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Abstract
Objective: Colorectal cancer (CRC) is one of the most common
malignancies worldwide. MCM7 is one of the important components
of DNA replication complex involved in cancer progression. At present,
the significance of MCM7 and its mechanisms in CRC development are
still unclear.
Materials and Methods: Gene expression data of CRC was
downloaded from Gene Expression Omnibus (GEO) and TCGA
databases. Bioinformatics method was applied to screen CRC
differentially expressed genes (DEGs). MCODE and degree value
analysis were used to select core genes. The datasets were explored
to verify the mRNA expression level of MCM7, and the protein
expression level of MCM7 was further verified by Western Blotting
and immunohistochemical analysis. Moreover, we also analyzed the
correlation between MCM7 and clinical characteristics. The prognostic
value of MCM7 in CRC was explored through Kaplan-Meier analysis,
univariate and multivariate Cox regression analysis.

Results: We confirmed that MCM7 was up-regulated in CRC tissues
compared with adjacent non-tumor tissues. MCM7 overexpression
was positively associated with lymph node metastasis and TNM stage
in CRC. Higher expression of MCM7 showed shorter overall survival
rate. Furthermore, MCM7 level could be an independent prognostic
factor for CRC.
Conclusion: Our study suggested that MCM7 may be a new
prognostic factor or molecular target in CRC.
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Introduction

Colorectal cancer (CRC) is one of the most common
malignancies in the digestive system, which ranks the third
most common cancer in both men and women [1]. CRC is the
major cause of cancer-related death worldwide, approximately
more than 70 000 deaths and nearly 1.4 million new cases per
year [2]. Recent years, CRC incidence and mortality rates have
been found to rapidly rise in Asian countries, especially among
people aged 30-50[2, 3]. CRC is a heterogeneous disease in which
environmental, genetic, and lifestyle factors are involved. CRC
Symbiosis Group

is a malignant tumor that originates from the intestine mucosal
epithelium, mostly developed from adenomatous polyps or
adenomas [4, 5]. The survival rate of CRC patients have increased
over the past few years due to earlier diagnosis and advanced
treatment methods, though, cure rate is still low. Therefore, it’s
an imperative need for investigating new prognostic factor or
molecular target in CRC.
Recently, gene microarray, high-throughput sequencing and
bioinformatics analysis have been broadly applied in cancer
research. Microarray analysis allows simultaneous investigation
of several thousands of cancer-related and cancer-specific
genes [6], which can improve the understanding of molecular
mechanism of cancers. Many studies showed that some important
genes have been found in cancers by applying gene microarray
and bioinformatics [7]. Sun TT et al, have found that lncRNA
GClnc1 promotes gastric carcinogenesis by using the human
lncRNA array [8]. Bonavida B et al, have showed that YY1 could
be considered as a potential novel therapeutic target in human
cancers by bioinformatics analysis [9]. Thus, in this study, we
applied bioinformatics and gene expression datasets to discovery
DEGs in CRC. Among these DEGs, we further identified that MCM7
could be considered as a key hub gene which was overexpressed
in CRC tissues compared with non-cancerous tissues by using
bioinformatics methods.
The minichromosome maintenance (MCM) complex is
composed of six highly conservative MCM proteins, named
MCM2-7(small body maintenance complex component 2-7),
which is necessary to initiate DNA replication. MCM is a marker
associated with proliferation of several types of cancer [6, 10].
MCM2–7 forms the pre-replication complex (pre-RC), and then
recognizes the origin recognition complex (ORC) before DNA
replication [11]. MCM7 is one of the important components of
DNA replication complex. However, the pathogenesis of MCM7
remains unclear in CRC.
In this study, we investigated MCM7 was up-regulated in CRC
tissue compared with normal tissue. Additionally, we evaluated
the clinical significance of MCM7 and the prognostic in CRC
patients.
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Materials and Methods
Gene expression data from GEO and TCGA
The gene expression datasets of GSE21510 and GSE103512
were obtained from GEO. GSE21510 contains 123 CRC tissues
and 25 normal tissues. GSE103512 includes 57 CRC samples with
12 matched normal samples. Another, CRC mRNA expression
profile was downloaded from TCGA, which includes 519 samples.

Data processing and DEGs screening

The R package ‘edgeR’ and‘limma’ were applied to identify
the DEGs between CRC tissues and normal tissues. The inclusion
standard of DEGs from TCGA was adjusted P <0.01 and log2 Fold
Change (FC)>2. DEGs from GEO datasets were selected with
the criterion of combined adjusted p< 0.01 and log2FC >1 or
log2FC>0.58.

