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ABSTRACT. Fibroblast growth factors (FGFs) play important roles in
angiogenesis, wound healing, embryonic development, and endocrine
signaling pathways. Increasingly, recent studies have reported aberrant
FGF expression in various malignancies. However, the involvement of
FGFs in cervical carcinoma pathogenesis remains unclear. We aimed
to investigate expression of acidic (aFGF) and basic FGF (bFGF) in
patients with this disease, and assess their effects on cervical cancer
cell proliferation. Twenty cervical cancer patients and 10 cervical
intraepithelial neoplasia (CIN) patients were recruited, and 10 cancer-
free individuals were included as controls. Reverse transcription-
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polymerase chain reaction and western blotting were employed to
detect FGF mRNA and protein levels, respectively. Furthermore,
HeLa cells were treated with FGFs and subjected to thiazolyl blue
tetrazolium bromide assays to quantify proliferation. Compared with
CIN and normal cervical tissues, aFGF and bFGF mRNA and protein
levels were significantly elevated in cervical carcinomas (P < 0.05).
CIN tissues exhibited higher expression of these FGFs than normal
tissues (P < 0.05). Moreover, their mRNA levels were increased in
advanced cancer stages (P < 0.05), although no significant difference
was detected between tumors of different differentiation grades in this
regard (P > 0.05). HeLa cell proliferation increased in an aFGF- and
bFGF-dose-dependent manner (P < 0.05), the latter exerting a more
potent proliferative influence, with its effect peaking at 75 ng/mL.
aFGF and bFGF were highly expressed in cervical cancer tissues and
their levels positively correlated with clinical stage. Both facilitate
proliferation of cervical carcinoma cells and are implicated in cancer
pathogenesis and progression.

Key words: Cervical carcinoma; aFGF; bFGF; Expression profile;
Proliferation; Cancer pathogenesis and progression

INTRODUCTION

The cervix is the most common site of gynecologic diseases with a young age at
onset (Ma et al., 2015a). Persistent acute cervical inflammation may develop into chronic
cervical disease, which can lead to infertility and severe effects on health (Gaydos et al.,
2009). Various chronic diseases, such as cervical erosion, polyps, and mucositis, frequently
result in cervical intraepithelial neoplasia (CIN) or even cervical cancer (Rebolj et al., 2012;
Zhu et al., 2013). Research has indicated that several factors, including oncogenes and tumor-
suppressor genes, cell apoptosis, and angiogenesis, underlie the occurrence, progression, and
malignant transformation of benign hyperplasias (Granados Lopez and Lopez, 2014; Rybicki
et al., 2016). Cervical cancer is the most common female malignancy in developing countries,
and its incidence has rapidly increased in people under the age of 35 years (Schiffman et
al., 2011). With infiltration/metastasis occurring at a very early stage, cervical cancer has a
relatively unfavorable prognosis and severely affects women’s health.

Fibroblast growth factor (FGF) was first identified in the 1940s, and was purified
in 1974 from bovine pituitary glands (Fessler et al., 2015; Huat et al., 2015a). All members
of the FGF family share certain similarities but are distinguished by unique features. As a
facilitator of cell division, acidic FGF (aFGF) is a potent promoter of cell proliferation and
differentiation (Zhang et al., 2013). Basic FGF (bFGF) principally acts on mesoderm- and
neuroectoderm-derived cells and can also function as a powerful cell division factor. In most
analyses of bioactivity, bFGF demonstrates greater potency than aFGF (Huat et al., 2015b;
Nguyen et al., 2015). FGFs, including these acidic and basic subtypes, exhibit a wide range
of biological activities. Human aFGF and bFGF proteins are both composed of 154 amino
acids, have the same receptor, and share over 55% sequence homology (Zhao et al., 2012;
Dai et al., 2014). Under the no-diseased state, bFGF exerts stronger effects than aFGF, both of
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which are widely distributed over multiple tissues, and can facilitate cell growth, proliferation,
and differentiation by binding to their receptor (Lee et al., 2011). FGF receptors consist of
an extracellular ligand domain (composed of three immunoglobulin-like domains), a single
transmembrane helix domain, and an intracellular domain with tyrosine kinase activity.
Previous studies have determined the expression of aFGF, bFGF, and their receptors in various
malignancies, including breast, ovarian, prostate, gall bladder, and endometrial cancers, and
pancreatic and esophageal carcinomas (Zhang et al., 2004; Lin et al., 2011).

