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Background. Cartilage intermediate layer protein 2 (CILP2) is associated with a variety of plasma lipoproteins and lipid traits.
However, the correlation between CILP2 and obesity remains unknown. The aim of this study was to investigate the
relationship between circulating CILP2 levels and obesity based on body mass index (BMI). Methods. A total of 252 subjects
were divided into three groups: normal weight (n = 124), overweight (n = 94), and obese (n = 34). Metabolic parameters were
measured in a fasting state. Serum CILP2 concentration was tested by enzyme-linked immunosorbent assay. Multivariate linear
regression analysis was used to explore the relationship between CILP2 and obesity. We also conducted bioinformatics analysis
to further explore the genes and signaling pathways related to CILP2. Results. The concentrations of serum CILP2 in the
overweight and obese groups were significantly higher than that in the normal weight group. In multiple linear regression
analysis, BMI was positively correlated with CILP2 concentration after controlling gender and age. Being overweight and obese
were independently correlated with CILP2 concentration after adjusting for gender, age, SBP, DBP, FBG, 2-hour OGTT blood
glucose (2h-BG), fasting blood insulin (FIns), TG, TC, HDL-C, LDL-C, and FFA. Bioinformatics analysis showed that the
genes related to CILP2 are primarily associated with lipid metabolism and insulin resistance. Conclusion. We speculate that
CILP2 may attribute to metabolic disorders in obesity.

1. Introduction

Obesity has become a worldwide epidemic, and it is considered
to be an independent risk factor formany diseases, such asmet-
abolic syndrome, diabetes, and cardiovascular disease, and even
promotes tumorigenesis through fat inflammation, changes in
the local microenvironment, and related changes in circulatory
metabolism [1, 2]. The World Obesity Federation considered
obesity as a chronic relapsing disease process [3]. Although it
is controversial whether obesity should be recognized a disease,
many authorities advocate that obesity is a noncommunicable
disease [3]. In clinical practice, body mass index (BMI) is used
to diagnose overweight and obesity [4]. Obesity is characterized
by excessive accumulation of adipose tissue. More energy

intake than energy consumption results in energy imbalance,
which is an important reason for obesity [5].

Cartilage intermediate layer protein (CILP-1) was first
identified in cartilage tissue. CILP-1 is synthesized by articular
chondrocytes in explant culture. It is considered to be the
product of chondrocytes. The distribution of CILP-1 in artic-
ular cartilage provides important information about the prop-
erties of different chondrocytes in related tissues, and its
expression in articular cartilage increases with age [6]. CILP-
1 is abundantly expressed in intervertebral discs, and it
increases with the degeneration of the discs [7, 8]. CILP-1
modulates the susceptibility of lumbar disc diseases by regulat-
ing TGF-b signal transduction [7]. CILP2 is highly homolo-
gous to CILP-1, and their N-terminal domain contains a
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highly conserved thrombospondin type I repeat domain and
immunoglobulin type C-2 domain [9]. Both CILP-1 and
CILP2 are located in the extracellular matrix (ECM). CILP2
seems to be more abundant in the deeper middle region of
the articular cartilage at maturity. CILP2 and CLIP-1 are also
expressed in the skeletal muscle and heart [10].

Majority of the studies on CILP-1 focus on the regulation
of musculoskeletal diseases and cardiac fibrosis [11–15]. A
number of studies have shown that CILP2 is closely related to
blood lipids. Earlier studies showed that the intergenic region
between CILP2 and PBX4 is a new site for low-density lipopro-
tein cholesterol and triglyceride, and its single-nucleotide poly-
morphisms (SNPs) are related to a variety of lipoproteins and
lipid traits [16]. Subsequent studies have confirmed that
rs16996148 SNP located near CILP2 is associated with blood
lipid levels [17–20]. We previously reported that CILP2 is a
secretory protein and is highly expressed in patients with insu-
lin resistance [21]. Since obesity is closely related to the disor-
ders of glucose and lipid metabolism, we explored the
relationship between human circulating CILP2 levels and over-
weight/obesity in this study.

