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Abstract. – OBJECTIVE: To investigate the cor-
relations of MC4R and MSH2 with adult obesity, a 
total of 46 patients with early-stage colon cancer 
were treated in our hospital between February 2008 
and February 2009 and were enrolled.

PATIENTS AND METHODS: Venous blood was 
regularly drawn from subjects of the observation 
group and 48 healthy subjects for 6 years. Expres-
sion levels of MC4R and MSH2 genes were tested 
using quantitative polymerase chain reaction 
analyses, and the ensuing proteins were deter-
mined using enzyme-linked immunosorbent as-
says and Western blotting and immunohistochem-
ical analyses. Finally, correlations with body mass 
index (BMI) and the presence of colon cancer were 
identified using multivariate analyses.

RESULTS: Compared with the control group, 
MSH2 mRNA and protein expression increased 
significantly over time (p < 0.05) in patients with co-
lon cancer. Moreover, MSH2 expression was cor-
related with colon cancer progression, and MC4R 
mRNA and protein expression increase concur-
rently in comparison with the control group (p < 
0.05). Also, the mean BMI among patients with co-
lon cancer was 30.8, whereas that among control 
subjects was only 21.4. These data indicate a rela-
tionship between BMI and colon cancer.

CONCLUSIONS: Expression of MSH2 in pa-
tients with colon cancer may promote the expres-
sion of the obesity gene MC4R, potentially contrib-
uting to body weight gains.
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Introduction

Hereditary nonpolyposis colon cancer (HNP-
CC) is a common disease of the digestive system 
and has an associated morbidity rate of approxi-
mately 1.3%-1.45%1. Previous and current studies 
indicate that the incidence of colon cancer is 

slightly higher in men than that in women2, like-
ly reflecting the significantly higher prevalence 
of lifestyle factors such as smoking and alco-
hol consumption in men. Accordingly, unhealthy 
lifestyles have been closely associated with the 
incidence of colon cancer3. The major symptoms 
of colon cancer include abdominal pain, digestive 
tract irritation, and abdominal tumors4. More-
over, in vivo researches have confirmed the roles 
of various genes and molecules in the progression 
of colon cancer5, and the mismatch repair (MMR) 
protein and its gene are the best-characterized 
molecular predictors of colon cancer. Also, HN-
PCC has been correlated with seven other genes, 
including those encoding MLH1, MSH1, and 
PMS16. As a disease of the digestive system, 
colon cancer has been associated with obesity in 
clinical studies, and the gene MC4R was recently 
correlated with obesity7. However, no correlations 
between obesity-related genes and colon cancer 
pathogenesis have been reported previously. In 
the present study, we investigated correlations 
between the obesity gene MC4R and the colon 
cancer gene MSH2 and provided evidence of the-
oretical relationships between these conditions.

Patients and Methods

Patients
A total of 46 patients with colon cancer were 

treated at our hospital between February 2008 and 
February 2009 and were enrolled. Among these, 
24 and 22 were men and women, respectively, and 
the mean age was 43.3 ± 7.6 years. Study sub-
jects were diagnosed according to the diagnostic 
criteria for colon cancer [Standard Diagnosis and 
Treatment Guidelines (Pilot) for Colon Cancer]. 
The control group comprised 48 concurrently re-
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cruited healthy subjects (24 men and 22 women 
with a mean age of 45.1 ± 8.2 years), and venous 
blood samples were taken annually from all study 
subjects for 6 years. Study subjects were excluded 
based on colon cancer symptoms using the Stan-
dard Diagnosis and Treatment Guidelines (Pilot) 
for Colon Cancer. BMI8 was calculated for all sub-
jects as the ratio between weight (kg) and height 
(in square m), and individuals were classified as 
obese when BMI > 32.

