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Abstract. Cervical cancer ranks high among the causes
of female cancer mortalities and is an important disease in
developing and developed countries. Current diagnosis of
cervical cancer depends on colposcopy, pathological diagnosis
and preoperative diagnosis using methods, including magnetic
resonance imaging and computed tomography. Advanced
cervical cancer has a poor prognosis. The tumor marker squa-
mous cell carcinoma is conventionally used for screening, but
recent studies have revealed the mechanisms of carcinogenesis
and the factors associated with a poor prognosis in cervical
cancer. These include epigenetic biomarkers, with the meth-
ylation level of the checkpoint with forkhead and ring finger
gene being potentially useful for predicting the malignancy
of cervical cancer and sensitivity to treatment with paclitaxel.
The extent of methylation of the Werner DNA helicase gene is
also useful for determining sensitivity to an anticancer agent,
CPT-11. In addition to epigenetic changes, the expression levels
of hypoxia-inducible factor la subunit, epidermal growth
factor receptor and cyclooxygenase-2 have been reported as
possible biomarkers in cervical cancer. Novel prognostic
factors, including angiogenic factors, fragile histidine triad,
thymidylate synthase, glucose-related protein 58 and mucin
antigens, have also been described, and hemoglobin and plate-
lets may also be significant prognostic biomarkers. Utilization
of these biomarkers may facilitate personalized treatment and
improved outcomes in cervical cancer.
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1. Introduction

Cervical cancer is the second leading cause of female cancer
mortalities worldwide and 500,000 new cases are diagnosed
annually in developing and developed countries. In the United
States, there are 12,800 new cases of cervical cancer each year
and 4,600 females succumbed to the disease in 2000 (1). In
Japan, early-stage cervical cancer is on the increase among
females of reproductive age (20-40 years old) and diagnosis
and treatment of the disease in this age group is important
due to the declining birth rate and aging population (2). The
background to these changes may include a decrease in the
age of initial sexual activity and exposure to high-risk human
papilloma viruses (HPVs).

Unlike the majority of other gynecological malignan-
cies, cervical cancer is clinically staged prior to surgery.
Early stages [International Federation of Gynecology and
Obstetrics (FIGO) stage IA1-IB2] are often treated surgically,
but cervical cancer with distant metastases or recurrence
remains uniformly fatal (3). Prognostic factors include the
clinical stage and histological cancer type (4). Due to the
requirement for implementing personalized treatment and
evaluating outcomes, biomarkers for predicting prognosis
have emerged from recent studies (5). In addition to squa-
mous cell carcinoma (SCC), a tumor marker conventionally
used for cervical cancer, several biomarkers have been
identified that predict the response to anticancer therapy,
including checkpoint with forkhead and ring finger (CHFR);
Werner DNA helicases (WRN); hypoxia-inducible factor-1a
subunit (HIF-1a), which is associated with hypoxic response;
epidermal growth factor receptor (EGFR), which may be a
molecular target; and cyclooxygenase-2 (COX-2), which
predicts radiation sensitivity (6).
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2. Biomarkers associated with sensitivity to anticancer
agents

CHEFR is involved in checkpoint regulation of somatic cell
division. CHFR serves as a G2/M checkpoint protein for
somatic cell division, delays entry into metaphase from
antephase (7) and suppresses the activity of Aurora A kinase,
which promotes cell cycling downstream of CHFR. Low
temperature and microtubular stress have been indicated to be
factors activating CHFR. Thus, introduction of the CHFR gene
into HeLa cells, a human cervical cancer-derived cell line in
which CHFR is inactivated, produced recovery of the normal
cell cycle suppression mechanism when cells were exposed
to agents with microtubular toxicity. Hypermethylation of
CpG islands in the promoter region leads to the silencing of
CHFR. This mechanism involves the activation of DNA meth-
yltransferases, including DNMT1, and DNMTs are commonly
overexpressed in human cancer cells. Thus, activation of
DNMTs causes CpG islands of CHFR to be hypermethylated,
with resultant suppression of CHFR, promotion of cell cycling
and subsequent carcinogenesis.

