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Abstract

Cervical cancer is the fourth most common gynecologic malignancy worldwide with an estimated in-

cidence of approximately 570000 cases worldwide in 2018. Despite the advances that were made in the

primary and secondary prevention strategies the last decades, its actual prevalence seems to reach a nega-

tive plateau which is attributed to the limited acceptance of vaccination as well as the resources that are

available in several low income countries. In the present article we review novel biomarkers that seem to

interfere in the pathophysiology of the disease and can, thus, be used as tools for the early identification

of patients at risk as well as biomarkers of disease response to the various treatment strategies.

Introduction

Globally, cervical cancer is considered to be one of
the most common gynecological malignant tumors,
highly occurred especially in developing countries.
Its incidence ranks the second one among female
tumor causes and it is also estimated to consist
the cause of approximately 527,600 new cases and
265,700 deaths annually™.

According to strong epidemiological evidence,
a necessary, but not sufficient, condition for cervi-
cal cancer to be present is the persistent infection
with carcinogenic human papillomavirus (HPV)
genotypes? Itis of vital importance to note that the
majority of HPV genotypes are not highly carcino-
genic. In fact, there are currently 226 HPV genotypes
classified according to their carcinogenicity, as de-
noted by the International Agency for Research on

Cancer (IARC-WHO), with a subset of these being
identified as high risk3.

The main histological subtypes of cervical cancer
are the squamous cell carcinoma and the adenocar-
cinoma, with the first representing the 80% of all
cervical cancer cases*. The unfavorable prognosis
of cervical cancer patients is contributed to the
tendency of tumor cells to infiltrate surrounding
tissues and spread, resulting in both lymphatic and
distant metastasis®.

Therefore, it is necessary to study proteins that
are differently expressed in cervical cancer cells
and investigate the key regulatory factors of this
expression. Indeed, a large number of such proteins
is available nowadays. Among them, the serum
squamous cell carcinoma antigen (SCC Ag), the
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carcinoembryonic antigen (CEA) and the oncop-
roteins E6 and E7 are of particular importance.
These biomarkers seem very promising. However,
apparently not in every single case their applica-
tion is sufficient in clinical practice. Moreover, the
development of novel biomarkers may provide not
only opportunities to distinguish high risk patients,
but also enable the development of new therapeutic
targets and strategies, improving the survival rate
of the patients.

Tumor biomarkers

Oncology biomarkers are defined as easily ac-
cessible and measurable biologic substances for
screening and monitoring of occult tumors.

SCCAg

Serum squamous cell carcinoma antigen (SCC
Ag) belongs to the family of serine and cysteine
protease inhibitors and represents a subfraction of
tumor - associated antigens related to squamous
cell carcinoma®. It is normally present in cervix epi-
thelium with an increased expression in dysplastic
lesions and cervical squamous cell carcinoma. Kato
and Torigoe, concretely, demonstrated SCC Ag to
have positive rates in squamous cell carcinoma in
2,44% of carcinoma in situ cases, in 22,2% in FIGO
stage I cases, in 56,7% in stage Il cases, in 76,4% in
stage III cases and, lastly, also in 76,4% in stage IV
cases’. Thus, nowadays SCC Ag consists a widely used
biomarker for cervical cancer. Actually, pretreatment
elevated serum SCC levels have found to have an
independent prognostic value, being associated with
advanced stage of disease, extensive tumor, regional
nodal involvement as well as lymphovascular and
deep stromal infiltration®. It must be noted that a
serum level of = 8,6mg/ml seem to be able to predict
lymph node metastasis with a positive predictive
value of 100%”°.

Moreover, SCC Ag seems to have an important role

in predicting the response to treatment in cervical
cancer patients. More specifically, either the elevated
SCC Agvalue itself or the rate of its reduction during
concurrent chemoradiotherapy (CCRT) may predict
tumor response®.

