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Abstract
Introduction: Minichromosome maintenance complex com-
ponent 7 (MCM7) plays an essential role in proliferation and
DNA replication of cancer cells. However, the expression and
prognostic significance ofMCM7 in breast cancer (BC) remain to
be defined. In this study, we aimed to evaluate the role of
MCM7 in BC. Methods: We conducted immunohistochemistry
staining of MCM7 in 1,156 operable early-stage BC samples and
assessed MCM7 at the transcriptomic levels using publicly
available cohorts (n = 13,430). MCM7 expression was evaluated
and correlated with clinicopathological parameters including
Ki67 labelling index and patient outcome. Results: At the
transcriptomic level, there was a significant association be-
tween high MCM7 mRNA levels and shorter patient survival in
the whole cohort and in luminal BC class but not in the basal-
like molecular subtype. High MCM7 protein expression was
detected in 43% of patients and was significantly associated
with parameters characteristic of aggressive tumour behaviour.

MCM7 was independently associated with shorter survival,
particularly in oestrogen receptor-positive (luminal) BC. MCM7
stratified luminal tumours with aggressive clinicopathological
features into distinct prognostic groups. In endocrine therapy-
treated BC patients, high MCM7 was associated with poor
outcome, but such association disappeared with administration
of adjuvant chemotherapy. Patients with high expression of
Ki67 and MCM7 showed worst survival, while patients with
double low expression BC showed the best outcome compared
with single expression groups. Conclusion: The current findings
indicate thatMCM7expression has a prognostic value in BC and
can be used to identify luminal BC patients who can benefit
from adjuvant chemotherapy. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Because of the clinical and molecular heterogeneity of
breast cancer (BC), the main limitations of current
prognostic and predictive markers remain sensitivity and
specificity [1, 2]. There is an urgent need to identify new
biomarkers that can refine the prognostic stratification of
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BC, and more precisely, inform individualised responses
to therapy [3]. Minichromosome maintenance (MCM)
complex plays a key role in cellular proliferation and is
considered a critical first step in the formation of a pre-
replication complex during DNA replication [4–7]. The
MCM complex is composed of six highly conserved
MCM proteins, namely, MCM2–7 and highly associated
with tumorigenesis [8, 9]. Although MCM2 and MCM3
are significantly upregulated in BC and can potentially be
used as substitutes for or to compliment Ki67 labelling
index in assessing BC cell proliferation [10, 11], the
expression levels, functions, and prognostic values of
minichromosome maintenance complex component 7
(MCM7) in BC remain to be defined.

MCM7 overexpression is demonstrated in several
tumours, including prostate [12], lung cancer [9], and
hepatocellular carcinoma (HCC) [9]. High MCM7 ex-
pression was also associated with a negative outcome in
patients with non-small cell lung carcinoma [13].
Therefore, inactivation of this gene could be a promising
therapeutic target in a variety of cancers. For example,
knockdown of MCM7 significantly inhibited cellular
proliferation in HCC [14], and its upregulation has been
associated with cisplatin resistance in bladder cancer [15].
The present study aimed to evaluate the expression and
clinical significance of MCM7 in BC with particular
interest on the added value to Ki67 labelling index.

Materials and Methods

Study Cohort
In this study, two cohorts were used: the Nottingham

cohort (n = 1,156) was used for the immunohisto-
chemical assessment of MCM7 protein expression. The
other cohort included publicly available transcriptomic
datasets (the Breast Cancer Gene-Ex-Miner v4.9 [n =
9,476] and the Kaplan-Meier [KM] Plotter [n = 3,951]
online dataset) and was used to study the prognostic value
of MCM7 mRNA levels.

MCM7 protein expression: this was evaluated on a
large cohort of primary operable BC series from patients
who had presented at Nottingham City Hospital, NHS
Trust, Nottingham, UK. The clinical and tumour char-
acteristics were available for this cohort (online suppl.
Table 1; for all online suppl. material, see https://doi.org/
10.1159/000540790). In addition, outcome data in the
form of BC-specific survival, defined as time (in months)
from the date of primary surgery to the time of death by
BC, were also available. The mean follow-up time was 135
months, the median was 158 months, and it ranged from

7 to 256months. Adjuvant treatment was given according
to the institutional protocols. Information regarding
oestrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor 2 (HER2) status was also
available. None of the patients received neoadjuvant
therapy. Tumours were additionally classified based on
ER, PR, and HER2 into three molecular subtypes (lu-
minal, triple-negative (TN), and HER2-enriched) [16].
Information regarding Ki67 expression levels was also
available [17–19].