Although FGF signaling is known to drive tumorigenesis in certain contexts (Billottet et
al., 2004; Tiong et al., 2013), it may play a tumor suppressive role in other situations (Ricol et al.,
1999). A number of studies have reported increased FGF levels in cervical cancer (Sliutz et al.,
1995; Cheng et al., 2012; Chu et al., 2014); however, the connection between FGF signaling and
the progression of this malignancy remains unclear. In this study, we measured aFGF and bFGF
expression levels in tumor tissues from cervical cancer patients attending our hospital by reverse
transcription-polymerase chain reaction (RT-PCR). We also evaluated the effect of FGF on the
proliferation of cultured cervical cancer cells by thiazolyl blue tetrazolium bromide (MTT) assay.

MATERIAL AND METHODS
General information

A total of 20 cervical cancer patients (including 12 cases of squamous cell carcinoma
and 8 of adenocarcinoma) having undergone surgery between January 2014 and January 2015
at the Central Hospital of Zibo in Shandong were recruited for this study. According to the
International Federation of Gynecology and Obstetrics grading scale, there were five, nine,
five, and one patient(s) at stage I, 11, III, and IV, respectively. Eleven, seven, and two patients
exhibited high, moderate, and low tumor differentiation, respectively. Patient ages ranged
from 19-62 years (average age of 43.1 + 6.2 years). All cervical cancer samples collected
during biopsy were kept at -70°C until needed. None of the patients had received radiotherapy
or chemotherapy prior to participation in this study.

A further 10 patients (28-55 years of age, with an average of 40.8 + 5.3 years) with
hysteromyoma or adenomyosis were selected from our hospital. A total of 10 CIN patients
(20-58 years of age, with an average of 40.1 + 5.2 years, including three, four, and three
patients at stage I, I, and III, respectively) were also enrolled. There were no significant
differences regarding age between the patient groups.

The current experimental protocol was approved by the Ethics Committee of the
Central Hospital of Zibo, Zibo, China, before commencing the study. All patients and healthy
volunteers gave their written consent for and approval of this study.

Cells and reagents

HeLa human cervical cancer cells were obtained from the Cellular Biology Department
of the Chinese Medical University, Shenyang, China. aFGF, bFGF, and B-actin RT-PCR test
kits were purchased from TaKaRa Bio (Kusatsu, Japan). A PTC-100 PCR thermal cycler was
purchased from Bio-Rad (Hercules, CA, USA). TRIzol Reagent was purchased from Gibco
BRL (Grand Island, NY, USA). aFGF, bFGF, RPMI-1640 culture medium, and MTT reagent
were obtained from Sigma-Aldrich (Carlsbad, CA, USA).
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RT-PCR

Total RNA was extracted from cervical tissues using TRIzol Reagent, and its concentration
calculated by measuring the 260/280 nm absorbance ratio. RNA (200 ng in 2 pL) was then used
as a template to synthesize complementary DNA (cDNA) in a 20-pL reaction using 1 pL poly(A)
tail-specific primers. Subsequently, this cDNA (3 pL) was used as a template for PCR amplification
using 1 pL specific primers (Table 1) and 0.2 uL. DNA polymerase under the following conditions:
94°C pre-denaturation for 40 s, followed by 30 cycles, each of which comprised 94°C denaturation
for 40 s, 56°C annealing for 60 s, and 72°C elongation for 60 s, before a final 72°C elongation for 5
min. PCR products were separated by agarose gel electrophoresis and analyzed with Quantity One
version 4.6.9 (Bio-Rad). 3-actin was used as an internal reference. The optical density of each band
was measured and ratios calculated to quantify relative expression levels.

Table 1. Sequences of primers used in this study.

Target Sense strand (5'-3') Anti-sense strand (5'-3")

aFGF AAATCACCACCTTCACAGCC GTTGTAATGGTTCTCCTCCAGC

bFGF ATGGCAGCCGGGAGCATCACC CACACACTCCTTTGATAGACACAA

B-actin GAA ACTACCTTCAACTCCATC CTAGAAGCATTTGCGGTGGACGATGGAGGGGCC

aFGF = acidic fibroblast growth factor, bFGF = basic fibroblast growth factor.

Western blotting

Cervical tissues were mixed with protein lysis buffer and centrifuged at 1200 rpm
for 20 min. The supernatants were then recovered and mixed with western blotting buffer.
Proteins (40 mg per lane) were separated by 8% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred to a polyvinylidene fluoride membrane. After blocking with
nonfat milk solution at room temperature for 1 h, the membrane was incubated with mouse
anti-human aFGF (diluted 1:200), mouse anti-human bFGF (1:200), and rabbit anti-human
B-actin (1:500) antibodies in phosphate-buffered saline-Tween 20 at 4°C overnight. The
membrane was then washed three times with Tris-buffered saline-Tween 20 (TBST; 5 min per
wash), and incubated with rabbit anti-mouse immunoglobulin G antibody (1:2000) at room
temperature for 1 h. After rinsing in TBST, chromogenic substrates trimethylbenzene and
H,O, (2 mL each) were added to visualize protein bands, which were scanned and analyzed
with the Quantity One software to calculate optical density.

