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Abstract. Cancer‑associated genes serve a crucial role in 
carcinogenesis. The present study aimed to investigate the 
mRNA expression levels of microspherule protein 1 (MCRS1) 
and MCRS2 in colorectal cancer (CRC) and their associa-
tion with clinical variables. The mRNA expression levels of 
MCRS1 and MCRS2 were assessed by semi‑quantitative 
reverse transcription polymerase chain reaction in the tumor 
and corresponding non‑tumor tissues of 54 newly‑diagnosed 
CRC patients, as well as in the normal colonic mucosa tissue of 
19 age/gender‑matched healthy controls. Immunofluorescence 
was also employed to identify the expression of MCRS1 in 
CRC tissues, while the concentration of serum carcinoem-
bryonic antigen (CEA) was determined by an enzyme‑linked 
immunoassay. The results identified a negative correlation 
between MCRS1 and MCRS2 expression levels (r=‑0.3018, 
P=0.0266). MCRS1 mRNA expression was significantly 
increased and MCRS2 mRNA expression was decreased in 
CRC tissues compared with the levels in the corresponding 
normal tissues (both P<0.001). An increase in MCRS1 expres-
sion and a decrease in MCRS2 expression was detected in 
advanced stage when compared with early stage CRC patients. 
Immunofluorescence analysis revealed increased expression of 
MCRS1 in CRC patients. Furthermore, the expression levels of 
MCRS1 displayed positive correlation, whilst those of MCRS2 
displayed negative correlation, with the serum CEA level in 

patients with CRC. The results suggest that increased MCRS1 
and decreased MCRS2 expression appeared to be involved 
in the pathogenesis of CRC. The present study provides 
evidence suggesting that MCRS1 and MCRS2 may identify 
CRC patients at a risk of disease relapse, and thus, may be 
potential tools for monitoring disease activity and act as novel 
diagnostic markers in the treatment of CRC.

Introduction

Colorectal cancer (CRC) is one of the most prevalent malig-
nant tumors, with high incidence rate and mortality. It has 
been reported that CRC affects >1.2  million  individuals 
globally each year (1). CRC is the third most common cancer 
and the leading cause of cancer‑associated mortality in the 
United States (1,2) and the incidence of CRC is increasing in 
China (3‑5).

The morphological changes involved in the progression of 
CRC from a benign adenoma to a malignant carcinoma have 
a complex biological and molecular underlying process (6). 
Cancer‑associated genes serve an important role in carci-
nogenesis, including the processes of cell proliferation, 
transformation, angiogenesis, invasion and metastasis. The 
increased activity of oncogenes or decreased activity of 
tumor‑suppressor genes have been found to participate in the 
development of tumors (7). A number of CRC cases exhibit 
mutations in the KRAS oncogene (8‑11), as well as in p53 (12), 
APC and SMAD4/DPPC4 (13‑15) tumor‑suppressor genes. 
Furthermore, a large number of mutated genes have been 
identified in CRC, including genes that encode proteins with 
vital roles in CRC carcinogenesis. However, the molecular 
mechanism of CRC carcinogenesis has yet to be elucidated. 
The major cause of CRC mortality and morbidity is metas-
tasis, with >30% of patients with CRC eventually developing 
metastatic disease (16‑18). Thus, there is an urgent requirement 
for specific and sensitive biomarkers to aid the early diagnosis 
and prognosis of CRC.