Prior to immunohistochemical staining of the tissue
sections, the specificity of the anti-MCM7 antibody
(#PA5-79651, Invitrogen, Thermo Fisher Scientific, UK)
was validated via Western blotting using cell lysates of
MCF7, MDA-MB-231, and SKBR3 human BC cell lines
obtained from the American Type Culture Collection,
Rockville, MD, USA. The MCM7 primary antibody was
used at a dilution of 1:1,000. Proteins were detected using
IRDye 800CW fluorescent secondary antibodies (1:5,000
dilution, LI-COR Biosciences), and Odyssey Fc with
Image Studio 4.0 (LI-COR Biosciences) was used to vi-
sualise the bands. An anti-β-actin primary antibody,
A1978 (Sigma-Aldrich) was used as a loading control.
Specific bands for MCM7 protein were observed at the
predicted molecular weight (80 kDa; online suppl. Fig. 1).

Tumour samples (n = 1,156) were arrayed using the
Grand Master® (3DHISTECH®, Budapest, Hungary).
Tissue sections were stained using the Novocastra
Novolink™ Polymer Detection Systems kit (Code:
RE7280-K, Leica, Biosystems, Newcastle, UK) on 4-μm
thick dewaxed sections as previously described [20].
MCM7 was diluted at 1:500 in Leica antibody diluent (RE
AR9352, Leica, Biosystems, UK) and incubated for
30 min at room temperature. Normal colon tissue was
used as a positive control, while negative controls were
obtained by omitting the primary antibody.

The percentage of immunohistochemistry-positive
tumour cells was calculated. To assess the interob-
server concordance, a second observer (MT) scored 20%
of the cohort, and intra-class correlation coefficient was
(k = 0.81). In this study, the percentage of nuclear and
cytoplasmic MCM7 expression was assessed. MCM7
expression levels were categorised into low and high
expression based on X-tile software [21, 22]. MCM7
expression was correlated with the clinicopathological
parameters and patient outcome.

Statistical Analysis
Statistical Package for the Social Sciences software

v.27.0 (SPSS, Chicago, IL, USA) was used for statistical
analysis. The MCM7 expression percentages of 5 and 70

2 Pathobiology
DOI: 10.1159/000540790

Lashen et al.

D
ow

nloaded from
 http://karger.com

/pat/article-pdf/doi/10.1159/000540790/4275386/000540790.pdf by guest on 17 Septem
ber 2024

https://doi.org/10.1159/000540790
https://doi.org/10.1159/000540790
https://doi.org/10.1159/000540790


were the optimal cutoffs of nuclear and cytoplasmic
expression, respectively. χ2 tests were used to analyse the
categorical data. Outcome analysis was assessed using
Kaplan-Meier curves and the log-rank test. Cox regres-
sion models were used for multivariate analysis. For all
tests, p < 0.05 (two-tailed) was considered statistically
significant.

Results

MCM7 Protein Expression
The median percentage of MCM7 positivity was 5%,

the mean was 25%, and it ranged from 0 to 100%. High
MCM7 nuclear expression was detected in 43% (500/
1,156) of patients (Fig. 1). High MCM7 expression was
significantly associated with younger patient age
(<50 years) (p = 0.02), premenopausal status (p = 0.03),
high tumour grade (p < 0.0001), no special type tumours

(p = 0.01), poor NPI groups (p = 0.002), and tumours with
triple-negative (TNBC) phenotype (Table 1). High cy-
toplasmic expression was found in 17% (192/1,156) of
patients while 8% showed both high nuclear and cyto-
plasmic MCM7 expression (Fig. 1). However, cytoplas-
mic expression did not show association with any clin-
icopathological parameters. Therefore, all the analysis
was confined to nuclear expression of MCM7. Based on
this, these 8% of cases that showed combined nuclear and
cytoplasmic MCM7 expression were included in the final
analysis. When we eliminated the later cases from the
analysis, the data remain significant in terms of tumour
grade (p = 0.005), tumour type (p < 0.0001), and NPx (p =
0.018).

Outcome Analysis
In the whole cohort, high MCM7 expression showed a

significant association with shorter survival (p = 0.004;
online suppl. Fig. 2). In the whole cohort, multivariate

Fig. 1. Breast cancer cases exhibiting nuclear (a), cytoplasmic (b), and both nuclear and cytoplasmic (c) MCM7
expression.
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analysis showed that high MCM7 was independently
associated with shorter survival in presence of other
prognostic variables including tumour size, lymph node
status, and lymphovascular invasion (Table 2).

