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Summary

Kratak sadr`aj

Background: Colorectal cancer (CRC) is one of the most
common cancers worldwide. The tumor microenvironment
is very important for determining cancer cell growth and
spreading. Chemerin, a newly identified adipokine secreted
by adipose tissue, is known to be associated with obesity,
metabolic syndrome, and insulin resistance. The present
study was carried out to investigate the association between
serum levels of chemerin and colorectal cancer.
Methods: Thirty-two patients with colorectal cancer aged
57.6±6.5 years, and twenty age, sex and BMI matched
healthy controls were included in the study. Serum chemerin
levels were determined using enzyme linked immunosorbent
assay. C-reactive protein (CRP) levels were determined using
a turbidimetric immunoassay. Carcinoembryonic antigen
(CEA) and carbohydrate antigen (CA 19-9) were measured
by radioimmunoassay.
Results: Chemerin levels were found to be significantly
higher in patients relative to the controls (P<0.001) and
gradually increased with the TNM tumor stage progression.
The mean CRP, CEA and CA 19-9 levels were also significantly higher in patients (P<0.001). There was a significant correlation between the serum levels of chemerin and
the other measured parameters in CRC patients. The area
under receiver operating characteristic curve (ROC) for
serum chemerin was 1 at a cut-off value ≥ 161.5 with
100% sensitivity and 100% specificity.

Uvod: Kolorektalni karcinom (KRK) jedan je od naj~e{}ih
oblika karcinoma {irom sveta. Mikrookolina tumora veoma je
va`na za procenu rasta i {irenja }elija kancera. Kemerin je
nedavno identifikovan adipokin koji se izlu~uje iz adipoznog
tkiva i utvr|eno je da je povezan sa gojazno{}u, metaboli~kim sindromom i insulinskom rezistencijom. Ova studija
sprovedena je kako bi se ispitala povezanost izme|u nivoa
kemerina u serumu i kolorektalnog karcinoma.
Metode: U studiju je uklju~eno 32 pacijenta sa kolorektalnim
karcinomom starosti 57,6±6,5 godina i 20 zdravih kontrolnih osoba odgovaraju}e starosti, pola i indeksa telesne mase
(ITM). Nivoi kemerina u serumu odre|eni su pomo}u ELISA
testa. Nivoi C-reaktivnog proteina (CRP) odre|eni su pomo}u turbidimetrijskog imunoodre|ivanja. Karcinoembrioni
antigen (CEA) i ugljenohidratni antigen (CA19-9) mereni su
radioimunoodre|ivanjem.
Rezultati: Nivoi kemerina bili su zna~ajno vi{i kod obolelih u
odnosu na kontrolne osobe (P<0,01) i postepeno su rasli zajedno sa stepenima tumorske skale TNM. Srednji nivoi CRP,
CEA i CA 19-9 bili su tako|e zna~ajno vi{i kod obolelih
(P<0,001). Prona|ena je zna~ajna korelacija izme|u nivoa
kemerina u serumu i ostalih merenih parametara kod obolelih od KRK-a. Povr{ina ispod ROC krive za kemerin u serumu bila je 1 pri cutoff vrednosti ≥ 161,5, uz osetljivost od
100% i specifi~nost od 100%.
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Conclusions: The observed results suggest that chemerin
may have a potential role in the pathogenesis and progression of colorectal malignancy and may be a good biomarker of colorectal cancer and stage progression.

Zaklju~ak: Uo~eni rezultati sugeri{u da kemerin ima potencijalnu ulogu u patogenezi i progresiji kolorektalnog maligniteta i da bi mogao biti dobar biomarker za kolorektalni karcinom i stepen progresije.
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Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the fourth leading
cause of cancer death in the world, accounting for
about 1.4 million new cases and almost 700 000
deaths in 2012 (1). In Egypt, GLOBOCAN 2012
showed that colorectal cancer is considered the 8th
cancer after breast, liver, non-Hodgkin lymphoma,
brain, ovary, leukemia and bladder cancer with an
incidence rate accounting for 4% and 3.5% for men
and women respectively.
The association between obesity and human
malignancies including colorectal cancer (CRC) has
been increasingly recognized, but the underlying biological mechanisms are not fully understood. Chronic
inflammation, insulin resistance and adipocytokines
are contributing factors (2– 4).
Adipokines are polypeptide cytokines produced by
white adipose tissue, acting not only as local paracrine
signaling cytokines, but also at distant levels, through
secretion in the circulation (5). In obesity, the hypertrophic expansion of adipose tissue induces local hypoxia, inflammatory activation and reactive angiogenesis,
changes which favor tumorigenesis (6). More than 15
adipokines have been reported to be associated with
cancers (7). While the circulating levels of proinflammatory adipokines, such as leptin, IL-6 and tumor necrosis
factor alpha (TNF-a), are increased in cancers, some
others such as adiponectin are protective against
tumorigenesis and its serum levels are usually
decreased in the patients with cancer (8).
Chemerin is a novel adipokine, which plays an
important role in adipogenesis and chemotaxis of the
innate immune system (9). Chemerin and its major
receptor, CMKLR1, are expressed in white adipose
tissue, and circulating levels of this adipokine are elevated in obesity and metabolic syndrome (10). It may
link obesity and inflammation since chemerin is a
proinflammatory cytokine that recruits and activates
immune cells and contributes to inflammation by promoting macrophage adhesion to vascular cell adhesion molecule-1 (VCAM-1) and fibronectin (11). The
association of chemerin and cancer is not yet fully
understood. Chemerin promotes angiogenesis via inducing matrix metalloproteinase secretion and activity. Therefore, it is thought that high levels of chemerin may have an initiating role in a further process;
carcinogenesis, then metastasis (12). Otherwise, che-