Last but not least, the levels of SCC Ag may con-
tribute in monitoring cervical cancer patients and
detecting recurrent or progressive disease in squa-
mous cell cervical cancers'. Oh et al. demonstrated
the rate of 2 ng/ml to be the optimal cutoff value
of SCC Ag for detecting tumor relapse!’. The pres-
ence, also, of a plateau in SCC Ag levels or even its
increasing rates after or during primary treatment
suggest tumor persistence or progressive disease.
According to Kawagushi et al.'?, the optimal cutoff
point for the posttreament SCC Ag level one month
after the completion of CCRT is 1,15 ng/ml, with
values = 1,15ng/ml concluding in a 3-year overall
survival rate (0S) of 36,6% and a 3-year progression-
free survival (PFS) rate of 19,5% in cervical cancer
patients.

CYFRA 21-1

Serum CYFRA 21-1 consists a fragment of cyto-
keratin 19 and is an established tumor marker for
avariety of malignant tumors, and for cervical can-
cer as well. It tends to be positive more frequently
in squamous cell carcinoma in comparison to the
histological subtype of adenocarcinoma®s.

The existence of positive CYFRA 21-1 rates seem
to correlate with the appearance of the disease, and
the increase of its levels with the progression of the
clinical stage of cervical cancer'*. CYFRA 21-1 also
tends to decline during irradiation treatment, with
negative values in disease-free patients after the
therapy. Therefore, CYFRA 21-1 positivity at the end
of the radiation therapy is considered to indicate
reliably remaining distant metastasis.

Lastly, there are many reports that have demon-
strated the mainly supporting role of CYFRA 21-1 to
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SCC Ag. Not only patients with cervical cancer nega-
tive for SCC Ag are found to be positive for CYFRA
21-1, but also the coordinated monitoring of the
two markers could contribute to the quality of the
follow-up of the patients with the early detection of
possible recurrences.

CEA

Carcinoembryonic antigen (CEA) is a glycoprotein
with a molecular weight of approximately 200.000
Daltons isolated first by Gold and Freeman in 1965.
Itis found in normal fetal gastrointestinal tissue and
normally, it is present at very low concentrations in
adult plasma, but its values can be increased in the
presence of many tumors.

Studies have focused on CEA for over 40 years.

Lo Gerfo et al. (1971) were the first to report el-
evated serum CEA in patients with gynecological
malignancies. Disaia et al. (1977)' studied a group
of patients with invasive squamous cell carcinoma
of the cervix and found that there was a progressive
increase in the percentage of patients with positive
CEA values correlating with advancing stage of the
disease from 26% in stage I to 88% in stage II. More-
over, it is shown that serum CEA has the potential
of prognosticating cervical cancer patients, being
a reliable marker for the presence of lymph node
metastasis. More specifically, CEA values are found
to be elevated in 73,3 % of the patients with pelvic
lymph involvement, as well as in 100% of them with
paraaortic lymph nodal involvement?s.

Thee significant patterns of alteration in serum

—
| @ @ = mucin expressing cancer cell
@ = = extracellular matrix
2 ol o
‘.‘ a2l

A =
2 @ Immune cell

Figure 1. Tumours use mucins for invasion, metastasis and protection. a) Tumour cells use the anti-adhesive effect of mucins
to detach from the tumour mass and surrounding stroma and invade. b) Tumours cells use the adhesive effect of mucins
to attach to endothelia and invade blood vessels. ¢) Tumour cells also use mucins to escape immune surveillance acting as

barriers against T-cells.
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CEA levels are descripted?!®. Firstly, the pattern
of free disease, in which there is a disappearance
of CEA in serum after treatment!’, consisting a
favorable prognostic indicator in cervical cancer.
Actually, plasma concentrations decrease to nor-
mal levels within 4-8 weeks following treatment.
Secondly, in residual cancer cases, CEA is persis-
tently detected in serum, possibly in high levels.
Finally, in 85% of the recurrent cases positive CEA
values are shown?®. Clinical recurrence can be
detected during follow up of patients when CEA
reappears in the serum, possibly up to 6 months
before clinical detection.

MuUcC 16

As aforementioned, tumor markers have a vital
role in diagnosing, prognosticating and monitoring
patients with cervical cancer. Mucine 16 (MUC16),
previously known as cancer antigen 125 (CA-125)
consists a mucinous transmembrane glycoprotein
with an average molecular weight between 3-5
million Da'®, encoded by the MUC16 gene. It is
actually an antigenic determinant recognized
by a monoclonal antibody (0C125) which was
raised using an ovarian cancer cell line as an
immunogen?’.

