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MCM7 expression is correlated with histological  
subtypes of lung adenocarcinoma and  
predictive of poor prognosis
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Abstract: Emerging evidence has implicated that the abnormal expression of MCM3 and MCM7 contributes to 
tumor formation and progression. However, MCM3 and MCM7 protein expression in different subtypes of lung 
adenocarcinoma have not yet been reported. In the present study, we detected MCM7 and MCM3 protein level in 
five subtypes of lung adenocarcinoma by immunohistochemistry. The five subtypes can be divided into 3 grades-
grade 1: lepidic adenocarcinoma, grade 2: acinar or papillary adenocarcinoma and grade 3: solid or micropapillary 
adenocarcinoma. The immunostaining showed that MCM7 level was lowest in the grade 1 subtype and highest in 
the grade 3 subtypes. The statistical analysis proved that MCM7 expression increased step wisely with the ascend-
ing of tumor grades. However, there is no significant relationship between MCM3 expression and tumor grades. In 
addition, we investigated the association of MCM7 and MCM3 expression with clinicopathological characteristics. 
The results showed that tumors with lymph node metastasis had higher MCM7 level than those without lymph node 
metastasis statistically (P<0.0001). MCM3 expression has no significant relationship with clinicopathological char-
acteristics. In conclusion, our results suggested that MCM7 may be a useful biomarker for the pathological diagno-
sis of subtypes of lung adenocarcinoma and it also may be a potential prognostic marker for lung adenocarcinoma.

Keywords: MCM7, MCM3, lung adenocarcinoma, lepidic adenocarcinoma, papillary adenocarcinoma, acinar ad-
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Introduction

Lung cancer is the first leading cause of cancer-
related deaths in both sexes, with an expected 
1.8 million newly diagnosed cases and 1.6 mil-
lion deaths each year [1]. There are two main 
types of lung cancer: small-cell lung carcinoma 
(SCLC) and non-small cell lung carcinoma 
(NSCLC), and the latter accounts for almost 
80% of all lung cancers. The 50% of cases of 
NSCLC are diagnosed as adenocarcinoma, 
which is a malignant epithelial tumor with glan-
dular differentiation, mucin production, or 
pneumocyte marker expression. According to 
the 2015 World Health Organization classifi- 
cation, invasive lung adenocarcinoma can be 
divided into five subtypes histologically: lepidic 
adenocarcinoma (LA), acinar adenocarcinoma 
(AA), papillary adenocarcinoma (PA), micropap-

illary adenocarcinoma (MA) and solid adeno- 
carcinoma (SA). Furthermore, based on the five 
histological patterns and their relationship with 
prognosis, the International Association for the 
Study of Lung Cancer (IASLC), American Tho- 
racic Society (ATS) and European Respiratory 
Society (ERS) proposed a three-grade classifi-
cation: grade 1: lepidic adenocarcinoma, grade 
2: acinar or papillary adenocarcinoma and 
grade 3: solid or micropapillary adenocarcino-
ma, and the three grades correspond to well, 
moderately, and poorly differentiated tumors, 
respectively.

The incidence of lung adenocarcinoma is 
increasing worldwide, particularly in women [2, 
3]. Although recent advances in surgical tech-
niques, strategies of chemoradiotherapy and 
targeted therapy have helped to save the lives 
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of many patients, the 5-year survival rate of 
patients with lung cancer is still low (less than 
15%). Therefore, a thorough understanding of 
the molecular mechanisms of lung adenocarci-
noma and the new therapies for improving 
patient survival and quality of life are needed. 

MCM3 and MCM7 are both members of mini-
chromosomal maintenance (MCM) proteins 
family, which consists of six highly conserved 
proteins, from MCM2 to MCM7 [4], and plays 
an essential role in the initiation of DNA replica-
tion [5]. They are also involved in the elongation 
of DNA replication and other chromosome 
transactions including damage response, tran-
scription, and chromatin structure [6, 7]. In 
addition, emerging evidence implicates that 
the abnormal expression of the MCM proteins 
contribute to cell proliferation and tumorigene-
sis. Among of them, MCM3 and MCM7 are 
reported to be involved in tumor formation and 
progression, and are considered as promising 
prognostic markers in a variety of human malig-
nancies, such as prostate cancer [8, 9], malig-
nant salivary gland tumors [10], hepatocellular 
carcinoma [11], high-grade serous carcinomas 
of the ovary [12], colorectal cancer [13], esoph-
ageal squamous cell carcinoma [14], malignant 
melanoma [15] and osteosarcoma [16]. It has 
also been claimed that MCM proteins may be 
more accurate in determining the proliferative 
activity within a tumor than conventional prolif-
erative markers such as Ki-67 [17]. Although 
limited studies on MCM7 expression in NSCLC 
have been reported and the results indicated 
that MCM7 may be a potential prognostic mark-
er for patients with NSCLC [18-20], none of 
these studies investigated MCM7 expression in 
different subtypes of lung adenocarcinoma. 
MCM3 protein overexpression has been identi-
fied in other malignant tumors [21-26]; howev-
er, it has not been previously reported in lung 
adenocarcinoma.