Protein-protein interaction (PPI) network construction
and module analysis

STRING (https://string-db.org) was applied to construct
PPI network for DEGs with confidence score>0.4 and p<0.01.
Cytoscape software was used to visualize network. Another, the
Molecular Complex Detection (MCODE) app was used to screen
modules of PPI network in Cytoscape under degree cutoff =2,
node score cutoff=0.2, k-core=2, and max.depth=100. Moreover,
the nodes were calculated the degree value.

Clinical samples and tissue microarray

Twenty-two pairs of primary CRC samples with matched
adjacent non-tumorous samples were obtained from specimens’
library of the second Affiliated Hospital of Xi’an Jiaotong
University. Every patients signed the informed consent, and
the Clinical Research Ethics Committee of the second Affiliated
Hospital of Xi’an Jiaotong University approved the ethics.

Tissue microarray (HCoIA180Su15) was purchased from
Shanghai Outdo Biotech (China) which contains 101 CRC samples
and 79 adjacent non-tumorous samples. The tissues collection
time was from April 2008 to November 2008, and the follow-up
interval was 6.7 to 7.2 years.
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of patients. The protein expression level was calculated and
classified based on the percentage of positive cells and the
intensity of staining. The immunoreactivity was divided into 5
grades according to the percentage of stained cells: no staining
(0), 1 - 25% (1), 26 - 50% (2), 51 - 75% (3) and >75% (4). The
intensity of staining was divided into four grades (intensity
scores): negative (0), weak (1), moderate (2) and strong (3).
Finally, the overall score of histological was multiplication of
two values. The score of 0–12 was calculated and graded as low
(score: 0–4) or high (score: 5–12).

Western Blotting analysis

Western Blotting was performed as previously described
[12]. The primary antibody against MCM7 was purchased from
Abcam.

Statistical analysis

Prism 6 (San Diego, CA, USA) and SPSS 22.0 (Chicago, IL, USA)
were applied in this study. We tested the differences between two
groups whether the data conforms to the test of homogeneity of
variance and the test of normal distribution before performing
two-tail Student’s t test. Overall survival was assessed by KaplanMeier analysis and log-rank test. The relationship between the
expression of MCM7 and the clinicopathological features in CRC
was analyzed by chi-square test. Univariate and Multivariate
Cox regression proportional hazards analysis were used to
assess whether the gene expression and other clinicopathologic
characteristics are an independent prognostic factor. P<0.05 was
considered statistically significant. All values are expressed by
means of SD.

Results

The screening of DEGs in CRC multiple datasets
To screen some important colorectal cancer-related genes,
we analyzed mRNA microarrays by bioinformatics methods.
Gene expression datasets about CRC (GSE21510, GSE103512)

Immunohistochemistry

Paraffin-embedded microarray was dewaxed in xylene and
gradient ethanol. Antigen repair was performed by microwave.
The slide was incubated with 3% hydrogen peroxide for 10 mins
to remove endogenous catalase activity, and then incubated
with goat serum at room temperature for one hour. Then slice
was incubated with the anti-MCM7 (1:5000, Abcam, ab52489)
at 40C overnight. Anti-lgG (1:400) was co-incubated with section
at room temperature for 1h, then incubated with streptomycin HRP for 30 minutes, stained with DAB, and then counterstained
with haematoxylin. After dehydrating with gradient alcohol and
dimethylbenzene, seal the sheet with neutral resin.

Evaluation of immunostaining intensity

Tissue microarray was scored independently by two
pathologists blinded to the clinicopathologic features and outcomes

Figure 1: Venn diagram showing up-regulated genes in three datasets
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were obtained from GEO database. Another mRNA expression
of CRC was obtained from TCGA. Three datasets were analyzed
by “limma” and “edgeR” package of R language. According to the
selection criteria, we found that 1940 genes were up-regulated in
CRC tissues compared with normal tissues from TCGA. Another,
1773 mRNAs were up-regulated in GSE21510 and 788 mRNAs
were increased in GSE103512. Then a total of 60 DEGs which
were up-regulated in CRC tissues compared with normal tissues
were identified in all three datasets (Figure 1).

The construction of PPI network and the selection of
hub genes

60 DEGs were submitted to the STRING database, and then
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a PPI network was constructed which contained 34 nodes and
104 edges (Figure 2A). We analyzed the PPI network by applying
MCODE topology algorithm of Cytoscape software, one core
cluster was identified in network which included 8 hub genes
(Figure 2B). Moreover, we calculated the degree value of each
gene in PPI network. PAICS, MCM2, BIRC5, MCM7, AURKA, CSE1L,
RAN, PRC1, PTTG1, ATAD2 were the top ten genes with high
degree (Figure 2C). Based on MCODE and degree value analysis,
we chose seven genes (MCM2, BIRC5, MCM7, AURKA, PRC1,
PTTG1, and ATAD2) as hub genes. Ultimately, combined with
bioinformatics analysis and previously studies, it was found that
the pathogenesis of MCM7 remains unclearly in CRC.