2. Materials and Methods

2.1. Participants. In this cross-sectional study, a total of 252 sub-
jects were randomly recruited from January 2017 to December
2017 by Hospital Management Information System (HIS). The
participants were divided into three groups according to BMI,
including normal weight (n = 124, 18.5kg/m2<BMI<24kg/
m2), overweight (n = 94, 24kg/m2≤BMI<28kg/m2), and
obesity (n = 34, BMI≥28kg/m2) [22]. There was no significant
difference in age and gender composition among the three
groups. Exclusion criteria included systemic inflammation or
malignant tumor, history of diabetes and being treated with
hypoglycemic agents, and receiving lipid-lowering drugs or
antihypertensive drugs. All subjects provided written voluntary
consent before participation. This study was approved by the
ethics committee of Chongqing Medical University according
to the declaration of Helsinki of theWorld Medical Association
(Clinical Trial Registration No.: chictr-ocs-13003185).

2.2. Anthropometric, Biochemical, and CILP2 Measurements.
Anthropometric measurements were performed in all partici-
pants before breakfast. Height, waist circumference, and hip
circumference were measured to the nearest 0.1 cm and weight
to the nearest 0.1 kg. BMI was calculated by dividing the height
by the square of weight, and the waist-hip ratio is obtained by
dividing waist circumference by hip circumference. The per-
centage of body fat (FAT%) was evaluated with bioelectrical
impedance using the Tanita TBF-511 Body Fat Analyzer
(Tanita Corporation, Tokyo, Japan). Blood glucose and gly-
cated hemoglobin (HbA1c%) were tested by glucose oxidase
method and anion-exchange high-performance liquid chroma-
tography, respectively. Oral glucose tolerance tests (OGTT)
were performed in all study subjects. At 7 a.m., all individuals
restricted from food overnight were given glucose (75 g). Blood
samples were taken at the designated time (0, 30, 60, and
120min) formeasuring blood glucose, including 2-hourOGTT
blood glucose (2h-BG), insulin, and CILP2. Serum insulin was

determined by radioimmunoassay. Free fatty acids (FFA) were
measured using a commercial assay kit (Randox Laboratories
Limited, Antrim, UK). The concentration of CILP2 in serum
was detected by ELISA Kit (ELISA Biotech Co., Ltd). The detec-
tion limit was 6.25ng/L, and the differences within and between
tests were <8% and <10%, respectively. The linear range is
25~1600ng/L. Verified by the manufacturer, the kit has high
sensitivity and excellent specificity for the detection of human
CILP2 without obvious cross-reaction or interference. Serum
total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), and tri-
glyceride (TG) levels were measured by an automatic analyzer
(Hitachi 747; Tokyo, Japan). The calculation formula of insulin
resistance steady-state model is HOMA − IR = fasting insulinð
μU/mLÞ × Fasting blood glucose ðmmol/LÞ/22:5.

2.3. Bioinformatics Analysis.Microarray data sets GSE24883,
GSE20931, and GSE59034 in the GEO database were col-
lected and analyzed for CILP2 mRNA expression in adipose
tissue from obese and exercise or surgical weight loss sub-
jects. The protein-protein interaction (PPI) network of
CILP2 was constructed by using the STRING online data-
base, and the lowest interaction score>0.4 was used for
screening. David’s online tool was used to enrich and ana-
lyze the gene ontology and signal pathway of associated pro-
teins, and p < 0:05 was used to screen the analysis results of
GO and KEGG terms.

2.4. Statistical Analysis. IBM SPSS Statistics 26 was used for sta-
tistical analysis. The continuous variables of the normal distri-
bution are described by mean ± standard deviation (SD), and
the continuous variables of skew distribution are expressed by
median (interquartile interval). The classified variables are
expressed as a percentage. A one-way analysis of variance
(ANOVA), Kruskal Wallis, and Mann–Whitney U tests were
used to analyze the differences among the groups. The chi-
square test was used to analyze the differences in categorical
variables among the groups. Multivariate linear regression
analysis was used to determine the independent variables
related to serum CILP2 concentration. We considered p value
<0.05 is statistically significant.