Reagents and Instruments
Fluorescent quantitative polymerase chain reac-

tion (PCR) reagents were purchased from TaKaRa 
company (Da Lian, Liao Ning, China). Relevant 
PCR consumables were purchased from Axygen 
company (Silicon Valley, CA, USA). Primers used 
were synthesized by Shanghai Bioengineering Co., 
Ltd, and quantitative PCR was performed using 
an ABI Step plus instrument. Protein lysates from 
venous blood samples were run on sodium dodecyl 
sulfate (SDS) polyacrylamide (PAGE) gels and were 
transferred to nitrocellulose membranes using a 
Bio-Rad transfer box (Hercules, CA, USA). West-
ern blotting analyses were then performed using the 
following primary antibodies: Mouse-anti-human 
MC4R monoclonal and mouse-anti-human MSH2 
primary antibodies (ABM, Silicon Valley, CA; 
USA) and rabbit-anti-mouse IgG secondary anti-
body labelled with horseradish peroxidase. Chemi-
luminescent solutions were purchased from Thermo 
Company (Waltham, MA, USA), and images of 
protein bands were generated using a Bio-Rad Im-
ager (Hercules, CA, USA).

Fluorescent Quantitative PCR
RNA extraction

Venous blood samples (5 ml) were drawn from 
observation and control subjects, centrifuged at 
3000 rpm, and supernatants were collected and 
stored at −80°C until use. Experiments were per-
formed after thawing 0.3-g protein supernatants on 
the ice. Subsequently, 300-μl aliquots of RNA Plus 
were added and shaken in 1.5-ml tubes for 2-3 min, 
and 100-μl aliquots of RNA plus were then added. 
After vigorous shaking, 200 μl of chloroform was 
added, and mixtures were shaken again for 15 s and 
placed on ice for 2 min. Sample mixtures were then 
centrifuged at 12000 rpm for 10 min at 4°C, and 
RNase-containing supernatants were removed. Iso-
pycnic isopropyl alcohol was then added and mixed 
by inversion, and samples were then incubated for 
2 min at room temperature before centrifugation at 
12000 rpm for 10 min at 4°C. Supernatants were 

then removed and 750 μl of 75% ethanol was added, 
mixed, and centrifuged at 12000 rpm for 10 min 
at 4°C. Supernatants were discarded, and samples 
were centrifuged again, and residual ethyl alcohol 
was then removed using a pipette. Finally, RNA 
pellets were dissolved in 50 μl of de-RNase ddH2O 
water, and RNA quality was determined according 
to the ratio of absorbance at 260/280 nm, and re-
verse transcription was performed.

Quantitative PCR
Quantitative PCR was performed using TaKa-

Ra (Otsu, Shiga, Japan) fluorescent quantitative 
PCR reagents according to the manufacturer’s 
instructions. PCR primers were synthetized by 
Shanghai Bioengineering Co., Ltd, and sequences 
are listed in Table I.

Enzyme-linked immunosorbent assay (ELISA)9

MC4R and MSH2 protein expression were test-
ed using ELISA kits (Axygen Co., Union City, CA, 
USA) and standard curves in accordance with the 
manufacturer’s instructions. ELISA standard protein 
samples were diluted to 1:100 in E Buffer, and stan-
dard curves were generated after further serial 1:100 
dilutions in sterile phosphate-buffered saline (PBS; 
pH 7.2). Subsequently, ten 100-μl aliquots of test sam-
ples were added to 96-well plates with 50-μl aliquots 
of test solution A and were incubated for 2 h at room 
temperature. After addition of 3,3’,5,5’-Tetramethyl-
benzidine (TMB) chromogenic substrate, absorbance 
was tested at 495 nm and MC4R and MSH2 protein 
expression levels were calculated for each test sample 
according to the standard curve.

Western Blotting
Protein samples were stored at −80°C, and total 

proteins were then extracted from 150-mg frozen 
tissue samples by grinding and placing in 1.5-mL 
tubes containing 250-μL protein extraction buffer 
and 5-μL protease inhibitor. After incubating on ice 
for 30 min, lysates were centrifuged at 12000 rpm 
for 10 min at 4°C. Subsequently, 10-μL aliquots of 

Table I. PCR primers.

Primer 
 Name Sr.