Figure 2: (A) The protein –protein interaction network of 60 DEGs. (B) The PPI network of 8 hub genes calculated by MCODE. (C)Top ten degree genes
of DEGs

MCM7 is up regulated in human CRC patients

We further detected that the expression level of MCM7
in multiple datasets. The mRNA expression of MCM7 was
significantly up regulated in 70 CRC samples and 12 noncancerous samples from GSE9348 (Figure 3A). In TCGA including
478 CRC tissues and 42 non-tumorous tissues, we also found that
the mRNA level of MCM7 was increased (Figure 3B). Then, we
examined the protein expression of MCM7 in 6 pairs of human
CRC tissues and the adjacent non-tumor tissues. As expected,
MCM7 protein expression was up-regulated in CRC tumor tissues
compared to the adjacent non-tumor tissues as determined
by Western Blotting analysis (Figure 3C, p<0.01). Consistently,
immunohistochemical (IHC) staining of the human CRC tissue

microarray revealed that MCM7 was predominantly localized to
both the cytoplasm and nucleus and was significantly upregulated
in CRC tissues compared with that in normal tissues (p<0.001)
(Figure 3D and Table 1).

The correlation between MCM7 and clinical characteristic
features

Our work demonstrated that MCM7 was increased in CRC. We
further analyzed the correlation between the expression of MCM7
and characteristic features, and found that higher expression of
MCM7 was positively associated with lymph node metastasis and
TNM stage (p<0.05, Table 2). However, upregulation of MCM7 in
CRC tissues was not correlated with age, gender, tumor location,
or size (p>0.05, Table 2).
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Figure 3: The mRNA level of MCM7 in GSE9348 (A) and TCGA (B). (C) The protein expression of MCM7 in human CRC tissues. (D) The immunohistochemical staining of MCM7 by using tissues microarray. (E) Correlations of MCM7 expression level with OS in CRC patients by Kaplan-Meier analysis
Table 1: The MCM7 level in CRC tissue microarray
Group

Cases

MCM7 level
low

Normal Tissues

79

Tumor Tissues

p
high

70

101

9

34

67

Table 2: Association of MCM7 level with clinicopathological parameters of patients with CRC
Category

n

MCM7

low expression

high expression

Gender
male

56

19

37

Age

44

<60

21

10

11

female

Tumor Size

≥60

74

<5

38

≥5

Location

61

ascending colon

45

transverse colon

11

15
23
14
19
12
2

29
51
24
42
33
9
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<0.001

P
0.986
0.16
0.559
0.156
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descending colon
sigmoid colon

13

7

6

Lymph node metastasis

32

13

19

negative

61

26

35

positive

AJCC stage
I

39

8

5

2

24

32

IV

3

0

3

8

The Relationship Between MCM7 Expression And Prognosis

We next revealed the relationship between MCM7 expression
and the prognosis of CRC. Patients with higher expression
of MCM7 showed shorter overall survival than those with
lower MCM7 expression (Figure 3E). Moreover, univariate and
multivariate COX regression analysis were used to confirm

28

whether MCM7 can be used as an independent factor for poor
prognosis of CRC. Univariate regression analysis showed that
lymph node metastasis, TNM stage, and MCM7 expression
were associated with shorter survival time (p<0.001, Table 3).
Multivariate analysis further demonstrated that the expression
level of MCM7 was an independent risk factor for a poor prognosis
in CRC patients (Table 4).

Table 3: Univariate analysis of the correlation between clinicopathological features and survival of patients in CRC
Cumulative survival rates (%)

<0.05

3

56
36

<0.05

31

II

III
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3-Years

5-Years

Mean survival time
(mo)

Hazard ratio

95% Confidence
interval

p

62.5

52.3

63.8

1.038

0.619-1.740

0.888

Age

59.1

50

<60

71.4

75.2

0.545

0.267-1.110

0.094

Tumor Size

56.8

61.9

<5

73.7

52.6

69.3

0.883

0.491-1.412

0.497

Location

52.5

ascending colon

51.1

46.7

54.9

descending colon

61.5

53.8

69.3

1.808
0.383

Category
Gender
male

female
≥60
≥5

transverse colon
sigmoid colon

54.5

45.9
49.2
36.4

59

60.3
54.5

Lymph node metastasis

75

negative
positive

77

76.3

AJCC stage

35.9

63.9

I

80

80

98.4

III

38.9

33.3

47.6

85.3

93.4

II

59.4

64.7

30.8

75

60.7

MCM7 level

0

0

low

91.2

IV

high

44.8

32.8

76.4
44.6

2

1.082-3.697

1.08

0.419-2.784

0.736-4.400
0.229-0.642

74

0.014

0.001-0.149

8

0.103

0.028-0.383

48.5

0.046
0.156

0.012-0.174
0.071-0.345
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<0.001
<0.001

Page 5 of 7

Copyright:

Up-Regulated Expression of MCM7 is a Poor Prognostic Factor in Colorectal Cancer

Table 4: Multivariate analysis of the correlation between clinicopathological features and survival of patients in CRC
Category

© 2019 Lei D, et al.