3. Results

The average age of 252 subjects was 53:6 ± 10:4 years. Their
baseline clinical characteristics are compared in Table 1. There
were significant differences in body weight (p < 0:001), waist
circumference (p < 0:001), BMI (p < 0:001), FAT (%)
(p < 0:001), SBP (p < 0:001), DBP (p = 0:014), FBG (p = 0:041
), fasting blood insulin (FIns) (p < 0:001), TG (p = 0:001),
HDL-C (p = 0:006), and HOMA-IR (p < 0:001) among the
three groups. The concentrations of CILP2 in normal weight,
overweight, and obese groups were 133.56 (116.53-150.85) ng/
L, 138.17 (125.79-164.34) ng/L, and 145.87 (122.41-201.60)
ng/L, respectively. Further analysis by Mann–Whitney U test
showed that the concentrations of serum CILP2 were signifi-
cantly higher in overweight group (p = 0:011) and obese group
(p = 0:024) as compared with normal body weight group
(Figure 1).
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In multiple linear regression analysis (Table 2), after
adjusting for gender and age (model 1), BMI (β = 0:217, 95
%CI = 0:094 − 0:339, p = 0:001) was positively correlated
with serum CILP2 concentration. In order to evaluate
whether BMI status had an effect on serum CILP2 concen-
tration, the normal weight group was used as a reference
and compared with the overweight and obese groups. We
found that being overweight (β = 0:157, 95%CI = 0:034 −
0:279, p = 0:012) and obese (β = 0:132, 95%CI = 0:002 −
0:265, p = 0:047) were independently positively associated
with CILP2 concentration after adjusting for gender, age,
SBP, DBP, FBG, 2-hour OGTT blood glucose (2h-BG),
fasting blood insulin (FIns), TG, TC, HDL-C, LDL-C,
and FFA.

In order to further explore the relationship between
CILP2 and obesity, we conducted an online bioinformatics
analysis. First, we used a public microarray data set from
the GEO database to evaluate the mRNA expression level
of CILP2 in adipose tissue of obese and control groups.
Interestingly, the mRNA level of CILP2 in adipose tissue
of obese patients was significantly decreased as compared
with the healthy control group (Figure 2(a)), and adipose
CILP2 was significantly increased after weight loss resulting
from exercise or weight loss surgery (Figures 2(b) and 2(c)).
This is contrary to the higher level of circulating CILP2 in
obese patients.

Table 1: Comparison of clinical parameters in normal weight, overweight and obese subjects.

Clinical parameters Normal weight (n = 124) Overweight (n = 94) Obese (n = 34) p

Age (years) 54:2 ± 10:3 53:1 ± 10:2 52:9 ± 11:6 0.679

Male (%) 33.9 42.5 35.3 0.408

Diabetes (%) 31.4 36.2 41.2 0.523

Body weight (kg) 57:0 ± 6:7 66:6 ± 7:4 75:0 ± 8:9 <0.001
Waist circumference (cm) 82:19 ± 8:12 90:10 ± 7:20 94:54 ± 6:84 <0.001
WHR 0:87 ± 0:06 0:91 ± 0:05 0:90 ± 0:04 <0.001
BMI (kg/m2) 21:87 ± 1:40 25:61 ± 1:13 29:97 ± 2:19 <0.001
FAT (%) 28.65 (23.60-32.10) 34.45 (25.70-37.00) 41.05 (31.28-42.65) <0.001
SBP (mmHg) 121:6 ± 16:3 122:2 ± 15:3 134:3 ± 18:4 <0.001
DBP (mmHg) 75:5 ± 10:3 76:9 ± 9:4 81:2 ± 8:9 0.014