CA-125

CA-125 is an extensively investigated biomarker
for monitoring epithelial ovarian cancer, as well as
other pathological and normal tissues of Miillerian
origin. Its application in cervical cancer consists in
the prediction of prognosis, in particular in cervical
adenocarcinoma?’, as elevated levels are detectable
in 20-75% of these patients. In contrast, only 13%
to 21% of women with squamous cell carcinoma
of the cervix are found to present an augmentation
in CA-125 rate'’, making SCC to be up to date the
tumor marker of choice in squamous tumors.

Moreover, the serum levels of CA-125 are used

to predict preoperatively the presence of lymph
node metastases, also mainly in cervical adenocar-
cinoma?. In one study which included 50 patients
with metastatic cervical cancer?’, it has been re-
ported that CEA consists a better biomarker for
diagnosing recurrences, as 40 patients presented
an augmentation of CEA serum levels in contrast to
CA-125 levels, which were elevated in only 15 out
of 50 cases. However, despite a specificity of 90%,
CEA sensitivity in cervical cancer as a single marker
was not found to exceed 15%. It was shown that sen-
sitivity in indicating cancer virulence and possible
relapse was improved while using a combination
of CA-125 and CEA biomarkers.

PCNA, Ki - 67

The rate of cell proliferation in a tumor is gener-
ally considered to be of prognostic importance. The
two proliferation antigens which have been most
widely studied are proliferating cell nuclear antigen
(PCNA), which is expressed during the G1 and early
S phases of the proliferative cell cycle, and Ki- 67,
which is expressed during the G2 and mitotic phases
of the cycle?!.

Proliferating cell nuclear antigen (PCNA) consti-
tute a 29 kDa protein known to be activated by the
E7 oncoprotein of high-risk human papillomavirus
(HPV). Despite the large number of studies analyzing
PCNA expression in cervical intraepithelial neoplasia
(CIN) and cervical cancer lesions, the data still remain
controversial. Actually, PCNA expression seems to
increase in parallel with the grade of CIN, with a major
up-regulation upon progression to CIN3%2 Intense
PCNA expression has been also found in cervical
carcinoma patients, with a number of studies to
demonstrate a possible association of its rates with
disease recurrence and lymph node metastases®*?4,
However, another study with series of 150 patients
failed to prove the existence of prognostic value of
PCNA levels in cervical cancer?.
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As a gene capable of promoting cell prolifera-
tion, abnormal expression of Ki-67 protein usually
indicates also abnormal cell proliferation. One study
that included paraffin specimens from 64 patients
with atypical Thinprep Cytology Test (TCT) screening
followed by colposcopic biopsy in Shanghai, China,
noted Ki-67 expression to be detectable in LSIL,
HSIL, and in squamous cervical cancer (SCC) cases
but not in normal cervical tissues®®. The rate of this
expression was significantly positively correlated
with the degree of cervical lesions. Hanprasert-
pong et al?*¢ found an elevated Ki-67 expression in
81.3% of SCC cases, while the latter was reported to
consist an independent prognostic factor for 5-year
recurrence-free survival in multivariate analysis.
Finally, it should be underlined that Ki-67 and p16
tend to be combined in order to identify patients
with high risk of SCC, as Ki-67 alone is shown to
be also expressed in non-cancerous proliferative
cervical tissues in a rate of 18,18%, which in fact
has a diagnostic significance leading possibly to a
misdiagnosis?®.

Oncoproteins

Oncoproteins E6, E7

Oncoproteins E6 and E7, known also as “HPV
oncoplayers”, are the major driving force for cervi-
cal carcinogenesis. They are responsible from the
initiation point of tumor development including the
maintenance of continuous proliferative signaling,
the escape of tumor suppressors, and activation of
telomerase, to the induction of angiogenesis and
invasion to metastatic stages. In other words, E6 and
E7 contribute in the establishment and successful
progression of cervical cancer.