Microspherule protein 1 (MCRS1), also known as MSP58, 
is involved in various pivotal cellular processes, such as 
DNA repair, regulation of the cell cycle, development of 
malignancy, transcription and mitosis (19‑21). MCRS1 is a 
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462‑amino acid protein which was originally identified as 
the interaction partner of the p120 nucleolar protein  (22), 
and its overexpression results in the enlargement of nucleoli. 
Studies have indicated that the interaction of MCRS1 with 
the transcription factors Daxx (23), STRA13 (24), REP (25), 
and REP (24) confirmed the function of regulation in tran-
scriptional activity. Increasing evidence has demonstrated 
that MCRS1 interacts with various proteins that serve critical 
roles in tumor proliferation; for instance, it is reported that 
p78, an isoform of MCRS1, has been identified as a centro-
somal protein that is required for maintaining centrosome 
homeostasis (26). Notably, MCRS1 has been identified to be 
highly expressed in CRC (27), hepatocellular carcinoma (28), 
glioma (29‑31) and non‑small‑cell lung cancer (32), and to be 
correlated with poor prognosis. The transformation activity 
of MCRS1 is inhibited by physical interaction with the PTEN 
tumor suppressor, with the majority of evidence suggesting 
that MCRS1 behaves as an oncogene (31,33). By contrast, 
MCRS2 has been identified as an interacting partner and a 
potent inhibitor of telomerase, and long‑term overexpression 
of MCRS2 in cancer cell lines leads to telomere short-
ening (34‑36). Drosophila MCRS2 is co‑purified with RNA 
polymerase II complexes and is required for normal levels of 
cycling gene expression (37). A previous study revealed that 
MCRS1 and MCRS2 are involved in cell cycle regulation and 
carcinogenesis  (20,32). Carcinoembryonic antigen (CEA) 
was first identified in 1965 (38) and has now become the 
most widely used antigen for diagnosing and for monitoring 
the prognostic significance of CRC (39). However, a lack of 
sensitivity renders its use limited in clinical diagnosis (40). 
Thus, it is important to identify novel biomarkers and develop 
novel treatment strategies for CRC.

Based upon the crucial role of MCRS1 and MCRS2 in 
tumorigenesis, semi‑quantitative reverse transcription poly-
merase chain reaction (RT‑PCR) was used in the present 
study to detect the mRNA expression levels of MCRS1 and 
MCRS2 in 54 fresh tissue samples from patients with CRC, 
along with their corresponding normal tissues. MCRS1 
expression was also detected by immunofluorescence. In addi-
tion, the association of MCRS1 and MCRS2 expression with 
the clinicopathological features of CRC was also assessed. 
MCRS1 and MCRS2 expression and the clinical variables 
were analyzed in order to evaluate the clinical significance of 
differences in the gene expression levels.

Materials and methods

Patients and tissues. A total of 54 newly‑diagnosed CRC 
patients at the inpatient service of the First Hospital of Jilin 
University (Changchun, China) were recruited into the 
study between April  2011 and August  2013. In addition, 
19 healthy individuals were recruited as controls. Written 
informed consent was obtained from individual participants. 
The experimental protocol was established according to the 
Declaration of Helsinki (sixth revision, 2008) and approved 
by the Medical Ethics Committee of the First Hospital of Jilin 
University. The baseline demographic and clinical data of 
individual participants were collected from hospital records 
and reviewed by experienced surgeons. The demographic and 
clinical characteristics of participants were obtained.

Patients were initially screened with fecal occult blood test 
(Benzidine test) to detect potential bleeding in the digestive 
tract. A piece of faeces was emulsified and 1 ml saturated 
benzidine solution (Sangon Biotech, Co., Ltd., Shanghai, 
China) was added. Thereafter, hydrogen peroxide was slowly 
added followed by vigorous shaking of the solution. A color 
change from green to blue was regarded as a positive result, 
whereas, a change to deep purple without first becoming green 
or blue was considered to be a negative result. 

Furthermore, patients were diagnosed following the 
histological examination of biopsy [hematoxylin and 
eosin (HE) staining (Beijing Zhongshan Golden Bridge 
Biotechnology, Co., Ltd., Beijing, China) or immunohisto-
chemical staining (with Bcl‑2, Her‑2, EGFR, p53, Ki‑67; 
Fuzhou Maixin Biotech. Co., Ltd., Fuzhou, China) or both]. 
Tumor tissues were obtained during colonoscopy with 
the video endoscopy system Olympus Evis Lucera Elite 
(Olympus, Tokyo, Japan), which was followed by a computed 
tomography scan (Brilliance CT 64‑slice, Philips, Holland). 
The tumor classification, histological grades and lymph node 
metastasis status of individual tumor samples were evaluated 
by pathologists in a blinded manner, and staged according to 
the tumor‑node‑metastasis (TNM) classification system of the 
International Union against Cancer (edition 7). (41). Patients 
with stage I/II of CRC were classified as early stage patients 
while those with stage III/IV of CRC were grouped as advanced 
stage patients. A total of 54 freshly resected surgical tumour 
tissues and the corresponding non‑tumor tissues that were 
obtained from a location ≥5 cm away from the centre of CRC 
were assessed by HE staining. Moreover, 19 normal mucosa 
samples were obtained from patients with hemorrhoids when 
they underwent a procedure for treatment of hemorrhoids at 
the same department. These healthy control patients had no 
other gastrointestinal disease and their tissue samples served 
as the healthy control tissues (Table I). Individual patients were 
excluded if they had a history of previous tumor and received 
radiotherapy or chemotherapy, poor physical condition, under-
gone treatment with immunosuppressants during the previous 
three months or were >80‑years‑old. Normal colonic mucosa, 
fresh tumor tissues and the corresponding non‑tumor control 
tissues were obtained from patients during surgery and were 
used for RNA extraction.

