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Abstract
Background: Carcinoembryonic antigen (CEA) is a common gastrointestinal tumor biomarker. Irisin is
adipo-myokines that has been suggested to have a potential role in cancer development. However, limited
studies test irisin as biomarker in gastric and colorectal cancers. Therefore, this study aims to investigate
whether CEA and irisin could be a potential diagnostic biomarker in gastric and colorectal cancer.
Methods: A case-control study consists of 90 subjects, 21 gastric cancer patients, 49 colorectal cancer
patients and 20 control. Serum CEA was detected by fluorescence immunoassay (FIA) kit. Serum
irisin was determined by enzyme-linked immunosorbent assay (ELISA) kit.
Results: Serum CEA increases significantly and serum irisin decreases significantly in gastric and
colorectal cancer patients. According to Receiver Operating Characteristic (ROC) curve analysis, in
gastric cancer, the area under curve of CEA is 1.00 (95% CI, 1.000-1.000, p< 0.0001). The diagnostic
cut-off of CEA is< 3.08 ng/ml with %100 sensitivity and 100% specificity. The area under curve of irisin
is 0.94 (95% CI, 0.8177-1.000, p< 0.0001). The cut-off of irisin is> 30.2 ng/ml with %90 sensitivity and
100%, specificity. In colorectal cancer, the area under curve of CEA is 0.99 (95% CI, 0.9866-1.000, p<
0.0001) and the diagnostic value< 2.6 ng/ml with %98 sensitivity and %100 specificity. The area under
curve of irisin is 0.96 (95% CI, 0.9155-1.000, p< 0.0001). The diagnostic cut-off of irisin is> 41.9 ng/ml
with 88.1sensitivity and 90.5 specificity.
Conclusions: CEA and irisin could be powerful potential diagnostic biomarkers which would be use
for early detection of gastric and colorectal cancers.
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Introduction
In gastrointestinal system, gastric and colorectal
cancers are the most cancer –related deaths.
According to global cancer statistic 2020,
gastric cancer incidence ranked fifth and it is the
fourth cancer-related death. Colorectal cancer
incidence occupied third while it is second
cancer-related death (1). The most significant
issue of these two cancers is once the diseases
diagnose, cancer cells spread to another organ
and metastasis formed. Recently, many
researchers have been attracted attention for
early diagnosis which could be help in choosing

effective treatment and cancer management.
Therefore, investigation a biomarker for early
detection is urgently needed.
The most common biomarker for gastric and
colorectal cancers is carcinoembryonic antigen
(CEA). CEA is a member immunoglobulin
superfamily and is used as tumor marker for
detection gastrointestinal cancer. In addition, it
has been shown in many studies that CEA is
associated with different type of cancers. In
breast cancer, it was reported that CEA is an
independent prognostic factor for disease free
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survival and overall survival(2, 3). In rectal
cancer, it was reported that elevated CEA level
is an indicator for prognosis disease recurrence
and survival rate (4, 5). In term of diagnosis, it
was reported in meta-analysis that CEA could
be use as diagnosis for gastric cancer in
combination with different tumor biomarkers
(6).
Irisin is a dipo-myokines hormone that forms
as a result of proteolytically cleavage of the
fibronectin type III domain containing protein 5
(FNDC5) which encoded exercise-induce gene
(7-9). Irisin is associated with obesity, diabetes
mellitus, insulin resistance, chronic disease and
other metabolic diseases (10-16). The function
of irisin relates to energy hemostatis by
browning white adipose tissue and produce heat
(7). However, there is limited data about
function of irisin in cancer. Recently, there are
substantial evidence suggest that irisin have a
potential role in cancer development (17). It
was found that irisin express at high level in
gastrointestinal cancers tissues (18). On the
other hand, some studies suggested that irisin
have an anti-cancer role. For instance, in lung
cancer, it was revealed that irisin have an
inhibitory effect on epithelial-mesenchymal
transition and decrease invasion of cancer cells
(19). In addition, it was reported that irisin
significantly inhibits the growth of pancreatic
cancer cell lines (20). Interestingly, irisin has
been investigated as a biomarker in many
malignancies. In prostate and breast cancer, it
was found that reduced irisin level in prostate
cancer patients in compared to healthy control.
Furthermore, irisin has ability to discriminate
cancer patients from controls, significantly (21,
22). Moreover, serum irisin level is higher in
renal cancer patients than in control group as
well as irisin has a diagnostic value, suggesting
the potential application of irisin as biomarker
(23). However, there are limited studies prove
the possibility to use irisin as biomarker in
gastric and colorectal cancer. Therefore, the aim
of this study is to investigate the differences of
CEA and irisin level in gastric and colorectal
cancer in comparison with healthy control and
then investigate whether or not CEA and irisin

could be a diagnostic biomarker in gastric and
colorectal cancer.