More concretely, E6 binds to p53, via the ubiq-
uitin ligase E6-AP (E6-associated protein). This
results in p53 degradation, preventing cells from
p53-mediated apoptosis. Oncoprotein E6, also,
activates the telomere lengthening enzyme telom-

erase and binds with PDZ proteins, resulting in
their inactivation.

Moreover, E7 binds to pRb and its related pocket
proteins p107 and p130 (negative cell cycle regula-
tors), resulting in pRb inactivation. Then, pRb inac-
tivation results in activation of E2F transcription
factors, cell cycle progression/cell proliferation and,
finally, suspension of apoptosis.

As aforementioned, since these oncogenes are
the major carcinogenic factors, E6 and E7 targeting
could help targeting specifically cervical cancer cells.
Consequently, they turn out to consist the most ef-
fective drug candidates for HPV-infected cancers,
including cervical cancer. It should be noted that a
variety of treatments have been applied using E6
and E7 targeting, all of which have their own pros
and cons. Nowadays, combinatorial approach con-
sists the form of clinical practice. This could result
in better ways to combat the high-mortality index
of cervical cancer worldwide?’.

Last but not least, it has been demonstrated that
high expression of HPV E6/E7 mRNA could be a good
candidate as a diagnostic biomarker to triage ASCUS
superseding HPV DNA. Also, p16/Ki-67 immunocy-
tochemistry is suggested to be a good tool to triage
ASCUS, but it reduces the sensitivity of diagnosis
when improves the diagnostic specificity?.

Oncogenes

c-MYC

The cellular oncogene c-MYC is frequently found
amplified and overexpressed in cervical cancer.
Several studies have shown MYC activation at prema-
lignant stages, indicating that MYC detection might
be used to assess dysplastic lesions®. Golijow et al.
have performed PCR based detection of MYC ampli-
fication on histological and cytological specimens.
It was demonstrated that MYC levels increase with
lesion grade at premalignant stages. In a consecutive
study, Abba et al. showed a tight correlation between

5
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MYC expression and HPV16 infection at pre-invasive
stages, indicating different oncogenic properties of
different HR-HPV types.

Angiogenic agents

As known, human solid tumors contain hypoxic
regions with a considerably lower oxygen tension than
healthy tissues. Lack of oxygen (hypoxia) constitutes
an indicator of solid tumor formation, as well as an in-
dependent prognostic factor in a variety of malignant
tumors. Cancer cells adapt to hypoxia by stabilising
HIF-a isoforms, which increase the transcription of
several genes. Among the genes regulated by HIF are
enzymes that have a role in proliferation, invasion,
metastasis and metabolism of tumour cells. Numer-
ous cancer studies have, lately, investigated HIF-1a
as an important cancer drug target. In the case of
cervical cancer, HIF-1a is able to affect proliferation,
apoptosis, cell cycle and invasion®.

HIF - 1a

It is noted that increased HIF-1a expression in
advanced uterine cervical carcinoma induces expres-
sion of VHL and is not associated with epigenetic
regulation.

RQ-PCR and Western blot analysis were used
to compare HIF-1a and VHL transcript and HIF-1a
protein levels in normal and cancerous tissues. Ac-
cording to the results, significantly higher levels of
HIF-1a and VHL transcript (p<0.0001 & p=0.0042,
respectively) and HIF-1a protein (p=0.0037) levels
were found in cancerous tissue compared to normal
tissue samples. There were no significant differences
between transcript and protein levels in patient
groups with different tumor stage and histological
grade. We also did not observe DNA methylation in
the HIF-1a and VHL promoter region in either control
or cancerous tissues samples (results not shown).
A statistically significant association was found
between HIF-1A and VHL expression (Spearma

6

correlation. coefficient=0.515, p=0.003)

However, less is known about HIF-2a, another
HIF-a isoform. One previous study demonstrated that
the HIF isoforms (HIF-1a and HIF-2a) have divergent
effects on invasion, metastasis, metabolism and
formation of lipid droplets in human breast cancer
cells.Therefore, the present study comprehensively
investigated the function of HIF-2a in cervical cancer
cell line CaSki and compared the function of HIF-1a
and HIF-2a on proliferation, cell cycle, apoptosis, cell
invasion and cell autophagy?™.