Semi‑quantitative RT‑PCR. Total RNA was extracted from the 
normal colonic mucosa, fresh surgical tumor and non‑tumor 
tissue samples using the Eastep Super Total RNA Extraction 
kit (LS1000, Promega Corp., Shanghai, China), according 
to the manufacturer's protocol. RNA quantity and quality 
were assessed using a Synergy HTX Multi‑Mode Microplate 
Reader (BioTek Instruments, Inc., Winooski, VT, USA) and 
the absorbance ratio of 260/280 nm should have been in the 
range between 1.8 to 2.0. The integrity of RNA was confirmed 
using a 2.0%  agarose gel electrophoresis and visualized 
with a Tanon‑2500R Gel Imaging system (Tanon Science 
and Technology Co., Ltd., Shanghai, China). Electrophoresis 
of RNA on the agarose gel demonstrated the appearance of 
a 5S band, and clear 28S and 18S bands that suggested the 
integrity of RNA. The integrity of RNA was confirmed 
using agarose gel electrophoresis. First strand cDNA was 
obtained using the SuperScript  II Reverse Transcriptase 
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(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
according to the manufacturer's instructions, using an input of 
1 µg total RNA. Simultaneously, semi‑quantitative RT‑PCR 
for the housekeeping gene glyceraldehyde‑3‑phosphate dehy-
drogenase (GAPDH) was performed as a positive internal 
control. The presence of MCRS1, MCRS2 and GAPDH in the 
samples was confirmed using the SYBR Green Mastermix 
(Invitrogen; Thermo Fisher Scientific, Inc.). Specific  primers 
and optimized annealing temperatures displayed in Table II. 
The GAPDH primer sequences were designed specifically as 
previously described (42) and the primers for MCRS1, MCRS2 
and GAPDH were designed and synthesized by Sangon 
Biotech Co., Ltd.

Optimized PCR cycling parameters for MCRS1 and 
MCRS2 were as follows: 94˚C for 5 min, followed by 35 cycles 
of 94˚C for 30 sec, 58˚C for 1 min, and 72˚C for 1 min, and 
then 72˚C for 10 min. For GAPDH, 5 min initial denaturation 
at 95˚C, 30 cycles of 30 sec annealing at 72˚C and 5 min final 
extension at 72˚C were performed. The PCR reaction mixture 
(total volume, 25 µl) contained 0.1 µl Takara LA Taq (Takara 
Biotechnology Co., Ltd., Dalian, China), 12.5 µl 2X mix (Taq 
PCR Master Mix, Lifefeng Technology, Shanghai, China), 
1.6 µl dNTP mixture (2.5 mm each), 2.5 µl template cDNA, 
0.25 µl forward primer (10 µm) and reverse primer (10 µm) 
mixture, and 7.8  µl  triple‑distilled H2O. Next, the PCR 
products were subjected to electrophoresis in 2% agarose 
gel in Tris/borate/EDTA buffer (89 mM Tris‑base, pH 7.6; 

89 mM boric acid; 2 mM EDTA) and images were captured 
in a UV light box (UVItec, Ltd., Cambridge, UK). For each 
semi‑quantitative RT‑PCR reaction products, electrophoresis 
images were scanned and evaluated using a Tanon‑2500R 
Automatic Digital gel Imaging Analysis System (Tanon 
Science and Technology Co., Ltd., Shanghai, China). Next, 
the original intensities of specific bands were quantified by a 
Gel Image System Version 4.0 software (Tanon Science and 
Technology Co., Ltd., Shanghai, China). The final data were 
obtained after normalization by the intensity of GAPDH and 
according to a previous study (43) that included the expres-
sion amount of every gene in CRC tissues, the corresponding 
non‑tumor tissues and normal mucosa tissues (37).