MC4R-F ATGCTAGTCGATCGATGAGACTAG
MC4R-R CGTCGTAGCTAGCTAGATCGATAGC
GAPDH-F GTCGATGGCTAGTCGTAGCATCGAT
GAPDH-R TGCTAGCTGGCATGCCCGATCGATC
MSH2-F CGTGCTAGCTAGTAGATCGATCGCTA
MSH2-R CGTCGATGCTAGAGCTAGTAGATCG
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supernatant and were mixed with loading buffer 
and were loaded onto SDS-PAGE gels. After elec-
trophoresis, proteins were transferred to nitrocellu-
lose membranes, which were then blocked for 1 h 
in PBS containing 5% skim milk powder. Blocked 
membranes were then incubated overnight with an-
ti-MC4R and MSH2 antibodies (1:1000) at 4°C and 
were then washed and incubated with horseradish 
peroxidase-labelled secondary antibodies (1:1250), 
with shaking for 1 h at room temperature. Color 
developing solutions A and B were then added after 
washing membranes three times, and blots were 
photographed using a Fluorchem 9900 imaging 
system. The integral optical density (IOD) of each 
protein band was measured, and relative quantities 
of MC4R and MSH2 proteins were determined.

Immunohistochemical (IHC) analyses
IHC analyses were performed according to the 

Guideline for Molecular Cloning Experiments 
(Version 3). Briefly, biopsy samples were tak-
en from colon cancer lesions and normal colon 
tissues during surgery. Tissues were considered 
positive when yellow particles in cell membranes 
or cytoplasms were increased, and negative tis-
sues were defined as those with <10% membrane 
staining. Signals were quantitated according to Li 
indices, and K1 indices were calculated to deter-
mine the number of positive cells in each view.

Statistical Analysis
Data are expressed as means ± standard de-

viations (SDs), and all statistical analyses were 
performed using the Statistical Package for the 
Social Sciences (SPSS) ver. 20.0 software (IBM, 
City of New York, USA). Differences between 

study groups and associations with expression 
levels were identified using univariate analyses 
and were considered significant when p < 0.05.

Results

Comparisons of MC4R and MSH2 
mRNA Expression Between Colon 
Cancer and Control Subjects

In this paper, we extracted total RNA from 
serum and determined MC4R and MSH2 mR-
NA expression using quantitative PCR. In these 
experiments (Figure 1), serum MSH2 expression 
was significantly greater in cancer patients than 
in control subjects (p < 0.05). Moreover, MSH2 
expression increased gradually with disease pro-
gression over 6 years. Further analyses showed 
no differences in MC4R mRNA expression be-
tween study groups (Figure 1B; p > 0.05) at 
early stages. However, MC4R mRNA expression 
increased gradually with disease progression and 
was significantly greater in cancer patients than 
in control subjects at later stages (p < 0.05).

Expression of MC4R and MSH2 
Proteins Expression in ELISA 

The serum expression levels of MC4R and 
MSH2 proteins were determined using ELISA 
(Figure 2). Serum MSH2 protein expression was 
significantly higher in patients with colon cancer 
than in control subjects (p < 0.05) and gradually 
increased with disease progression in line with 
mRNA expression levels. In agreement with mR-
NA analyses, MC4R protein expression increased 
gradually with disease progression and was sig-

Figure 1. Expression of MSH2 (A) and MC4R (B) mRNA between colon cancer patients and control subjects; p < 0.05.

A B

MSH2 MC4R
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nificantly greater than that in healthy subjects 
from 3 years onwards (Figure 2B). 

Western Blotting Analyses of MC4R 
and MSH2 Protein Expression in 
the Observation and Control Groups

Comparisons of MC4R and MSH2 protein ex-
pression from Western blotting analyses (Figure 
3) show that serum MC4R protein expression was 
significantly greater in colon cancer patients (p < 
0.05) than in healthy subjects. These data are in 
accordance with the present ELISA results.

Comparisons of BMI Between Colon 
Cancer Patients and Healthy Subjects

BMIs were calculated for each patient and 
control subject at each follow-up visit and are pre-
sented in Table II. These data show an increasing 
trend among cancer patients and no change over 
the years among healthy subjects. Moreover, the 
mean BMI was significantly greater in the obser-

vation group than in the control group from the 
2011 follow-up, indicating that obesity is associ-
ated with colon cancer.

