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	 Background:	 Fibroblast growth factor receptors (FGFRs) play vital roles in the development and progression of human can-
cers. This study aimed to comprehensively understand the prognostic performances of FGFR1-4 expression in 
breast cancer (BC) by mining databases.

	 Material/Methods:	 The levels of FGFR1-4 expression in BC were analyzed by online databases, GEPIA (Gene Expression Profiling 
Interactive Analysis) and UALCAN. Survival analysis of FGFR1-4 was carried out by Kaplan-Meier plotter. GSE74146 
was downloaded from Gene Expression Omnibus (GEO) and analyzed by GEO2R to screen the differentially 
expressed genes (DEGs) between FGFR2-silenced BC cells and control. Over-presentation for DEGs were done 
by Enrichr tool. Networks of DEGs were obtained by using Search Tool for the Retrieval of Interacting Genes 
(STRING) and Cytoscape software. Hub genes were identified by cytoHubba Cytoscape plugin.

	 Results:	 The online databases showed that FGFR1 was significantly downregulated whereas FGFR3 was upregulated in 
BC. Kaplan-Meier plotter demonstrated the upregulation of both FGFR1 and FGFR3 indicated favorable relapse 
free survival (RFS) whereas FGFR4 overexpression predicted unfavorable overall survival (OS) in BC patients. 
Importantly, our results showed FGFR2 overexpression robustly predicted favorable OS and RFS in BC. Further 
bioinformatics analysis of GSE74146 suggested FGFR2 mainly participated in regulating degradation and or-
ganization of the extracellular matrix and signaling of retinoic acid. Moreover, CXCL8, CD44, MMP9, and BMP7 
were identified as crucial FGFR2-related hub genes.

	 Conclusions:	 Our study comprehensively analyzed the prognostic values of FGFR1-4 expression in BC and proposed FGFR2 
might serve as a promising biomarker. However, the underlying mechanisms remain to be elucidated.
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Background

Breast cancer (BC) is one of the most common malignancies 
for women and is also responsible for enormous cancer-asso-
ciated deaths among females worldwide [1]. In China, its inci-
dence increased approximately 30%, and the related mortal-
ity has doubled over the past 30 years [2,3]. Notably, breast 
carcinoma exhibits significant heterogeneity. According to its 
histopathological features, BC has currently been classified 
into 4 distinct intrinsic subtypes including luminal A, lumi-
nal B, human epidermal growth factor receptor 2 (HER2) en-
riched and basal-like. Each BC subtype can be distinguished 
from the others based on gene cluster expression patterns [4]. 
Although the specific biomarkers are used to predict response 
to therapy and prognoses, the clinically useful prognostic pa-
rameters are still insufficient, and the underlying mechanism 
in the BC development is largely unknown. Thus, it is impor-
tant to develop and broaden additional prognostic predictors.

Fibroblast growth factor receptors (FGFRs) belong to a subfam-
ily of highly conserved receptor tyrosine kinases that mainly 
comprises 4 cell membrane bound receptor (FGFR1-4). FGFRs 
bind extracellular ligands to initiate a complex intracellular sig-
naling cascades. FGFR signaling has been observed to partic-
ipate in a wide spectrum of physiologic processes and path-
ological conditions in cell proliferation, apoptosis, migration, 
invasion, angiogenesis, and metastasis [5,6]. Genetic aberra-
tion of FGFRs genes occurred in various human malignancies 
including urothelial, breast, endometrial, and lung cancer [7]. 
Furthermore, the alterations of FGFRs genes have observed 
to be significantly correlated with different types of tumor. 
Take FGFR1 gene for example, the alteration of FGFR1 gene 
has been linked to head and neck carcinoma and lung can-
cer [8,9], whereas the aberration of FGFR3 have been observed 
to be correlated with bladder cancers [10]. Together, the ab-
errations of FGFRs have implicated in the development of dif-
ferent human tumors.

Based on the significance of FGFRs in various human malig-
nancies, the association of aberrant FGFRs with breast carci-
noma is not surprising. In BC, FGFRs have been shown to be 
frequently deregulated. Among the 4 FGFR family members, 
FGFR1 amplification has been demonstrated to be the most 
frequent genomic aberration and its amplification was found 
to occur in nearly 14% of BC patients with the hormone recep-
tor-positive luminal B tumor [7,11,12]. Moreover, FGFR1 gene 
amplification has been demonstrated to be strongly correlat-
ed with shorter overall survival (OS) in ER-positive BC and the 
resistance to endocrine-based therapies [13–15]. In contrast 
to FGFR1 aberration, the amplification of other FGFRs family 
members (FGFR2-4) is less relevant [5]. Amplification of the 
FGFR3 and FGFR4 genes has been found in less than 1% and 
around 2.3% of BC patients, respectively [7]. As for FGFR2, its 

amplification has not been reported. Although these findings 
have exhibited the importance of FGFRs amplification in BC 
patients, the prognostic performance of FGFR1-4 expression 
have not been investigated in BC so far.

The rise of high throughput technologies as well as numerous 
public databases has recently allowed observational studies 
hold promise in enhancing our comprehensive understanding 
of tumors. In the field of oncology, great advance has been wit-
nessed in the publication of observational analyses using the 
large public databases, which provide new tools for investiga-
tors to probe into questions. As aforementioned, the perfor-
mances of FGFR1-4 expression in BC prognosis are still elusive, 
although the distinctive roles of FGFR1-4 in the development 
of various human cancers. Here, we systemically explored the 
prognostic values of FGFR1-4 expression in BC by mining public 
databases. Furthermore, we investigated the potential mech-
anism of key FGFRs to provide a comprehensive analysis of 
FGFR1-4 in BC. To our knowledge, this is the first study to re-
port the prognostic values of FGFR1-4 in BC patients.