FBG (mmol/L) 5.53 (5.00-6.36) 5.78 (5.28-7.12) 6.41 (5.21-7.34) 0.041

2h-BG (mmol/L) 8.65 (6.90-12.20) 9.38 (7.10-12.38) 9.92 (7.54-13.25) 0.351

FIns (mu/L) 6.58 (5.12-9.22) 8.80 (5.88-12.43) 12.73 (8.82-19.41) <0.001
HbA1c (%) 5.90 (5.50-6.40) 6.10 (5.70-6.80) 6.30 (5.70-6.95) 0.086

TG (mmol/L) 1.22 (0.88-1.80) 1.47 (1.08-2.16) 1.80 (1.19-2.66) 0.001

TC (mmol/L) 5:00 ± 1:19 5:08 ± 0:95 5:22 ± 1:07 0.556

HDL-C (mmol/L) 1:36 ± 0:33 1:23 ± 0:24 1:35 ± 0:47 0.006

LDL-C (mmol/L) 3:07 ± 1:08 2:97 ± 0:76 3:24 ± 0:79 0.339

FFA (μmol/L) 0:57 ± 0:28 0:57 ± 0:24 0:59 ± 0:20 0.933

HOMA-IR 1.74 (1.25-2.78) 2.39 (1.50-4.01) 3.88 (2.54-5.61) <0.001
Values are given as mean ± SE or median (interquartile range). WHR: waist-to-hip ratio; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic
blood pressure; FBG: fasting blood glucose; 2h-BG: 2-hour OGTT blood glucose; FIns: fasting blood insulin; TG: triglyceride; TC: total cholesterol; LDL-C:
low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; FFA: free fatty acid; HOMA-IR: homeostasis model assessment of insulin
resistance.
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Figure 1: Comparison of serum CILP2 concentrations in normal
weight, overweight, and obese subjects. Box plots of serum CILP2
concentrations in normal weight (n = 124), overweight (n = 94),
and obese (n = 34). The lines in the box represent the median of
the distribution, the values at the top and bottom of the box are
defined by the 25th and 75th percentiles, and the lower and
upper edges are the minimum and maximum values.
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Table 2: Results of multivariate linear regression analysis between serum CILP2 and clinical variables.

Model 1 Model 2
β (95% CI) p β (95% CI) p

Age -0.051 (-0.173~0.071) 0.411

Sex 0.070 (0.052~0.192) 0.261

BMI 0.217 (0.094~0.339) 0.001

OW vs. NW 0.157 (0.034~0.279) 0.012

OB vs. NW 0.132 (0.002~0.265) 0.047

SBP

DBP

FBG

2h-BG 0.267 (0.153~0.380) <0.001
FIns 0.227 (0.102~0.352) <0.001
TG

TC

HDL-C

LDL-C

FFA

OW: overweight; NW: normal weight; OB: obese.

C
IL

P2
 m

RN
A

ex
pr

es
sio

n 
in

 W
A

T 
(A

U
)

1

2

3

4
GSE24883

Lean
Obese

0
n = 8n = 8

∗∗

(a)

C
IL

P2
 m

RN
A

ex
pr

es
sio

n 
in

 W
A

T 
(A

U
) 6.5

6.0

5.5

5.0

GSE20931

n = 10 n = 10

Obese
Weight loss

∗

(b)

GSE59034

C
IL

P2
 m

RN
A

ex
pr

es
sio

n 
in

 W
A

T 
(A

U
) 5

4

3

n 
= 

16

n 
= 

16

n 
= 

16

Never-obese
Before bariatric surgery
After bariatric surgery

∗∗

(c)

Figure 2: Evaluation of the expression level of CILP2 mRNA in human adipose tissue based on the open microarray data set. (a) GSE24883,
expression of CILP2 in adipose tissue of obese and lean people. (b) CILP2 expression in adipose tissue of people who lose weight through
exercise and succeed in obesity. (c) The expression of CILP2 in adipose tissue of nonobese and obese people, as well as obese people before
and after weight loss surgery.

