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Abstract: Minichromosome maintenance (MCM) proteins play an essential role in DNA 

replication. They have been shown to be overexpressed in various types of cancer. However, 

the role of this family in renal cell carcinoma (RCC) is widely unknown. In this study, we 

have identified a number of RCC datasets in the Gene Expression Omnibus database and 

also investigated the correlation between the expression levels of MCM genes and clinico-

pathological parameters. We found that the expression levels of MCM genes are positively 

correlated with one another. Expression levels of MCM2, MCM5, MCM6, and MCM7, but 

not of MCM3 and MCM4, were higher in RCC compared to paired adjacent normal tissue. 

Only the expression level of MCM4, but not of other MCMs, was positively correlated with 

tumor grade. In addition, a high-level expression of MCM2 in either primary tumor or metas-

tases of RCC predicted a shorter disease-free survival time, while a high-level expression of 

MCM4 or MCM6 in primary tumor was also associated with poorer disease-free survival. 

Interestingly, we also demonstrated that patients with their primary RCC overexpressing 2 or 

more MCM genes had a shorter disease-free survival time, while those with RCC metastases 

overexpressing 3 or more MCM genes had a shorter disease-free survival. Importantly, we 

also demonstrated that overexpression of MCM genes is an independent predictor for survival 

in RCC patients. Our results suggest that MCM2–7 genes may be an important prognostic 

marker for patients with RCC.

Keywords: MCM proteins, kidney cancer, prognostic marker, metastases, survival 

Introduction
DNA replication is an essential step for cell division which requires stringent control. 

Minichromosome maintenance (MCM) proteins bind to the replication origins for 

proper DNA replication.1 All eukaryotic organisms, including human, possess 6 highly 

related MCM genes – MCM2–7.2 These genes have been shown to play an important 

role in cancer development and have been linked to various cancer hallmarks,3 especially 

for enhanced proliferation in cancer. Indeed, MCM genes were dysregulated in many 

types of cancer. Previously, we have shown that all MCM genes are overexpressed in 

breast cancer and that the number of MCM genes expressing at a high level is a more 

powerful prognostic marker in breast cancer than any individual MCM gene.4

Renal cell carcinoma (RCC) accounts for around 90% of kidney cancer, and when 

diagnosed early, it can be successfully managed by surgery.5 However, advanced 

unresectable and metastatic RCC is refractory to conventional chemotherapy, and 

vascular endothelial growth factor (VEGF) or mammalian target of rapamycin (mTOR) 
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inhibitors become the major treatment options for this type 

of difficult-to-treat RCC.5 Recently, immunotherapy has been 

an another option for the treatment of metastatic RCC with 

better survival and quality of life outcome demonstrated in 

patients treated with nivolumab compared to everolimus in 

a Phase III study.6,7 However, not all the metastatic RCC 

patients respond to these available therapies, and therefore, 

the identification of novel prognostic markers and potential 

therapeutic targets in RCC is still required.

MCM2 has been previously shown to be a proliferation 

marker,8 and its expression is associated with high tumor 

grade and poor prognosis in RCC.9 However, little is known 

about the expression of other MCM genes in RCC. In this 

study, we utilized the publicly available RCC patient datasets 

in Gene Expression Omnibus (GEO) database to investigate 

the expression of MCM2–7 genes in RCC. 

Materials and methods
Extraction of clinical and microarray 
gene expression data from RCC patient 
datasets
RCC patient datasets were identified in the GEO database 

through keyword search for “Renal cell carcinoma”. This 

search was performed on March 18, 2017, with 908 returns. 

