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Abstract: As one of the most common malignant tumors in digestive tract, esophageal carcinoma has an increasing 
trend of incidence and mortality rate. The effective method of early diagnosis, therefore, is of critical importance for 
improving patients’ survival rate. Various biological molecules have been suggested to be related with pathogenesis 
of esophageal cancer. As one important modulatory factor for DNA replication, mini chromosome maintenance pro-
tein 7 (MCM7) has been studied in various tumors including colorectal, breast, pulmonary cancer, glioma, Hodgkin’s 
lymphoma and prostate cancer. This study mainly investigated the diagnostic value of MCM7 in esophageal carci-
noma. Immunohistochemical (IHC) staining was used to investigate the expressional profile and cellular localization 
of MCM7 in a total of 37 esophagus cancer tissue and adjacent tissues. RT-PCR was used to detect mRNA level of 
MCM7 gene in tumor and adjacent tissues. The correlation between MCM7 expression level and clinical indexes 
was analyzed. The expression of MCM7 mRNA and protein was significantly elevated in tumor tissues compared to 
adjacent tissues (P < 0.05 in both cases). MCM7 expression level was correlated with differentiation digress, distal 
metastasis and lymph node invasion, but was uncorrelated with other indexes including sex or age. MCM7 is closely 
correlated with pathogenesis and progression of esophageal carcinoma and is a potential biological marker for the 
tumor.
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Introduction

As one of the most common malignant tumors 
in digestive tract, esophageal carcinoma is the 
sixth leading cause of mortality among all can-
cers worldwide, with a 5-year survival rate at 
15%~25% [1]. The prognosis of esophageal 
cancer is unfavorable due to its insidious mani-
festation during the early stage. Therefore, 
timely and accurate diagnosis can significantly 
improve patients’ survival rate, and decrease 
mortality. Common diagnostic approaches in 
clinics include X-ray barium meal examination, 
esophagus fleece-pulling, electronic endosco-
py and tumor marker assay. The identification 
of novel tumor markers is of critical importance 
for early diagnosis of esophagus cancer.

Mini chromosome maintenance proteins 
(MCMs) are a group of protein markers reflect-
ing cell proliferation. Firstly being identified in 
yeast cells, MCMs have highly conserved pro-

tein sequence, with pluripotent activities includ-
ing DNA/RNA unwindase, proteinase and metal 
chelatase, for regulating initiation and elonga-
tion of DNA replication, making it one neces-
sary factor for eukaryotic DNA replication [2]. As 
one family member, MCM7 is composed of 719 
amino acids, with an average molecular weight 
at 80 kD [3]. MCM7 is one subunit of MCM pro-
tein polymer, and can affect meiosis activity of 
chromosome. Cells at late G1 stage or S stage 
but not latent stage may expression MCM7 
mRNA [4]. Therefore, MCM7 may work as one 
reliable marker for cell proliferation. Various 
studies have shown the up-regulation of MCM7 
in multiple malignant tumors including colorec-
tal [5], breast [6], pulmonary carcinoma [7], 
glioblastoma [8], Hodgkin lymphoma [9] and 
prostate cancer [10]. This study utilized immu-
nohistochemical (IHC) staining method, to 
quantify MCM7 expression level in both esoph-
agus and adjacent tissues, for the further inves-
tigating the diagnostic impact of MCM-7.
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Materials and methods

Research subjects

For immunohistochemical (IHC) staining, a total 
of 37 cases of esophageal carcinoma patients 
(29 males and 8 females, average age = 60.72 
years old) in Xinxiang central hospital from April 
2014 to April 2015 were recruited. Pathological 
examinations revealed 17 of high differentiated 
and 20 of moderate to low differentiated 
tumors, and 20 patients having lymph node 
metastasis while 12 individuals had distal 
metastasis. Both esophageal tissue and adja-

cent tissues (> 1.5 cm) were collected and pre-
pared for paraffin-based tissue samples by the 
department of pathology of Xinxiang central 
hospital. A total of 5 cases of colorectal carci-
noma tissues were collected as the positive 
control group. All patients receive no chemo- or 
radio-therapy before the surgery. HE staining 
confirmed the malignancy nature of tumor tis-
sues and absence of tumor cells in adjacent 
tissues.