CHFR expression varies depending on the histological
type of cervical cancer. In our previous study, aberrant hyper-
methylation of the CHFR gene was found in 2/12 cervical
adenocarcinoma smears (8), compared with no aberrant DNA
hypermethylation in normal cervical cells and cervical SCC
cells. In SKG-IIIa cells derived from SCC and without aberrant
hypermethylation, treatment with paclitaxel alone caused a
marked increase in cells in the G2/M phase to 73.9%, indicating
an active repair mechanism in response to damage caused by
paclitaxel. By contrast, in HeLa cells with aberrant CHFR
hypermethylation, the percentage of G2/M cells remained at
8.3% and sub-G cells increased to 13.4% following paclitaxel
treatment, indicating that paclitaxel induced apoptosis of
HeLa cells. However, the combined treatment of paclitaxel
and 5-aza-deoxycytidine (dC), a demethylation agent, resulted
in 73.9% of HeLa cells in the G2/M phase and a marked
decrease in sub-Gl cells to 2.2%. Therefore, if CHFR is active,
the cell cycle is delayed and this allows repair of damaged
DNA, causing reduced sensitivity to paclitaxel. However,
if CHFR is inactive, damaged DNA cannot be repaired and
continuation of somatic cell division leads to apoptosis and
increased sensitivity to paclitaxel. Cervical adenocarcinoma
has lower sensitivity to anticancer agents compared with
cervical SCC (9), and has higher sensitivity to these agents
if CHFR is epigenetically suppressed (10). Thus, the aberrant
hypermethylation of CHFR in cervical adenocarcinoma is a
candidate biomarker for sensitivity to paclitaxel.

Following the silencing of DNMTI1 in HeLa cells,
Zhang et al (11) identified demethylation of cyclin A1 (CCNAI),
CHFR, paired box 1 (PAXT), secreted frizzled-related protein 4
(SFRP4) and tumor suppressor in lung cancer 1 (TSLCI), and
maintenance of the methylation of phosphatase and tensin
homolog deleted on chromosome 10 (PTEN) and fragile histi-
dine triad (FHIT) (Table I). By contrast, similar silencing of
DNMT1 in SiHa cells, another human cervical cancer-derived
cell line, resulted in the demethylation of CCNAI1, PTEN,
PAX1, SFRP4 and TSLCI, but maintenance of the methylation
of FHIT and CHFR (11). These results showed that silencing of
DNMT]1 does not influence the methylation of CHFR in SiHa
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Table I. DNMTT1 silencing and the demethylation of genes in
HeLa and SiHa cells.

Cell line Demethylated Not demethylated

HeLa CCNAI,CHFR, PTEN, FHIT
PAX1,SFRP4,TSLCI

SiHa CCNAI, PAX1, CHFR, FHIT

SFRP4,TSLCI1, PTEN

CCNAL cyclin Al; CHFR, checkpoint with forkhead and ring finger;
PAX1, paired box 1; SFRP4, secreted frizzled-related protein 4; TSLC1,
tumor suppressor in lung cancer 1; PTEN, phosphatase and tensin
homolog deleted on chromosome 10; FHIT, fragile histidine triad.

cells, but reduces its methylation in HeLa cells, indicating that
the inhibition of DNMT1 may be a target for the treatment of
cervical cancer with HPV-18 infection.

Among the DNMT isoforms, functional cooperativity of
DNMTI1 and DNMT3B is known to promote carcinogen-
esis (12). Liu ef al (13) found that histone deacetylase (HDAC)
inhibitors induce apoptosis in cervical cancer cells by
suppressing DNMT3B activity. Treatment of HeLa and CaSki
cells with a classical HDAC inhibitor, trichostatin A (TSA),
at 1 ymol/l resulted in 86 and 76% of HelLa and CaSki cells,
respectively, undergoing apoptosis, whereas >90% of normal
cells survived. TSA treatment had no significant effect on
normal cells, but decreased DNMT3B activity in HeLa and
CaSki cells compared with normal cells.

The expression levels of DNMTI and CHFR may
therefore be biomarkers for predicting the malignancy of
cervical adenocarcinoma. In cases of SCC without aberrant
hypermethylation of the CHFR gene, the expression level of
DNMTI1 may be an index of malignancy. Since HDAC inhibi-
tors suppress DNMT3B in cancer cells, these agents may be
effective for the treatment of cervical cancer.