Datasets with >100 kidney specimens, available clinicopatho-

logical parameters, available probes, and expression data for 

MCM genes were included in this study; These datasets are 

GSE19949,10 GSE40435,11 GSE46699,12,13 and GSE53757.14 

GSE2254115 was also included as it is the largest RCC patient 

dataset with disease-free survival status. Microarray gene 

expression data were retrieved from the data matrixes depos-

ited to the GEO database by the original authors. Briefly, 

the GEO website has standardized URLs for its individual 

datasets, and for each of them, links are provided to the Series 

Matrix File(s) comprising the expression values for each of 

the probeset for each sample. Gene expression data were then 

retrieved from the matrices. R scripting was used to extract 

the expression values of a small number of genes (probesets) 

of interest, and the clinical data from the data matrixes were 

downloaded from GEO as described earlier.16

Correlations of gene expression levels 
and clinical data
All statistical analyses were performed using SPSS19.0. 

Difference in expression levels between normal and cancer 

specimens was examined by Welch’s t-test. Correlation 

between the expression levels of different MCM genes and 

that between the expression levels of MCM genes and tumor 

grade were examined by Spearman’s rank test. The expres-

sion levels of MCM genes were divided into high and low 

levels using median expression level as the cutoff point for 

Kaplan–Meier survival analysis. Results were then compared 

by log-rank test. Multivariate analysis was performed by 

using Cox-regression model in which forward conditional 

stepwise approach was employed with a cut-off p-value of 

<0.05 as entry criteria. In all statistical tests, a p-value of 

<0.05 was considered as statistically significance.

Results
The correlation between the expression 
levels of MCM genes
As shown in Tables 1 to 4, expression levels of MCM2–7 

genes were positively correlated with one another in the RCC 

specimens in all the 4 patient datasets analyzed (Table 1, 

GSE19949; Table 2, GSE40435; Table 3, GSE46699; Table 4, 

GSE53757). Most of these positive correlations were sta-

tistically significant. Especially for MCM2, its expression 

was consistently correlated with that of other MCM genes, 

including MCM4, MCM5, and MCM6, in the 4 datasets. 

These results suggest that expression of MCM genes may 

be tightly regulated within RCC.

The expression levels of MCM genes in 
normal kidney and RCC specimens
GSE40435, GSE46699, and GSE53757 datasets consist 

of 101, 63, and 72 pairs of normal kidney and RCC speci-

mens. These datasets were used to compare the expression 

levels of MCM genes between normal kidney and RCC 

using paired t-test. The expression level of MCM2 gene 

was significantly higher in RCC specimens compared 

to normal kidney specimens in GSE40435 (Figure 1A; 

p<0.001), GSE46699 (Figure 1B; p<0.001), and GSE53757 

(Figure 1C; p<0.001) patient cohorts. Similarly, the expres-

sion levels of MCM5 (Figure 2), MCM6 (Figure 3), and 

MCM7 (Figure 4) genes were significantly higher in RCC 

specimens compared to normal kidney specimens in all the 

3 datasets. However, the expression level of MCM3 gene 

was higher in RCC compared to normal kidney specimens 

only in 2 datasets (GSE46699 and GSE53757) and was 

lower in RCC compared to normal kidney specimens in the 

other dataset (GSE40435). On the other hand, the expres-

sion level of MCM4 gene was significantly higher only in 2 
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datasets (GSE40435 and GSE53757), while the differential 

expression of MCM4 gene in GSE46699 was not statistically 

significant. Our results showed that not all the MCM genes 

were overexpressed in RCC compared to normal kidney and 

that MCM2, 5, 6, and 7 genes may play a more important 

role in the initiation of RCC.