VEGF, PD - ECGF

Other promising targets which play critical roles
in tumor growth and angiogenesis are the vascular
endothelial growth factor (VEGF) and the platelet-
derived endothelial cell growth factor (PD-ECGF).
They are highly associated with the tumor microves-
sel count®2. VEGF is upregulated by E6, independent
from p53, and its overexpression is considerded to
be an early marker of CIN and correlated linearly
with lesion grade.

The levels of VEGF-A in patients with bulky tumor,
pelvic lymph-node involvement (PLNI), and para-
metrial infiltration (PI) are found to be significantly
higher than those in patients without these factors
(P=0.022,P=0.020,and P = 0.0013, respectively).
Moreover, the overall survival (0S) of patients with
high VEGF-A and VEGFR-2, defined by median levels,
is considered lower than the OS of patients with low
levels of VEGF-A and VEGFR-2 (P=0.014,P =0.012,
respectively)®. Multivariate analysis revealed that
PLNI, serum VEGF-A levels, and serum VEGFR-2
levels were independent prognostic factors for OS
(hazard ratio for VEGF-A 3.42, 95% CI 1.07-13.2;
hazard ratio for VEGFR-2 6.37,95% CI 1.59-43.5)3,

The expression level of another angiogenic factor,
the platelet-derived endothelial cell growth factor
(PD-ECGF) has also been associated with the tumor
microvessel count in cases of cervical and ovarian
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cancer, as well as uterine carcinoma3*. Although,
its expression in metastatic lymph node lesions is
extremely poor.

Replication/ complex proteins

MCcm

The Minichromosome Maintenance Complex
(MCM) constitutes a replication complex. The ex-
pression of the genes 2, 4, 5 and 7 is found to be
augmented in cervical dysplasia. Concretely, its
expression increases during the progression of the
disease from LSIL to HSIL, with the highest expres-
sion to be in cases of SCC*. As far as MCM2 gene is
concerned, it seems to have the highest fold change
in SCC compared to normal cervix. Immunohisto-
chemically, MCM2 protein is localised in the nuclei
of basal cells of normal cervical epithelium and
dysplastic-neoplastic cells of CIN and SCC.

TYMS

Thymidylate Synthetase (TYMS) encodes thy-
midine synthase (TS), an important enzyme that
catalyzes the synthesis of pyrimidines, is important
for DNA synthesis and repair, and also a target
of fluorouracil medicines. Multiple studies have
shown that the expression level of TYMS may be
related to the sensitivity of radiotherapy and che-
motherapy for cervical cancer®®. Suzuki, Tsukagoshi,
Saga, Ohwada, and Sato (1999) compared the im-
munohistochemical level of TS and the survival of
66 patients with stage I1Ib cervical cancer, showing
that the 5-year survival rate with high and low level
of TS was 36.8% and 87.2%), respectively. Therefore,
high TS may be associated with poor prognosis of
cervical cancer.

WRN

The Werner gene (WRN) codes for a DNA helicase
that contributes to genomic stability and has been
identified as the gene responsible for progeria. Recent

studies®” have shown reduced WRN expression, and
even suppression, due to aberrant DNA hypermeth-
ylation, in cancer cells. Several studies have, also,
shown that WRN inactivation increases the anticancer
effect of CPT-11, a chemotherapy drug. CPT-11 acts
on the covalent complex of topoisomerase I (Top-I)
and DNA, inhibiting DNA replication and causing
strand breaks.

Anti-inflammatory agents

APOC1

Apolipoprotein C1 (APOC1) is a member of the
apolipoprotein family that normally transports lipids,
stabilizes the lipoprotein structure and regulates
various pathological processes. Recently, apolipo-
proteins are found to be overexpressed in several
neoplasms. APOC1, more accurately, is noted to
act as an oncogene in cervical cancer. A late study?®
demonstrated an up-regulated expression of APOC1
in cases of cervical carcinomas (p < 0.05) as well
as a restrained tumorigenicity of cancer cells after
the knockdown of this factor. Furthermore, it is
suggested that APOC1 affects the capacity of cancer
to metastasize, and maybe plays a key role in the
progression mechanism of the disease, thus provid-
ing a direction for clinical treatment. Consequently,
APOC1 could serve as an important biomarker and
therapeutic target for cervical cancer.