Immunofluorescence. Due to technical limitations in 
obtaining antibodies for MCRS2, the expression of MCRS1 
in the colorectal tissue sections was identified by immunofluo
rescence. Briefly, the colorectal tissue samples were fixed with 
formalin and embedded in paraffin. The tissue sections (4 µm) 
were dehydrated and subjected to sodium citrate (pH=6.0, 
0.1  ,mol/l antigen retrieval in a microwave (M3‑L233C, 
Midea Corp., Foshan, Guangdong, China). The slides were 
placed on a glass holder filled with sodium citrate and the slide 
holder was placed in 500 ml sodium citrate (pH 6.0, 0.1 mol/l) 
in a 2 L glass beaker. The beaker was heated in the microwave 
for 20 min and the evaporated water was replaced every 5 min. 
The slides were cooled down at room temperature. Subsequent 

Table I. Demographic and clinical characteristics of subjects.

	 Healthy	 Non‑tumor	 Early CRC	 Advanced CRC
Characteristic	 controls (n=19)	 controls (n=54)	 (n=23)	 (n=31)

Mean age (range), years	 55 (43‑69)	 58 (44‑71)	 57 (44‑71) 	 60 (48‑70)
Gender (male/female)	 11/8	 32/22	 13/10	 19/12
Tumor location (colon/rectum)	 N/A	 21/33	 8/15	 13/18
TNM stage (I/II or III/IV)	 N/A	 N/A	 7/16 (I/II)	 21/10 (III/IV)
Differentiation (good/moderate/poor)	 N/A	 N/A	 7/9/7	 5/11/15
Serum CEA, ng/ml	 0.36 (0.15‑4.58)	 7.24 (0.17‑38.34)a	 4.37 (0.17‑26.74)	 21.16 (2.7‑38.34)a

Data are presented as the median and range unless otherwise specified. aP<0.05 vs. healthy controls. CRC, colorectal cancer; TNM, 
Tumor‑Node‑Metastasis; CEA, carcinoembryonic antigen.
 

Table II. Primer sequences of MCRS1, MCRS2 and GAPDH genes and optimized annealing temperatures.

		  Product	 Annealing 
Gene	 Primer sequences (5'‑3')	 size (bp)	 temperatures (˚C)

MCRS1	 F: ACGCCCTGCTCTACGAT	 483	 56.3
	 R: TCATGCCTGTGATGCTGTC		
MCRS2	 F: CCGGAATTCATGACACGTGGCACCG	 1428	 58.4
	 R: CCGCTCGAGTCACTGTGGTGTGATCTTG	
GAPDH	 F: AGGTCCACCACTGACACGTT	 310	 55.0
	 R: GCCTCAAGATCATCAGCAAT		

MCRS, microspherule protein; GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase; F, forward; R, reverse.
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to blocking with 5% BSA (Boster Bio, Wuhan, Hubei, 
China) donkey sera from healthy animals for 40 min at room 
temperature, the sections were stained with mouse anti human 
polyclonal antibody against MCRS1 (polyclonal donkey anti-
body; 1:100 dilution; ab67393; Abcam, Cambridge, UK) and 
incubated at 4˚C overnight. Next, the bound antibodies were 
detected using the corresponding donkey anti‑mouse Alexa 
Fluor 488 antibody (1:500; ab150105; Abcam). The sections 
were mounted with Prolong Gold antifade agent with DAPI 
(Invitrogen; Thermo Fisher Scientific, Inc.) and were photo-
graphed under an Olympus FV1000 confocal microscope 
(Olympus Corp., Tokyo, Japan). The number of MCRS1 cells 
in three fields (magnification, x200) selected randomly in each 
tumor and corresponding non‑tumor samples were counted in 
a blinded manner and the data were analyzed using ImageJ 
(National Institutes of Health, Bethesda, MD, USA).

CEA assay. The concentrations of serum CEA in individual 
serum samples were determined by ELISA. In brief, 3 ml fasting 
venous blood was collected from patients with CRC (n=54) 
or hemorrhoids (n=19) before the operation and centrifuged 
at 1,000xg at room temperature for 15 mins. The separated 
serum levels of CEA were detected by a human CEA ELISA 
kit (QiaoDu Biotechnology, Shanghai, China) according to the 

manufacturer's instructions and the absorbance was measured 
at 450 nm by an ADVIA Centaur XP immunoassay system 
(Siemens Healthcare Diagnostics, Tarrytown, NY, USA). 
Next, the average absorbance values were calculated for each 
set of reference standards, controls and samples in order to 
plot a standard curve. In order to determine the corresponding 
concentration of CEA in ng/ml from the standard curve, the 
mean absorbance value for each sample was used. The cut‑off 
value for serum CEA was 5 ng/ml.