Table 1 GSE19949 dataset of RCC specimens’ (n=113) MCM correlation

MCM2 MCM3 MCM4 MCM5 MCM6 MCM7

Spearman’s rho MCM2 Correlation coefficient 1.000 0.433** 0.475** 0.381** 0.529** 0.303**
p-value <0.001 <0.001 <0.001 <0.001 0.001

MCM3 Correlation coefficient 0.433** 1.000 0.309** 0.054 0.451** 0.409**
p-value <0.001 <0.001 0.567 <0.001 <0.001

MCM4 Correlation coefficient 0.475** 0.309** 1.000 0.255** 0.319** 0.080
p-value <0.001 0.001 0.006 0.001 0.399

MCM5 Correlation coefficient 0.381** 0.054 0.255** 1.000 0.457** 0.174
p-value <0.001 0.567 0.006 <0.001 0.065

MCM6 Correlation coefficient 0.529** 0.451** 0.319** 0.457** 1.000 0.365**
p-value <0.001 <0.001 0.001 <0.001 <0.001

MCM7 Correlation coefficient 0.303** 0.409** 0.080 0.174 0.365** 1.000
p-value <0.001 <0.001 <0.001 <0.001 <0.001

Note: **Correlation is significant at the 0.01 level (2-tailed).
Abbreviations: RCC, renal cell carcinoma; MCM, minichromosome maintenance.

Table 2 GSE40435 dataset of RCC specimens’ (n=101) MCM correlation

 MCM2 MCM3 MCM4 MCM5 MCM6 MCM7

Spearman’s rho MCM2 Correlation coefficient 1.000 0.058 0.634** 0.361** 0.671** 0.082
p-value 0.565 <0.001 <0.001 <0.001 0.413

MCM3 Correlation coefficient 0.058 1.000 0.054 0.289** 0.133 0.019
p-value 0.565 0.590 0.003 0.184 0.853

MCM4 Correlation coefficient 0.634** 0.054** 1.000 0.349** 0.674** 0.294**
p-value <0.001 0.590 <0.001 <0.001 0.003

MCM5 Correlation coefficient 0.361** 0.289** 0.349** 1.000 0.453** 0.344**
p-value <0.001 0.003 <0.001 <0.001 <0.001

MCM6 Correlation coefficient 0.671** 0.133 0.674** 0.463** 1.000 0.169
p-value <0.001 0.184 <0.001 <0.001 0.091

MCM7 Correlation coefficient 0.082** 0.019 0.294** 0.344** 0.169 1.000
p-value 0.413 0.853 0.003 <0.001 0.091

Note: **Correlation is significant at the 0.01 level (2-tailed).
Abbreviations: RCC, renal cell carcinoma; MCM, minichromosome maintenance.

Table 3 GSE46699 dataset of RCC specimens’ (n=63) MCM correlation

 MCM2 MCM3 MCM4 MCM5 MCM6 MCM7

Spearman’s 
rho

MCM2 Correlation coefficient 1.000 0.577** 0.307* 0.495** 0.395** 0.452**
p-value <0.001 0.014 <0.001 <0.001 <0.001

MCM3 Correlation coefficient 0.577** 1.000 0.381** 0.425** 0.271* 0.307*
p-value <0.001 0.002 0.001 0.031 0.014

MCM4 Correlation coefficient 0.307* 0.381** 1.000 0.223 −0.001 0.114
p-value 0.014 0.002 0.078 0.991 0.372

MCM5 Correlation coefficient 0.495** 0.425** 0.223 1.000 0.357** 0.601**
p-value <0.001 <0.001 0.078 0.004 <0.001

MCM6 Correlation coefficient 0.395** 0.271* −0.001** 0.357** 1.000 0.156
p-value <0.001 0.031 0.991 0.004 0.222

MCM7 Correlation coefficient 0.452** 0.307* 0.114 0.601** 0.156 1.000
p-value <0.001 0.014 0.372 <0.001 0.222

Notes: **Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).
Abbreviations: RCC, renal cell carcinoma; MCM, minichromosome maintenance.
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Table 4 GSE53757 dataset of RCC specimens’ (n=72) MCM correlation

 MCM2 MCM3 MCM4 MCM5 MCM6 MCM7

Spearman’s 
rho

MCM2 Correlation coefficient 1.000 0.415** 0.420** 0.613** 0.332** 0.247*
p-value <0.001 <0.001 <0.001 0.004 0.037