The WRN gene codes for DNA helicases that are important
for maintaining genomic stability, and is also the gene respon-
sible for Werner syndrome, a rare autosomal recessive genetic
disorder. Affected individuals are healthy at birth, but aging
phenomena, including short stature, skin atrophy, diminished
subcutaneous fat and a bald head, develop rapidly from the late
adolescence, and age-related diseases, such as type 2 diabetes,
osteoporosis and bilateral cataract, also appear with cancer
being the leading cause of mortality (14).

In a previous study, we examined the WRN gene in human
cervical SCC-derived cell lines, SKG-I, II, IITA and IIIB, and
human cervical adenocarcinoma-derived cell lines, HeLLa and
TCO-1 (15). Aberrant hypermethylation of the WRN gene
was detected in SKG-II and TCO-1 cells, and mRNA and
protein levels for WRN were reduced in these two cell lines
compared with other cell lines. Following the administration
of 5-aza-dC, the expression of WRN mRNA was recovered in
SKG-II and TCO-1 cells. The sensitivity of SKG-II and TCO-1
cells to CPT-11 was increased by treatment with small inter-
fering RNA for WRN, while sensitivity to other anticancer
agents was not decreased. Suppression of the WRN gene has
also been shown to increase the anticancer effects of CPT-11
in HeLa cells derived from cervical and rectal cancer (16,17).
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In 21 primary cervical cancer smears, Masuda ef al (15) also
found the aberrant hypermethylation of WRN in 45% (5/11)
of cases of adenocarcinoma and 20% (2/10) of SCC. Thus, the
aberrant hypermethylation of WRN is a potential biomarker
for carcinogenesis and sensitivity to CPT-11 in cervical cancer.

HIF-1a forms a heterodimer with a 3-subunit and has an
essential role in the mammalian hypoxic response. At normal
O, partial pressure, prolyl residues of HIF-1a are hydroxyl-
ated by prolyl hydroxylase (PHD), which is activated by
oxygen, with subsequent ubiquitination and degradation of
HIF-1a (18). At low O, partial pressure, PHD is deactivated
and hydroxylation of prolyl residues of HIF-1a is inhibited,
and thus, HIF-1a is not degraded. HIF-1a instead migrates to
the nucleus, binds to promoter regions referred to as HIF-1a
responsive elements, and promotes the transcription of
molecules required for a hypoxic response, including eryth-
ropoietin. Hypoxia and malnutrition in tumors are caused by
rapid malignant proliferation. However, tumor cells regulate
the expression of molecules associated with the promotion of
angiogenesis and sugar uptake, cell survival and suppression
of apoptosis through the hypoxic response. Thus, the expres-
sion of HIF-1a allows tumor cell proliferation in a hypoxic or
nutrient-poor environment, in which even survival is difficult,
and the HIF-1a level is associated with the prognosis (19).

Hypoxia is considered to increase malignancy and resis-
tance to radiochemotherapy (20-22). Even in early-stage
cervical cancer, there are a number of newly-formed vessels
and stable HIF-1a expression. The normal uterine cervix is
chronically exposed to hypoxia, while HIF-1a. is not degraded
and is stably expressed. Such phenomena occur only at an
advanced stage in other solid tumors, which explains the high
malignancy rate in cervical cancer (23-25). Higher immunos-
taining of HIF-1a has also been associated with lower survival
rates in cervical adenocarcinoma and cervical SCC (26-28). In
HeLa and SiHa cells, Bai et al (29) identified the overexpres-
sion of survivin, in addition to HIF-1a,, under hypoxia. Survivin
is an apoptosis-suppressing protein that is associated with the
regulation of cell proliferation. The expression of survivin is
a poor prognostic factor since it is involved in the prolifera-
tion of cancer cells and drug resistance (26-30). Following the
induction of HIF-1a by hypoxia, Bai er al (29) demonstrated
an upregulated survivin expression that suppressed apoptosis
of cervical cancer cells, suggesting that survivin and HIF-1a
are novel therapeutic targets. Among other factors downstream
of HIF-1a, Luczak et al (31) found that chemokine receptor 4
(CXCRA4) levels in 30 cervical cancer samples were signifi-
cantly higher compared with normal samples.