When the cohort was classified according to the mo-
lecular classes (luminal, TN, and HER2-enriched), there
was a significant association between high MCM7 ex-
pression and shorter survival in luminal BC (p < 0.0001),
but no such associationwas observed in patients with TNor
HER2+ molecular subtypes (p = 0.12 and p = 0.61, re-
spectively; Fig. 2). With classification into four molecular
classes, high MCM7 showed a significant association with
poor outcome in luminal B BC (p = 0.04) but no association

Table 1. Relationship between nuclear
MCM7 expression levels and clinico-
pathological parameters in BC

Variables MCM7 expression χ2

low % ≤5 high % >5 p value

Age at diagnosis, n (%)
<50 years 188 (52) 174 (48) 4.9
≥50 years 468 (59) 326 (41) 0.02

Menopausal state, n (%)
Premenopausal 212 (53) 191 (47) 4.3
Postmenopausal 44 (59) 309 (41) 0.03

Tumour size, n (%)
≤2 cm 411 (58) 294 (42) 1.7
>2 cm 245 (54) 206 (46) 0.1

Histologic tumour grade, n (%)
Grade 1 110 (66) 58 (34) 19.1
Grade 2 285 (61) 180 (39) <0.0001
Grade 3 261 (50) 262 (50)

Histologic tumour types, n (%)
No special type (NST) 428 (56) 333 (44)
Lobular 46 (45) 57 (55) 10.9
Other special types 28 (56) 22 (44) 0.01
NST mixed 154 (64) 88 (36)

Molecular subtypes, n (%)
Luminal 543 (59) 375 (41) 9.2
HER2-enriched 27 (49) 28 (51) 0.01
Triple-negative 82 (48) 90 (52)

Lymph node invasion, n (%)
Absent 422 (58) 309 (42) 0.7
Present 234 (55) 191 (45) 0.37

Lymphovascular invasion, n (%)
Absent 479 (57) 360 (43) 0.1
Present 177 (56) 140 (44) 0.7

Nottingham prognostic index, n (%)
Good prognostic group 248 (64) 139 (36) 12.78
Moderate prognostic group 311 (53) 277 (47) 0.002
Poor prognostic group 97 (54) 84 (46)

Table 2. Multivariate analysis MCM7 expression in BC

Parameters BCSS

hazard ratio 95% CI p value

MCM7 1.4 1.1–2.0 0.01

Tumour size 1.6 1.1–2.2 0.004

Lymph node status 2.0 1.6–2.4 <0.0001

Lymphovascular invasion 1.6 1.1–2.2 0.005

Significant p values are shown in bold. BCSS, breast cancer-
specific cancer; 95% CI, 95% confidence interval.
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in other subtypes. With classification of the cohort based
on Ki67 status, we found that MCM7 can dichotomise
luminal BC patients with high Ki67 into two prognostic
groups (p = 0.018) but not in the whole cohort.

In our luminal BC cohort, some low-risk patients were
diagnosed prior to 1996 and did not receive endocrine
therapy.When this luminal cohort was stratified based on
endocrine therapy, survival analysis of endocrine
therapy-treated patients showed an association between
high MCM7 expression and poor outcome (p = 0.002). In
contrast, no such association was identified in the BC
patients who did not receive endocrine therapy (p = 0.19;
online suppl. Fig. 3). Therefore, further outcome analysis
for luminal BC patients was restricted to those who re-
ceived endocrine therapy.

To further refine the prognostic classification of lu-
minal BC patients, the cohort was stratified based on the
clinical risk, then the added prognostic value of MCM7
was evaluated. This analysis demonstrated the ability of
MCM7 to prognostically stratify clinically high-risk pa-
tients into two distinct subgroups. This included tumours
with (i) higher-grade (grade ≥2; p < 0.0001), (ii) lymph

Fig. 2. Kaplan-Meier association of MCM7 with BC-specific survival in different molecular classes. High MCM7
expression shows poor prognosis in luminal BC (a), while no association was observed in both HER2-enriched
(b) and triple-negative (c) molecular subtypes.

Table 3. Multivariate analysis MCM7 expression in luminal BC
patients who were treated with endocrine therapy

Parameters BCSS

hazard ratio 95% CI p value

MCM7 1.7 1.1–2.5 0.014

Tumour grade 2.8 1.8–4.2 <0.0001

Lymph node status 2.5 1.6–3.9 <0.0001

Tumour size 1.3 0.85–2.0 0.227

Significant p values are shown in bold. BCSS, breast cancer-
specific cancer; 95% CI, 95% confidence interval.
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node metastasis (p = 0.004), and (iii) high NPI (NPI >3.4;
p = 0.003). However, there was no association between
MCM7 expression and patient outcome in the more
indolent tumours including lymph node-negative (p =
0.075), grade 1 tumours (p = 0.29), and those with a low
NPI (p = 0.39; online suppl. Fig. 4).

In the subgroup of high-risk luminal BC patients who
were given both endocrine therapy and chemotherapy, the
association between MCM7 expression and poor outcome
lost its significance (p = 0.07; online suppl. Fig. 5), suggesting
improvement of the outcome of those high-risk MCM7-
positive patients by the administration of adjuvant che-

motherapy with the endocrine therapy. In the luminal BC
patients treated with endocrine therapy, high MCM7 was
independently associated with shorter survival in presence of
other prognostic variables (Table 3).