MCM3 Correlation coefficient 0.415** 1.000 0.068 0.382** 0.330** 0.245*
p-value <0.001 0.568 <0.001 0.005 0.038

MCM4 Correlation coefficient 0.420** 0.068 1.000 0.231 0.287* 0.096
p-value <0.001 0.568 0.050 0.014 0.423

MCM5 Correlation coefficient 0.613** 0.382** 0.231 1.000 0.205 0.306**
p-value <0.001 0.001 0.05 0.085 0.009

MCM6 Correlation coefficient 0.332** 0.330** 0.287** 0.205 1.000 0.300*
p-value 0.004 0.005 0.014 0.085 0.010

MCM7 Correlation coefficient 0.247* 0.245* 0.096 0.306* 0.300* 1.000
p-value 0.037 0.038 0.423 0.009 0.010

Notes: **Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).
Abbreviations: RCC, renal cell carcinoma; MCM, minichromosome maintenance.

The expression levels of MCM genes in 
RCC specimens with different tumor 
grades
Tumor grade was available in both GSE19949 and GSE40435 

datasets. The correlation between the expression levels 

of MCM2–7 genes and tumor grade was investigated in 

these 2 datasets. As shown in Figure 5, only the expression 

level of MCM4 gene was significantly positively correlated 

with tumor grade in both GSE19949 (Figure 5A; r=0.200, 

p=0.048) and GSE40435 (Figure 5B; r=0.301, p=0.002). 

Although MCM4 was positively correlated with tumor grade, 

the correlations between tumor grade and the expression 

levels of MCM2 and MCM6 were significantly detected in 

1 dataset but not in the other. Our results suggest that the 

expression of MCM4 gene may play a more prominent role 

in predicting tumor grade in RCC.

The prognostic significance of MCM 
genes in RCC
Patient disease-free survival was available in GSE22541 with 

the expression levels of MCM2–7 gene also available in both 

primary and metastases specimens. Therefore, the association 

between the expression levels of MCM genes and disease-free 

survival was investigated in this dataset.

As shown in Figure 6A, a high expression level of MCM2 

gene in the primary tumor of RCC was significantly associ-

ated with a shorter disease-free survival time (p=0.014); 

patients with their RCC primary tumor expressing a high 

level of MCM2 gene had a median disease-free survival time 

of 31.5 months (95% CI =1.9–61.1 months), while patients 

with RCC primary tumor expressing a low level of MCM2 

gene had a median disease-free survival time of 85.4 months 

(95% CI =59.1–111.7 months).

Interestingly, a high expression level of MCM2 gene 

in RCC metastases was also significantly associated with 

a shorter disease-free survival time (Figure 6B; p=0.006); 

patients with their RCC metastases expressing a high level of 

MCM2 gene had a median disease-free survival time of 18.4 

months (95% CI =1.7–35.0 months), while patients whose 

RCC metastases were expressing a low level of MCM2 gene 

had a median disease-free survival time of 69.0 months (95% 

CI =37.9–111.7 months).

Other than MCM2 genes, we found that the expression 

levels of MCM4 and MCM7 genes in RCC primary tumor 

were both significantly associated with disease-free survival 

in this RCC patient cohort. As shown in Figure 6C, patients 

with a high level of MCM4 expression in their RCC pri-

mary tumor had a median disease-free survival time of 20.6 

months (95% CI =0.0–57.0 months), which was significantly 

shorter compared to a median disease-free survival time 

of 79.8 months (95% CI =56.0–103.6 months) for those 

patients with a low level of MCM4 expression in their RCC 

primary tumor (p=0.027). Similarly, patients with a high 

level of MCM7 expression in their RCC primary tumor had 

a median disease-free survival time of 53.4 months (95% 

CI =28.7–78.1 months), which was significantly shorter 

compared to a median disease-free survival time of 90.9 

months (95% CI =50.8–130.9 months) for those patients 

with a low level of MCM4 expression in their RCC primary 

tumor (Figure 6D; p=0.040).