4 BioMed Research International



Subsequently, we constructed a PPI network containing 59
proteins associated with CILP2 in the STRING database
(Figure 3(a)). The 10 proteins closely associated with CILP2
were PBX4, TM6SF2, GTPBP3, TRIB1, FURIN, GALNT2,
ANGPTL3, NCAN, PSRC1, and CELSR2. GO analysis showed
that most of these genes were involved in the formation of
extracellular regions, lipoprotein particles, early endosomes,
and Golgi bodies (Figure 3(b)). The molecular functions of
these proteins are mainly related to the binding function and
the transport of lipoprotein and cholesterol (Figure 3(c)). Bio-
logical processes that the proteins involved include three

aspects: (i) triglyceride and cholesterol homeostasis; (ii) metab-
olism of triglyceride, cholesterol, and lipoprotein; (iii) and skel-
etal muscle phylogeny (Figure 3(d)). KEGG signaling pathway
analysis showed that these genes were mainly enriched in glyc-
erol metabolism, ECM receptor interaction, and insulin resis-
tance (Figure 3(e)).

4. Discussion

This article is the first study to explore the differences in
CILP2 levels among normal weight, overweight, and obese
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Figure 3: Bioinformatics analysis of CILP2 related proteins (genes) and signaling pathways. (a) Protein-protein interaction (PPI) network
constructed by STRING database. Known interactions including experimentally determined and database obtained are pink edges and dark
blue edges. The predicted interactions are green edge (gene neighborhood), blue edge (gene co-occurrence), and red edge (gene fusion). The
yellow green edge is text mining. Black edges indicate common expression. Lavender edges indicate protein homology. (b) GO annotation
analysis of cellular components (CC). (c) GO annotation analysis of molecular function (MF). (d) GO annotation analysis of biological
process (BP). (e) KEGG pathway enrichment analysis. The gradient color represents the p value. The size of the bubble represents the
number of genes.
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people with BMI as the criterion. Compared with the normal
weight group, the levels of serum CILP2 in overweight and
obese groups were significantly higher, suggesting a potential
association between CILP2 and obesity. Furthermore, after
controlling gender and age, serum CILP2 level was positively
correlated with BMI. In the public microarray data set of the
GEO database, the mRNA of CILP2 in adipose tissue of
obese patients is downregulated, which is contrary to the
increasing trend of CILP2 in circulation, suggesting that
serum CILP2 of obese patients comes from tissues other
than adipose tissue. From the STRING databases, the pro-
teins that have high interaction scores with CILP2, such as
TM6SF2 and ANGPTL3, are closely related to lipid metabo-
lism [23–26].

A study showed that there were differences in genotype and
allele frequency of rs16996148 SNP located in NCAN/CILP2/
PBX4 fragment between Mulao and Han populations in
Guangxi province, China. There were also differences in the
relationship between rs16996148 SNP and blood lipid level.
The relationship between rs16996148 SNP of gender (male)-
specific NCAN/CILP2/PBX4 and blood lipid level was found
in both ethnic groups [17]. Another study in Southwest China
demonstrated that the genotype and allele frequency of SNP
locus located in CILP2 are significantly different between
patients with hyperlipidemia and normal subjects. This gene
locus has been shown to be able to change the risk of hyperlip-
idemia by interacting with other genes or with the environment
[18]. Luptakova et al. described the profound effects of the
CILP2 gene on HDL-C, LDL-C, apoB, non-HDL-C levels,
and three atherosclerosis indicators in Slovak women, but no
significant effect on triglyceride levels [19]. A missense single-
nucleotide polymorphism rs58542926 between the NCAN-
CILP2 region and TM6SF2 gene was observed in patients with
nonalcoholic fatty liver in East Asian ethnic groups and Japa-
nese, and this missense SNP was genetically attributed to the
blood lipid level in the patients [20]. Even though more and
more evidence showed that the CILP2 gene is closely related
to blood lipid levels, how it affects blood lipid traits is still
unknown.