Drugs targeting HIF-1a include topotecan (TPT), which
inhibits HIF-1a (32-35) by targeting topoisomerase I (Topl)
and forming a Topl-DNA complex that exerts a cytotoxic
effect by breaking double-stranded DNA during replication.
TPT-dependent inhibition of HIF-1la accumulation does not
occur if RNA transcription is inhibited, indicating that the
effect of TPT requires Topl (33). Phase I and II trials of TPT in
cervical cancer are ongoing. Thus, HIF-1a is a major candidate
prognostic biomarker and a target for treatment.

The EGFR gene maps to chromosome 7pl1.2-p12 and has
28 exons. The gene encodes a protein that contains an extra-
cellular ligand-binding domain, a transmembrane domain and
a tyrosine kinase domain (36). The EGFR family is composed
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of four heterodimer receptors, EGFR/v-erb-a erythroblastic
leukemia viral oncogene homolog 4-1 (ErbB-1), HER2/ErbB-2,
HER3/ErbB-3 and HER4/ErbB-4. Heterodimers of EGFR and
HER?2 (Erb-2) are associated with human carcinogenesis. The
signaling pathway of EGFR may be dysregulated in cancer and
is associated with carcinogenesis and tumor growth (37-39).
In cervical cancer, EGFR is a potential prognostic biomarker,
since the coexpression of C-erbB-2 and EGFR is associated
with a poor response to chemoradiation (6). In a study of the
ectodomain of EGFR in 178 patients with lymph node-negative
squamous cell cervical carcinoma following chemoradio-
therapy, Halle er al (40) evaluated patient outcomes and the
expression of EGFR isoforms using immunohistochemistry.
The EGFR isoforms lacked the tyrosine kinase domain, but
had the ectodomain. Their expression correlated with the acti-
vation of v-Myc myelocytomatosis viral oncogene homolog
avian (MYC) and MYC-associated factor X, and with the
activation of carcinogenic signaling. The amplification of the
EGFR gene is also associated with adverse clinical outcomes
in cervical SCC. Thus, Iida et al (41) found significant ampli-
fication of the EGFR locus in six of 59 cases of cervical SCC,
but in none of 52 cases of adeno/adenosquamous cell carci-
noma, with EGFR amplification significantly correlated with
shorter overall survival rates.

CXCR7 is coexpressed with EGFR and is a candidate
prognostic factor (42). Schrevel et al (42) showed that the
expression of CXCR7 occurred more frequently in SCC
compared with adeno/adenosquamous cell carcinoma and was
significantly associated with tumor size, lymph node metastasis
and EGFR expression. Thus, it was concluded that CXCR7 and
EGFR are potential therapeutic targets. In a phase II study
comparing pazopanib and lapatinib targeting EGFR and
HER?2 in 152 patients with cervical cancer, patients receiving
pazopanib (n=74) had a significantly longer progression-free
survival [hazard ratio, 0.66; 90% confidence interval (CI),
0.48-0.91; P=0.013] and overall survival (hazard ratio, 0.67,
90% CI, 0.46-0.99; P=0.045) compared with the lapatinib
group (n=78). Response rates to pazopanib and lapatinib were
9 and 5%, respectively. The only grade 3 adverse event with a
rate of >10% was diarrhea (11% with pazopanib and 13% with
lapatinib), and the rates of grade 4 adverse events were 9 and
12% for pazopanib and lapatinib, respectively (Table II). Thus,
Monk et al (43) suggested that the heterodimer receptors, EGFR
and HER2, are major therapeutic targets in cervical cancer.

A high expression of the cluster of differentiation 44
isoform 6 (CD44v6) (44), X-ray repair cross-complementing
protein 1 (XRCCI) gene polymorphism (45) and a high level of
phosphorylated mTOR (46) is associated with a poor response
of cervical cancer to chemotherapy with platinum-based
agents. However, the majority of these studies have focused on
neoadjuvant chemotherapy.