COX-2

Cyclooxygenase-2 (COX-2) is the inducible isoform
of cyclooxygenase and catalyzes the conversion of
arachidonic acid to prostaglandins. COX-2 and the
prostaglandin cascade play a major role in carcinogen-
esis, including the appearance of cervical carcinoma.
More specifically, this isoform, when overexpressed
in cervical cancer patients, it is suspected to promote
angiogenesis and tissue invasion of the tumor, as
well as resistance to apoptosis®®. Moreover, COX-2
dependent prostaglandin release can suppress an-
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tigen presentation and immune activation in cancer.
Associations between the intensity of immunostain-
ing and reduced survival rates have been noted, with
overall 5-year survival rates to be 57% for COX-2
positive patients and 83% for COX-2 negative patients,
regardless of the histological subtype’. Last but not
least, the inhibition of COX-2 tends to increase the
radiosensitivity of cervical cancer, making this fac-
tor a candidate biomarker for the prediction of the
response of malignancy in the subsequent therapy.

IGF

In addition, the insulin-like growth factor (IGF)
is organized in a complex network which consists,
among others, of three ligants, IGF-I, IGF-II and Insu-
lin. IGF system is found to have a significant role in
the development and progression of cervical cancer.
According to Harris et al.¥, the IGF axis seems to have
an influence on the natural history of oncogenic HPV
and the progression of cervical malignancy. A case-
control study, also, conducted on women with SIL
and cervical cancer®, concluded that elevated levels
of IGF-1 and IGF-1I were linked with tumor progress
and a higher possibility of recurrence, making these
factors promising targets for cervical cancer invasion
and metastasis control.

CD34

As fas as CD34 antigen is concerned, it is a trans-
membrane glycoprotein and consists a highly sensi-
tive biomarker for endothelial cell differentiation,
extensively studied in tumor angiogenesis*!. In cer-
vical carcinoma cases, it has been demonstrated
that anti-CD34 antibody is associated not only with
pathoanatomical features indicative of a poorer
prognosis, such as undifferentiated tumor, lymphatic
vessel invasion and lymph node involvement, but also
with a greater risk of recurrence. In a study, more
specifically, that included 62 patients diagnosed
with invasive cervical carcinoma*?, CD34 was noted

to determine a higher microvessel density and to
correlate with an also higher angiogenic activity.

CYCLINS

Cyclin represents a family of regulatory proteins
that controls the progression of a cell through the
cell cycle, whereas there are several different cyclins
active in different parts of the latter. The expression
of cyclins has been analyzed in cervical malignancy
and precancer situations*:. Therefore, cyclin D1
expression is found to be increased in low-grade
lesions, while cyclins A, B and E are found to be over-
expressed in premalignant cervical lesions. Finally,
cyclin E is strongly associated with HPV induced
cellular abnormalities.

CD 109

Finally, Cluster of Differentiation 109 (CD109)
consists a glycoprotein which, lately, emerges as
a potential biomarker and a therapeutic target for
squamous cell carcinomas, including cervical ones.
In the study go Zhang et al. a significantly higher
CD109 expression has been reported in these cases
compared with endometrial adenocarcinomas, nor-
mal cervix and endometrium?”*4.