MCM7 and Ki67 Protein Expression
MCM7 showed a positive linear correlation with Ki67

labelling index (p < 0.0001). When combining MCM7
and Ki67 expression, the cohort was classified into four
subgroups. High MCM7 and high Ki67 were observed in
21% of patients, while both low MCM7 and Ki67 ex-
pression were present in 36% of the cases. High MCM7

Table 4. Co-expression of MCM7 and Ki67 with the clinicopathological parameters in BC

Categories MCM7-negative Ki67
(negative)

MCM7-positive Ki67
(positive)

Ki67-negative MCM7
(positive)

Ki67-positive MCM7
(negative)

χ2

p value

Age, n (%) 48.4
<50 years 57 (22) 90 (35) 76 (31) 32 (12) <0.0001
≥50 years 255 (41) 132 (21) 112 (18) 121 (19)

Menopausal status, n (%) 33.1
Premenopausal 79 (27) 92 (32) 84 (29) 36 (12) <0.0001
Postmenopausal 233 (40) 130 (22) 104 (18) 117 (20)

Tumour size, n (%) 37.8
≤2 cm 224 (41) 112 (21) 99 (18) 109 (20) <0.0001
>2 cm 88 (27) 110 (33) 89 (27) 44 (13)

Tumour grade, n (%)
Grade 1 92 (63) 7 (5) 6 (4) 42 (28) 241.4
Grade 2 164 (44) 84 (23) 42 (11) 80 (22) <0.0001
Grade 3 56 (16) 131 (37) 140 (58) 31 (9)

Histologic types, n (%)
No special type (NST) 165 (30) 169 (31) 147 (27) 73 (12) 88.5
Lobular 26 (33) 13 (17) 12 (15) 27 (35) <0.0001
Other special types 23 (60) 0 (0) 1 (3) 14 (37)
NST mixed 98 (48) 40 (19) 28 (14) 39 (19)

Molecular subtype, n (%)
Luminal 286 (41) 166 (23) 113 (16) 140 (20) 95.1
Triple-negative 20 (16) 41 (32) 59 (46) 8 (6) <0.0001
HER2+ 5 (13) 14 (38) 15 (41) 3 (8)

Lymph node status, n (%)
Negative 222 (38) 130 (22) 120 (22) 113 (18) 13.66
Positive 90 (32) 92 (32) 68 (23) 40 (23) 0.003

Lymphovascular invasion, n (%)
Absent 253 (39) 144 (22) 129 (20) 127 (19) 27.3
Present 59 (26) 78 (35) 49 (27) 26 (12) <0.0001

Nottingham prognostic
index, n (%)

150.9

Good prognostic group 170 (53) 42 (13) 24 (8) 84 (26) <0.0001
Moderate prognostic
group

124 (27) 140 (30) 133 (29) 64 (14)

Poor prognostic group 18 (19) 40 (43) 31 (33) 5 (5)
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and low Ki67 were found in 17% of patients, while low
MCM7 and high Ki67 were observed in 26% of patients.

When correlated with the clinical parameters in the
whole cohort, both highMCM7 and high Ki67 expression
showed an association with parameters characteristic of
aggressive tumour behaviour as shown in Table 4. Similar
findings were observed when the analysis was confined to
luminal BC (online suppl. Table 2).

Outcome analysis showed that patients with highMCM7
and Ki67 expression had the worst outcome (p < 0.0001). In
luminal BC, high MCM7 and Ki67 expression were asso-
ciated with worst survival while double low expression
showed the best survival. Patients with a single high marker
(either Ki67 or MCM7) showed similar outcomes, and they
had better survival than patients with double high expres-
sion, concluding that MCM7 expression can add prognostic
and predictive value similar to Ki67 (Fig. 3).

MCM7 mRNA Expression
Outcome analysis showed a significant association be-

tween high MCM7 mRNA levels and poor survival in the
whole Gene-Ex-Miner cohort (p < 0.0001), luminal subtype
(p = 0.0045), and HER2-enriched subtype (p = 0.025).
However, no association was found between MCM7 and
patient outcome in basal-like BC (Fig. 4). Similar results were
observed in Kaplan-Meier plotter cohort (online suppl.
Fig. 6).

Discussion

DNA replication is an essential step in cell prolifera-
tion [7]. MCM family, which participates in DNA rep-
lication, is abnormally expressed in cancer cells and more
pronounced than normal cells [23]. Elevated expression
of theMCMs has been proposed as potential proliferation
markers [24]. MCMs are considered important factors in
oncogenic signalling pathways and are involved into
critical steps in DNA synthesis: (i) DNA replication
initiation and (ii) DNA elongation mediated by MCM
helicase activities [25]. MCM7, an important subunit of
the presumed heteromeric MCM helicase, is involved in
tumour formation and progression and plays an essential
role in initiating DNA replication. Overexpression of
MCM7 has been found in several types of cancers [14,
26]. To investigate the potential oncogenic properties and
prognostic value of MCM7 in BC, we assessed MCM7
expression at the transcriptomic and proteomic levels.