The associations between the expression levels of other 

MCM genes, when considered individually, and disease-free 
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survival were not statistically significant. However, when 

the MCM2–7 genes were considered together, a significant 

association between their expression levels, either in RCC 

primary tumor or in metastases, and disease-free survival was 

revealed. As shown in Figure 7A, patients with their RCC 

primary tumor expressing 2 or more MCM2–7 genes at a 

high level had a median disease-free survival time of 35.7 

months (95% CI =10.7–60.7 months), which was significantly 

shorter than the median disease-free survival time of 94.3 

months (95% CI =65.8–122.8 months) for patients whose 

RCC primary tumor were expressing less than 2 MCM2–7 

genes at a high level (p=0.003). Similarly, patients with their 

RCC metastases expressing 3 or more MCM2–7 genes at a 

high level had a median disease-free survival time of 21.4 

months (95% CI =0.35–42.4 months), which was significantly 

shorter than the median disease-free survival time of 54.8 

months (95% CI =26.9–82.6 months) for patients whose 

RCC metastases were expressing <3 MCM2–7 genes at a 

Figure 1 The expression level of MCM2 mRNA in normal and RCC specimens. Error bar plots for the expression level of MCM2 mRNA in normal and RCC specimens in 
(A) GSE40435, (B) GSE46699, and (C) GSE53757 datasets.
Abbreviations: RCC, renal cell carcinoma; MCM, minichromosome maintenance.
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high level (Figure 7B; p=0.045). By multivariate analysis, 

with additional parameters including T-stage, N-stage, and 

grade being input into the system, we found that both N-stage 

(p=0.003; 95% CI =2.770–144.998) and MCM expressions 

(p=0.002; 95% CI =1.933–20.447) were independent predic-

tors of survival for RCC.

Discussion
In this study, we have found that the expression levels of 

MCM2–7 genes were positively correlated with one another 

in RCC specimens. MCM2, MCM5, MCM6, and MCM7 

expressions were significantly upregulated in RCC tumor 

specimens compared to normal kidney specimens. Individu-

ally, MCM2, MCM4, or MCM7 expression was significantly 

associated with disease-free survival in primary RCC. When 

the expression levels of MCM2–7 genes were considered 

together, a significant association between the number of 

MCM2–7 genes expressing at high level, either in primary 

or metastases specimens, and disease-free survival were 

revealed. Our results suggest that the expression of MCM 

Figure 2 The expression level of MCM5 mRNA in normal and RCC specimens. Error bar plots for the expression level of MCM5 mRNA in normal and RCC specimens in 
(A) GSE40435, (B) GSE46699, and (C) GSE53757 datasets.
Abbreviations: RCC, renal cell carcinoma; MCM, minichromosome maintenance.
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genes play an important role in predicting prognosis in RCC 

patients.

Little is known about the expression of MCM genes in 

RCC. MCM2 has been shown to be a proliferative and prog-

nostic marker in RCC by 2 independent research groups.9,17 

The dataset used in this study was able to provide similar 

results as earlier from others showing that MCM2 is a prog-

nostic marker in RCC. In a cross search with MCM3–7 and 

RCC/kidney cancer in PubMed, only 2 RCC/MCM-related 

publication returned. One report showed that MCM3 was 

Figure 3 The expression level of MCM6 mRNA in normal and RCC specimens. Error bar plots for the expression level of MCM6 mRNA in normal and RCC specimens in 
(A) GSE40435, (B) GSE46699, and (C) GSE53757 datasets.
Abbreviations: RCC, renal cell carcinoma; MCM, minichromosome maintenance.
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overexpressed in multiple cancers, including kidney cancer,18 

while the other one demonstrated that MCM7 may play a role 

in SETD2 loss-of-function mutation in RCC.19 The limited 

search results indicate the importance of our findings as the 

expression of MCMs other than MCM2 may not be clearly 

described in the literature.