In the present study, we analyzed expression 
levels of MCM3 and MCM7 in five subtypes of 
lung adenocarcinoma by immunohistochemis-
try method. Furthermore, the association of 
MCM3 and MCM7 with clinicopathological 
characteristics was also investigated.

Materials and methods

Patients and tissue samples

This study included 182 patients with lung ade-
nocarcinoma who underwent surgical resec-

tion, from January 2011 to December 2016, at 
the Second Hospital of Shandong University 
(Jinan, China). There were 101 males and 81 
females with an average age of 60.03 years 
(range of 39-82). The histological subtypes of 
lung adenocarcinoma were confirmed by two 
independent pathologists according to the 
2015 World Health Organization classification. 
Written informed consent was obtained from 
each of the patients, and all the experimental 
protocols were approved by the Institutional 
Research Ethics Committee of the Second 
Hospital of Shandong University.

Immunohistochemistry

The tissue samples were fixed in 10% neutral 
formaldehyde (Baibo Biosciences Co., Ltd., 
Jinan, China), embedded in paraffin and sec-
tioned at 4 μm thickness. The sections were 
then deparaffinized in xylene and dehydrated 
through descending grades of ethanol. After 
heat-induced antigen retrieval (97°C, 20 min) 
with ethylenediaminetetraacetic acid (EDTA) 
buffer (PH: 9.0), the sections were treated with 
3% hydrogen peroxide to block endogenous 
peroxidase activity. Then the sections were 
incubated in 1% bovine serum albumin to block 
non-specific binding sites. The primary antibod-
ies used for immunohistochemical analysis 
were as follows: mouse monoclonal anti-human 
MCM7 (clone47DC141; dilution, 1:100; catalog 
no. GTX22360; Abcam, Cambridge, MA, USA); 
rabbit polyclonal anti-human MCM3 (clone 4F7; 
dilution, 1:100; catalog no. 15597-1-AP; Protein- 
tech Group, Inc., Chicago, IL, USA); The sections 
were incubated with the primary antibodies 
overnight at 4°C. Slides were washed three 
times in PBS and incubated with the horserad-
ish peroxidase (HRP)-conjugated goat anti-
mouse/rabbit secondary antibody (1:50, 
A0216, Shanghai Beyotime Biotechnology Co., 
Ltd., Shanghai, China) at room temperature for 
1 h. Finally, 3,3’-diaminobenzidine (DAB) was 
used for color development and sections were 
counterstained with hematoxylin.

Assessment of immunohistochemical staining

Distinct nuclear staining for MCM7 and MCM3 
were considered to be positive, regardless of 
staining intensity. Tumor cells were counted  
at high-power magnification (×400). At least 
1,000 tumor cells from 10 random fields 
throughout the entire section were counted. 
The staining was calculated by dividing the 
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number of positively-stained tumor cells by the 
total number of tumor cells counted. 

Statistical analysis

Mann-Whitney U test was applied to assess  
the significance of difference in MCM3/MCM7 
expression between 5 subtypes of lung adeno-
carcinoma. The differences in gender, age, 
lymph node status and smoking status between 
5 subtypes were analyzed using the chi-square 
test or ANOVA. Correlations between MCM3/
MCM7 expression and clinicopathological char-
acteristics were analyzed using Mann-Whitney 
U test. All statistical analyses were performed 
using the SPSS statistical software, version 
17.0 (SPSS Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant 
difference.