In our research, high nuclear MCM7 expression
showed significant associations with parameters of ag-
gressive tumour behaviour including high grade tumours.
Similarly, high MCM7 expression has been associated
with high grade ovarian carcinoma [25] and oral squa-
mous cell carcinoma [27]. The present research in BC and
previous research in other cancers, therefore, indicate the
strong correlation between MCM7 and tumour grade,

Fig. 3. Kaplan-Meier plots showing a significant association between high MCM7 with high Ki67 and worse
survival compared to other groups in endocrine therapy-treated patients.
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which represents the degree of tumour proliferation. The
function of MCM7 is related to cell proliferation, and the
proteins are found only in dividing cells [28]. We found

that high nuclear MCM7 expression showed a significant
association with short survival in BC. Similarly, high
MCM7 expression has previously been associated with

Fig. 4. Kaplan-Meier plots showing a significant association between high MCM7 mRNA levels and poor
outcome in the whole Gen-Ex-Miner cohort (a), ER+BC (b), and HER2-enriched BC (c). d No significant
association in terms of basal-like BC.
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worse overall survival in several cancers including
HCC [7], lung [29], bladder [30], and prostate [5]. In
BC, MCM7 transcripts in BC were upregulated and
significantly related to shorter survival [31], and this
was consistent with our findings at the mRNA level.
The poor prognostic role of MCM7 could be explained
by the knockdown of MCM7, leading to inhibition of
cellular proliferation in vitro and in vivo via sup-
pression of cyclin D1 expression [26]. MCM7 gene was
also included in prognostic gene expression signatures
in some tumours including urothelial [32] and HCC
[33]. This suggests that MCM7 might be a potential
therapeutic target for cancer treatment. Based on this,
many MCM7-targeted drugs have been developed
[34]. In addition, overexpression of MCM7 in cancer
cells may relate to some tumour-specific functions,
including growth regulation [35]. We found that high
MCM7 expression was associated with endocrine re-
sistance in luminal BC patients. Interestingly, MCM7
and its family are top candidate genes responsible for
endocrine-resistant development, and recent evidence
suggests that blocking the expression of the genes can
inhibit the growth of tamoxifen-resistant cancer cells
[36]. Strong positive linear correlation was found in
our research between MCM7 and Ki67, the most
commonly used marker to assess cellular proliferation
in BC [37]. Opposite to MCM7, Ki67 expression is
observed in all phases of cell cycle [38]. The present
study also showed that MCM7 had similar prognostic
and predictive values to Ki67. Similarly, Padmanabhan
and colleagues found a similar correlation in prostatic
cancer and, with head-to-head comparison, MCM7
was a better discriminatory marker of proliferation
between benign epithelium, prostatic intraepithelial
neoplasia, and invasive adenocarcinoma than Ki67 [5].
This confirms that MCM7 plays an important role in
the proliferation of BC cells [39]. These findings
suggest that MCM7 can be used as valid proliferation
marker in clinical practice.

Conclusion

The current findings suggest that MCM7 expression may
be a useful predictor in patients with early-stage BC. Anti-
MCM7 drugs could be valuable therapeutic strategy for
MCM7-positive BC patients.

Statement of Ethics

This study was approved by the Yorkshire and the
Humber – Leeds East Research Ethics Committee (REC Reference:
19/YH/0293) under the IRAS Project ID: 266925. Written in-
formed consent was obtained from participants. The collected data
were fully anonymised.

Conflict of Interest Statement

The authors declare that they have no conflicts of interest.

Funding Sources

No funding was received for this study.

Author Contributions

A.G.L. scored the cases and wrote the manuscript draft, data
analysis, and interpretation. M.S.T. helped in double scoring. A.G.L.,
M.S.T., N.P.M., A.R.G., and C.S.R. agreed with the manuscript results
and conclusions and critically reviewed the article. E. Rakha conceived
and planned the study, contributed to data interpretation, made
critical revisions, and approved the final version.

Data Availability Statement

Data supporting the study can be found in the Supplementary
Materials File, and the corresponding author can make any ma-
terials available upon request.

References

1 Yersal O, Barutca S. Biological subtypes of
breast cancer: prognostic and therapeutic
implications. World J Clin Oncol. 2014;5(3):
412–24. https://doi.org/10.5306/wjco.v5.
i3.412

2 Tellez-Gabriel M, Ory B, Lamoureux F,
Heymann MF, Heymann D. Tumour het-
erogeneity: the key advantages of single-cell
analysis. Int J Mol Sci. 2016;17(12):2142.
https://doi.org/10.3390/ijms17122142

3 Nalejska E, Mączyńska E, Lewandowska MA.
Prognostic and predictive biomarkers: tools in
personalizedoncology.MolDiagnTher. 2014;18(3):
273–84. https://doi.org/10.1007/s40291-013-0077-9

4 Forsburg SL. Eukaryotic MCM proteins: be-
yond replication initiation. Microbiol Mol Biol
Rev. 2004;68(1):109–31. https://doi.org/10.
1128/MMBR.68.1.109-131.2004

