ONCOLOGY LETTERS 14: 1561-1567, 2017

Basic fibroblast growth factor as a potential biomarker
for diagnosing malignant tumor metastasis in women
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Abstract. Previous studies have reported that basic fibroblast
growth factor (bFGF) is associated with tumor genesis, growth
and prognosis. The present study was conducted to detect the
levels of bFGF expression in women with non-small cell lung
cancer (NSCLC), colon cancer, breast cancer and melanoma,
and analyze its association with the clinicopathological
characteristics of malignant tumors. The tumor tissues were
obtained from 508 female patients with malignant tumors
between March 2008 and May 2015 (103 NSCLC, 147 colon
cancer, 206 breast cancer and 52 melanoma). Histological
examination was performed on paraffin-embedded tissues.
The immunohistochemical peroxidase-conjugated strepta-
vidin method was used to detect bFGF protein expression
in the tissues. The level of bFGF protein expression was
significantly increased in patients with NSCLC with poor
differentiation and lymph node metastasis compared with
patients with moderately/well differentiated NSCLC without
Ilymph node metastasis. Increased levels of bFGF protein
expression were observed in patients with colon cancer with
lymph node metastasis compared with patients without lymph
node metastasis, and in patients with breast cancer with
tumor-node-metastasis stage III-IV and lymph node metas-
tasis compared with patients in stage I-II and without lymph
node metastasis. The rate of positive bFGF staining in patients
with melanoma with lymph node metastasis was significantly
higher compared with patients without lymph node metastasis.
These results suggested that bFGF may be associated with
the process of malignant tumor genesis and growth, and the
expression of bFGF protein may be a potential and effective
biomarker for diagnosing malignant tumor metastasis in
females. The present study may also provide theoretical bases
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for the clinical application of bFGF monoclonal antibody in
molecular targeted therapies in tumors.

Introduction

Previous studies have reported that high expression of basic
fibroblast growth factor (bFGF) is associated with tumor
genesis, growth and prognosis (1,2). bFGF may affect the
proliferation and differentiation of a number of cell types
in vitro, including neural stem cells (3). The bFGF is a type
of polypeptide growth factor, which are produced via cell
proliferation in the mesoderm and neural ectoderm (4). The
most significant biological function of bFGF reported is to
promote proliferation (5). In pathological cases, bFGF is
involved in tumor genesis, growth and promoting the repair
of damaged issues (5). bFGF and its receptors in tumor tissue
are potential targets for antitumor therapy (6). Targeting
anti-bFGF antibodies and fibroblast growth factor receptor
(FGFR) antagonists may inhibit tumor cell proliferation and
metastasis as well as block the blood supply for tumor growth
and metastasis (6).

bFGF is reported to be involved in tumor genesis and growth
through two mechanisms as follows: i) Promotion of overpro-
liferation of tumor cells in an autocrine or paracrine manner;
and ii) promotion of tumor angiogenesis to provide nutrients
for tumor cell growth, which is the main route by which bFGF
is involved in the pathological process of tumors (7). bFGF
is a major pro-angiogenic factor during tumor angiogenesis.
In normal tissues, bFGF expression is absent, or it is detected
at low levels. By contrast, the level of bFGF expression level
is high in tumor issues (8). bFGF is also an important factor
involved in tumor growth and invasion, and is involved in the
genesis and growth of a variety of malignant tumors, including
breast cancer, lung cancer and prostate cancer (9,10).

Previous studies have investigated the expression level
of bFGF in advance NSCLC cell lines (11,12). However, the
limitations of these studies were evident. These studies used
relatively small sample sizes and investigated only a single
type of tumor. In addition, sex-based differences were not
taken into consideration. Therefore, in the present study,
508 female patients with malignant tumors [103 non-small
cell lung cancer (NSCLC), 147 colon cancer, 206 breast cancer
and 52 melanoma] were recruited to study the level of bFGF
expression in tumor cells, and to investigate the association
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between expression level of bFGF protein and clinicopatho-
logical characteristics of malignant tumors.