3. Biomarkers for the prediction of radiosensitivity

Of the two isoforms (COX-1 and COX-2) of cyclooxygenase,
COX-2 is induced by cytokines and mitogens at inflamed sites
and in tumor tissue (47-49). The substrate of COX-2, arachi-
donic acid, is converted to prostaglandin G2 (PGG2) or PGH2,
which are then converted to PGE2, PGD2, PGF2a, PGI2 and
thromboxane A2 (TxA2) by PG synthases. PGE2 is associated
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Table II. Effects of pazopanib and lapatinib on cervical cancer.
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OS median PFS median Incidence of G3 Incidence of G4
Treatments (week) (week) adverse events (%) adverse events (%)
Pazopanib 50.7 18.1 42 12
Lapatinib 39.1 17.1 32 9

OS, overall survival; PFS, progression-free survival.

with carcinogenesis through signaling via G-protein-coupled
eicosanoid receptors 1-4, which also involves Ca*, cyclic
adenosine monophosphate, protein kinase A and phos-
phoinositide 3-kinase (PI3K). Overexpression of COX-2 in
cervical cancer is associated with the inhibition of apop-
tosis and promotion of angiogenesis (50). Activation of the
PI3K/Akt/COX-2 pathway induces resistance to radiation
in HeLa cells and the inhibition of COX-2 increases the
radiosensitivity of cervical cancer (51,52), as shown using a
COX-2 inhibitor, celecoxib (53). Associations between the
intensity of immunostaining and reduced survival rates have
been reported (54-56) and Kim et al (55) found overall 5-year
actuarial survival rates of 57% for COX-2-positive patients and
83% for COX-2-negative patients, regardless of the histological
type. Thus, COX-2 is a candidate biomarker for prognostic
prediction and the prediction of radiosensitivity in cervical
cancer (Table III).

Thymidylate synthase (TS) catalyzes the methylation of
deoxyuridine monophosphate in de novo pyrimidine synthesis.
Additionally, TS expression is an index of the proliferation
potential of cells and the biological malignancy of cancer.
Suzuki et al (57) produced a highly specific anti-TS polyclonal
antibody for an immunohistochemical assay of TS levels in
cervical cancer tissues and found that TS was localized in
the epithelial cytoplasm and that the stroma was negative.
The 5-year survival rate of 87.2% in 36 patients with low TS
expression was significantly improved compared with 36.8% in
30 patients with a high TS expression. Thus, a high TS expres-
sion may affect cell proliferation and migration, invasion and
tumor proliferation, and may be a prognostic factor in advanced
cervical cancer. High TS levels also reduce radiosensitivity and
serve as a useful index for radiation treatment planning.

Kawanaka et al (58) identified the expression of HIF-2a
in tumor-infiltrating macrophages in 72.6% of patients with
primary advanced cervical SCC, and found that a high
HIF-2a-positive cell count increased the risk of local recur-
rence following radiotherapy and was associated with a poorer
disease-free survival. HIF-2a and HIF-1a are associated with
angiogenesis in tumors and are closely correlated with the
invasion and metastasis of cancer cells (59,60).

4. Biomarkers in peripheral blood

The hemoglobin (Hb) level in peripheral blood is a useful
clinical measurement that reflects the oxygen status in cancer
tissue (61). In a retrospective study comprising 386 patients
with advanced cervical cancer, Girinski et al (62) concluded
that a threshold Hb level of 10 g/dl is a significant prognostic

factor and that improving anemia through blood transfusion
during radiation therapy contributes to an improved prognosis.
Similarly, in a review of 630 patients with cervical cancer
treated with radiotherapy, Thomas (63) found that the average
weekly Hb nadir level, rather than the baseline Hb level, was
a significant prognostic factor, with a cut-off level of 12 g/dl.
Thus, Hb is a useful prognostic factor in advanced cervical
cancer and increasing the Hb level prior to or during treatment
can also improve the long-term prognosis. In patients with
cancer without lymph node metastasis, Hernandez et al (64)
showed that those patients with peripheral blood platelet (Plt)
counts of >400x10%/ml had a poorer prognosis compared with
patients with Plt counts of <400x10%/ml. Plt count and Hb level
are easily measured, and are thus useful in periodical follow-up
as prognostic factors for cervical cancer. The effectiveness of
these biomarkers is shown in Table III.