5 Padmanabhan V, Callas P, Philips G,
Trainer TD, Beatty BG. DNA replication

regulation protein MCM7 as a marker of
proliferation in prostate cancer. J Clin
Pathol. 2004;57(10):1057–62. https://doi.
org/10.1136/jcp.2004.016436

6 Wei Q, Li J, Liu T, Tong X, Ye X. Phosphor-
ylation of minichromosome maintenance pro-
tein 7 (MCM7) by cyclin/cyclin-dependent ki-
nase affects its function in cell cycle regulation.
J Biol Chem. 2013;288(27):19715–25. https://
doi.org/10.1074/jbc.M112.449652

MCM7 Expression in Breast Cancer Pathobiology
DOI: 10.1159/000540790

9

D
ow

nloaded from
 http://karger.com

/pat/article-pdf/doi/10.1159/000540790/4275386/000540790.pdf by guest on 17 Septem
ber 2024

https://doi.org/10.5306/wjco.v5.i3.412
https://doi.org/10.5306/wjco.v5.i3.412
https://doi.org/10.3390/ijms17122142
https://doi.org/10.1007/s40291-013-0077-9
https://doi.org/10.1128/MMBR.68.1.109-131.2004
https://doi.org/10.1128/MMBR.68.1.109-131.2004
https://doi.org/10.1136/jcp.2004.016436
https://doi.org/10.1136/jcp.2004.016436
https://doi.org/10.1074/jbc.M112.449652
https://doi.org/10.1074/jbc.M112.449652
https://doi.org/10.1159/000540790


7 Qu K, Wang Z, Fan H, Li J, Liu J, Li P, et al.
MCM7 promotes cancer progression through
cyclin D1-dependent signaling and serves as a
prognostic marker for patients with hepato-
cellular carcinoma. Cell Death Dis. 2017;8(2):
e2603. https://doi.org/10.1038/cddis.2016.352

8 Nowińska K, Dzięgiel P. The role of MCM
proteins in cell proliferation and tumorigenesis.
Postepy Hig Med Dosw. 2010;64:627–35.

9 Toyokawa G, Masuda K, Daigo Y, Cho HS,
Yoshimatsu M, Takawa M, et al. Mini-
chromosome Maintenance Protein 7 is a
potential therapeutic target in human cancer
and a novel prognostic marker of non-small
cell lung cancer. Mol Cancer. 2011;10:65.
https://doi.org/10.1186/1476-4598-10-65

10 Kwok HF, Zhang SD, McCrudden CM, Yuen
HF, Ting KP, Wen Q, et al. Prognostic sig-
nificance of minichromosome maintenance
proteins in breast cancer. Am J Cancer Res.
2015;5(1):52–71.

11 Yousef EM, Furrer D, Laperriere DL, TahirMR,
Mader S, Diorio C, et al. MCM2: an alternative
to Ki-67 for measuring breast cancer cell pro-
liferation. Mod Pathol. 2017;30(5):682–97.
https://doi.org/10.1038/modpathol.2016.231

12 Ren B, Yu G, Tseng GC, Cieply K, Gavel T,
Nelson J, et al. MCM7 amplification and
overexpression are associated with prostate
cancer progression. Oncogene. 2006;25(7):
1090–8. https://doi.org/10.1038/sj.onc.1209134

13 Toyokawa G, Masuda K, Daigo Y, Cho H-S,
Yoshimatsu M, Takawa M, et al. Mini-
chromosome Maintenance Protein 7 is a
potential therapeutic target in human cancer
and a novel prognostic marker of non-small
cell lung cancer. Mol Cancer. 2011;10(1):65.
https://doi.org/10.1186/1476-4598-10-65

14 Qiu YT, Wang WJ, Zhang B, Mei LL, Shi ZZ.
MCM7 amplification and overexpression
promote cell proliferation, colony formation
and migration in esophageal squamous cell
carcinoma by activating the AKT1/mTOR
signaling pathway. Oncol Rep. 2017;37(6):
3590–6. https://doi.org/10.3892/or.2017.5614

15 Kim SH, Ho JN, Jin H, Lee SC, Lee SE, Hong
SK, et al. Upregulated expression of BCL2,
MCM7, and CCNE1 indicate cisplatin-
resistance in the set of two human bladder
cancer cell lines: T24 cisplatin sensitive and
T24R2 cisplatin resistant bladder cancer cell
lines. Investig Clin Urol. 2016;57(1):63–72.
https://doi.org/10.4111/icu.2016.57.1.63

16 Coates AS, Winer EP, Goldhirsch A, Gelber
RD, Gnant M, Piccart-Gebhart M, et al.
Tailoring therapies: improving the manage-
ment of early breast cancer: St Gallen In-
ternational expert consensus on the primary
therapy of early breast cancer 2015. Ann
Oncol. 2015;26(8):1533–46. https://doi.org/
10.1093/annonc/mdv221