Patients and methods

Female patients. Prior to recruiting female patients, approval
to conduct the present study was obtained from the Ethics
Committee of Henan University of Science and Technology
(Henan, China). Written informed consent was obtained
from all patients. Female patients with one of the following
malignant tumors were included between March 2008 and
May 2015: NSCLC, colon cancer, breast cancer and melanoma.
Patients that received radiotherapy, chemotherapy or traditional
Chinese medicine treatment prior to surgery were excluded.
All patients were diagnosed by pathological or clinical method.
Finally, a total of 103 patients with NSCLC, 147 patients with
colon cancer, 206 patients with breast cancer and 52 patients
with melanoma were recruited in the present study.

Immunohistochemical staining. The tumor tissues from the
female patients were obtained by standard method (routine
examination) and embedded in paraffin (4% paraformaldehyde
for 24 h at room temperature). The paraffin-embedded tumor
tissues were serially cut for histological examination. A total
of two sections (thickness, 5 ym) were randomly selected from
each patient. Hematoxylin-eosin staining was performed at
room temperature for 24 h on one section for histomorphometric
observations. The tissue sections were subjected to dewaxing,
dehydration (descending alcohol series) and washing with PBS,
and subsequently treated with hematoxylin for 10-15 min at
60°C, 5% hydrochloric acid in ethanol for several sec subse-
quent to washing in running water. The tissue sections were
re-stained with eosin for 5 min at room temperature, dehydrated
by graded alcohol and treated with mounting medium (Nanjing
KeyGen Biotech Co., Ltd., Nanjing, China). Olympus PM 20
(Olympus Corporation, Tokyo, Japan) was used to capture
images (magnification, x100). The immunohistochemical
peroxidase-conjugated streptavidin method was performed on
the other section to detect the expression level of bFGF protein
in tumor tissues using an SP immunohistochemistry kit (rabbit)
supplied by Nanjing KeyGen Biotech Co., Ltd. PBS was used as
the negative control to replace the primary antibody. Goat serum
(KGIHCO008; Nanjing KeyGen Biotech Co., Ltd.) was applied
at 4°C overnight to block non-specific binding. The anti-bFGF
rabbit polyclonal antibody (dilution, 1:200; KGIHCO009; Nanjing
KeyGen Biotech Co., Ltd.) was used at 4°C overnight. Then a
horseradish peroxidase-conjugated sheep anti-rabbit secondary
antibody (dilution, 1:200; KGIHCO11; Nanjing KeyGen Biotech
Co., Ltd.) was applied at room temperature for 1 h. The
Image-Pro Plus 6.0 (Media Cybernetics, Inc., Rockville, MD,
USA) was used to measure the density.

Scoring of immunostaining. Positive bFGF protein expres-
sion in tumor tissues was identified by the presence of
yellow-brown granules in the tumor cell cytoplasm. The
immunoreactivity was semi-quantitatively scored using the
intensity of the immunostaining and the percentage of tumor
cells with positive bFGF expression, as described previ-
ously (13). Positive percentage was graded as 0 (<10% positive
tumor cells), 1 (10-24%), 2 (25-49%), 3 (50-75%) and 4 (>75%).
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The intensity of the immunostaining was graded as 0 (no
immunoreactivity), 1 (weak intensity), 2 (moderate intensity)
and 3 (strong intensity). The two scores were subsequently
added and scored as follows: >5, strong expression (+++); 4-5,
as moderate expression (++); 2-3, weak expression (+); and 0-1,
absent expression (-).

Statistical analysis. The continuous data are expressed as
the mean + standard deviation, and the numerical data are
expressed as the number and percentage. Student's t-test and
one-way analysis of variance were used when appropriate.
Ranked data were evaluated by Kruskal-Wallis test for multiple
group comparisons and Nemenyi test for comparisons between
two groups. If a significant difference was found, a Bonferroni
post hoc test was performed. P<0.05 was considered to indicate
a statistically significant difference. SPSS version 19.0 was
used to perform all analysis (IBM Corp., Armonk, NY, USA).