Cytodiagnosis is used for cervical cancer and conventional
tumor markers, including SCC, have little significance in
early diagnosis. However, these markers are often useful for
evaluating outcome, the extent of tumor spread and prediction
of prognosis. SCC was developed by Kato and Torigoe (65) as
a tumor-associated antigen in cervical cancer, and particularly
in SCC, with positive rates of 2.44% in carcinoma in situ,
22.2% in FIGO stage I, 56.7% in stage 11, 76.4% in stage III,
and 76.4% in stage IV cervical SCC. Aberrantly high SCC
levels in pretreatment serum in stages I and II may indicate
a widespread tumor that is unresectable by radical hysterec-
tomy (66), and this finding can affect the treatment strategy.
Radical hysterectomy in patients with SCC-positive squamous
cell cancer causes a rapid reduction in elevated SCC to unde-
tectable levels within 72 h after surgery, whereas SCC levels
remain elevated if an incomplete surgery, such as exploratory
laparotomy or partial resection, is performed (67). For this
reason, SCC is useful for postoperative evaluation.

Bolger et al (68) found that a serum SCC level of
=8.6 mg/ml can predict lymph node metastasis with a positive
predictive value of 100%, and that micro-lymph node metas-
tasis that cannot be detected by computed tomography can be
predicted with low sensitivity. In 148 patients with stage IB
cancer treated with surgery, Takeshima et al (69) found that
65% with preoperative serum SCC levels of >4 ng/ml exhib-
ited pelvic lymph node metastasis, and that this frequency
was eight times higher than that in patients with preoperative
serum SCC levels of <4 ng/ml. SCC has a higher sensitivity
than the marker cytokeratin 19 fragment 21-1 (CYFRA21-1),
in squamous malignancies. However, CYFRA21-1 is more
efficient than SCC for predicting lymph node metastasis and
lymphovascular invasion (70).
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Biomarker

Effectiveness

Associated with anticancer agent
CHFR
WRN
HIF-1a
EGFR
D44v6, XRCC, mTOR
Associated with radiosensitivity
COX-2
HIF-2a
Markers in peripheral blood
Hb, Plt
SCC
CYFRA21-1
CEA

Others
TS
c-Myc
FHIT
GRP58
MUC1,MUC16
VEGF, PD-ECGF
Dkk-3
Ki-67
CD109

Prediction of sensitivity to paclitaxel

Prediction of sensitivity to CPT-11

Prediction of sensitivity to topotecan

Prediction of sensitivity to anticancer agents

Prediction of sensitivity to platinum-type agents in neoadjuvant chemotherapy

Prediction of radiosensitivity
Prediction of radiosensitivity

Evaluation of prognosis

Postoperative evaluation, prediction of lymph node metastasis
Prediction of lymph node metastasis and vessel invasion
Prediction of recurrence

Evaluation of prognosis in advanced cervical cancer, prediction of radiosensitivity
Staging of cervical cancer, evaluation of prognosis

Possible evaluation of prognosis

Evaluation of prognosis in cervical adenocarcinoma

Evaluation of prognosis in cervical mucinous adenocarcinoma

Evaluation of prognosis, prediction of lymph node metastasis

Evaluation of tumor diameter

Evaluation of prognosis

Targeted molecule in cervical SCC

CHFR, checkpoint with forkhead and ring finger; WRN, Werner DNA helicase; HIF-1a, hypoxia inducible factor 1a; EGFR, epidermal growth
factor receptor; XRCC, X-ray repair cross-complementing; COX-2, cyclooxygenase-2; Hb, hemoglobin; PIt, platelet; CYFRA21-1, cyto-
keratin 19 fragment 21-1; CEA, carcinoembryonic antigen; TS, thymidylate synthase; FHIT, fragile histidine triad; GRP58, glucose-related
protein 58; VEGF, vascular endothelial growth factor; PD-ECGF, platelet-derived endothelial cell growth factor; Dkk-3, Dickkopf-3; CD109,

cluster of differentiation 109; SCC, squamous cell carcinoma.