merin was demonstrated to recruit natural killer cells
which are suggested to play a great role in antitumor
defense (13). So, in this study we aimed to evaluate
the serum levels of chemerin in colorectal cancer
patients to understand the possible role of adipocytokines in relation to CRC development and progression.
Subjects and Methods
This is a case-control study including thirty-two
patients attending the gastrointestinal endoscopy unit
of the tropical medicine department, Kasr El Aini hospital, Faculty of Medicine, Cairo University. All had
been diagnosed with CRC after colonoscopy, aged
57.6±6.5 years. Exclusion criteria: no curative medication for CRC; no previous history of malignancy or
colorectal operations; no diagnosis of familial adenomatous polyposis or acromegaly; no diagnosis of any
inflammatory bowel disease, including ulcerative colitis and Crohn’s disease; patients with diabetes mellitus, chronic liver and kidney diseases were excluded.
Twenty healthy subjects of comparable age and sex
and BMI served as a control group.
All procedures were performed according to
the ethical standards of the institutional and national
research committee given in the Declaration of Helsinki 1964, as revised in 2013. A written informed
consent of participation in the study was taken from
all participants. This study was approved by the
Committee of Ethics and Research of the university
hospital.
Fasting blood samples were collected from all
subjects in blank vacutainers, left to clot, centrifuged
and the sera were separated and stored at –20° till
assay date.
Biochemical analysis:
– Fasting blood sugar was measured by glucose
oxidase method (Beckman Glucose Analyzer,
Fullerton, CA, USA)
– Serum cholesterol and TG were measured
using an automated system Hitachi 912 analyzer using an enzymatic method. Serum HDL
and LDL were measured using an automated
system Cobas C 311/501 analyzer using an
enzymatic method.
– Chemerin was measured by a competitive
immunoenzymatic method with the commer-
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cially available ELISA kits, human chemerin
quantikine ELISA kit, supplied by R&D
Systems, Inc (14).
– The CRP levels were determined using a turbidimetric immunoassay (Roche Modular Analytics
P800; Roche Diagnostics, Indianapolis, IN).
– CEA and CA 19-9 were performed using commercial radioimmunoassay kits (CIS Bio International, France).
Statistical analysis
The results were expressed as mean ± standard
deviation. The statistical difference between groups
was analyzed using Student’s t test. Pearson’s correlation analysis was performed to determine the
relationships between variables. The results were considered significant at P<0.05. ROC curves were constructed to assess reliability of the new marker in
detection of CRC lesions. Sensitivity and specificity
were calculated in relation to the best cut-off value
obtained from the curve. The statistical calculations
were done using Statistical Package for the Social
Sciences version 15 software, while the presentations
were performed using Microsoft Excel 2007.
Results
Table I shows the anthropometric measurements, biochemical parameters, serum adipocytokine
chemerin, CRP, CEA and CA 19-9 levels in the group
of patients with CRC (32 subjects) compared with the
control group (20 subjects). No significant differences have been observed in age, gender, BMI, FBS,
cholesterol, triglycerides, HDL and LDL means