Results

bFGF protein expression in NSCLC. In total, 103 patients
with NSCLC were included in the present study. The mean
age of these patients was 54.3 years (range, 35-75 years). Of
these patients, ~70% were married, 62.3% were non-smokers
and 66.4% received <9 years education. Among the married
patients, the percentage of smoking in husbands of these patients
was 85.4%. According to the tumor-node-metastasis (TNM)
stage (14), a total of 24 patients were in stage I, 25 were in stage I1
and 54 were in stage III/TV. Among these patients, there were
71 patients with lymph node metastasis, and 64 patients with
poor differentiation. The total rate of positive bFGF staining
in NSCLC tissues was 64.1% (66/103). The rate of positive
bFGF staining in NSCLC with poor differentiation tissues was
significantly increased compared with patients with moder-
ately/well differentiated NSCLC (P=0.00023). Compared with
patients without lymph node metastasis, patients with lymph
node metastasis had a significantly increased rate of positive
bFGF staining (P=0.00025; Table I; Fig. 1).

bFGF protein expression in colon cancer. A total of
147 patients with colon cancer were included in the present
study. The mean age of these patients was 46.3 years (range,
33-61 years). Of these patients, ~73% were married, 69.5%
were non-smoker patients and 60.3% received <9 years educa-
tion. According to the TNM staging system (14), 44 patients
were in stage I, 55 were in stage I and 48 were in stage III/IV.
Among these patients, there were 105 patients with lymph
node metastasis and 80 patients with poor differentiation. The
rate of positive bFGF staining in patients with colon cancer
was 60.5% (89/147). The rate of positive bFGF staining in
patients with colon cancer with lymph node metastasis was
significantly higher compared with patients without lymph
node metastasis (P=0.00001; Table II; Fig. 2).

bFGF protein expression in breast cancer. In total, 206 patients
with breast cancer were included in the present study. The mean
age of these patients was 52.6 years (range, 38-56 years). Of
these patients, ~62.7% were married, 65.3% were non-smoker
patients and 63.8% received <9 years education. According
to the TNM staging system (14), 59 patients were in stage I,
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Table I. bFGF protein expression in patients with non-small cell lung cancer.
bFGF expression, n
Positive
Variable n - + ++ +++ rate, % P-value®
Differentiation 0.00023
Poor 64 13 10 25 16 79.7
Moderate/well 39 24 9 5 1 38.5
TNM stage 0.77827
I 24 10 8 4 2 583
I 25 9 8 6 2 64.0
/v 54 18 20 11 5 66.7
Lymph node metastasis 0.00025
Yes 71 16 9 21 25 775
No 32 21 8 3 0 344

*P-value was obtained by comparing the positive rate of bFGF expression using Kruskal-Wallis test. TNM, tumor-node-metastasis; bFGF, basic

fibroblastic growth factor.
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Figure 1. Representative image of immunohistochemical staining of basic fibroblastic growth factor in tumor tissues obtained from patients with non-small

cell lung cancer (magnification, x100).

48 were in stage II and 99 were in stage III/IV. Among these
patients, there were 134 patients with lymph node metastasis
and 118 patients with poor differentiation. The total rate of
positive bFGF staining in breast cancer was 71.8% (148/206).
The positive rate in patients with breast cancer with lymph node
metastasis was significantly higher compared with patients

without lymph node metastasis (P<0.00001). Compared with
patients in stage I-I1, patients in stage III/IV had a significantly
higher rate of positive staining (P=0.00001; Table I1I; Fig. 3).

bFGF protein expression in melanoma. In total, 52 patients
with melanoma were included in the present study. The average
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Table II. bFGF protein expression in patients with colon cancer.
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bFGF expression, n