Statistical analysis. The difference between the groups was 
analyzed using the Mann‑Whitney U test. The associations 
of the MCRS1 and MCRS2 expression levels with each clini-
copathological parameter were examined using the χ2 test or 
Fisher's exact test (two sided). Student's t‑tests (independent 
samples t‑test) or a u‑test were adopted to determine the 
difference between two sample means. One‑way analysis of 
variance was used to assess the difference among three or four 
sample means, and Spearman's rank test was used to assess the 
correlation between MCRS1 and MCRS2 expression levels. 
All statistical tests were performed using SPSS for Windows 
(version 19.0; IBM SPSS, Chicago, IL, USA). A two‑sided 
P-value of <0.05 was considered to indicate a statistically 
significant difference.

Figure 1. Relative mRNA expression levels of MCRS1 and MCRS2 in CRC tissues, corresponding normal tissues and healthy control tissues. (A) Agarose 
gel images showing the expression levels of MCRS1, MCRS2 and internal control GAPDH detected by reverse transcription‑quantitative polymerase chain 
in tumor tissues and corresponding normal tissues of 5 randomly‑selected CRC patients. Relative mRNA expression levels of (B) MCRS1 and (C) MCRS2 in 
CRC tissues, corresponding normal tissues and healthy control tissues (normal colonic mucosa). Data are expressed as the mean ± standard deviation of indi-
vidual groups, as well as the mean values of individual subjects. MCRS, microspherule protein; CRC, colorectal cancer; GAPDH, glyceraldehyde‑3‑phosphate 
dehydrogenase. T, tumor tissue; N, normal tissue; H, healthy control mucosa tissue.

  A

  C  B
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Figure 2. Correlation between MCRS1 and MCRS2 expression levels in (A) tumor tissues, (B) corresponding non‑tumor tissues and (C) healthy control tis-
sues. (D) Correlation between mRNA relative expression levels of MCRS1 and MCRS2 in tumor tissues of CRC patients. (E) Immunofluorescence analysis 
of MCRS1 in tumor tissue samples. (F) Quantitative analysis performed to determine the number of MCRS1 cells/mm2 in tumor tissue sections. MCRS, 
microspherule protein; CRC, colorectal cancer; T, tumor tissue; N, normal tissue; H, healthy control mucosa tissue.

  F

  A

  E

  C  B   D

  B  A

  D  C

Figure 3. Stratification analysis of mRNA expression status of MCRS1 and MCRS2. Correlation of relative mRNA expression levels of (A) MCRS1 and 
(B) MCRS2 with disease stage. Patients were classified as suffering from early (TNM stage I/II, n=23) or advanced stage CRC (TNM stage III/IV, n=31). 
In addition, the correlation of serum CEA with the expression levels of MCRS1 with the number of (C) positive lymph nodes was analyzed. In addition, the 
correlation of serum CEA with the expression levels of (D) MCRS1 and (E) MCRS2 expression was also determined. MCRS, microspherule protein; CRC, 
colorectal cancer; CEA, carcinoembryonic antigen.

  E
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Results

Demographic and clinical characteristics of CRC patients. A 
total of 54 newly‑diagnosed CRC patients and 19 healthy indi-
viduals were recruited to determine the expression status of 
MCRS1 and MCRS2 in CRC patients. The demographic and 
clinical characteristics of the patients and healthy individuals 
are displayed in Table I. There was no significant difference 
in the distribution of age and gender between the patients and 
healthy controls. Moreover, there was no significant difference 
in the tumor location (colon/rectum), TNM stage (I/II or III/IV) 
and differentiation (good/moderate/poor) between these two 
groups of CRC. In addition, it was observed that the serum 
CEA levels in the CRC patients were significantly higher 
compared with those in the healthy controls (P<0.05).

mRNA expression levels of MCRS1 and MCRS2 in CRC 
tissues. Semi‑quantitative RT‑PCR was performed to detect 
the mRNA expression levels of MCRS1 and MCRS2 in 
54 newly‑diagnosed CRC tissues, their corresponding normal 
tissues and 19 healthy controls. The results of the agarose gel 
electrophoresis for the tumor and corresponding non‑tumor 
tissues of 5  patients selected at random are displayed in 
Fig. 1A. The relative MCRS1 expression was significantly 
increased in CRC tissues compared with the corresponding 
normal tissues (0.255 vs.  0.1026, P<0.0001) and healthy 
controls (0.2555 vs. 0.08523, P<0.0001; Fig. 1B). Notably, 
MCRS2 expression was significantly lower in the CRC 
tissues compared with that in the corresponding normal 
tissues (0.15248 vs. 0.2763, P<0.0001) and healthy controls 
(0.15248  vs.  0.32977, P<0.0001; Fig.  1C). There was no 
significant difference in MCRS1 and MCRS2 mRNA expres-
sion with regard to age, gender of patients, tumor location or 
histology (data not shown).