among the patients with CRC and controls. Serum
chemerin levels were significantly higher (p<0.001)
in CRC patients (377.4 ± 80.3 ng/mL) when compared with controls (87.8 ± 22.01 ng/mL). Serum
CRP levels were significantly higher (p<0.001) in
CRC patients (218.48 ± 64.8 nmol/L) compared
with the control group (49.05 ± 34.3 nmol/L). CEA
levels were significantly higher (p<0.001) in CRC
(15.59 ± 5.63 ng/mL) when compared with controls
(1.77 ± 0.47 ng/mL) and CA 19-9 levels were significantly higher (p<0.001) in CRC patients (130.39
± 42.7 U/mL) compared with the control group
(20.58 ± 7.6 U/mL). Table II illustrates the correlation between the different studied parameters in
patients with CRC. There was a significant positive
correlation between serum chemerin levels and CRP
(r=0.98, p<0.001). A significant positive correlation
was found between chemerin and CEA levels in
patients with CRC (r=0.95, P<0.001). There was a
significant positive correlation between serum chemerin
levels and CA 19-9 in CRC patients (r=0.97, p<0.001).
Figure 2 illustrates serum chemerin levels at different
TNM stages of CRC.
Serum chemerin levels were significantly higher
in advanced stage patients than those of early stage
patients (p<0.05) [stage I (275.2±58.7 ng/mL),

Table II Correlation between chemerin and other studied
parameters in the group of CRC patients.
r

p-value

Chemerin and CRP

0.98

< 0.001

Chemerin and CEA

0.95

< 0.001

Chemerin and CA 19-9

0.97

< 0.001

Table I Demographic, anthropometric and metabolic parameters, serum chemerin, CRP, CEA and CA 19-9 in CRC patients and
controls (Mean±SD).

Age (years)
Gender (male/female)

Controls
No=20

CRC patients
No=32

P-value

58.4 ± 7.2

57.6 ± 6.5

NS

14/6

22/10

NS

BMI (kg/m2)

26.7 ± 5.3

25.8 ± 4.2

NS

Fasting glucose (mmol/L)

4.52 ± 0.36

4.49 ± 0.43

NS

Cholesterol (mmol/L)

4.097 ± 0.68

4.048 ± 0.72

NS

Triglycerides (mmol/L)

2.12 ± 0.55

2.08 ± 0.68

NS

HDL (mmol/L)

1.199 ± 0.13

1.145 ± 0.14

NS

LDL (mmol/L)

2.32 ± 0.63

2.24 ± 0.72

NS

Chemerin (ng/mL)

87.8 ± 22.01

377.4 ± 80.3

< 0.001

CRP (nmol/L)

49.05 ± 34.3

218.48 ± 64.8

< 0.001

CEA (ng/mL)

1.77 ± 0.47

15.59 ± 5.63

< 0.001

CA 19-9 (U/mL)

20.58 ± 7.6

130.39 ± 42.7

< 0.001
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Figure 1 Serum chemerin levels of CRC patients in different TNM stages.

under the curve (AUC) value for serum chemerin
reached 1.0. With a cut-off value of 161.5 ng/mL,
serum chemerin has a sensitivity of 100%, a specificity of 100% and p<0.0001. These results indicated
that serum chemerin is a valuable biomarker for CRC
diagnosis.
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Figure 2 The ROC curve for serum chemerin in differentiating CRC patients and healthy controls. The area under curve
(AUC) value of serum chemerin was 1.00, with 100% sensitivity, 100% specificity at a cut-off value of ≥ 161.5.

stage II (365±34.6 ng/mL), stage III (407.4±21.8
ng/mL), stage IV (462.3±45.6 ng/mL).
To assess the performance of serum chemerin
as a marker, ROC curves were used to calculate the
sensitivity of this marker in separating CRC patients
from healthy controls. As shown in Figure 2, an area