In patients with stage IB cervical cancer, Duk et al (71)
found 5-year survival rates of 70% in cases with serum SCC
of 22.5 ng/ml, in contrast to 96% in patients with normal SCC
levels. Thus, an SCC level of =2.5 ng/ml may be a prognostic
factor. In 203 patients with stages IB1 to IV cervical cancer,
Yamakawa et al (72) found significantly different 5-year
survival rates of 39.4 and 79.0% in patients with SCC levels
of =11.3 and those <11.3 ng/ml, respectively. A plurality of
lymph node metastases was found in patients with SCC levels
of =11.3 ng/ml, and the SCC level was indicated to be a factor
for a poor prognosis. In 53 patients in stages III and IV, the
5-year survival rates were 0 and 50% in cases with SCC levels
of =25.5 and those <25.5 ng/ml, respectively, and the signifi-
cant difference between these groups indicates that aberrantly
high SCC in stages III and IV can be used to determine the
therapeutic strategy (72). Thus, SCC is useful for postoperative
evaluation and prediction of lymph node metastasis, and is a
significant prognostic factor in cervical cancer.

CYFRAZ2I1-1 is widely used as a tumor marker in the
assessment of squamous malignancies. As aforementioned,
CYFRAZ21-1 has a lower sensitivity than SCC in preoperative

screening for cervical SCC, but may be more predictive for
lymph node metastasis and lymphovascular invasion (70).

In pretreatment screening in patients with cervical SCC,
carcinoembryonic antigen (CEA) is found at significantly
different rates of 16.7 and 58.1% in cases without and with
recurrence, respectively. Thus, CEA is an important tumor
marker for predicting recurrence (Table I11). te Velde ez al (73)
found a median time to recurrence in CEA-positive patients of
~13 weeks.

5. Biomarkers for the prognostic prediction of cervical
cancer

c-Myc is a proto-oncogene that modulates cell proliferation
through transcriptional regulation of genes required for
proliferation. c-Myc is activated by genetic amplification
during malignant transformation, with resultant overexpres-
sion at the mRNA and protein levels. Overexpression of c-Myc
is involved in cervical cancer. Insertion of an HPV-DNA
sequence close to the location of the c-Myc oncogene at 8q24.1
has been found in DNA extracted from cervical cancer tissue
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with c-Myc overexpression (74,75), suggesting that c-Myc
transcription is activated by the integration of HPV-DNA in
HPV-infected patients. Overexpression of c-Myc also occurs
more frequently in patients with advanced cancer, and such
patients have a significantly poorer survival compared with
patients with normal c-Myc expression (76-78). Thus, evalua-
tion of c-Myc expression is likely to be useful for the staging
of cervical cancer and prognostic prediction.

FHIT is a cancer-suppressor gene that was identified
by Ohta et al (79). Genetic alterations, including deletions
and translocations, in the FHIT region occur in various
malignancies and may be associated with carcinogenesis.
Machida et al (80) investigated the association between FHIT
expression and prognosis in 54 patients with stage I1IB cervical
SCC who received radiation therapy as an initial treatment.
There were no significant differences in age, radiation dose
and para-aortic lymph node radiation between patients with
abnormal and normal FHIT expression, while the abnormal
FHIT expression was not associated with prognosis. In a study
by Zhang et al (11), described in detail in the aforementioned
CHFR section, FHIT methylation rates were not changed
by silencing of DNMT1 in HeLa and SiHa cells. Thus, the
association between FHIT and carcinogenesis is unclear and
there is currently insufficient evidence to define FHIT as a
prognostic factor in cervical cancer.

Liao et al (81) found that glucose-regulated protein 58
(GRP58) is a regulator of cell invasiveness and may function
as a prognostic marker for cervical cancer. Overexpression of
GRP58 was found in 73% of cervical cancer cases in screening
for prognostic factors using 2D polyacrylamide gel electro-
phoresis, while immunohistochemical staining revealed that
the histoscore for GRP58 was significantly elevated in patients
with adenocarcinoma compared to those with SCC (81).
Marked GRP58 staining was evident in adenocarcinoma with
a penetration depth that was larger than half of the cervical
stroma. A high GRP58 expression was significantly correlated
with low survival rates and patients with overexpression of
GRP58 and lymph node metastasis had poor outcomes. Thus,
GRPS58 is potentially a useful prognostic factor in cervical
adenocarcinoma.