Cell culture

For routine culture, HeLa human cervical cancer cells were maintained on RPMI-
1640 medium at 37°C in a humidified chamber containing 5% CO,.

Cell treatment

HeLa cells in the log phase of growth were counted and seeded on a culture plate
containing RPMI-1640 medium and 2% fetal bovine serum (FBS). After being cultured
overnight, cells were transferred to Dulbecco’s modified Eagle’s medium containing 10% FBS
(for experimental treatment cultures). aFGF (0.3, 0.6, and 1.2 mg/mL) or bFGF (50, 75, and 100
ng/mL) was then added to the culture plate. Negative control cells were cultured in parallel.
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MTT assay

An MTT assay was used to assess the viability of HeLa cells 24 and 48 h after
treatment with different concentrations of aFGF or bFGF. First, MTT solution (20 pL)
was added to the culture medium in each well to a final concentration of 5 mg/mL, and
incubated with cells at 37°C for 4 h. Then, the reaction was terminated by adding 150 pL
dimethyl sulfoxide to dissolve the formazan product. The absorbance of each well was
tested at 570 nm using a microplate reader. Results for each treatment group were based
on at least 10 wells.

Statistical analysis

SPSS 17.0 (SPSS Inc., Chicago, IL, USA) was used to analyze all data, which
are reported as means + standard deviations. Quantitative analysis of immunoblot bands
was carried out using the Image Total Tech software (Pharmacia, Piscataway, NJ, USA).
Analysis of variance was used for multiple-group comparisons, followed by the least
significant difference test for pairs of groups. P values less than 0.05 were considered
statistically significant.

RESULTS
Expression of aFGF and bFGF mRNA in cervical tissues

We used RT-PCR to determine aFGF and bFGF mRNA expression profiles in cervical
cancer, CIN, and normal cervical tissues. aFGF and bFGF levels were significantly elevated
in cervical cancer tissues compared to normal cervical and CIN tissues (P < 0.05, Table 2).
Moreover, expression of these FGFs positively correlated with cervical cancer clinical stage
(P < 0.05). Differentiation grade, however, had no significant effect on FGF expression (P
> (.05). Furthermore, CIN specimens exhibited higher aFGF and bFGF mRNA levels than
normal tissues (P < 0.05, Table 2).

Table 2. Acidic and basic fibroblast growth factor mRNA levels in cervical cancer, cervical intraepithelial
neoplasia, and normal cervical tissues.

Group N aFGF mRNA bFGF mRNA
Cervical cancer 20 1.225 +0.059*0 1.321 +0.086*"
Clinical stage
1 5 0.965 +0.048 0.989 +0.102
n 9 1.032 +0.076° 1.168 +0.045¢
111 5 1.278 +£0.118%4 1.356 £0.116%4
v 1 1.342 £0.124%%¢ 1.397 £0.132¢¢¢
Differentiation grade
High 11 1.178 £0.112 1.236 +0.087
Moderate 7 1.138 £0.126 1.295+0.106
Low 2 1.192 £ 0.098 1.328 +£0.097
CIN tissue 10 0.767 +0.033° 0.789 + 0.046°
Normal cervical tissue 10 0.643 £ 0.026 0.656 +£0.014

aFGF = acidic fibroblast growth factor, bFGF = basic fibroblast growth factor, CIN = cervical intraepithelial
neoplasia. *P < 0.05 compared to CIN tissue; °P < 0.05 compared to normal cervical tissue; P < 0.05 compared to
stage I; 9P < 0.05 compared to stage IT; °P < 0.05 compared to stage III.
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aFGF and bFGF protein expression

Western blotting was employed in order to estimate the expression of aFGF and
bFGF proteins in each cervical tissue type. aFGF and bFGF protein levels were significantly
increased in cervical cancer tissues compared to CIN and normal cervical tissues (P < 0.05).
In addition, expression of these proteins in CIN specimens was also significantly higher than
that observed in normal tissues (P < 0.05, Figures 1 and 2).

Normalized protein levels

Cervical cancer CIN Normal

Figure 1. Protein levels of aFGF and bFGF in cervical cancer, CIN and normal cervical tissues. *P <0.05 compared
to CIN tissues; “P < 0.05 compared to normal cervical tissues.

aFGF ——— | — —

Practl —— s s 0 eo—— @0

Cervical cancer CIN Normal

AFQF — —— —— | —

B-Aoll  —— e Comecmme
Cervical cancer CIN Normal
Figure 2. Western blotting bands showing aFGF and bFGF in cervical cancer, CIN and normal cervical tissues.