Correlation between MCRS1 and MCRS2 expression in 
CRC. The correlation between mRNA levels of MCRS1 and 
MCRS2 expression in the CRC tissues, corresponding normal 
tissues and healthy controls were analyzed. In CRC tissues, 
the expression of MCRS1 was significantly higher compared 
with that of MCRS2 (0.255 vs. 0.15248, P<0.0001; Fig. 2A). 
By contrast, the expression of MCRS2 was significantly higher 
compared with that of MCRS1 in the corresponding normal 
tissues (0.2763 vs. 0.1026, P<0.0001; Fig. 2B) and the healthy 
control colonic mucosa (0.32977 vs.  0.08523, P<0.0001; 
Fig.  2C). A significant negative correlation was observed 
between the MCRS1 and MCRS2 expression levels in the CRC 
samples (r=‑0.3018, P=0.0266; Fig. 2D). In addition, immuno-
fluorescent assays were performed and the expression status of 
MCRS1 was predominately localized in the nucleus (Fig 2E). 
The results indicated that the number of MCRS1 cells/mm2 in 
the tumor sections (59 cells/mm2; P<0.0001) was significantly 
greater compared with that in the non‑tumor tissue sections 
(16  cells/mm2; P<0.0001; Fig.  2E and F), and the healthy 
control colonic mucosa (14 cells/mm2; P<0.0001; Fig. 2F). 
Thus, increased expression of MCRS1 was present in the 
colorectal neoplasms.

Association of MCRS1 and MCRS2 expression with clini‑
copathological factors in CRC patients. The present study 

examined whether the expression levels of MCRS1 and 
MCRS2 were associated with pathological stages in CRC. The 
patients were stratified according to the pathological TNM 
stages. Significantly increased MCRS1 mRNA expression 
was observed in patients with advanced stage CRC compared 
with early stage CRC (0.3543 vs. 0.2091, P=0.0008; Fig. 3A). 
Conversely, the mRNA expression of MCRS2 was significant 
decreased in advanced stage compared with early stage CRC 
(0.1368 vs. 0.1836, P=0.0176; Fig. 3B). Furthermore, HE stain 
was performed in resected lymph nodes and the number of 
positive lymph nodes was counted. The correlation between 
the number of positive lymph nodes and the expression of 
MCRS1 or MCRS2 was accessed. The expression levels of 
MCRS1 correlate positively with the number of positive lymph 
nodes (r=0.5276, P=0.0033; Fig. 3C), whereas the expression 
of MCRS2 was negatively correlated with the number of posi-
tive lymph nodes.

The potential association of the expression levels of 
MCRS1 and MCRS2 with the serum CEA in this population 
was also assessed. It was determined that the expression levels 
of MCRS1 were positively correlated with the serum CEA 
levels in patients with CRC (r=0.683, P<0.0001; Fig. 3D). 
By contrast, the expression levels of MCRS2 were nega-
tively correlated with the serum CEA levels in CRC patients 
(r=‑0.3644, P=0.0067; Fig. 3E).

Discussion

The results of the present study indicated that the expression 
levels of MCRS1 were increased in CRC tissues and were posi-
tively correlated with the node metastasis, distant metastasis 
and the TNM stage of tumors. Notably, a statistically signifi-
cant association was observed between the MCRS1 expression 
and serum CEA levels. In a study conducted by Shi et al (27), 
the expression of MCRS1 was positively correlated with the 
depth of invasion, local recurrence, tumor grade and TNM 
stage. Notably, decreased expression levels of MCRS2 in CRC 
tissues were confirmed for the first time, and the expression 
of MCRS2 was found to be negatively correlated with the 
node metastasis, distant metastasis, the TNM stage of tumors 
and serum CEA levels. The significantly different outcomes 
between patients expressing high and low levels of MCRS1 
and MCRS2 suggested that MCRS1 and MCRS2 may be used 
to predict the clinical outcome of CRC. The aforementioned 
findings are valuable in providing potential therapeutic targets 
for the future treatment of CRC.