For RT-PCR analysis, 32 esophageal cancer 
patients in Xinxiang central hospital from April 
2014 to February 2015 were recruited. Both 

Figure 1. MCM protein expression (×400). A. High-differentiated esophageal carcinoma tissue; B. Moderate-low dif-
ferentiated esophageal carcinoma tissue; C. Colorectal carcinoma tissue; D. Tumor adjacent tissue.
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tumor and adjacent tissues (> 1.5 cm) were col-
lected and frozen at -80°C for further use. 
There were 19 males and 13 females in all 
patients, aging between 40 and 85 years old 
(average = 68.32 years).

All of the patients had signed the informed con-
sent, and the study was approved by Xinxiang 
central hospital medical ethics committee.

IHC (SP) staining

Paraffin-based tissue blocks were serially sec-
tioned. After de-wax and heat anti-retrieval, 
endogenous activity of peroxidase was blocked, 

RT-PCR

Total RNA was extracted by Trizol method and 
was quantified using ultraviolet spectrometer. 
cDNA was synthesized using mRNA as the tem-
plate in reverse transcription kit (Baosheng, 
China) following manual instruction in a 
sequence of 37°C incubation, 95°C denature 
and 4°C icing. A fluorescent quantitative PCR 
cycler was used to amplify DNA samples under 
the following conditions: 95°C pre-denature for 
5 min, followed by 40 cycles each containing 
95°C denature (30 sec), 60°C annealing (30 
sec) and 72°C elongation (40 sec). Ct value 

Table 1. MCM7 expression

Tissue type N
MCM7

Positive rate (%) P value
- + ++ +++

Esophageal carcinoma 37 7 10 12 8 81.1 0.000
Adjacent tissue 37 26 7 3 1 29.7  

followed by serum blocking. 
Mouse anti-human MCM7 
monoclonal antibody (San- 
ta Cruz, US) was added, fol-
lowed by biotin-labeled sec-
ondary antibody. SP reac-
tion and DAB chromogenic 
substrates were added to 
visualize the signal. He- 
matoxylin was used for 
counter-staining, followed 
by dehydration in gradient 
ethanol. The slide was 
immersed in xylene and 
mounted with coverslips.

In each slide, the staining 
was classified based on 
both staining intensity and 
positive cell percentage. In 
brief, a staining intensity 
score was given as 0 (no 
staining), 1 (light yellow), 2 
(brown yellow) or 3 (dark 
brown). Meanwhile a cell 
percentage score was gi- 
ven as 0 (< 5% positive 
cells), 1 (5%~25% positive 
cells), 2 (26%~50% positive 
cells), 3 (51%~75% positive 
cells) or 4 (> 75% positive 
cells). The IHC score was 
calculated as the product 
of both intensity and per-
centage score and was 
deduced as negative (-, 
0~2 scores), weak positive 
(+, 3~5 scores), positive 
(++, 6~8 scores) and strong 
positive (+++, > 8 scores).

Table 2. MCM7 expression and clinical parameters

Parameter
MCM7

N (positive) Positive rate P value
- + ++ +++

Age 0.306
    ≥ 60 years 2 4 9 4 17 89.5%
    < 60 years 5 6 3 4 13 72.2%
Sex 0.503
    Male 6 6 9 8 23 79.3%
    Female 1 3 3 1 7 87.5%
Tumor site 0.638
    Upper 2 1 2 1 4 66.7%
    Middle 2 4 5 5 14 87.5%
    Lower 3 4 4 4 12 80.0%
Type 0.960
    Ulcer 2 1 3 3 7 77.8%
    Medulla 1 2 3 1 6 85.7%
    Fungating 2 4 4 1 9 81.8%
    Constrictive 1 1 1 1 3 75.0%
    Erosive 1 2 2 1 5 83.3%
Differentiation 0.028
    High 4 7 4 2 13 76.5%
    Low to moderate 3 3 8 6 17 85.0%
Lymph node metastasis 0.014
    Yes 2 3 8 7 18 90.0%
    No 5 6 3 3 12 70.6%
Distal metastasis 0.013
    Yes 1 2 4 5 11 91.7%
    No 6 9 6 4 19 76.0%
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was collected and analyzed for expression 
level.

Statistical analysis

SPSS 19.0 software package was used to ana-
lyze all data. The expression of MCM7 between 
tumor and adjacent tissues was compared by 
chi-square test. Rank-sum test was used to 
compare clinical parameters. mRNA relative 
expression level was expressed as mean ± 
standard deviation (SD). The comparison of 
clinical parameters was performed by indepen-
dent two-sample t-test. A statistical signifi-
cance was defined when P < 0.05.