Results

Clinicopathological characteristics in five sub-
types of lung adenocarcinoma

According to the diagnosis of two independent 
pathologists, a total of 182 patients of lung 
adenocarcinoma are divided into five subtypes: 
LA (34, 18.7%), PA (17, 9.3%), AA (87, 47.8%), SA 
(34, 18.7%) and MA (10, 5.5%). The clinicopath-
ological characteristics of the five subtypes are 
listed in Table 1. There were 101 males and 81 
females with an average age of 60.03 years 
(range of 39-82). Age and gender showed no 
significant difference among the five subtypes. 
There are 87 smokers and 95 nonsmokers. 
There was no significant difference in smoker 
proportion between the five subtypes. Lymph 
node metastasis occurred in 2 of 34 LA, 4 of 17 

PA, 42 of 87 AA, 20 of 34 SA and 9 of 10 MA. 
MA has higher lymph node metastasis probabil-
ity than LA (P<0.0001), PA (P=0.0008) and AA 
(P=0.0123). SA has higher lymph node metas-
tasis probability than LA (P<0.0001) and PA 
(P=0.0173). AA has higher lymph metastasis 
probability than LA (P<0.0001).

MCM7 and MCM3 expression in different sub-
types of lung adenocarcinoma

The immunostaining of MCM7 and MCM3 in 
the five subtypes of lung adenocarcinoma was 
shown in Figure 1. The mean percentage of 
MCM7 expression in LA (7.56±4.11) were low-
est compared with other four groups statisti-
cally (P<0.0001). SA showed higher MCM7 
level than PA (41.79±19.72 vs 24.00±8.50, 
P=0.0010) and AA (41.79±19.72 vs 29.54± 
18.45, P=0.0010). MA showed higher MCM7 
level than PA (45.60±17.80 vs 24.00±8.50, 
P=0.0003) and AA (45.60±17.80 vs 29.54± 
18.45, P=0.0059). There was no significant dif-
ference between PA and AA (P=0.6206) for 
MCM7 expression, neither between MA and SA 
(P=0.4679). According to the three-grade clas-
sification, these data showed that MCM7 ex- 
pression increased stepwisely with the ascend-
ing of tumor grades. The mean percentage of 
MCM3 expression showed no significant differ-
ence among the five subtypes (Table 2).

Correlation between MCM7/MCM3 expression 
and clinicopathological characteristics

The relationship between MCM7/MCM3 ex- 
pression and clinicopathological characteris-
tics was shown in Table 3. Higher expression of 

Table 1. Clinicopathological characteristics in five subtypes of lung adenocarcinoma
LA (n=34) PA (n=17) AA (n=87) SA (n=34) MA (n=10) P

Age (years) 63.21±8.39 60.71±9.96 59.37±10.31 59.68±6.39 55.10±8.06 0.1163
Gender
    Male (n) 16 8 50 21 6

0.6935
    Female (n) 18 9 37 13 4
Lymph node status
    N0 (n) 32 13 45 14 1

<0.0001
    N1-N3 (n) 2 4 42 20 9
Smoking status
    Smoker (n) 16 9 38 19 5

0.7926
    Nonsmoker (n) 18 8 49 15 5
Abbreviations: LA, lepidic adenocarcinoma; PA, papillary adenocarcinoma; AA, acinar adenocarcinoma; SA, solid adenocarci-
noma; MA, micropapillary adenocarcinoma.
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MCM7 was found in tumors with lymph node 
metastasis compared to those without lymph 
node metastasis (35.26±17.55 vs 22.83± 
19.77, P<0.0001). There was no significant 

association between MCM7 expression and 
other clinicopathological factors, including age 
(P=0.2158), gender (P=0.1283) and smoking 
status (P=0.5553). MCM3 expression has no 

Figure 1. HE staining and immunohistochemical staining of MCM7/MCM3 in five subtypes of lung adenocarcinoma. 
Original magnification, ×100. Bar, 200 µm. Abbreviations: HE, hematoxylin-eosin staining; LA, lepidic adenocarci-
noma; PA, papillary adenocarcinoma; AA, acinar adenocarcinoma; SA, solid adenocarcinoma; MA, micropapillary 
adenocarcinoma. 
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significant relationship with clinicopathological 
characteristics.

Discussion

MCM7 and MCM3 have been reported to be 
involved in tumor formation and progression, 
and are considered as promising prognostic 
markers for various malignant tumors. The 
research about MCM7/MCM3 expression in 
lung adenocarcinoma is limited. The study by 
Toyokawa et al found that MCM7 expression is 
significantly high in lung cancer tissues and cor-
related with poor prognosis in NSCLC [18]. The 
study by Liu et al also showed that high expres-

classification, our data showed that MCM7 
expression increased stepwisely with the 
ascending of tumor grades. Furthermore, we 
found that tumors with lymph node metastasis 
had higher MCM7 expression than those with-
out lymph node metastasis. As we know, lymph 
node metastasis is an important indicator for 
poor prognosis of tumors. Our data indicated 
that high expression of MCM7 may be a poten-
tial marker of poor prognosis for lung adenocar-
cinoma patients.

