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Introduction

Cervical cancer was the second leading cause of cancer
death in the 1920’s, 30’s and 40’s [1], and it is the prin-
cipal cancer of women in most developing countries,
where 80% of cases occur [2, 3]. Cervical cancer comes
in two types; squamous cell carcinoma accounts for 80-
90% of all cervical cancers, with adenocarcinoma
making up 10-20% [4]. Biomolecular factors for early-
stage cervical cancer are important in the clinical diagno-
sis in order for patients to have the best chance of being
cured. Promising biomarkers for cervical squamous cell
carcinoma (CSCC) are under development [5-7].

Minichromosome maintenance (Mcm) proteins are
essential for the key regulatory step of initiation of DNA
replication in all eukaryotes investigated. The Mcm
complex is made up of six highly conserved proteins,
Mcm2 through Mcm7, all of which are necessary for
replication-fork progression [8, 9]. Pervious experiments
have demonstrated that Mcm proteins 2, 4, 5, 6 and 7 are
associated with cervical cancer [10]. Immunohistochem-
ical studies of the human uterine cervix showed that
Mcm3 and Mcm4 are ubiquitously expressed in cancer
cells. The positive rate and level of Mcm3 and Mcm4
expression have appeared to be higher in cancer cells
than in normal proliferating cells of the uterine cervix and
dysplastic cells, suggesting that they can be useful
markers to distinguish these cells [11]. However, expres-
sion level and pathophysiological significance of Mcm3
and Mcm4 in patients with squamous cervical carcinoma
remain to be clarified.

Cervical cancer follows a progression of dysplasia to in
situ carcinoma to invasive carcinoma [12]. The aim of
this study was to determine the expression of the Mcm3
and Mcm4 proteins, and their diagnostic value in cervi-
cal intraepithelial neoplasia (CIN) progression, from
grade 1 to grade 2-3 and squamous cervical carcinoma.

Materials and Methods

Tissue samples

Tissue samples (n = 125) were obtained from the Second
Affiliated Hospital, School of Medicine, Zhejiang University
and Huzhou Maternity and Child Care Hospital of Zhejiang
Province from July 2004 to May 2007. The specimens consisted
of cervical intraepithelial neoplasia grade 1 (CIN I, n = 11),
grade 2-3 (CIN II-III, n = 35; including CIN II, CIN III and car-
cinoma in situ) and invasive cervical squamous cell carcinomas
(CSCC, n = 53). Normal cervical squamous epithelium (n = 26)
was obtained from patients who underwent hysterectomy due to
diseases other than cancer. No CSCC patient received any
chemotherapy or radiotherapy. Complete clinical pathologic
parameters were obtained including age, clinical stage of the
patient, tumor size, invasive depth, lymph node metastasis and
differentiation of tumor cells. Informed consent was obtained
from each patient. This study was approved by the Hospital
Ethics Committee.

Immunohistochemistry

The sections were incubated with primary antibodies; goat
anti-Mcm3 polyclonal antibody (1:10000) and mouse anti-
Mcm4 monoclonal antibody (1:50) (Santa Cruz, CA), and then
were visualized using an HRP-conjugated polymer detection
system (Zymed, Canada). All slides were counterstained with
hematoxylin. The negative control was subjected to the same
technique except that the primary antibody was replaced by
phosphate-buffered saline.
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Positive cells were indicated by the presence of brown stain-
ing. Immunohistochemical results were evaluated under a light
microscope and scored as follows: negative (–) for no detectable
staining (< 5%), (+) for weak but definitely detectable staining
(� 5% and � 25%), (++) for moderate staining (> 25% and �
75%), and (+++) for abundant staining (> 75%). All the evalu-
ations were made two independent pathologists, unaware of the
clinical data.

Statistical analysis

Statistical analysis was carried out using SPSS version 12.0.
Immunochemical staining of Mcm3 and Mcm4 was analyzed
using the Kruskal-Wallis test. Spearman and Kendall analyses
were used to evaluate correlations with clinicopathological
parameters. Differences were considered to be statistically sig-
nificant at p < 0.05.