Positive
Variable n - + ++ +++ rate, % P-value®
Differentiation 0.22727
Poor 80 28 13 27 12 65.0
Moderate/well 67 30 8 21 8 552
TNM stage 0.83647
I 44 18 8 14 4 59.1
11 55 20 11 18 6 63.6
1/1vV 48 20 7 16 5 58.3
Lymph node metastasis 0.00001
Yes 105 29 19 25 32 724
No 42 28 9 5 0 333

*P-value was obtained by comparing the positive rate of bFGF expression using Kruskal-Wallis test. TNM, tumor-node-metastasis; bFGF, basic

fibroblastic growth factor.
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Figure 2. Representative image of immunohistochemical staining of basic fibroblastic growth factor in tumor tissues obtained from patients with colon cancer

(magnification, x100).

age of these patients was 55.8 years (range, 40-63 years). Of
these patients, ~71.0% were married, 69.4% were non-smoker
patients and 68.4% received <9 years education. Additionally,
~73.5% patients or one of their family members presented with
dysplastic nevus. According to the TNM staging system (14),
22 patients were in stage I, 16 were in stage II and 14 were in
stage IT1I/TV. Among these patients, there were 32 patients with
lymph node metastasis and 23 patients with poor differentia-
tion. The total rate of positive bFGF staining in melanoma was
59.6% (31/52). The rate of positive bFGF staining in patients
with melanoma with lymph node metastasis was significantly
higher compared with patients without lymph node metastasis
(P=0.00006; Table 1V; Fig. 4).

Discussion
Invasion and metastasis are the essential biological charac-

teristics of malignant tumors, as well as the primary causes
of cancer-associated mortality (15). Tumor angiogenesis and

lymph node metastasis are the prerequisite of malignant tumor
invasion and metastasis (15). Therefore, the aim of antitumor
therapy is to inhibit vascular endothelial cell proliferation and
lymph node metastasis (16).

As a cell mitogen and angiogenic factor, bFGF is a member
of the fibroblast growth factor family (17). The bFGF is able to
promote malignant tumor invasion and metastasis by secreting
a number of proteolytic enzymes and collagenase, including
matrix metalloproteinase-14 (15).

The present study revealed that the level of bFGF expression
was markedly increased in patients with NSCLC. The rate of
positive bFGF staining was significantly higher in low-differen-
tiated NSCLC compared with moderate/well NSCLC (Table I).
In addition, the rate of positive bFGF staining was significantly
higher in patients with NSCLC with lymph node metastasis
compared with in patients with NSCLC without lymph node
metastasis. These results indicated that the differentiation stage
and lymph node metastasis had effects on the level of bFGF
expression, which was consistent with a previous study (18). A
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Table III. bFGF protein expression in patients with breast cancer.

bFGF expression, n

Positive
Variable n - + ++ +++ rate, % P-value®
Differentiation 0.31327
Poor 118 30 41 34 13 74.6
Moderate/well 88 28 30 25 5 68.2
TNM stage 0.00001
I 59 27 17 10 5 54.2
11 48 18 15 9 6 62.5
/v 99 13 22 38 26 86.8
Lymph node metastasis <0.00001
Yes 134 118 19 25 32 88.1
No 72 30 9 5 0 41.7

*P-value was obtained by comparing the positive rate of bFGF expression using Kruskal-Wallis test. TNM, tumor-node-metastasis; bFGF, basic
fibroblastic growth factor.
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Figure 3. Representative image of immunohistochemical staining of basic fibroblastic growth factor in in tumor tissues obtained from patients with breast
cancer. TNM, tumor-node-metastasis (magnification, x100).

number of previous studies also reported that the expression of ~ compared with in normal cell lines (11,12). Therefore, bFGF
bFGF and FGFR was increased in advanced NSCLC cell lines  and its receptor may be novel targets for NSCLC treatment.
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Table I'V. bFGF protein expression in patients with melanoma.
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bFGF expression, n