The association of colorectal cancer with the
alteration of adipokines in blood has not been fully
elucidated. Obesity is linked significantly to adipose
tissue dysfunction, and obesity-induced inflammation
is thought to be an important link between obesity
and colorectal cancer (15). Chemerin is a novel
member of adipokines that plays important roles in
regulating angiogenesis, cell proliferation and migration, inflammation, chemotaxis, glucose, and lipid
metabolism (16). Although the dysregulated expression of chemerin in the tumor tissues has been reported, the results are inconsistent. A probable explanation for these inconsistencies is that the expression of
chemerin may vary in different types of cancers,
which is a common phenomenon in tumor biology
(17). In our study, we demonstrated that the serum
chemerin level was higher in the CRC patients than in
the control subjects. The same results were observed
by Erdogan et al. (18) who reported that higher levels
of circulating chemerin, CRP, fibrinogen levels, and
ESR values are associated with an increased risk of
developing CRC. They reported that inflammation is
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an important risk factor in carcinogenesis, and
chemerin constitutes an interesting candidate as an
inflammatory marker.
A great number of studies have demonstrated
that adipokines play important roles in tumor angiogenesis, invasion, differentiation, and progression.
Wang et al. (19) determined the serum levels of
chemerin in gastric cancer patients and healthy subjects to investigate the biological effect of chemerin
on gastric cancer cells. Serum level of chemerin was
significantly higher in gastric cancer patients than
healthy subjects (P<0.01). The elevation of serum
chemerin level was associated with advanced clinical
stages of gastric cancer. They also reported that chemerin increased invasiveness of gastric cancer cells
and induced phosphorylation of p38 and ERK1/2
MAPKs and upregulated VEGF, MMP-7 and IL-6.
Inhibition of ERK1/2 phosphorylation abolished the
upregulation of VEGF, MMP-7 and IL-6 and the proinvasive effect of chemerin. In another study, plasma
chemerin levels were found to be significantly elevated in patients with gastric cancer than in healthy controls and were associated with long-term poor prognosis and survival of gastric cancer patients indicating
that chemerin might be a prognostic biomarker in
gastric cancer (20). A study by Xu et al. (21) showed
that serum chemerin levels were significantly elevated
in non-small cell lung cancer (NSCLC) patients compared with the controls, and there was a strong association between high serum chemerin levels and
TNM stages, lymph node metastasis, and distant
metastasis. Furthermore, NSCLC patients with higher
serum chemerin levels had poorer prognosis, suggesting that serum chemerin may be a useful clinical
biomarker in the diagnosis, progression and prognostic evaluation of NSCLC. In our study, we obtained
similar results, in that chemerin levels are significantly
higher in advanced TNM stages of CRC.
Many other studies demonstrated overexpression
of chemerin in oral squamous cell carcinoma (22),
and oesophageal squamous cancer (23). On the other
hand, chemerin expressions are downregulated in
melanoma, and hepatocellular carcinoma (24, 25).
Lin et al. (26) found that HCC patients had
much lower serum chemerin levels compared with
healthy subjects. Furthermore, chemerin expression
at mRNA and protein levels was significantly lower in
tumor than paratumor tissues from HCC patients.
Their study revealed a novel tumor-inhibitory role of
chemerin in HCC by suppressing tumor-associated
inflammation. The antitumor immune response is
regulated by numerous factors, including cytokines
produced by the tumor-infiltrating lymphocytes and
activated immune cells (i.e., macrophages, dendritic
cells, and lymphocytes). The locally and systemically
produced mixture of cytokines plays a pivotal role in
the induction of host immune response, which can
either block or facilitate tumor growth (27).
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Cytokine regulation of human CRC is not clearly
understood. The systemic and local cytokine environment may modulate the immunogenicity of colorectal
cancer cells and affect antitumor immune function of
tumor-infiltrating lymphocytes. Focusing on individual
cytokines has generated evidence that proinflammatory cytokines and antiinflammatory cytokines may have
a complex role in gastrointestinal carcinogenesis (28).
Today, inflammation is known to be a hallmark
of cancer. Chronic inflammation is associated with an
increase in cancer risk (29). If the cell proliferation
occurs in an environment which is rich in growth factors, inflammatory cells, DNA damage-promoting
agents, and activated stroma, it increases neoplastic
risk (30). The C-reactive protein predicts reduced survival in gastrointestinal cancer patients and is a wellrecognized marker of inflammation (31). Increased
CRP concentration has been shown to be a strong
independent prognostic factor of CRC (32). In our
study, the serum CRP level was significantly higher in
CRC patients than control subjects, and it was higher
with the advancing TNM classification. There was a
positive significant correlation between chemerin and
CRP. Our findings are in agreement with the results of
several previous studies (33, 21). Erdogan et al. (21)
reported that chemerin constitutes an interesting candidate as an inflammatory marker.
An ideal diagnostic biomarker should have high
disease sensitivity and specificity and provide a cut off
value with minimal overlap between normal and disease states. In view of that, serum chemerin in this
study was revealed as an excellent diagnostic biomarker in discriminating CRC patients from healthy
controls.
In the current study, the area under curve (AUC)
value of serum chemerin was 1.00, with 100% sensitivity and specificity, and diagnostic accuracy at a cutoff value of  161.5.
Xu et al. (24) assessed the performance of
serum chemerin as a marker in separating NSCLC
patients from healthy controls. They reported that at
a cut-off value of 1500 pg/mL, serum chemerin has
a sensitivity of 62.4%, and a specificity of 67.5%. The
combined diagnostic value of chemerin and CEA in
NSCLC was further detected. The results showed that
the combined detection of these two indices had a
sensitivity of 78.3% and a specificity of 84.2%. The
combination of chemerin and CEA produced better
sensitivity and specificity than chemerin and CEA
alone. In another study, ROC curve analysis revealed
that serum chemerin has 100% sensitivity and 100%
specificity with an area under the curve (AUC) of 1.00
in detecting early stage oral squamous cell carcinoma
(OSCC) at a cut-off value of 307 ng/mL (34).
In conclusion, our findings suggest that the adipokine chemerin may have a potential role in the development of CRC and may be a novel and promising biomarker of colorectal cancer and stage progression.
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