Materials and Methods
Study design
case-control study consists of 90 subjects, 21
gastric cancer patients, 49 colorectal (31
colon and 18 rectal) cancer patients, and 20
healthy individuals. This study was recruited
at Oncology Teaching hospital in Baghdad
from 15th November 2020 to 25th April 2021.
Patient’s age ranged between (30-85) years
old. Ethical approval (999) was obtained from
committee in the Ministry of Health in
Baghdad, Iraq. Before blood collection, the
agreements were obtained for all patients and
controls. All the patients were newly
diagnosed by endoscopic biopsy after
overnight fasting. The cancer patients and
healthy individuals were matched in term of
Body Mass Index (BMI). Patients, who are
alcohol drink, smoking, doing regular
physical exercises and who have diabetes,
cardiovascular
disease,
hyperor
hypotension, were excluded from study.
Blood analysis and biochemical measurements
peripheral venous blood (5 ml) was collected
in gel tube (MEDMAY, China) from
preoperative patient and from healthy control
after overnight fasting. The serum was
separated after centrifugation at 1200 rpm for
10 min. Serum was stored at -20 ºC until. CEA
concentration was detected using fluorescence
immunoassay (FIA) kit (Boditech Med Inc.
Korea). Irisin concentration was determined
using sandwich enzyme-linked immunosorbed
assay (ELISA) kit (Mybiosource, USA). The
coefficient variations of irisin kit are< 80% for
intra-assay and< 10% for inter-assay.
Statistical analysis
Normal distribution of variables was assessed
by Kolmogorov-Smirnov test. Normal
distributed variables are expressed as mean±
SEM and skew distributed variables are
expressed as median with 25th-75th percentiles
ranges. Differences between cancer patients and
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controls were analyzed by unpaired two-tailed
t-test and Mann-whiteny U test for normal
distributed variables and for skew distributed
variables, respectively. Receiver operating
characteristic (ROC) curve was preformed to
determine the optimal diagnostic value of irisin
and CEA. The statistical analysis was
performed by GraphPad Prism (8.0.2).
Statistically significant was considered if the
probability value less than 0.05.

with control group (33.19±11.77, 31.97 (49.34.4) vs 56.01±10.95, 55.9 (43.9-76.3)),
respectively. CEA level is significantly higher
(p< 0.0001) in gastric and colorectal cancer
patients than in control (6.38(113.6-3.87),
6.63(216.97 -1.66) vs 1.25(1-2.3), 1.25(12.3)), respectively.
In order to test the potential role of irisin in
diagnostic gastric and colorectal cancer patients
from healthy control, receiver operating
characteristic curve was preformed, as it was
shown in Table 2 and Figure1. In both gastric
cancer and colorectal cancer, it was observed
that CEA is the most effective diagnostic tool.
However, irisin still have ability to discriminate
gastric and colorectal cancer from healthy
individual.

Results
Irisin and CEA levels were investigated in
gastric cancer and colorectal cancer, as it was
shown in table 1. There is a strong significant
decrease (p< 0.0001) in irisin level in gastric
and in colorectal cancer patients in comparison

Gastric cancer
(n= 21)

Colorectal cancer
(n= 49)

Control
(n= 20)

p-value

Irisin (ng/ml)

33.19±11.77

31.97 (14.94-36.33)

55.9 (46.85-64.99)

<0.0001a,
<0.0001b*

CEA (ng/ml)

6.38 (4.56-14.0)

6.63 (4.83 -12.11)

1.25 (1.06-1.52)

<0.0001a*
<0.0001b*

p -value was tested by student t-test,
*p-value was tested by Mann-Whitney test
a p-value was tested difference between gastric cancer and control
b p-value was tested difference between colorectal cancers and control
Table 2. Characterization of irisin and CEA as diagnostic tool.