Indeed, several research reports have been investigating 

multiple MCM genes in a single study including breast,16 

glioma,20 and pancreatic cancer.21 To the best of our knowl-

edge, this is the first report investigating the expression levels 
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of MCM2–7 in RCC, showing that multiple MCM genes are 

overexpressed in RCC compared to paired normal specimens 

and the prognostic significance of MCM2–7 genes, when 

considered together, in RCC. As MCM2–7 genes have 

been shown to play a significant role in multiple types of 

cancer, with the current report showing that the expressions 

of MCM2–7 were significantly associated with RCC and 

Figure 4 The expression level of MCM7 mRNA in normal and RCC specimens. Error bar plots for the expression level of MCM7 mRNA in normal and RCC specimens in 
(A) GSE40435, (B) GSE46699, and (C) GSE53757 datasets.
Abbreviations: RCC, renal cell carcinoma; MCM, minichromosome maintenance.
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could be used as a predictor for poor prognosis in this cancer 

type, the mechanism of how MCM2–7 genes promote RCC 

development and progression warrant further investigation in 

vitro and in vivo. In addition, whether expression of MCMs 

could predict treatment response should also be investigated. 

Since RCC patients with high-level expression of MCMs had 

a poorer survival, these patients may have limited response 
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Figure 5 The expression level of MCM4 mRNA in RCC specimens with different grade. Error bar plots for the expression level of MCM4 mRNA in RCC specimens with 
different grade in (A) GSE19949 and (B) GSE40435 patient datasets. The Fuhrman system is used for grading renal cancer in both datasets analyzed.
Abbreviations: RCC, renal cell carcinoma; MCM, minichromosome maintenance.
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Figure 6 Survival analysis of individual MCM gene. Kaplan–Meier survival curves for the expression of MCM2 gene in RCC (A) primary tumor and (B) metastases for disease-
free survival in GSE22541 dataset. Kaplan–Meier survival curves for the expression of (C) MCM4 and (D) MCM7 gene in RCC primary tumor for disease-free survival in 
GSE22541 dataset. 
Abbreviations: RCC, renal cell carcinoma; MCM, minichromosome maintenance.
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Figure 7 Survival analysis of MCM2-7 genes. Kaplan–Meier survival curves for number of MCM2-7 genes expressing at high level in RCC (A) primary tumor and (B) 
metastases for disease-free survival in GSE22541 dataset.
Abbreviations: RCC, renal cell carcinoma; MCM, minichromosome maintenance.

A B

0.8

1.0

0.6

0.4

0.2

0.0

0.8

1.0

0.6

0.4

0.2

0.0

0 100

(n=13)

C
um

ul
at

iv
e 

di
se

as
e-

fre
e 

su
rv

iv
al

C
um

ul
at

iv
e 

di
se

as
e-

fre
e 

su
rv

iv
al

GSE22541 patients with RCC;
MCMs expression in primary tumor (n=24)

GSE22541 patients with RCC;
MCMs expressions in metastases (n=24)

MCM
overexpression

MCM
overexpression

≤ 2
≥ 3

≤ 3
≥ 4

p=0.003

(n=11)

(n=13)

p=0.045

(n=11)

Survival (month)
200 0 100

Survival (month)
200

to available treatments as they have been treated in a curative 

intent. As a result, novel therapeutic strategies may be tested 

in this group of patients with a higher medical unmet need 

in upcoming clinical trials.

However, there are limitations in the current studies 

which include its retrospective nature, small sample size, 

and also the availability of clinicopathological parameters 

in online datasets varies, a prospective well-powered study 

may be required to demonstrate the potential clinical utility 

of MCMs as a prognostic marker in RCC.

In conclusion, our study shows that MCM genes may 

play an important role in RCC expression of MCM2–7 genes 

which may be considered together as a prognostic marker 

for RCC patients.
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