Material and Methods

Analysis of FGFR1-4 expression in BC within public 
databases

To analyze the levels of the FGFR1-4 messenger RNA (mRNA) in 
BC, the GEPIA (Gene Expression Profiling Interactive Analysis) 
and UALCAN databases were analyzed. GEPIA (http://gepia.can-
cer-pku.cn/) is a comprehensive and interactive web resource 
for analyzing cancer data, which includes 9736 tumors and 
8587 normal samples from The Cancer Genome Atlas (TCGA) 
and Genotype-Tissue Expression (GTEx) [16]. In our study, the 
levels of FGFR1-4 in BC were explored by using GEPIA database. 
Additionally, the UALCAN database was further used to com-
pare the expression patterns of FGFR1-4 between various BC 
sub-groups. UALCAN is a comprehensive and interactive web 
resource to analyze gene expression and clinical data from TCGA 
database (http://ualcan.path.uab.edu) [17]. Finally, the FGFR1-4 
expression at the protein level was mined by using the Human 
Protein Atlas (HPA) (https://www.proteinatlas.org/) [18]. In this 
study, immunohistochemistry (IHC) data for FGFRs were down-
loaded from the HPA in both normal breast and BC tissues. 
The levels of FGFRs protein were compared in normal breast 
tissues and BC tissues within the HPA database.

Kaplan-Meier analysis of FGFR1-4 expression in BC 
patients

To explore the associations between the levels of FGFR1-4 
genes and patients’ clinical outcomes, we performed prognostic 
analysis within the Kaplan-Meier database (www.kmplot.com). 
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Kaplan-Meier is an online public database to draw survival plots, 
which can be used to study the effects of gene expression on 
the clinical outcome in BC patients [19]. We used the data-
base to assess the relationship between the levels of FGFR1-4 
mRNA and patients’ survival. The log-rank P-value with <0.05 
was considered as statistical significance.

Bioinformatics analysis of GSE74146

Based on the robust relativity between the FGFR2 transcrip-
tional level and the patients’ survivals in BC, we analyzed the 
Gene Expression Omnibus (GEO) database to explore the po-
tential mechanism of FGFR2 in the BC development. GEO data-
base was search according to the following criteria, (FGFR2 
[Description] AND breast cancer [Description]) AND “Homo 
sapiens”[porgn: __txid9606]). The GSE74146 dataset was ob-
tained. GSE74146 is an expression dataset of human BC cell 
line MCF-7 upon silencing of FGFR2 with small interfering RNA 
(siRNA). The dataset was based on the GPL10558 Illumina 
Human HT-12V4.0 expression bead chip platform. The data-
set consisted of 24 microarray samples from MCF-7 treated 
under different conditions at a time point of 6 hours. The raw 
data were download and analyzed by GEO2R tool to distin-
guish differentially expressed genes (DEGs) between FGFR2-
silenced cells and control cell. An adjusted P-value <0.05 and 
|log2FC| >1.0 were used as the cutoff for DEGs [20]. A volcano 
plot was used to visualize the distribution of DEGs in GSE74146.

For the functional enrichment of FGFR2, DEGs were analyzed 
by Enrichr web tool (https://amp.pharm.mssm.edu/Enrichr) [21]. 
Gene Ontology (GO) enrichment terms included molecular 

functions (MF), biological processes (BP), and cellular com-
ponents (CC) of genomic products. The enriched pathways 
included genomes (KEGG, Kyoto Encyclopedia of Genes and 
Genomes) pathways and REACTOME pathways. The enriched 
GO and pathways were visualized as a bar diagram. P<0.05 
was considered significant difference.

The networks of DEGs was constructed by the Search Tool for 
the Retrieval of Interacting Genes (STRING) database was vi-
sualized by Cytoscape software (version 3.4.0). Additionally, 
the Cytoscape plugin cytoHubba were used to analyze the in-
teraction of the DEGs and screen hub gene. The parameters 
of cytoHubba were set as follows: hubba nodes=top 10 nodes 
ranked by degree, display options=check the first-stage nodes, 
display the shortest path and display the expanded subnetwork.

Results

Differential expression of FGFR1-4 in BC

The 4 FGFR family members (FGFR1-4) were investigated in BC 
by the GEPIA online database. As shown in Figure 1, the level 
of FGFR1 mRNA was strongly lower in BC tissues (n=1085) than 
that in normal tissues (n=291). Conversely, FGFR3 was signif-
icantly upregulated in BC tissues. However, the other 2 mem-
bers, FGFR2 and FGFR4, did not show differential expression 
between BC tissues and normal tissues (Figure 1).