Results

Expression of Mcm3 and Mcm4 proteins using immuno-
histochemical staining

The staining results in patients from the control, CIN I
to CIN II-III and CSCC are summarized in Figure 1,
Table 1. Expression of Mcm3 and Mcm4 was found in
squamous epithelial cells in all cases of CSCC, CIN II-
III and CIN I. In controls, Mcm3 expression was absent
in 24 cases and present (+) in two cases, while Mcm4
expression was absent in 25 cases and present (+) in one
case. A significant statistical difference in Mcm3 and
Mcm4 expression was observed between the normal
control group and tumor groups. Mcm3 and Mcm4
expression increased gradually, but became significantly
stronger from intraepithelial neoplasia grade 1 through to

cervical squamous cell carcinomas (p < 0.001), except
there was no significant difference between CIN I and
CIN II-III.

Mcm3 and Mcm4 protein expression in relation to
clinicopathological parameters

Immunostaining results of the different proteins
(Mcm3 and Mcm4) in relation to clinicopathological
parameters including age, stage, tumor size, invasive
depth, lymph nodes metastasis and differentiation are
shown in Table 2. The only significant association was
between Mcm3 expression and differentiation (p =
0.024). However, Mcm3 and Mcm4 were not associated
with any other parameters.

Discussion
Cervical cancer is a leading cause of death in women

but it does not have to be. About one-third of the cancer
burden could be decreased if cases were detected and
treated early. When caught early, the chances of being
cured are very good. Therefore, biomarkers for clinical
diagnostics are of vital importance.

The entire Mcm family (Mcm2-7) plays an essential
role in eukaryotic DNA replication. Several reports have
indicated the usefulness of Mcm proteins as markers of
cancer cells in histopathological diagnosis. A linear
increase in Mcm5 mRNA expression has been observed
in the normal cervix, CIN III and invasive cervical carci-
noma [13]. Diffuse and full epithelium thickness staining
for Mcm7 was observed in high-grade cervical epithelial
lesions and in invasive cervical carcinoma [14]. Gene-
expression profiling experiments have demonstrated

Figure 1. — Expression of Mcm3 and Mcm4 in cervical lesions (400 ×).
A: Normal cervical tissue (Mcm3); B: CIN (Mcm3); C: Cervical squamous cell carcinoma (Mcm3).
D: Normal cervical tissue (Mcm4); E: CIN (Mcm4); F: Cervical squamous cell carcinoma (Mcm4).

Fig. 2
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upregulation of Mcm proteins 2, 4, 5 and 6 in cervical
cancer cells when compared with normal cervical ker-
atinocytes [15]. More frequent and higher-level expres-
sion of Mcm3 and Mcm4 were found in cancer cells than
in normal proliferating cells of human uterine cervices
and dysplastic cells [11]. An essential role in proliferation
for Mcms and their regulators makes them potentially
important biomarkers for routine clinical use in cancer
detection and prognosis [16, 17].

In the present study, we observed that Mcm3 and Mcm4
were expressed in cervical squamous epithelium in all
CSCC, CIN II-III, CIN I (except 1 case) cases. Both
Mcm3 and Mcm4 expression showed a tendency to be
stronger from normal cervical epithelium through to inva-
sive squamous cervical carcinomas, suggesting a potential
marker in diagnosis of CSCC in clinics. Mcm3 expression
was significantly associated with tumor cell differentia-
tion, although there was no association between Mcm3
and Mcm4 and any other clinicopathological parameters
(age, stage, tumor size, invasive depth and lymph node
metastasis). Thus, Mcm3 and Mcm4 could be more rele-
vant to progression rather than prognosis.

In conclusion, our study demonstrated that the two pro-

teins, Mcm3 and Mcm4, which are essential for DNA
replication in eukaryotes, had diagnostic significance for
CSCC, and might be used as biomarkers in clinical diag-
nosis.
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