Togami et al (82) indicated that the expression of mucin
antigens may be a prognostic factor in a study of 52 cases of
cervical mucinous adenocarcinoma. The majority of cases had
overexpression of MUC1 and MUC16 of mucin antigens, and
these expression levels were associated with low survival rates.
In particular, MUCI overexpression was associated with a
lower disease-free survival and greater lymph node metastasis,
whereas the absence of expression of MUCI and/or MUCI16
was associated with longer overall and disease-free survival.
Thus, these two mucin antigens are useful prognostic factors
for cervical mucinous adenocarcinoma. Endometrial tumors
have been shown to exhibit an increased expression of MUCI,
MUCS5B and MUCS in comparison with normal tissues,
however MUCT is the only mucin antigen to be increased in
cervical tumors (83).

Angiogenic factors are associated with the prognosis of
cervical cancer as invasion and proliferation of tumor cells
requires angiogenesis. In cervical cancer, the microvessel
count in the tumor may also be an independent prognostic
factor (84). Vascular endothelial growth factor (VEGF) is a
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typical angiogenic factor that is highly expressed in various
types of cancer, and the level of VEGEF is closely associated
with the tumor microvessel count. VEGF-C, a VEGF family
member, binds to VEGFR-3 in lymph vessels and promotes
lymphangiogenesis (85). Lymph node metastasis is the main
metastatic pathway, and thus, lymphangiogenesis is an impor-
tant factor in this process. Cervical cancer patients with a
high VEGF-C expression exhibit significant stromal invasion,
lymph-vascular space involvement and lymph node metastasis.
The multivariate analysis revealed that VEGF-C expression is
an independent factor influencing lymph node metastasis (86).
Platelet-derived endothelial cell growth factor (PD-ECGF) is
an angiogenic factor derived from platelets. The expression
level of PD-ECGF has also been associated with the tumor
microvessel count in tumors in cervical cancer, uterine carci-
noma and ovarian cancer (87). Fujimoto et al (88) showed
that the prognosis of cases with a high PD-ECGF expression
in metastatic lymph node lesions was extremely poor. Thus,
angiogenic factors are closely associated with tumor inva-
sion and proliferation, and are likely to have a significance as
markers of prognosis.

Dickkopf-3 (Dkk-3) is a protein in the Dkk family.
Jiang et al (89) found a significantly higher mean serum
level of Dkk-3 in patients with cervical cancer (166.39 pg/ml)
compared with healthy subjects (42.08 pg/ml). The serum
levels of Dkk-3 in patients with cervical cancer were also
associated with tumor diameters.

Ki-67 is used clinically as a breast cancer proliferation
marker. In patients with cervical SCC, Hanprasertpong et al (90)
found Ki-67 expression in 81.3% of cases and p53 expression
in 33.6%. There was a significant correlation between p53 and
Ki-67. The expression of Ki-67 was an independent prognostic
factor for 5-year recurrence-free survival in multivariate anal-
ysis, whereas no prognostic significance of p53 expression was
found. Shirendeb et al (91) found that expression levels of Ki-67
and p63 were significantly higher in HPV-16-positive patients
compared with HPV-16-negative patients. Cimpean et al (92)
showed that a lack of CD105/Ki-67 coexpression in endothe-
lial cells was associated with the histopathology of the uterine
cervix lesion and tumor proliferative status.

Zhang et al (93) found a significantly higher CD109
expression in cervical SCC compared with endometrial adeno-
carcinomas, normal cervix and endometrium. These findings
indicate that CD109 may be a molecular target for the treat-
ment of cervical SCC.

6. Conclusion

Novel treatment with greater efficacy than conventional thera-
pies for advanced cervical cancer is likely to be established.
Standard therapies can achieve a particular outcome in a
cohort, but it is difficult to evaluate pretreatment sensitivity to
anticancer agents and radiotherapy in each patient for selection
of the optimal treatment approach. However, methods for treat-
ment planning, evaluation following surgery and prediction of
survival are important for determining a treatment strategy,
particularly for advanced cervical cancer. Personalized treat-
ment may be possible through use of biomarkers for sensitivity
to anticancer agents, radiation, adverse reactions and treat-
ment effects from an early stage. This approach is likely to
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produce an optimal treatment strategy and improve outcomes
in patients with cervical cancer.
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