17 Lashen AG, Toss MS, Katayama A, Gogna R,
Mongan NP, Rakha EA. Assessment of
proliferation in breast cancer: cell cycle or
mitosis? An observational study. Histopa-

thology. 2021;79(6):1087–98. https://doi.org/
10.1111/his.14542

18 Lashen A, Toss MS, Green AR, Mongan NP,
Rakha E. Ki67 assessment in invasive luminal
breast cancer: a comparative study between
different scoring methods. Histopathology.
2022;81(6):786–98. https://doi.org/10.1111/his.
14781

19 Lashen A, Toss MS, Fadhil W, Oni G, Mad-
husudan S, Rakha E. Evaluation oncotype DX®

21-gene recurrence score and clinicopatholog-
ical parameters: a single institutional experience.
Histopathology. 2023;82(5):755–66. https://doi.
org/10.1111/his.14863

20 Lashen AG, Toss MS, Wootton L, Green AR,
Mongan NP, Madhusudan S, et al. Charac-
teristics and prognostic significance of polo-
like kinase-1 (PLK1) expression in breast
cancer. Histopathology. 2023;83(3):414–25.
https://doi.org/10.1111/his.14960

21 Camp RL, Dolled-Filhart M, Rimm DL.
X-tile: a new bio-informatics tool for bio-
marker assessment and outcome-based cut-
point optimization. Clin Cancer Res. 2004;
10(21):7252–9. https://doi.org/10.1158/1078-
0432.CCR-04-0713

22 Lashen A, Al-Kawaz A, Jeyapalan JN, Alqahtani
S, Shoqafi A, Algethami M, et al. Immune in-
filtration, aggressive pathology, and poor sur-
vival outcomes in RECQL helicase deficient
breast cancers. Neoplasia. 2024;47:100957.
https://doi.org/10.1016/j.neo.2023.100957

23 Lange SS, Takata K, Wood RD. DNA
polymerases and cancer. Nat Rev Cancer.
2011;11(2):96–110. https://doi.org/10.1038/
nrc2998

24 Yu S, Wang G, Shi Y, Xu H, Zheng Y, Chen Y.
MCMs in cancer: prognostic potential and
mechanisms. Anal Cell Pathol. 2020;2020:
3750294. https://doi.org/10.1155/2020/3750294

25 Ota T, Clayton AC, Minot DM, Shridhar V,
Hartmann LC, Gilks CB, et al. Mini-
chromosome maintenance protein 7 as a
potential prognostic factor for progression-
free survival in high-grade serous carcinomas
of the ovary. Mod Pathol. 2011;24(2):277–87.
https://doi.org/10.1038/modpathol.2010.202

26 Zhao M, Wang Y, Jiang C, Wang Q, Mi J,
Zhang Y, et al. miR-107 regulates the effect of
MCM7 on the proliferation and apoptosis of
colorectal cancer via the PAK2 pathway.
Biochem Pharmacol. 2021;190:114610.
https://doi.org/10.1016/j.bcp.2021.114610

27 Tamura T, Shomori K, Haruki T, Nosaka K,
Hamamoto Y, Shiomi T, et al. Mini-
chromosomemaintenance-7 and geminin are
reliable prognostic markers in patients with
oral squamous cell carcinoma: immunohis-
tochemical study. J Oral Pathol Med. 2010;
39(4):328–34. https://doi.org/10.1111/j.1600-
0714.2009.00861.x

28 Nowinska K, Chmielewska M, Piotrowska A,
Pula B, Pastuszewski W, Krecicki T, et al.
Correlation between levels of expression of
minichromosome maintenance proteins, Ki-

67 proliferation antigen and metallothionein
I/II in laryngeal squamous cell cancer. Int J
Oncol. 2016;48(2):635–45. https://doi.org/10.
3892/ijo.2015.3273

29 Wang H, Zhou C, Su B, Teng G, Zheng Y,
Zhou X, et al. MCM7 expression is correlated
with histological subtypes of lung adeno-
carcinoma and predictive of poor prognosis.
Int J Clin Exp Pathol. 2017;10(12):11747–53.

30 Fristrup N, Birkenkamp-Demtröder K,
Reinert T, Sanchez-Carbayo M, Segersten U,
Malmström P-U, et al. Multicenter validation
of cyclin D1, MCM7, TRIM29, and UBE2C as
prognostic protein markers in non-
muscle–invasive bladder cancer. Am J
Pathol. 2013;182(2):339–49. https://doi.org/
10.1016/j.ajpath.2012.10.017

31 Liu X, Liu Y, Wang Q, Song S, Feng L, Shi C.
The alterations and potential roles of MCMs
in breast cancer. J Oncol. 2021;2021:7928937.
https://doi.org/10.1155/2021/7928937