HeLa cell proliferation following aFGF/bFGF treatment

HeLa cells were treated with different concentrations of aFGF and bFGF in order to
investigate the effect of these molecules on proliferation, as measured by MTT assay. With
gradual increases in aFGF and bFGF concentration, cell viability increased significantly (P
< 0.05, Table 3), corresponding to elevated cell number or metabolic activity. Compared to
aFGF, bFGF exerted a significantly stronger effect on HeLa cells (P < 0.05, Table 3), with
proliferation peaking at a concentration of 75 ng/mL.
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Table 3. HeLa cell proliferation following treatment with acidic and basic fibroblast growth factors.

Acidic and basic fibroblast growth factor in cervical cancer

Treatment OD value Proliferation ratio (%)

aFGF (ug/mL) 24h 43T 24h 48N
0 0.792 £ 0.002 0.801 +£0.003 100 100
0.3 0.724 +0.017* 0.875 +0.026* 102 118
0.6 1.021 +0.032* 1.076 + 0.044* 114 135
1.2 1.131 £0.041* 1.234 +0.056* 136 156

bFGF (ng/mL)
0 0.792 +0.002 0.800 + 0.003 100 100
50 1.012 +0.007* 1.034 +£0.012* 122 131
75 1.325+0.015* 1.523 +0.029* 178 198
100 1.323 +£0.027* 1.486 +0.031* 169 186

aFGF = acidic fibroblast growth factor, bFGF = basic fibroblast growth factor, OD = optical density. *P < 0.05
compared to control group.

DISCUSSION

In this study, we recruited cervical cancer and CIN patients and individuals with
normal cervices, showing aFGF and bFGF mRNA levels to be significantly elevated among
cervical cancer sufferers compared to the other groups examined. Moreover, aFGF and bFGF
mRNA expression increased with cervical cancer clinical stage. No significant difference,
however, was identified between cervical cancer tissues of different differentiation grades.
Western blotting indicated that aFGF and bFGF protein expression was highest in cervical
cancer specimens, followed by CIN and normal cervical tissues. Together, these results suggest
that the genes encoding aFGF and bFGF are overexpressed in cervical cancer tissues, and that
this closely correlates with the occurrence and progression of this disease. However, due to the
limited numbers of patients included in the present study (a key limitation of this study), large-
cohort clinical studies are required to confirm these findings. Previous investigations have
reported that aFGF and bFGF mRNA levels are significantly elevated in pancreatic cancer
compared to normal tissues, with expression of bFGF being higher than that of aFGF, although
not to a significant degree (Yamanaka et al., 1993; Walsh et al., 2008). One study of endometrial
carcinoma found that both of these FGFs and the FGF receptors are overexpressed in such
tumor tissues (Fujimoto et al., 1996). Similar patterns have also been observed in ovarian
metastases derived from tumors of the small intestine (Facco et al., 1998). A number of reports
have indicated that aFGF and bFGF are minimally expressed in a wide array of human tissues,
and can regulate DNA synthesis and facilitate cell division. When cells undergo malignant
transformation, however, aFGF and bFGF transcription is increased by the synergistic effects
of various tumor-stimulating factors, facilitating the division and proliferation of tumor cells
via autocrine or paracrine mechanisms (Ferreira et al., 2015; Ma et al., 2015b).

Here, we also employed HelLa cells as a model of cervical cancer, treating them with
different concentrations of aFGF and bFGF and measuring subsequent proliferative activity.
Raising the concentrations of aFGF and bFGF resulted in incremental increases in the cell
proliferation ratio. Compared to aFGF, bFGF stimulated proliferation to a greater extent, with
the strongest effect being recorded at a concentration of 75 ng/mL. These results suggest
that both aFGF and bFGF can enhance the proliferation of cervical cancer cells in a dose-
dependent manner (Li et al., 1994). A previous study also found aFGF to be overexpressed
in breast cancer tissues, accelerating the proliferation and differentiation of tumor cells, and
facilitating cancer progression (Yoshimura et al., 1998), consistent with our results.
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In summary, both aFGF and bFGF were highly expressed in cervical cancer tissues. In
tumors of higher clinical stages, the expression of these factors was further enhanced, suggesting
that they play a role in facilitating cervical cancer cell proliferation. This study reveals the
potential clinical utility of aFGF and bFGF in cervical cancer diagnosis and prognosis.
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