It has been reported that CILP2 increased the lipids uptake
in THP-1 cells and promoted the transformation of THP-1 cells
into foam cells by positively regulating the transcription of
CD36 via PPARγ. This process contributes the formation of
atherosclerosis [27]. CD36 is a clearance receptor that plays a
role in the uptake of long-chain fatty acids (FAs) by high-
affinity tissues and promotes lipid accumulation and metabolic
disorders under excessive fat supply [28]. In adipocytes, intesti-
nal cells, cardiomyocytes, and skeletal muscle cells, CD36
seemed to be the main membrane protein promoting fatty acid
transport [29]. Further investigations are needed to explore
whether CILP2 can affect lipid metabolism through CD36 in
adipose tissue, skeletal muscle, and other tissues under obesity.

In our previous study, we found that CILP2 was associ-
ated with insulin resistance. CILP2 affected hepatic gluco-
neogenesis and insulin sensitivity by positively regulating
the transcription of PEPCK [21]. Interestingly, this study
also demonstrated that CILP2 mRNA and protein levels
were downregulated in adipose tissue of diet-induced obese
mice [21]. This result is consistent with the lower level of

CILP2 mRNA in adipose tissue of obese patients from the
public microarray data set from the GEO database, while it
is opposite to the higher level of serum CILP2 in obese sub-
jects. We speculate that the decreased expression of CILP2 in
adipose tissue is a compensatory effect in response to the
occurrence of obesity [30]. Since the CILP2 level in adipose
tissue was not measured in the current study, the relation-
ship between serum CILP2 level and adipose tissue CILP2
level could not be directly examined. More detailed research
is needed to explore the effect of tissue CILP2 level on obe-
sity. In addition, our study is a cross-sectional study without
considering the causal relationship between serum CILP2
levels and obesity.

5. Conclusion

Our study showed that the level of serum CILP2 was positively
correlated with BMI. The concentration of serum CILP2 in
overweight and obese subjects was higher than that in normal
subjects. Bioinformatics analysis also showed that CILP2 was
closely related to lipid metabolism. Further studies are needed
to explore the pathophysiological role of CILP2 in obesity and
its effect on glucose and lipid metabolism.

Abbreviations

BMI: Body mass index
FBG: Fasting blood glucose
2h-BG: 2-hour OGTT blood glucose
FIns: Fasting serum insulin
TG: Triglyceride
HDL-C: High-density lipoprotein cholesterol
FFA: Free fatty acid
HOMA-IR: Homeostasis model assessment of insulin

resistance.

Data Availability

The original contributions presented in the study are
included in the article, and further inquiries can be directed
to the corresponding author.

Ethical Approval

This study was approved by the ethics committee of Chongqing
Medical University according to the declaration of Helsinki of
the World Medical Association (Clinical Trial Registration
No.: chictr-ocs-13003185). All subjects provided written volun-
tary consent before participation.

Conflicts of Interest

The authors declare no conflict of interest in association
with the present study.

Authors’ Contributions

Q.L., D.P., and L.L. researched and analyzed data. Q.L. and
D.P. reviewed and edited the manuscript. H.L. and L.L.
wrote and edited the manuscript and are the guarantors of

6 BioMed Research International

http://www.chictr.org.cn/showproj.aspx?proj=6374


this work and, as such, had full access to all of the data in the
study and take responsibility for the integrity of the data and
the accuracy of the data analysis. Qinge Li, Danlan Pu, and
Xuyun Xia contributed equally to this work and share first
authorship.

Acknowledgments

This work was supported by a research grant from the Sci-
ence and Technology Key Program of the Health Bureau
of Chongqing (2019ZDXM038). We thank the patients and
healthy individuals who made this study possible.

References

[1] N. M. Iyengar, A. Gucalp, A. J. Dannenberg, and C. A. Hudis,
“Obesity and cancer mechanisms: tumor microenvironment
and inflammation,” Journal of Clinical Oncology, vol. 34,
no. 35, pp. 4270–4276, 2016.

[2] M. E. Piche, A. Tchernof, and J. P. Despres, “Obesity pheno-
types, diabetes, and cardiovascular diseases,” Circulation
Research, vol. 126, no. 11, pp. 1477–1500, 2020.

[3] G. A. Bray, K. K. Kim, J. P. H. Wilding, and O. F. World, “Obe-
sity: a chronic relapsing progressive disease process. A position
statement of the World Obesity Federation,” Obesity Reviews,
vol. 18, no. 7, pp. 715–723, 2017.