Other

CD44v6, XRCC1

CD44v6 consists an isoform of CD44 family ad-
hesion molecules. Although its functions remain
unclear, it plays an important role in the growth
and metastasis development in malignant tumors of
different origins, such as cervical cancer. In cervical
carcinoma, strong correlations between CD44v6 ex-
pression and lymphovascular space invasion (LVSI)
and regional lymph node metastases have been
reported*. Poor prognosis in patients with CD44v6
tumor positivity (both early and late cervical cancer)
is noted, and it is also described as an independent
prognostic factor in early stage disease. Despite
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Table 1.
BIOMARKERS USE PHARMACODYNAMICS
SCCAg Prognosis Serine and cysteine protease inhibitor
Staging
Response to treatment
Detection of recurrence
CYFRA 21-1 Staging Cytokeratin 19 fragment antigen, normally expressed in epithelial tissues
Response to treatment and forms the epithelial cells’ filament cytoskeleton
CEA Prognosis Found in normal fetal gastrointestinal tissue, and normally present at very
Staging low concentrations in adult plasma
response to treatment
Detection of recurrence
MUC 16 Prognosis Mucinous transmembrane glycoprotein
CA-125 Prognosis Mucinous transmembrane glycoprotein
2. Staging
3. Recurrence
PCNA Prognosis Expressed during the G1 and early S phases of the proliferative cell cycle
Ki- 67 Prognosis Expressed during the G2 and mitotic phases of the proliferative cell cycle
HPV E6 Oncogenesis Degradation of p53
Activation of the telomere lengthening enzyme telomerase
Inactivation of PDZ proteins
HPV E7 Oncogenesis Inactivation of pRb
C-MYC Prognosis Transcription factor
HIF - 1a Present in cancerous tissue Suppression of HIF- 1a degradation in hypoxic conditions
VEGF Angiogenesis Upregulated by HPV E6
Staging
PD - ECGF Angiogenesis Endothelial mitogen protein
MCM Prognosis Promotion of cell proliferation via DNA replication
TYMS Prognosis Encoding of TS leading to canalization of the synthesis of pyrimidines
Response to treatment
WRN Contribution to genomic stability Suppressed due to DNA hypermethylation in cancer cells
APOC1 Oncogenesis Apolipoprotein normally found in plasma
COX -2 Oncogenesis Enzyme involved in the production of inflammatory mediators and anti-
inflammatory drug target
IGF Staging Suppression of apoptosis and promotion of cell cycle progression
Detection of recurrence
CD34 Angiogenesis Transmembrane glycoprotein expressed on early lymphohematopoietic
Prognosis stem cells, progenitor cells and endothelial cells
Detection of recurrence
CYCLINS Presence in precancerous conditions Control of the progression of cells through the cell cycle by activating CDK
enzymes/ group of enzymes required for synthesis of cell cycle
CD109 Present in SCC Glycoprotein expressed on primitive hematopoietic stem cells, activated

platelets, T-cell lines, and keratinocytes
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Table 1. (continued)

BIOMARKERS USE

CD44v6 Prognosis Unclear

Staging
Response to treatment (possible)

XRCC1 Prognosis Unclear

staging
Response to treatment (possible)

mTOR Prognosis

Staging
Response to treatment

the fact that CD44v6 is generally considered to be
associated with a shortened overall survival (0S),
Saegusa et al*®. had found it to correlate with the
histological type of tumor, especially with SCC, but
no with clinico-pathological factors or 0S*. X-ray
repair cross-complementing protein 1 (XRCC1) is
a major gene involved in the efficient repair of DNA
single-strand breaks formed by exposure to ionizing
radiation and alkylating agents. Polymorphisms in
DNA repair genes associated with repair efficiency
against DNA damage may predispose in cancer
susceptibility*’.

mTOR

The mechanistic target of rapamycin (mTOR) is a
kinase that serves as a core component of two protein
complexes, mTOR complex 1 and mTOR complex 2,
which regulate distinct cellular processes. Among its
functions, mTOR regulates cell growth and prolifera-
tion, as well as cell motility, autophagy and survival.
Activation of mTOR signaling pathway contributes
to the development of variant tumors, inclusive of
cervical carcinoma. Consecutively, inhibition of mTOR
could represent a potential therapeutic strategy for
them, with the mTOR cascade to be a promising
target fro intervention®*,

In closing, an elevated expression of CD44v6,
XRCC1 gene polymorphism and a high level of phos-
phorylated mTOR, all three are associated with a

10

PHARMACODYNAMICS

Tumor development via activation of mTOR signaling pathway

poor response of cervical cancer to chemotherapy
in patients treated with cisplatin-based neoadjuvant
chemotherapy. Thus, they may have a significant role
as markers to predict the efficacy of the treatment
before its administration and the survival of the
cervical cancer patients’.
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