32 Fristrup N, Birkenkamp-Demtröder K, Reinert
T, Sanchez-Carbayo M, Segersten U, Malm-
ström PU, et al. Multicenter validation of cyclin
D1, MCM7, TRIM29, and UBE2C as prog-
nostic protein markers in non-muscle-invasive
bladder cancer. Am J Pathol. 2013;182(2):
339–49. https://doi.org/10.1016/j.ajpath.2012.
10.017

33 Horwitz KB, McGuire WL. Estrogen control of
progesterone receptor in human breast cancer.
Correlation with nuclear processing of estrogen
receptor. J Biol Chem. 1978;253(7):2223–8.
https://doi.org/10.1016/s0021-9258(17)38062-6

34 Correction: regulation of minichromosome
maintenance gene family byMicroRNA-1296
and genistein in prostate cancer. Cancer Res.
2018;78(13):3740.

35 Fei L, Xu H. Role of MCM2–7 protein
phosphorylation in human cancer cells. Cell
Biosci. 2018;8(1):43. https://doi.org/10.1186/
s13578-018-0242-2

36 Asghari A, Wall K, Gill M, Vecchio ND,
Allahbakhsh F, Wu J, et al. A novel group of
genes that cause endocrine resistance in
breast cancer identified by dynamic gene
expression analysis. Oncotarget. 2022;13:
600–13. https://doi.org/10.18632/oncotarget.
28225

37 Ayat Gamal L, Michael ST, Suzan Fathy G,
Shorouk M, Andrew G, Nigel PM, et al.
Expression, assessment and significance of
Ki67 expression in breast cancer: an update.
J Clin Pathol. 2023. jcp-2022-208731.

38 Lashen A, Toss MS, Green AR, Mongan NP,
Rakha E. Ki67 assessment in invasive luminal
breast cancer: a comparative study between
different scoring methods. Histopathology.
2022;81(6):786–98. https://doi.org/10.1111/
his.14781

39 Zhang R, Liu Z, Zhang G. CDC45 modulates
MCM7 expression and inhibits cell prolif-
eration by suppressing the PI3K/AKT path-
way in acute myeloid leukemia. Am J Transl
Res. 2021;13(9):10218–32.

10 Pathobiology
DOI: 10.1159/000540790

Lashen et al.

D
ow

nloaded from
 http://karger.com

/pat/article-pdf/doi/10.1159/000540790/4275386/000540790.pdf by guest on 17 Septem
ber 2024

https://doi.org/10.1038/cddis.2016.352
https://doi.org/10.1186/1476-4598-10-65
https://doi.org/10.1038/modpathol.2016.231
https://doi.org/10.1038/sj.onc.1209134
https://doi.org/10.1186/1476-4598-10-65
https://doi.org/10.3892/or.2017.5614
https://doi.org/10.4111/icu.2016.57.1.63
https://doi.org/10.1093/annonc/mdv221
https://doi.org/10.1093/annonc/mdv221
https://doi.org/10.1111/his.14542
https://doi.org/10.1111/his.14542
https://doi.org/10.1111/his.14781
https://doi.org/10.1111/his.14781
https://doi.org/10.1111/his.14863
https://doi.org/10.1111/his.14863
https://doi.org/10.1111/his.14960
https://doi.org/10.1158/1078-0432.CCR-04-0713
https://doi.org/10.1158/1078-0432.CCR-04-0713
https://doi.org/10.1016/j.neo.2023.100957
https://doi.org/10.1038/nrc2998
https://doi.org/10.1038/nrc2998
https://doi.org/10.1155/2020/3750294
https://doi.org/10.1038/modpathol.2010.202
https://doi.org/10.1016/j.bcp.2021.114610
https://doi.org/10.1111/j.1600-0714.2009.00861.x
https://doi.org/10.1111/j.1600-0714.2009.00861.x
https://doi.org/10.3892/ijo.2015.3273
https://doi.org/10.3892/ijo.2015.3273
https://doi.org/10.1016/j.ajpath.2012.10.017
https://doi.org/10.1016/j.ajpath.2012.10.017
https://doi.org/10.1155/2021/7928937
https://doi.org/10.1016/j.ajpath.2012.10.017
https://doi.org/10.1016/j.ajpath.2012.10.017
https://doi.org/10.1016/s0021-9258(17)38062-6
https://doi.org/10.1186/s13578-018-0242-2
https://doi.org/10.1186/s13578-018-0242-2
https://doi.org/10.18632/oncotarget.28225
https://doi.org/10.18632/oncotarget.28225
https://doi.org/10.1111/his.14781
https://doi.org/10.1111/his.14781
https://doi.org/10.1159/000540790

	Prognostic and Clinical Significance of the Proliferation Marker MCM7 in Breast Cancer
	Introduction
	Materials and Methods
	Study Cohort
	Statistical Analysis

	Results
	MCM7 Protein Expression
	Outcome Analysis
	MCM7 and Ki67 Protein Expression
	MCM7 mRNA Expression

	Discussion
	Conclusion
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