To further investigate the expression patterns of FGFR1 and 
FGFR3 in various BC subtypes, we analyzed the UALCAN online 
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Figure 1. �The expression profiles of FGFR1-4 genes in breast cancer within GEPIA database. Boxplot showed the FGFR1-4 expression in 
tumor tissues (T, red box, n=1085) and normal tissues (N, grey box, n=291). The asterisk (*) indicates statistical difference in 
comparison with normal tissues (P<0.01). FGFR1-4 – fibroblast growth factor receptors 1-4; GEPIA – Gene Expression Profiling 
Interactive Analysis.
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database. FGFR1 gene showed a relatively downregulated ex-
pression pattern nearly in all BC subtypes. When sorting the BC 
patients by histological subtypes, BC subclasses, cancer stages 
and nodal metastasis status, the levels of FGFR1 mRNA were 
still significantly decreased in all subgroups compared with nor-
mal control (Figure 2). Inversely, FGFR3 was found to exhibit al-
most an opposite expression pattern. FGFR3 was observed to 
be highly expressed in various BC subtypes including histologi-
cal subtypes, BC subclasses, cancer stages and nodal metasta-
sis status (Figure 3). To further verify the expression of FGFR1 
and FGFR3 at the protein levels, we analyzed the immunos-
taining images from the HPA database. As shown in Figure 4, 
the level of FGFR1 protein was downregulated in BC tissues 
compared with normal breast tissues (Figure 4). Conversely, 
the protein expression of FGFR3 was obviously upregulated 

in BC tissues (Figure 5). Overall, given the data from multiple 
databases, FGFR1 could be downregulated in BC tissues com-
pared with normal counterparts whereas FGFR3 could be up-
regulated in BC tissues. As for FGFR2 and FGFR4, the 2 FGFR 
members did not show significant differences between tumor 
tissues and normal controls.

The prognosis analysis of FGFR1-4

To date, it is still unknown about the possible prognostic value 
of FGFR1-4 expression in BC. Thus, survival analysis of FGFR1-4 
was performed by online database Kaplan-Meier plotter. As for 
FGFR1, the levels of FGFR1 mRNA could not be considered a 
marker for OS in 1402 BC patients (hazard ratio [HR]=0.95; 95% 
confidence interval [CI]: 0.77–1.18, P-value=0.65, Figure 6A), 
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Figure 2. �The FGFR1 expression based on clinical characteristics of breast cancer within UALCAN database. Boxplot showed the FGFR1 
mRNA expression levels in tumor tissues with different clinical characteristics including histological subtypes (A), breast 
cancer subclasses (B), cancer stages (C) and nodal metastasis status (D). The asterisk (*) indicates statistical difference in 
comparison with normal tissues (P<0.01). FGFR1 – fibroblast growth factor receptors 1; mRNA – messenger RNA.
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but it could be regarded as an indicator for relapse-free sur-
vival (RFS) with a total of 3951 BC patients (HR=0.89; 95% CI: 
0.8–0.99, P-value=0.034, Figure 6B). As for FGFR2, its medi-
an expression levels were observed to have a significant pos-
itive effect in the OS analysis (patients=1402, HR=0.66; 95% 
CI: 0.53–0.82, P-value=0.00012, Figure 6C). Moreover, median 
FGFR2 levels could be regarded as a significant biomarker for 
RFS with a total of 3951 BC patients (HR=0.78; 95% CI: 0.7–0.87, 
P-value=6.7e-06, Figure 6D). With regard to FGFR3, its median 
expression levels had no significant effect on the OS of patients 
(patients =1402, HR=1.04; 95% CI: 0.84–1.28, P-value=0.74, 
Figure 6E), whereas it exhibited an obvious positive effect on 
the RFS of patients (patients=3951, HR=0.85; 95% CI: 0.76–
0.94, P-value=0.0025, Figure 6F). As for FGFR4, its median ex-
pression levels were observed to exhibit a significant negative 

effect on the OS of patients (patients=1402, HR=1.33; 95% CI: 
1.07–1.65, P-value=0.0095, Figure 6G), whereas it had no ef-
fect on the RFS of patients (patients=3951, HR=0.99; 95% CI: 
0.89–1.1, P-value=0.87, Figure 6H). In brief, only FGFR2 could 
be considered as a prognosis biomarker for BC compared with 
the other FGFR family members.

To further investigate the prognostic value of FGFR2 in various 
BC subgroups, we analyzed the RFS of BC patients with differ-
ent clinical parameters. When BC patients were sorted by estro-
gen receptor (ER) status, progesterone receptor (PR) status and 
HER2 status, our results showed that FGFR2 expression revealed 
a significant positive effect on the RFS in ER-positive patients 
(patients=2061, HR=0.79; 95% CI: 0.67–0.93, P-value=0.005, 
Figure 7A), PR-positive patients (patients=589, HR=0.63; 95% 
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Figure 3. �The FGFR3 expression based on clinical characteristics of breast cancer within UALCAN database. Boxplot showed the FGFR3 
mRNA expression levels in tumor tissues with different clinical characteristics including histological subtypes (A), breast 
cancer subclasses (B), cancer stages (C), and nodal metastasis status (D). The asterisk (*) indicates statistical difference in 
comparison with normal tissues (P<0.01). FGFR3 – fibroblast growth factor receptors 3; mRNA – messenger RNA.
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CI: 0.44–0.89, P-value=0.0085, Figure 7B). But FGFR2 expression 
could not be considered as a biomarker in HER2-positive pa-
tients (patients=251, HR=1.26; 95% CI: 0.86–1.85, P-value=0.23, 
Figure 7C). As for intrinsic subtype, our results showed the levels 
of FGFR2 expression were not associated with RFS time in bas-
al BC (patients=618, HR=0.98; 95% CI: 0.76–1.26, P-value=0.88, 
Figure 7D) and the luminal B subtype (patients=1149, HR=0.99; 
95% CI: 0.82–1.2, P-value=0.95, Figure 7E). However, patients 

with high FGFR2 expression experienced a significantly longer 
RFS time in luminal A patients (patients=1403, HR=0.66; 95% 
CI: 0.55–0.78, P-value=1.6e-06, Figure 7F). Additionally, patients 
with high FGFR2 expression experienced a significantly longer 
RFS time in the lymph node-positive subtype (patients=1133, 
HR=0.62; 95% CI: 0.51–0.75, P-value=1.5e-06, Figure 7G), where-
as the association did not occur in patients with negative lymph 
nodes (patients=2020, HR=0.93; 95% CI: 0.79–1.1, P-value=0.41, 