AUC

95% CI

Sensitivity
(%)

Specificity
(%)

Cut-off

p-value

Gastric cancer
Irisin (ng/ml)
CEA (ng/ml)

0.94
1.00

0.8177 - 1.000
1.000 - 1.000

90
100

100
100

30.2
3.08

<0.0001
<0.0001

Colorectal cancer
Irisin (ng/ml)
CEA (ng/ml)

0.96
0.99

0.9155 - 1.000
0.9866 - 1.000

88.1
98

90.5
100

41.9
2.6

<0.0001
<0.0001
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Fig.1. Receiver Operation Characteristic (ROC) Curve. A) ROC curve of CEA in Gastric cancer. B) ROC curve of
irisin in gastric cancer. C) ROC curve of CEA in colorectal cancer. D) ROC curve of irisin in colorectal cancer.

Discussion
Nowadays, there have been many attempts to
explore a biomarker for early detection of
gastric and colorectal cancers. Several studies
in different malignancies reveal the potential
application of irisin as diagnostic biomarker.
However, limited researches investigate
diagnostic value of irisin in gastric and
colorectal cancers. Therefore, the main goal of
the present study is to investigate the
possibility of using CEA and irisin as
diagnosis biomarkers for gastric and colorectal
cancer.

The most common biomarker, which is used
commonly for diagnosis these types of cancer,
is CEA. In current study, serum CEA level is
significantly higher in gastric and colorectal
cancer than in controls. This result confirm
previous studies (24).
Several study in gastrointestinal cancer
tissues, it was found that irisin expression
increase significantly (18). Additionally,
Shahidi et. al., reported that serum irisin level
increase in gastric cancer patients in
comparison with healthy individuals (25). In
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contrary, our study found that there is a
significant decrease in irisin level in gastric
cancer patients in compared to control group.
This disagreement could be explained by
different characteristic of patients in Shahidi’s
study in compared to our study. For example,
in Shahidi’s study, there was significant
difference in BMI between gastric cancer
patients and control group, while in our study;
there is no significant difference in BMI
between gastric cancer and controls (25.01±
5.18 vs 26.95±3.34, p= 0.054), respectively.
Furthermore, in the present study, irisin level
is significantly lower in colorectal cancer
patients than in controls. In line with this
result, Zhu H, et al., (2018) found that serum
irisin level decrease by 23.3% in colorectal
cancer patients in compared to control.
Moreover, it was reported that elevated irisin
reduce the risk of colorectal cancer by 78% in
patients who have higher serum irisin (26).
Also, in breast cancer cell lines study, it was
shown that irisin reduce number of MCF-7
cells and its viability, suggesting a potential
protective role of irisin from cancer (27). In the
current study, reduce irisin level in cancer
patients could be led to absence the protective
mechanism of irisin against cancer. Therefore,
further investigations are required to prove this
mechanism.
Interestingly, the optimum diagnostic
value of CEA and irisin were evaluated by
ROC analysis. The result showed that serum
CEA and irisin could differentiate gastric and
colorectal cancer patients from healthy
individuals. These results seem to be
promising to use CEA and irisin as diagnostic
biomarkers. In terms to compare between
CEA and irisin, it appears that CEA is the

most effective biomarker to diagnose gastric
and colorectal cancers than irisin.
Nevertheless, irisin is still having efficient
diagnostic value to discriminate these cancers
patients from healthy individuals. This is the
first study that compare between CEA and
irisin as biomarker in gastric and colorectal
cancers.
There are some factors that limit the present
study; one of them is small sample size and the
other did not include the measurement of other
gastrointestinal cancers biomarkers such as
CA19-9. Even though these limitations which
were illustrated, this study reveals promising
findings that could help further in early
detection of gastric and colorectal cancers.
Serum CEA increase significantly and
serum irisin decrease significantly in gastric
and colorectal cancers. Reduce irisin level
might lead to absence a potential protective
mechanism of irisin against cancer.
Importantly, CEA and irisin could be powerful
potential diagnostic biomarkers which would
be use for early detection of gastric and
colorectal cancers.
Serum CEA increase significantly and
serum irisin decrease significantly in gastric
and colorectal cancers. Reduce irisin level
might lead to absence a potential protective
mechanism of irisin against cancer.
Importantly, CEA and irisin could be powerful
potential diagnostic biomarkers which would
be use for early detection of gastric and
colorectal cancers.
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