IHC analyses of MC4R and MSH2 
Proteins in Colon Cancer and 
Normal Tissues at 1 and 3 Years

Normal and cancer tissues were excised from 
colon cancer patients during surgery at 1- and 
3-year follow-up visits and were stained with 
antibodies against MSH2 and MC4R for IHC 
analyses. The resulting data (Figure 4A) show 
increased expression of MSH2 in cancerous goi-
ters at the 3-year follow-up, and the number of 
MC4R-positive cells was also increased. Accord-
ingly, the number of MSH2- and MC4R-positive 
cells (Figure 4b) was greater in cancer tissues 
from the 3-year follow-up than from the 1-year 
follow-up, indicating that MSH2 and MC4R ex-
pression in cancerous goiters increase with the 
duration of illness.

Figure 2. Protein expression of MSH2 (A) and MC4R (B) in colon cancer patients and healthy subjects; *p < 0.05.

A B

Figure 3. Protein expression of MC4R and MSH2 in Western blotting analyses; *p < 0.05.

A B



Y.-Z. Liu, K.-Q. Wang, D.-H. Ji, L.-C. Zhang, M. Bi, B.-Y. Shi

2112

Relative Expression of MC4R 
and MSH2 and Correlation with 
Colon Cancer and Obesity

Univariate analyses of MSH2 and MC4R ex-
pression in patient and control serum indicated 
significant correlations with the incidence of 
obesity and a significant positive correlation be-
tween MSH2 and MC4R gene expression in co-
lon cancer patients (r = 0.02). These correlations 
suggest that concomitant actions of these genes 
promote weight gain in colon cancer patients.

Discussion

With current improvements in living standards 
and food availability, obesity has emerged as an 
epidemic10,11 that influences the daily lives of at 
least 0.25 billion people globally12, with expected 
increases of 8.6% per year13. Accordingly, ap-
proaches for predicting and preventing obesity 
have received much research attention14. Similarly, 
colon cancer is increasingly prevalent and greatly 
influences the absorption of nutrients and normal 

human metabolism15. Previous studies have iden-
tified several genes that are associated with the in-
cidence of colon cancer, including MSH1, MSH6, 
and MLH116, and several signaling molecules, such 
as NF-κB, have been implicated in the pathogene-
sis of colon cancer17,18. The proteins MSH2, MSH1, 
and MSH6 belong to the ash protein family19 but 
have not been associated with colon cancer or 
obesity genes previously20. In the present PCR 
experiments, we identified a relationship between 
MSH2 expression and the obesity gene MC4R in 
colon cancer tissues. Specifically, these two genes 
were both increasingly expressed with the duration 
of illness, suggesting that these genes mediate 
weight gain in patients with colon cancer.

Conclusions

Although we did not show an influence of 
colon cancer on digestive absorption or body 
energy uptake, the present data show that obesity 
is more prevalent in colon cancer patients than in 
healthy subjects and warrant further studies of 
the underlying genetic dispositions.

Table II. Mean BMI values in colon cancer patients and healthy subjects.

Differences were considered significant when p < 0.05.

Group 2009 2010 2011 2012 2013 2014 2015

Observation group 24.3 25.4 28.8 29.6 30.2 31.6 32.1
Control group 22.1 22.6 22.7 23.2 23.6 23.7 24.5
P >0.05 >0.05 >0.05 <0.05 <0.05 <0.05 <0.05
Observation group  0 3 9 15 24 32 27
  BMI > 28 subjects (no.) 
Control group  0 0 1 2 3 3 4
  BMI > 28 subjects (no.)

Figure 4. IHC analyses of MC4R and MSH2 protein expression at 1 and 3 years after the diagnosis of colon cancer. A, Expression 
of MSH2 and MC4R in colon cancer tissue at 1 and 3 years; B, Brown staining indicates positive adelomorphous cells. *(p < 0.05).
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