Breast cancer tissue

Normal cancer tissue
A

B

Figure 4. �Immunohistochemistry analysis of FGFR1 expression in HPA database. Representative immunostaining images of FGFR1 in 
breast cancer: (A) normal breast tissue; (B) breast cancer tissues. FGFR1 – fibroblast growth factor receptors 1; HPA – Human 
Protein Atlas.
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Figure 7H). Overall, the higher expression of FGFR2 predicted 
a better RFS time in BC patients with ER-positive, PR-positive, 
the luminal A or lymph node-positive subtype.

Identification of DEGs in BC cells upon silencing of FGFR2

Based on the significant prognostic value of FGFR2 in BC pa-
tients, we explore the potential mechanism by mining GEO 

database. As described in the Method Section, we obtained the 
transcriptome of human BC cell lines upon silencing of FGFR2 
(GSE74146). A total of 82 DEGs were identified in GSE74146 
dataset. As shown in Figure 8, there were 10 upregulated DGEs 
and 72 downregulated DGEs in MCF-7 treated with FGFR2 
siRNA (Figure 8). As shown in Tables 1 and 2, the top 10 up-
regulated and downregulated DEGs were listed, respectively.

Breast cancer tissue

Normal cancer tissue
A

B

Figure 5. �Immunohistochemistry analysis of FGFR3 expression in HPA database. Representative immunostaining images of FGFR3 in 
breast cancer: (A) normal breast tissue; (B) breast cancer tissues. FGFR3 – fibroblast growth factor receptors 3; HPA – Human 
Protein Atlas.
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Figure 6. �Prognostic values of FGFR1-4 in breast cancer within the database Kaplan-Meier plotter. (A–D) OS and (E–H) RFS of FGFR1-4 
were evaluated by using Kaplan-Meier plotter database. FGFR1-4 – fibroblast growth factor receptors 1-4; OS – overall 
survival; RFS – relapse-free survival.

1.0

0.8

0.6

0.4

0.2

0.0
0

Number at risk

50 100
Time (months)

HR=0.79 (0.67–0.93)
logrank P=0.005

ER (+)
CEK3 (203638_at)

150 200 250

1032
1029

Low
High

693
750

297
356

80
73

7
9

1
1

Pr
ob

ab
ilit

y

Expression
Low
High

1.0

0.8

0.6

0.4

0.2

0.0
0

Number at risk

50 100
Time (months)

HR=0.63 (0.44–0.89)
logrank P=0.0085

PR (+)
FGFR2 (203638_at)

150 200 250

294
295

Low
High

197
224

46
66

14
17

2
4

0
1

Pr
ob

ab
ilit

y

Expression
Low
High

1.0

0.8

0.6

0.4

0.2

0.0
0

Number at risk

50 100
Time (months)

HR=1.26 (0.86–1.85)
logrank P=0.23

HER2 (+)
CEK3 (203638_s_at)

150 200

126
125

Low
High

58
52

24
19

9
6

1
1

Pr
ob

ab
ilit

y

Expression
Low
High

1.0

0.8

0.6

0.4

0.2

0.0
0

Number at risk

50 100
Time (months)

HR=0.98 (0.76–1.26)
logrank P=0.088

Basal
CEK3 (203638_s_at)

150 200

309
309

Low
High

143
150

56
57

10
15

1
2

Pr
ob

ab
ilit

y

Expression
Low
High

1.0

0.8

0.6

0.4

0.2

0.0
0

Number at risk

50 100
Time (months)

HR=0.99 (0.82–1.2)
logrank P=0.95

Lunimal B
 CEK3 (203638_s_at)

150 200 250

574
575

Low
High

3644
369

126
155

28
31

0
3

0
1

Pr
ob

ab
ilit

y

Expression
Low
High

1.0

0.8

0.6

0.4

0.2

0.0
0

Number at risk

50 100
Time (months)

HR=0.66 (0.55–0.78)
logrank P=1.6e–06

Lunimal A
 CEK3 (203638_s_at)

150 200 250

966
967

Low
High

666
737

301
337

72
70

8
11

1
1

Pr
ob

ab
ilit

y

Expression
Low
High

1.0

0.8

0.6

0.4

0.2

0.0
0

Number at risk

50 100
Time (months)

HR=0.62 (0.51–0.75)
logrank P=1.5e–06

Lymph node (+)
FGFR2 (203638_s_at)

150 200 250

566
567

Low
High

269
344

72
118

16
19

2
3

1
1

Pr
ob

ab
ilit

y

Expression
Low
High

1.0

0.8

0.6

0.4

0.2

0.0
0

Number at risk

50 100
Time (months)