[4] M. J. Muller and C. Geisler, “Defining obesity as a disease,”
European Journal of Clinical Nutrition, vol. 71, no. 11,
pp. 1256–1258, 2017.

[5] A. L. Ghaben and P. E. Scherer, “Adipogenesis and metabolic
health,” Nature Reviews. Molecular Cell Biology, vol. 20,
no. 4, pp. 242–258, 2019.

[6] P. Lorenzo, M. T. Bayliss, and D. Heinegård, “A novel cartilage
protein (CILP) present in the mid-zone of human articular
cartilage increases with age,” Journal of Biological Chemistry,
vol. 273, no. 36, pp. 23463–23468, 1998.

[7] S. Seki, Y. Kawaguchi, K. Chiba et al., “A functional SNP in
CILP, encoding cartilage intermediate layer protein, is associ-
ated with susceptibility to lumbar disc disease,” Nature Genet-
ics, vol. 37, no. 6, pp. 607–612, 2005.

[8] Z. Wang, J. H. Kim, K. Higashino et al., “Cartilage intermedi-
ate layer protein (CILP) regulation in intervertebral discs. The
effect of age, degeneration, and bone morphogenetic protein-
2,” Spine, vol. 37, no. 4, 2012.

[9] C. L. Zhang, Q. Zhao, H. Liang et al., “Cartilage intermediate
layer protein-1 alleviates pressure overload-induced cardiac
fibrosis via interfering TGF-β1 signaling,” Journal of Molecu-
lar and Cellular Cardiology, vol. 116, pp. 135–144, 2018.

[10] B. C. Bernardo, D. Belluoccio, L. Rowley, C. B. Little,
U. Hansen, and J. F. Bateman, “Cartilage intermediate layer
protein 2 (CILP2) is expressed in articular and meniscal carti-
lage and down-regulated in experimental osteoarthritis,” The
Journal of Biological Chemistry, vol. 286, no. 43, pp. 37758–
37767, 2011.

[11] S. Park, S. Ranjbarvaziri, P. Zhao, and R. Ardehali, “Cardiac
fibrosis is associated with decreased circulating levels of full-
length CILP in heart failure,” JACC Basic Transl Sci, vol. 5,
no. 5, pp. 432–443, 2020.

[12] M. A. McLellan, D. A. Skelly, M. S. Dona et al., “High-resolu-
tion transcriptomic profiling of the heart during chronic stress

reveals cellular drivers of cardiac fibrosis and hypertrophy,”
Circulation, vol. 142, no. 15, pp. 1448–1463, 2020.

[13] A. M. Valdes, D. J. Hart, K. A. Jones et al., “Association study
of candidate genes for the prevalence and progression of knee
osteoarthritis,” Arthritis and Rheumatism, vol. 50, no. 8,
pp. 2497–2507, 2004.

[14] Z. Yao, H. Nakamura, K. Masuko-Hongo, M. Suzuki-Kuro-
kawa, K. Nishioka, and T. Kato, “Characterisation of cartilage
intermediate layer protein (CILP)-induced arthropathy in
mice,” Annals of the Rheumatic Diseases, vol. 63, no. 3,
pp. 252–258, 2004.

[15] S. Gross and T. Thum, “TGF-β inhibitor CILP as a novel bio-
marker for cardiac fibrosis,” JACC Basic Transl Sci, vol. 5,
no. 5, pp. 444–446, 2020.

[16] S. Kathiresan, O. Melander, C. Guiducci et al., “Six new
loci associated with blood low-density lipoprotein choles-
terol, high-density lipoprotein cholesterol or triglycerides
in humans,” Nature Genetics, vol. 40, no. 2, pp. 189–197,
2008.

[17] T. T. Yan, R. X. Yin, Q. Li et al., “Sex-specific association of rs
16996148 SNP in the NCAN/CILP2/PBX4 and serum lipid
levels in the Mulao and Han populations,” Lipids in Health
and Disease, vol. 10, no. 1, p. 248, 2011.