Hazard ratio

95% Confidence interval

p

1.531

0.892-2.627

0.122

2.611

1.532-4.450

<0.001

0.167

0.075-0.371

<0.001

Tumor Size
<5
≥5

Lymph node metastasis
negative
positive

MCM7 level
low

high

Discussion

Gene chip is a kind of microarray technology which could
obtain high-throughput gene expression information rapidly. It
can not only be used as a new method to study tumor-related
molecular mechanisms, but also be used for the prediction of
clinical molecular markers. At present, due to the differences
among different platforms, different samples and different
researchers, in order to increase the reliability of data, this study
selected three data sets and used bioinformatics to analyze
datasets. We found that 60 genes were highly expressed in
the three datasets compared with normal tissues. Further, we
identified 7 hub genes which may be related to the progression of
CRC through MCODE and degree values analysis. The seven hub
genes contain MCM2, BIRC5, MCM7, AURKA, PRC1, PTTG1, and
ATAD2. Coos JA et al [13], found that increased the expression
of AURKA was associated with poor prognosis in patients with
liver metastasis of CRC. Li PL et al, found that microRNA-218 as a
prognostic indicator enhanced 5-fluorouracil-induced apoptosis
by targeting BIRC5 in colorectal cancer [14]. PTTG1 promoted CRC
growth and metastasis as an independent prognostic factor [15].
Hou M et al investigated that ATAD2 overexpression is associated
with progression and prognosis in CRC [16]. Many papers have
reported that MCM2 was involved in the progression of various
tumors. These literatures verified that the bioinformatics
analysis could be as a new method to discover tumor-related
genes. Currently, there is still lack of previous studies on the
relationship between MCM7 and CRC. Though, many studies have
shown that MCM7 proteins are involved in tumorigenesis [10].
MCM7 regulated the proliferation and migration of esophageal
squamous cell carcinoma cells by activating the AKT1/mTOR
pathway [11]. Li J et al, showed that knockdown of MCM7
expression could promote the apoptosis of RB-deficient tumor
cells [17].
The role of MCM7 in leukemia has also been reported. The
polymorphism of MCM7 was related to the recurrence and overall
survival rate of acute myeloid leukemia, which could predict the
prognosis of acute myeloid leukemia [18]. Tian L et al found that
knockdown of MCM7 inhibited the proliferation of K562 cells and
promoted cell apoptosis [19].Kim SH et al found that MCM7 was
related to cisplatin resistance in bladder cancer by bioinformatics
analysis of gene chip [20].

To further verify the expression of MCM7 in CRC, we explored
that the mRNA level of MCM7 was increased in CRC samples
compared with normal samples by using gene expression data.
Additionally, the protein level of MCM7 was up-regulated in
human CRC tissues and tissues microarray. Furthermore, we
detected that MCM7 overexpression was statistically correlative
with lymph node metastasis and TNM stage, indicating that
MCM7 might promote metastasis. Kang W et al reported that the
increased expression of MCM7 in gastric cancer could promote cell
proliferation and invasion, and induce apoptosis as a prognostic
marker [21]. Further, higher expression of MCM7 showed shorter
survival time. Univariate and multivariate regression analyses
investigated that MCM7 could be a poor prognostic biomarker
for CRC. Qu K et al found that MCM7 promoted hepatocellular
carcinoma progression through cyclin D1-dependent signaling
as a prognostic marker for patients [10].Liu YZ et al found that
MCM7 may be a potential prognostic marker in non-small cell
lung cancer [22]. It has also been reported that MCM7 was a
prognostic marker of esophageal cancer [23], endometrial cancer
[24] and pituitary adenoma [25]. We have demonstrated that high
expression of MCM7 is an independent poor prognostic factor in
CRC. We further plan to design experiments in vivo and in vitro to
further explore the pathogenesis of MCM7 in CRC.

Conclusion

In our study, the mRNA and protein level of MCM7 were upregulated in CRC tissues. In addition, the high level of MCM7
was correlated with TNM stage and lymph node metastasis.
Furthermore, we demonstrated the expression of MCM7 could
be an independent prognostic factor for CRC, which revealed the
important role of MCM7 in CRC.
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