HR=0.93 (0.79–1.1)
logrank P=0.41

Lymph node (–)
 CEK3 (203638_s_at)

150 200 250

1011
1009

Low
High

693
736

328
376

97
91

10
11

0
1

Pr
ob

ab
ilit

y

Expression
Low
High

A

E

B

F

C

G

D

H

Figure 7. �Prognostic values of FGFR2 in breast cancer subgroups. Kaplan-Meier plot demonstrated the RFS of FGFR2 in patients with 
different clinical characteristics including (A) ER-positive breast cancer, (B) PR-positive breast cancer, (C) HER2-positive 
breast cancer, (D) basal subtype, (E) luminal B subtype, (F) luminal A subtype, (G) lymph node positive status, and (H) lymph 
node negative status. FGFR2 – fibroblast growth factor receptors 2; RFS – relapse-free survival; ER – estrogen receptor; 
PR – progesterone receptor; HER2 – human epidermal growth factor receptor 2.
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Annotation for DEGs in BC cells upon silencing of FGFR2

To explore the functions of the DEGs, all the 82 DEGs were 
imported to Enrichr tool for GO term enrichment analysis. For 
GO BP analysis, DEGs were mainly involved in extracellular 
matrix disassembly, positive regulation of blood circulation, 
regulation of blood coagulation, extracellular matrix organi-
zation, and positive regulation of Toll-like receptor 3 signal-
ing pathway (Figure 9A). As for GO term MF, the top 5 signif-
icant MF GO terms included phospholipase inhibitor activity, 
collagen binding, peptidase inhibitor activity, endopeptidase 

Gene title Gene symbol Adj. P value Log2 FC

BPI fold containing family A member 4, pseudogene BPIFA4P 2.57E-10 1.01

Chloride intracellular channel 3 CLIC3 2.09E-11 1.04

Ral GEF with PH domain and SH3 binding motif 1 RALGPS1 5.34E-12 1.09

RWD domain containing 2A RWDD2A 7.52E-12 1.10

Cytochrome P450 family 26 subfamily A member 1 CYP26A1 6.41E-12 1.15

Inhibitor of DNA binding 2, HLH protein ID2 1.76E-12 1.16

FYVE, RhoGEF and PH domain containing 3 FGD3 1.69E-12 1.17

RNA, 7SK small nuclear RN7SK 4.86E-12 1.24

RNA, 7SK small nuclear RN7SK 6.18E-11 1.26

Protein phosphatase 1 regulatory subunit 3C PPP1R3C 2.47E-13 1.29

Table 2. Top 10 upregulated genes in MCF-7 treated with FGFR2 siRNA.

Gene title Gene symbol Adj. P value Log2 FC

Mal, T-cell differentiation protein like MALL 5.46E-18 –2.33

Transglutaminase 2 TGM2 4.35E-17 –2.26

Deiodinase, iodothyronine, type II DIO2 1.21E-16 –2.01

Cathepsin V CTSV 6.51E-17 –1.98

Calpain 8 CAPN8 3.38E-15 –1.69

STAM binding protein like 1 STAMBPL1 6.88E-15 –1.67

Oxytocin receptor OXTR 4.47E-14 –1.58

Sprouty related EVH1 domain containing 1 SPRED1 6.88E-15 –1.55

Transmembrane protein 189 TMEM189 2.68E-14 –1.52

Zinc finger protein 365 ZNF365 2.56E-13 –1.52

Table 1. Top 10 downregulated genes in MCF-7 treated with FGFR2 siRNA.
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Figure 8. �Identification of the DEGs between FGFR2-silenced 
BC cells and control. The volcano plot indicated the 
distributions of DEGs in GSE74146. The green and red 
dots represented the downregulated and upregulated 
DEGs, respectively. DEGs – differentially expressed 
genes; FGFR2 – fibroblast growth factor receptors 2; 
BC – breast cancer.
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regulator activity, and calcium-dependent phospholipid binding 
(Figure 9B). As for GO term CC, the DEGs was significantly en-
riched in the term of focal adhesion, contractile actin filament 
bundle, stress fiber, actomyosin, and actin filament (Figure 9C).

Pathway enrichment analysis of DEGs in BC cells upon 
silencing of FGFR2

Following the GO enrichment analysis, we analyzed the pathway 
enrichment by using online Enrichr tool. The top 5 REACTOME 
pathways correlated with the DEGs were robustly associat-
ed with degradation of the extracellular matrix, extracellular 
matrix organization, signaling by retinoic acid, peptide ligand-
binding receptors, and assembly of collagen fibrils and oth-
er multimeric structures (Figure 10A). Furthermore, the KEGG 

A

         GO molecular function 2018
Phospholipase inhibito activity (GO: 00048559)
Collagen binding (GO: 0005518)
Peptidase inhibitor activity (GO: 0030414)
Endopeptidase regulator activity (GO: 0061135)
Calcium-dependent phospholipid binding (GO: 005544)
Nuclease activity (GO: 0004518)
Primary amine oxidase activity (GO: 0008131)
Vasopressin receptor activity (GO: 0005000)
Patched binding (GO: 0005113)
U3 snoRNA binding (GO: 0034511)