Positive
Variable n - + ++ +++ rate, % P-value®
Differentiation 0.68627
Poor 23 10 7 6 0 56.5
Moderate/well 29 11 6 10 2 62.1
TNM stage 0.90318
I 22 9 7 5 1 59.1
11 16 7 4 4 1 56.3
/v 14 5 3 4 2 64.2
Lymph node metastasis 0.00006
Yes 32 6 7 14 5 81.3
No 20 15 3 2 0 25.0

“P-value was obtained by comparing the positive rate of bFGF expression using Kruskal-Wallis test. TNM, tumor-node-metastasis; bFGF, basic

fibroblastic growth factor.
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Figure 4. Representative image of immunohistochemical staining of basic fibroblastic growth factor in in tumor tissues obtained from patients with melanoma

(magnification, x100).

The present study also revealed that the level of bFGF
expression in colon cancer tumor tissues was increased,
and the rate of positive bFGF staining in patients with
colon cancer with lymph node metastasis was significantly
increased compared with that of patients without lymph node
metastasis. This finding indicated that bFGF may serve a role
in enabling colon cancer metastasis, which was similar to
the findings of a previous study (19). In addition, there was
a non-significant increased rate of positive bFGF staining
in tissues obtained from patients with poorly differenti-
ated colon cancer compared with tissues from patients with
moderately/well-differentiated colon cancer (65.0 vs. 55.2%),
which may indicate that bFGF may be involved in promoting
angiogenesis and proliferation of cells in poorly-differentiated
colon cancer. Landriscina et al (20) also revealed that the
bFGF tumour concentration was not associated with the stage
of disease. Therefore, bFGF may be a potential biomarker for
colon cancer diagnosis and prognosis.

In the present study, immunohistochemical results indi-
cated that the rate of positive bFGF staining in breast cancer
is 71.8%, which was similar with the results of a previous
long-term follow-up study (21). This finding indicated that
the high level of bFGF expression was associated with breast
cancer. In the present study, the rate of positive bFGF staining
was demonstrated to be significantly higher in patients with
stage III/TV breast cancer (86.8%) compared with stage I-11
breast cancer (57.9%). In addition, there was a significantly
increased rate of positive bFGF staining in breast cancer
patients with lymph node metastasis compared with patients
without lymph node metastasis, which indicated that the high
level of bFGF expression was associated with tumor inva-
sion (22,23). A previous study also reported that patients with
breast cancer without lymph node metastasis and positive
bFGF expression exhibited a longer median overall survival
time than patients with lymph node metastasis (21). Therefore,
monitoring the change in bFGF expression may be helpful
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for clinicians and patients with breast cancer to predict the
efficacy of treatment.

Previous studies reported that the rate of positive bFGF
expression in patients with melanoma was 30-90% (24,25).
In the present study, the rate of positive bFGF staining in
patients with melanoma was demonstrated to be 59.6%.
Straume and Akslen (24) reported that the high level of bFGF
expression in melanoma may be associated with the high
density of small vessels in melanoma cell. Compared with
patients without lymph node metastasis, patients with lymph
node metastasis had significantly increased rate of positive
bFGF staining. This may be due to the expression level of
bFGF being increased along with an increase in degree of
malignancy of melanoma cells. Birck ef al (25) indicated that
the level of bFGF expression in melanoma was increased by
36% compared with the level in premalignant lesion (nevi).
These results demonstrated that bFGF was an important factor
involved in melanoma genesis and growth.

The present study had several limitations. The sample
size was relatively small. Therefore, large-scale studies are
required to validate the results. All of the patients were female,
so whether the conclusion of the study can be applied to
males was unclear. Additionally, only four types of malignant
tumors were investigated, so whether the level of bFGF protein
can be a potential biomarker for diagnosing other types of
female-specific cancer, including cervical cancer and ovarian
cancer, requires future studies.

In conclusion, the present study indicated that the level of
bFGF expression was associated with malignant tumor growth
and metastasis. bFGF protein may be a potential biomarker for
diagnosing malignant tumor metastasis in women. The present
results may be helpful for the clinical application of targeted
anti-bFGF antibody and FGFR antagonists.
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