Results

IHC staining

Under microscopic examination, MCM7 was 
localized in nucleus and is abundantly 
expressed in esophageal carcinoma tissues as 
brown-yellow or dark brown granules (Figure 
1A and 1B) but not in adjacent tissues (Figure 
1D).

Quantitative analysis of IHC results showed sig-
nificantly elevated positive rate of MCM7 in 
esophageal cancer tissue compared to adja-
cent tissues (81.1% vs. 29.7%, P < 0.05, Table 
1).

MCM7 expression was found to be correlated 
with differentiation grade, lymph node metas-

or age (Table 3). Higher differentiation grade in 
tumors occurred with lower MCM7 mRNA levels 
(r=-0.634, P < 0.05).

Discussion

Abnormal regulation of cell cycle is one impor-
tant endogenous reason for tumor pathogene-
sis. The dysfunction of G1/S transition is cru-
cial for tumor cell occurrence, proliferation and 
progression [11, 12]. As one group of protein 
marker reflecting cell proliferation, MCM family 
include eight members, namely, MCM2, MCM3, 
MCM4/Cdc21, MCM5/Cdc46, MCM6/Mis5, 
MCM7/Cdc47, MCM8 and MCM9, all of which 
are closely correlated with cell cycle regulation 
via initiating eukaryotic cell DNA replication and 
transition from G1 to S phase [13]. In latent 
cells, MCM expression level was relatively 
lower. In tumor cells, however, MCMs are abun-
dantly expressed, making them a type of spe-
cific tumor markers with higher reliability than 
Ki-67 [14-16]. MCM7 can bind with other family 
members to form a complex with ATPase, 
ssDNA binding affinity and DNA helicase activi-
ty to open double strands of DNA during replica-
tion [17]. The zinc-finger and ATPase motif of 
MCM7 are necessary for DNA helicase and 
ATPase activity [4, 18]. As MCM7 participates 
in the whole process of DNA replication, it is 
one important regulatory factor for cellular DNA 
replication.

Table 3. MCM7 mRNA level and clinical parameters
Parameter N Relative level t value P value
Sex 0.745 0.464
    Male 19 0.2840±0.1922
    Female 13 0.2328±0.0161
Age -0.231 0.820
    < 60 years 9 0.2527±0.0162
    ≥ 60 years 23 0.2608±0.0775
Differentiation grade 2.186 0.040
    High 16 0.2261±0.0172
    Low to moderate 16 0.2438±0.0192
Lymph node metastasis 2.174 0.041
    Yes 11 0.2437±0.0173
    No 21 0.2173±0.0192
Distal metastasis 2.386 0.027
    Yes 6 0.2446±0.0183
    No 26 0.2263±0.0175

tasis and distal metastasis 
(P < 0.05, Table 2) but not 
age, sex, location and path-
ological type. With lower 
differentiation grade, the 
positive rate of MCM7 
expression was gradually 
increased.

RT-PCR

MCM7 mRNA expression 
level in esophageal cancer 
tissue was significantly 
higher than that in adja- 
cent tissues (0.27±0.14  
vs. 0.20±0.03, P < 0.05). 
mRNA level was correlated 
with differentiation grade, 
distal and lymph node 
metastasis but not with sex 
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The expression of MCM7 in digestive tract 
tumors has been studied previously. Pillaire et 
al reported the correlation between MCM7 
high-expression and shortening of survival time 
in colorectal cancer patients, suggesting the 
potency of MCM7 in prognostic prediction [19]. 
Zhou et al found elevated expression of MCM7 
in hepatocellular carcinoma cells in contrast to 
normal liver tissues, in addition to the relation-
ship between MCM7 and metastasis/invasion 
of liver cancer [20]. This study discovered high-
er expression of MCM7 in esophageal carcino-
ma tissue compared to adjacent tissues, sug-
gesting that MCM7 high-expression may reflect 
proliferative activity of tumor cells and potency 
in tumor diagnosis. MCM7 expression level was 
correlated with differentiation grade, distal and 
lymph node metastasis, further suggesting the 
involvement of MCM7 in the pathogenesis, pro-
gression and invasion of esophageal cancer.

This study demonstrated the correlation 
between MCM7 expression in esophageal car-
cinoma tissues and clinical parameters, provid-
ing new insights of tumor pathogenesis. Larger 
samples size with multi-centered study should 
be pursued in future to enhance the early diag-
nosis and treatment of esophageal cancer.
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