            GO biological process 2018
Extracellulra matrix disassembly (GO: 0022617)
Positive regulation of blood circulation (GO: 1903524)
Regulation of blood coagulation (GO: 0030193)
Extracellular matrix organization (GO: 0030198)
Positive regulation of toll-like receptor 3 signaling pathway (GO: 0034141)
Reegulation of wound healing (GO: 0061041)
Regulation of toll-like receptro 3 signaling patwahy (GO: 0034139)
Leuikocyte aggregation (GO: 0070486)
Regulation of entry of bacterium into host cell (GO: 2000535)
Positive regulation of smooth muscle cell proliferation (GO: 0048661)

         GO cellular component 2018
Focal adhesion (GO: 0005925)
Contractile actin �lament bundle (GO: 0097517)
Stress �ber (GO: 0001725)
Actomyosin (GO: 0042641)
Actin �lament (GO: 0005884)
Tertiary granule lumen (GO: 1904724)
Caveola (GO: 0005901)
Extrinsic component of endosome membrane (GO: 0031313)
Extrinsic component of external side ofplasma membrane (GO: 0031232)
Actin-based cell projection (GO: 0098858)

B

C

Figure 9. �GO enrichment analysis of FGFR2-
correlated DEGs by the Enrichr 
web. Bar graph showed the top 
10 terms: (A) biological process, 
(B) molecular function, and (C) cellular 
component. GO – Gene Ontology; 
DEGs – differentially expressed genes; 
FGFR2 – fibroblast growth factor 
receptors 2; BC – breast cancer.

enrichment analysis showed the DEGs were mainly related to 
retinol metabolism, extracellular matrix-receptor interaction, 
and transcriptional misregulation in cancer and proteoglycans 
in cancer (Figure 10B).

Analysis of protein-protein interactions (PPI) and hub 
genes

Despite all DEGs, we further performed the analysis of pro-
tein-protein interactions (PPI) network and hub genes were 
analyzed. The interactions among the 82 DEGs were analyzed 
by STRING with medium confidence and then visualized by 
Cytoscape software. The PPI network of the DEGs consisted 
of 69 nodes and 59 edges (Figure 11). CytoHubba analysis ob-
tained top 10 hub genes, including CXCL8, ANXA5, CAV1, CD44, 
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           REACTOME pathways 2016

Degradation of the extracellular matrix Homo sapiens R-HSA-1474228
Extracellular matrix organization Homo sapiens R-HSA-1474244
Signaling by retinoic acid Homo sapiens R-HSA-5362517
Peptide ligand-binding receptors Homo sapiens R-HSA-375276
Assembly of collagen �brils and other multimeric structures Homo sapiens R-HSA-2022090
Hormone-sensitive lipase (HSL)-mediated triacylglycerol hydrosis Homo sapiens R-HSA-163560
RA biosynthesis pathway Homo sapiens R-HSA-5365859
Laminin interactions Homo sapiens R-HSA-3000157
Collagen formation Homo sapiens R-HSA-1474290
Cell junction organization Homo sapiens R-HSA-446728 

KEEG pathways 2016

Retinol metabolism
ECM-receptor interaction
Transcriptional misregulation in cancer
Proteoglycans in cancer
Bladder cancer
Tryptophan metabolism
Pathways in cancer
Fluid shea stress and atherosclerosis
Pyrimidine metabolism
Hepatitis B 

B

A Figure 10. �Pathway enrichment analysis of 
FGFR2-correlated DEGs by the Enrichr 
web. Bar graph showed FGFR2-
correlated pathways analyzed by 
(A) REACTOME pathways 2016, 
and (B) KEGG pathways 2019. 
FGFR2 – fibroblast growth factor 
receptors 2; DEGs – differentially 
expressed genes; KEGG – Kyoto 
Encyclopedia of Genes and Genomes.
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Figure 11. �PPI network of FGFR2-correlated DEGs. The green and red dots represented the downregulated and upregulated DEGs, 
respectively. PPI – protein-protein interaction; FGFR2 – fibroblast growth factor receptors 2; DEGs – differentially expressed 
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MMP9, ANXA1, HMOX1, TAGLN2, ITGA1, and BMP7 (Figure 12). 
Of the 10 hub genes, only HMOX1 was upregulated whereas 
the other 9 hub genes were downregulated.

Discussion

Breast carcinoma is one of the most common malignancies in 
the world. Despite the incredible progress in the field of BC, 
the useful prognostic signatures are still insufficient, and the 
underlying mechanism in the BC is still elusive. FGFRs have play 
vital roles in various human tumor [4–6]. Although genomic 
aberrations of the FGFRs have been found in BC, the expres-
sion profiles of the FGFR family members and its prognostic 
performance remain unknown. Here, we integrated the pub-
lic databases to investigate the expression patterns and their 
prognostic performance of four FGFR family members genes 
(FGFR1-4). Our results showed that the high levels of FGFR2 
mRNA were correlated with longer OS and RFS in all BC pa-
tients along with several specific pathological subtypes. Based 
on the significant prognostic value of FGFR2, we performed 
bioinformatics analysis of MCF-7 cells upon silencing of FGFR2 
to decipher its potential mechanism. Together, we systemical-
ly deciphered the expression profiles and prognostic perfor-
mance of each FGFR family member in BC, revealing that the 
FGFR1-4 has a distinct significance in the BC development.