[18] G.-X. Deng, R.-X. Yin, Y.-Z. Guan et al., “Association of the
NCAN-TM6SF2-CILP2-PBX4-SUGP1-MAU2 SNPs and
gene-gene and gene-environment interactions with serum
lipid levels,” Aging (Albany NY), vol. 12, no. 12, p. 11893, 2020.

[19] L. Luptakova, D. Bencova, D. Sivakova, and M. Cvicelova,
“Association of CILP2 and ACE gene polymorphisms with
cardiovascular risk factors in Slovak midlife women,” BioMed
Research International, vol. 2013, Article ID 634207, 9 pages,
2013.

[20] S. Boonvisut, K. Nakayama, S. Makishima et al., “Replication
analysis of genetic association of the NCAN-CILP2 region
with plasma lipid levels and non-alcoholic fatty liver disease
in Asian and Pacific ethnic groups,” Lipids in Health and Dis-
ease, vol. 15, no. 1, p. 8, 2016.

[21] T. Wu, Q. Zhang, S. Wu et al., “CILP2 is a novel secreted pro-
tein and associated with insulin resistance,” Journal of Molecu-
lar Cell Biology, vol. 11, no. 12, pp. 1083–1094, 2019.

[22] H. Wang and F. Zhai, “Programme and policy options for pre-
venting obesity in China,” Obesity Reviews, vol. 14, 2013.

[23] T. T. Li, T. H. Li, J. Peng et al., “TM6SF2: a novel target for
plasma lipid regulation,” Atherosclerosis, vol. 268, pp. 170–
176, 2018.

[24] J. Kozlitina, E. Smagris, S. Stender et al., “Exome-wide associ-
ation study identifies a TM6SF2 variant that confers suscepti-
bility to nonalcoholic fatty liver disease,” Nature Genetics,
vol. 46, no. 4, pp. 352–356, 2014.

[25] H. Ruhanen, P. N. Haridas, I. Minicocci et al., “ANGPTL3
deficiency alters the lipid profile and metabolism of cultured
hepatocytes and human lipoproteins,” Biochimica et Biophy-
sica Acta - Molecular and Cell Biology of Lipids, vol. 2020,
no. 7, p. 158679, 2020.

[26] A. Tikka and M. Jauhiainen, “The role of ANGPTL3 in con-
trolling lipoprotein metabolism,” Endocrine, vol. 52, no. 2,
pp. 187–193, 2016.

[27] W. Hu, K. Li, H. Han et al., “Circulating levels of CILP2 are ele-
vated in coronary heart disease and associated with atheroscle-
rosis,” Oxidative Medicine and Cellular Longevity, vol. 2020,
Article ID 1871984, 11 pages, 2020.

7BioMed Research International



[28] M. Y. Pepino, O. Kuda, D. Samovski, and N. A. Abumrad,
“Structure-function of CD36 and importance of fatty acid sig-
nal transduction in fat metabolism,” Annual Review of Nutri-
tion, vol. 34, no. 1, pp. 281–303, 2014.

[29] J. C. Glatz and J. F. Luiken, “Dynamic role of the transmem-
brane glycoprotein CD36 (SR-B2) in cellular fatty acid uptake
and utilization,” Journal of Lipid Research, vol. 59, no. 7,
pp. 1084–1093, 2018.

[30] H.-W. Chou, H.-C. Hung, C.-H. Lin et al., “The serum concen-
trations of hedgehog-interacting protein, a novel biomarker,
were decreased in overweight or obese subjects,” Journal of
Clinical Medicine, vol. 10, no. 4, 2021.

8 BioMed Research International


	Serum Concentrations of Cartilage Intermediate Layer Protein 2 Were Higher in Overweight and Obese Subjects
	1. Introduction
	2. Materials and Methods
	2.1. Participants
	2.2. Anthropometric, Biochemical, and CILP2 Measurements
	2.3. Bioinformatics Analysis
	2.4. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusion
	Abbreviations
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