Accumulating evidence indicated that the expression of 
MCRS1 was associated with several types of human malignant 
solid tumors, including those of CRC (27), hepatocellular carci-
noma (28), glioma (29‑31) and non small‑cell lung cancer (32), 
and poor prognosis. It has been demonstrated that MCRS1 
appears to function as an oncogene and enhance tumor cell 
survival. In addition, it promotes tumor growth and metastasis 
in certain tumors via regulation of the transcription factors 
Daxx (23), STRA13 (24), Mi‑2β and REP (25), indicating that 
MCRS1 is likely to be involved in tumor invasion and metas-
tasis. The present study established that increased MCRS1 
expression was correlated with node metastasis, distant metas-
tasis and the advanced TNM stage of tumors. These results 
have indicated that MCRS1 is involved in the invasion and 
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metastasis of CRC, which is consistent with previous findings 
of other authors (27,31). The present study also revealed that 
the expression of MCRS1 was predominately localized in the 
nucleus, which confirmed that MCRS1 has a positive influence 
on the cell proliferation capacity.

Identification of cancer‑specific gene expression and their 
targets is critical for understanding their roles in tumorigen-
esis, and may be important in establishing novel prognostic 
and therapeutic targets. MCRS2 is an isoform of MCRS1 that 
is 13 amino acids longer than MCRS1 at the N‑terminus. It 
was first identified as an interacting partner of LPTS/PinX1, 
which is a potent inhibitor of telomerase, and overexpres-
sion of MCRS2 in cancer cell lines suppressed telomere 
elongation (34). Based upon the pivotal role of MCRS2 in 
carcinogenesis, the present study identified for the first time 
that low MCRS2 expression correlated negatively with poor 
differentiation status, node metastasis, distant metastasis and 
advanced TNM stage in CRC. Therefore, a loss of MCRS2 is 
a typical feature during CRC progression, indicating a poten-
tially conflicting role of MCRS1 and MCRS2 in CRC. Further 
studies are required to disclose the possible convergent points 
of these two genes in order to fully elucidate the association 
between MCRS1 and MCRS2 in tumorigenesis.

In the present study, MCRS1 and MCRS2 expression 
levels were examined in 54 CRC patients stratified according 
to their TNM stage. Initially, the present study demonstrated 
direct evidence of a negative correlation between MCRS1 
and MCRS2 expression, as well as an increase in MCRS1 
expression and decrease in MCRS2 expression with regard to 
malignant CRC transformation. From the present results it may 
be concluded that MCRS1 has an oncogenic and MCRS2 a 
tumor suppressive role during the development of CRC, which 
is consistent with the results of previous studies (44). However, 
the possible reasons for the functional diversity of MCRS1 and 
MCRS2 in tumorigenesis still require further assessment.

Serum CEA is a highly specific tumor‑associated antigen 
and is particularly observed in patients with colorectal 
cancer; however, a lack of sensitivity renders its use limited in 
clinical diagnosis (40). Thus, it is imperative to identify novel 
biomarkers and develop novel treatment strategies for CRC. An 
investigation to determine the association between MCRS1, 
MCRS2 and serum CEA indicated that the expression levels 
of MCRS1 displayed positive correlation with the serum CEA 
levels in patients with CRC. Conversely, the expression levels 
of MCRS2 exhibited a negative correlation with the serum 
CEA levels in patients with CRC. These findings suggest that 
a combination of MCRS1 and MCRS2 expression may be an 
effective molecular biomarker for the diagnosis of CRC. To 
the best of our knowledge, this is the first study to demonstrate 
such findings.

In conclusion, the present data demonstrated the associa-
tion of MCRS1 and MCRS2 expression with certain clinical 
characteristics of CRC and investigated their potential roles as 
biomarkers for diagnosing CRC. A combination of the expres-
sion levels of MCRS1 and MCRS2 may potentially be used as 
an efficient molecular biomarker for diagnosing CRC. Based 
on the findings of the current study, it is possible to conclude 
that increased MCRS1 and decreased MCRS2 expression may 
be involved in the pathogenesis of CRC. The present study also 
indicated that MCRS1 and MCRS2 may identify CRC patients 

at a risk of disease relapse, rendering them potential tools for 
the monitoring of disease activity, and new diagnostic targets 
for CRC.
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