FGFR1 amplifications have implied in various human tumors. 
In breast carcinoma, the amplification of FGFR1 gene was ini-
tially observed in a subset of metastatic lobular breast carcino-
ma [12]. Similar result was reported by Jiang and his colleagues, 
who studied the amplification FGFR1 gene in invasive BC and 
found the amplification of FGFR1 was an independent prognos-
tic factor for poor disease-free survival for all BC patients [22]. 
Subsequently, FGFR1 expression was evaluated by immunochem-
istry and the level of FGFR1 was shown to be an independently 
prognostic of OS in triple-negative BC [23]. Similarly, Shi et al. 
used the immunochemistry approach to evaluated FGFR1 ex-
pression in a large cohort of breast carcinoma and observed 
that the expression of FGFR1 was shown to have an adverse 
impact on disease free survival in luminal A cancers [24]. In 
contrast, our results demonstrated the level of FGFR1 mRNA 
was downregulated in all BC tissues and its high level of FGFR1 
was further demonstrated to be correlated with longer RFS in 
all BC patients. The discrepancy between our result and previ-
ous observations may be seemly attributed to the asynchrony 
between FGFR1 gene expression and copy number. In line with 
the speculation, the level of FGFR1 mRNA was elevated in pri-
mary lung tumors without FGFR1 amplification whereas FGFR1 
mRNA was not upregulated in all FGFR1-amplified tumor tis-
sues [25]. Thus, taking our and the aforementioned studies into 
account, the effect of FGFR1 on patients’ prognosis in BC ap-
pears to be highly dependent on the mRNA and protein levels.
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Figure 12. �Identification of hub genes by cytoHubba plugin. The rank of connection degree is represented by different degrees of color 
(from red to yellow).
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In contrast to FGFR1 expression, our result demonstrated 
FGFR2 mRNA exhibited no differential expression between 
tumor tissues and normal control. However, the elevated lev-
els of FGFR2 mRNA were shown to be correlated with longer 
OS and RFS in all BC patients and this association between 
FGFR2 level and RFS was further observed in specific patho-
logical BC including ER-positive, PR-positive and the luminal 
A subtypes. In this respect with FGFR2 gene in BC, numerous 
previous studies have focused on the single nucleotide poly-
morphisms (SNPs) in FGFR2 and showed SNPs in FGFR2 were 
linked to increased BC susceptibility [5,26,27]. As for the prog-
nostic value of FGFR2 expression in BC, previous studies re-
vealed inconsistent results. Increased FGFR2 protein expression 
has been reported be associated with longer OS and RFS [28]. 
Conversely, high level of FGFR2 protein was found to be cor-
related with poor prognosis in 125 cases with invasive ductal 
carcinoma [29]. In other previous studies using a reverse tran-
scriptase (RT) polymerase chain reaction (PCR) method, the 
level of FGFR2 mRNA was essentially unrelated to prognosis 
or clinical status [30,31]. Thus, our and the aforementioned 
studies suggested the FGFR2 expression might be a potential 
prognostic factor in BC. To our best knowledge, our study is 
the first study to investigate the prognostic performance of 
FGFR2 mRNA by integrating the databases.

Based on the significant prognostic performance of FGFR2 ex-
pression, we explored the molecular mechanism underlying 
targeting silence of FGFR2 in MCF-7 cells. Our GO enrichment 
result showed FGFR2 was mainly involved in the extracellu-
lar matrix disassembly and its closely related pathway was 
correlated with the degradation of the extracellular matrix. 
Consistent with our result, Sumbal et al. demonstrated that 
FGF/FGFR signaling regulated the production of various extra-
cellular matrix proteins including collagens, fibronectin, osteo-
pontin, and matrix metalloproteinases (MMPs). In his work, 
FGF/FGFR pathway in mammary fibroblasts have been shown 
to enhance fibroblast-induced branching and that FGFR2 knock-
down in mammary fibroblasts reduces [32], suggesting the sig-
nificance of FGFR2 in extracellular matrix and mammary epi-
thelial morphogenesis. Additionally, our bioinformatics analysis 
also showed FGFR2 was significantly with the 10 hub genes 
including CXCL8, ANXA5, CAV1, CD44, MMP9, ANXA1, HMOX1, 
TAGLN2, ITGA1, and BMP7. Among the hub genes, most of the 
hub genes were enriched in the regulation of extracellular ma-
trix (ITGA1 CD44, MMP9) and focal adhesion (ANXA5, ANXA1, 
CAV1), which was in line with our knowledge that FGF signal-
ing pathway regulated a variety of cellular functions includ-
ing cell proliferation, migration, and differentiation. Among 
the 10 hub genes, 4 genes (CXCL8, CD44, MMP9, and BMP7) 
were shown to have potential correlation with FGFR2. Next, we 
discuss the correlations between FGFR2 and the other 3 hub 
genes. Notably, our study showed CXCL8 was the top ranked 
hub gene in MCF-7 cells treated with FGFR2-siRNA, suggesting 