We also detected MCM3 expression in five sub-
types of lung adenocarcinoma. However, there 
is no significant difference in MCM3 expression 

Table 2. MCM7/MCM3 expression in different subtypes of lung 
adenocarcinoma

Histological subtype n MCM7 
(mean ± SD) P MCM3 

(mean ± SD) P

LA 34 7.56±4.11 <0.05a 65.03±14.31 >0.05
PA 17 24.00±8.50 >0.05b 67.24±17.67 >0.05
AA 87 29.54±18.45 68.39±17.38
SA 34 41.79±19.72 <0.05c 68.74±14.38 >0.05
MA 10 45.60±17.80 >0.05b 69.50±11.60 >0.05
Abbreviations: LA, lepidic adenocarcinoma; PA, papillary adenocarcinoma; AA, 
acinar adenocarcinoma; SA, solid adenocarcinoma; MA, micropapillary adeno-
carcinoma. aMCM7 expression in LA was lowest compared with other four groups 
statistically (P<0.0001). bThere was no significant difference between PA and AA 
(P=0.6206) for MCM7 expression, neither between MA and SA (P=0.4679). cSA 
showed higher MCM7 level than PA (P=0.0010) and AA (P=0.0010). MA showed 
higher MCM7 level than PA (P=0.0003) and AA (P=0.0059).

Table 3. Correlation between MCM7/MCM3 expression and clinico-
pathological characteristics

n MCM7 
(mean ± SD) P MCM3 

(mean ± SD) P

Age
    <60 87 25.26±17.30

0.2158
66.57±16.46

0.1819
    ≥60 95 30.67±21.60 68.88±16.41
Gender   
    Male 101 29.58±19.55

0.1283
67.97±15.81

0.8833
    Female 81 26.22±20.06 67.54±16.25
Lymph node status
    N0 105 22.83±19.77

<0.0001
67.31±14.56

0.1527
    N1-N3 77 35.26±17.55 68.42±17.79
Smoking status
    Smoker 87 28.64±19.68

0.5553
68.77±16.03

0.2316
    Nonsmoker 95 27.58±19.99 66.87±15.93
Abbreviations: LA, lepidic adenocarcinoma; PA, papillary adenocarcinoma; AA, 
acinar adenocarcinoma; SA, solid adenocarcinoma; MA, micropapillary adenocarci-
noma.

sion of MCM7 was detected in 
NSCLC tissues and it may be 
a potential marker of a poor 
prognosis for NSCLC patients 
[19].

According to the 2015 WHO 
classification, invasive lung 
adenocarcinoma can be divid-
ed into five subtypes histologi-
cally: lepidic adenocarcinoma 
(LA), acinar adenocarcinoma 
(AA), papillary adenocarcino-
ma (PA), micropapillary ade-
nocarcinoma (MA) and solid 
adenocarcinoma (SA). MCM7 
protein expression in different 
subtypes of lung adenocarci-
noma has not yet been report-
ed. In the present study, we 
detected MCM7 expression in 
the five subtypes of lung ade-
nocarcinoma by immunohisto-
chemistry. The immunostain-
ing showed that MCM7 level 
was lowest in LA and highest 
in SA and MA. The five subty- 
pes can be divided into three 
grades based on their correla-
tion with prognosis: grade 1: 
lepidic adenocarcinoma, gra- 
de 2: acinar or papillary ade-
nocarcinoma and grade 3: 
solid or micropapillary adeno-
carcinoma. The three grades 
also correspond to well, mod-
erately, and poorly differenti-
ated tumors, respectively. 
According to the three-grade 
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between the five subtypes and MCM3 expres-
sion has no significant relationship with clinico-
pathological characteristics.

In conclusion, our study demonstrated that 
MCM7 expression showed significant differ-
ence among the five subtypes of lung adeno-
carcinoma and its expression increased step-
wisely with the ascending of tumor grades. 
Furthermore, MCM7 level is higher in tumors 
with lymph node metastasis compared to those 
without lymph node metastasis. Overall, our 
findings indicated that MCM7 may be a useful 
biomarker for the pathological diagnosis of  
subtypes of lung adenocarcinoma and it also 
may be a potential prognostic marker for lung 
adenocarcinoma.
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