;
Because our study was a cross-sectional design,
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