FGFR2 might be involved in CXCL8 expression. CXCL8 is a che-
mokine whose biological effects are mediated by its G-protein-
coupled receptors CXCR1 and CXCR2. The CXCL8-CXCR1/2 axis 
has been reported to play multiple roles in cancer, such as in-
creasing proliferation, angiogenesis, invasion, and metasta-
ses [33]. Unfortunately, few studies have reported the corre-
lations between FGFRs signaling and CXCL8 expression. Only 
one recent study demonstrated fibroblasts derived FGF2 ro-
bustly induced CXCL8 expression in pancreatic tumor cells [34], 
which was similar with our result that interference of FGFR2 
significantly retarded the CXCL8 expression. CD44 is a ma-
jor adhesion molecule for extracellular matrix components 
and implicated in leukocyte homing and activation, wound 
healing, cell migration, and tumor metastasis [35]. Our study 
showed silencing of FGFR2 with siRNA suppressed the CD44 
expression, indicating a possible cooperation between these 
molecules. Consistent with the result, Park et al. demonstrat-
ed the levels CD44 mRNA were reduced by inducible FGFR2 
knockdown and the levels FGFR2 mRNA were also reduced by 
CD44 knockdown in gastric cancer [36]. In the Park et al. study, 
FGFR2 and CD44 positively regulated each other’s expression 
by c-Myc [36]. MMP9 has been shown to play vital roles in 
FGFs/FGFRs signaling. Intriguingly, different effects on MMP9 
expression have been reported for FGFR2. For instance, MMP9 
expression was demonstrated to be reduced in thyroid epithe-
lial cancer cells with enforced FGFR2 expression [37], indicat-
ing negative effect of FGFR2 on MMP9 expression. Conversely, 
our result showed silencing of FGFR2 with siRNA resulted in 
the decreased expression of MMP9, suggesting a positive re-
lation between 2 molecules. Additionally, MMP9 was found 
no significant difference after treatment with the FGFR2 in-
hibitors, which was performed in xenograft mouse model of 
cholangiocarcinoma [38]. BMP7 belongs to the BMP-subfamily 
within the transforming growth factor (TGF)-superfamily of 
cysteine-knot fold cytokine-growth factors. BMP7 has pivot-
al functions during branching morphogenesis. The branching 
morphogenesis regulator BMP7 was showed to be downreg-
ulated by partial loss of FGFR2 [39], revealing a positive reg-
ulation of BMP7 by FGFR2. In line with the result, our study 
showed silencing of FGFR2 with siRNA decreased the expres-
sion of BMP7. Altogether, our study revealed the potential cor-
relation between FGFR2 and crucial hub genes.

In parallel, we also evaluated the expression pattern of FGFR3-4 
and its prognostic performance in BC patients. Our result 
showed FGFR3 mRNA was upregulated in all tumor tissues 
regardless of pathological subtypes. Moreover, high level of 
FGFR3 was correlated with long RFS in all BC patients. In con-
trast with our result, Madden et al. integrated gene expres-
sion and survival data from 26 datasets and demonstrated 
the elevated expression of FGFR3 was associated with poor 
disease-free survival [40]. Similarly, the level of FGFR3 expres-
sion was also observed to be strongly associated with OS in 
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a cohort of 50 invasive BC although FGFR3 was not shown to 
be correlated with specific clinicopathological parameters [41]. 
The discrepancy between our result and previous observations 
may be seemly attributed to the different detection meth-
ods and datasets. Intriguingly, the level of FGFR3 expression 
was dropped in pancreatic carcinoma tissues and FGFR3 was 
considered as a tumor suppressor in cancer cells of epithelial 
phenotype [42], which was in line with our result. Thus, giv-
en our result and previous observations, FGFR3 might exhib-
it a context-dependent functional role in the progress of BC. 
In contrast with FGFR3, our study found the elevated levels of 
FGFR4 mRNA were shown to be associated with shorter OS 
in all BC patients, whereas FGFR4 mRNA exhibited no differ-
ential expression between tumor tissues and normal control. 
Accordance with our result, Meijer et al. has studied the pre-
dictive value of FGFR4 for the duration of progression-free sur-
vival (PFS) in 285 patients with ER-positive breast carcinomas. 
In his work, high FGFR4 mRNA levels was demonstrated to be 
significantly correlated with short PFS as an independent pre-
dictive factor [31]. Similarly, recent observation showed FGFR4 
activation increased dramatically in endocrine-treated distant 
metastases of invasive lobular carcinoma [43]. Collectively, our 
results, together with previous studies, suggest FGFR4 is an 
important mediator in breast carcinoma.

In spite of the aforementioned findings, there were some lim-
itations in this study. First, we only deciphered the mRNA ex-
pression of FGFRs in BC by using the public databases. Further 
validation using PCR as well as western blotting should be per-
formed in the near future. Secondly, the biological functions 

of FGFR2 in BC should be investigated. Based on the bioinfor-
matics analysis of FGFR2, we will focus on the FGFR-mediated 
retinol metabolism in BC, a novel field of FGF/FGFR signaling. 
Although there were the aforementioned limitations in our 
study, we explored the prognostic values of FGFR1-4 expres-
sion in BC patients and explored the potential mechanism 
linked with FGFR2 in BC. When these outcomes are confirmed, 
the FGFRs, especially FGFR2 genes, might hold a substantial 
prognostic value in BC. Nevertheless, future verification with a 
larger study population is required to confirm that the FGFRs 
could be involved in diagnosis and prognostic monitoring of BC.

Conclusions

In brief, we systematically analyzed the FGFR1-4 expression 
patterns and prognostic performances of FGFR1-4 in BC pa-
tients by bioinformatics analysis based on several public online 
datasets. Our results demonstrated the FGFR2 overexpression 
predicted favorable prognosis in BC and indicated that FGFR2 
might act as a promising biomarker for BC patients. One of 
our future works will concentrate on identification of the hub 
genes that is regulated by FGFR2. By study of the hub genes, 
we hope our study will broaden the understanding of diag-
nostic and therapy designs for BC patients.
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