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Abstract. Pancreatic adenocarcinoma (PAAD) is a malignant 
tumor with one of the highest associated mortality rates world‑
wide, and a 5‑year survival rate of <5%. Fibroblast growth 
factors (FGFs) serve important roles in numerous cellular func‑
tions, and dysregulation of FGFs contributes to various cancer 
types. However, there are few reports on the function of FGFs 
in PAAD. The Assistant for Clinical Bioinformatics database, 
Gene Expression Profiling Interactive Analysis, Kaplan‑Meier 
plotter and Tumor Immune Estimation Resource were utilized 
to perform the protein‑protein interaction network, func‑
tional enrichment, univariate Cox regression, least absolute 
shrinkage and selection operator (LASSO) Cox, differential 
expression, prognostic value and immune cell infiltration anal‑
yses of FGFs in patients with PAAD. Immunohistochemistry 
(IHC) was used to verify the predictive value of the model. A 
total of 22 FGF genes were identified. Based on the results of 
LASSO Cox regression analysis, a total of six genes, including 
FGF2, FGF8, FGF9, FGF13, FGF17 and FGF22, were selected 
for the establishment of the prognostic gene signature. High 
transcriptional levels of FGF17 and FGF22 were significantly 
associated with long overall survival. The expression of FGFs 
was associated with the infiltration of various immune cells. 
According to univariate and multivariate analyses, FGF2 and 
FGF8 may be useful independent prognostic biomarkers for 
the prognosis of patients with PAAD. IHC demonstrated that 
FGF2 and FGF8 were more highly expressed in PAAD tissues 

compared with that in normal tissues. The present findings 
offer a novel understanding for the selection of FGF prognostic 
biomarkers in PAAD.

Introduction

Pancreatic adenocarcinoma (PAAD), which is expected 
to become the second leading cause of cancer‑associated 
mortality worldwide, is usually lethal despite treatment 
efforts (1). Furthermore, ~80% of patients exhibit advanced 
cases at diagnosis due to the lack of specific tumor markers and 
undefined early symptoms (2). Limited and delayed diagnostic 
strategies increase the difficulty of diagnosis, thus severely 
impeding various therapeutic options. Although increasing 
evidence suggests that pancreatic cancer is linked to several 
variables, such as smoking, alcohol consumption, coffee intake, 
a high‑fat and protein diet, and genetic background (3‑5), the 
causes of pancreatic cancer remain unknown.

At present, treatment options for PAAD focus mostly on the 
clinicopathological evaluation of the malignancy, and include 
surgery followed by chemotherapy and radiotherapy  (6,7). 
According to sequencing data, pancreatic cancer comprises 
markedly diverse tumors that acquire resistance to standard 
chemotherapy and radiation therapy (8,9). As a result, tradi‑
tional chemotherapy and radiotherapy often fail to produce 
the anticipated therapeutic impact, while gemcitabine‑targeted 
treatment fails to increase overall survival (OS). Therefore, the 
identification of novel effective biomarkers for early diagnosis 
and prognosis is required to improve the survival rate of 
patients with PAAD.

In recent years, emerging data have demonstrated that 
essential genes and signaling pathways, including KRAS, p53, 
SMAD4, Wnt, PI3K/AKT and Notch signaling, are critical in 
the tumorigenesis and progression of PAAD (10,11). However, 
at present, there is no effective clinical treatment for PAAD 
that targets these genes and signaling pathways. Novel thera‑
pies to prevent pancreatic cancer growth and metastasis are 
urgently required. It has been reported that numerous growth 
factor signaling pathways are involved in PAAD tumorigen‑
esis and progression, and fibroblast growth factors (FGFs) 
signaling pathways are an example of this (12,13). FGFs are 
a large family of >20 members that encode secreted polypep‑
tides and act through tyrosine kinase receptors known as FGF 
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receptors (14). FGF is named for its promotion of fibroblast 
proliferation, and is present in various tissues (15). FGFs are 
involved in various cellular activities, including cell prolifera‑
tion, metabolism, differentiation and tissue repair (16). It has 
been reported that FGFs participate in cancer progression 
in multiple types of tumor, and are closely associated with 
prognosis. Bock et al (17) found that FGF2 could be released 
by cancer cells to enable apoptotic resistance upon apoptotic 
stress, while an association existed among increased FGF 
signaling, anti‑apoptotic Bcl‑2 protein expression and poor 
patient prognosis. Additionally, FGF18 promotes the tumor 
proliferation and metastasis of non‑small cell lung cancer 
(NSCLC) via the histone deacetylase 7‑β‑catenin‑FGF18 
pathway (18). However, high FGF9 expression is associated 
with good prognosis in ovarian cancer (19). Cancer types that 
are triggered by FGF signaling can be treated with targeted 
medicines such as tyrosine kinase inhibitors (20). Targeting 
FGF signaling is a realistic therapeutic strategy, as evidenced 
by the fact that treatments are currently being utilized in 
several patient populations  (21‑23). Furthermore, previous 
studies have demonstrated that FGFs participate in the devel‑
opment of chemoresistance in tumor cells (24). However, the 
role and mechanism of FGFs in PAAD are unclear. Therefore, 
the present study aimed to further explore the role and poten‑
tial mechanism of FGFs in PAAD.

In the present study, the prognostic value of the FGF 
gene family in PAAD was comprehensively analyzed using 
RNA‑seq data and clinical information from public databases, 
and a risk score was constructed. It was revealed that FGF2 and 
FGF8 may be useful independent prognostic biomarkers for 
the prognosis of patients with PAAD. Immunohistochemistry 
(IHC) also validated that FGF2 and FGF8 were more highly 
expressed in PAAD tissues compared with that in normal 
tissues. The present findings may offer a novel understanding 
of the selection of prognostic biomarkers of FGFs in PAAD.

Materials and methods

Data acquisition and processing. mRNA expression data‑
sets and corresponding clinical information of The Cancer 
Genome Atlas (TCGA)‑PAAD were obtained from the Gene 
Expression Profiling Interactive Analysis (GEPIA) database 
(http://gepia.cancer‑pku.cn/). Data were analyzed using R 
(version 4.0.3) (https://www.r‑project.org/) and the matched 
version of R Bioconductor package (http://bioconductor.
org/). The Assistant for Clinical Bioinformatics database 
(https://www.aclbi.com/static/index.html#/) was used for 
cluster analysis and construction of the risk assessment model 
for FGFs of the PAAD dataset. These data are open resources, 
and thus, ethics approval or informed patient consent were not 
required for the use of these data in the current study.

Protein‑protein interaction (PPI) network construction. A 
PPI network was constructed using the Search Tool for the 
Retrieval of Interacting Genes/Proteins database (version 11.5) 
(https://cn.string‑db.org/). FGFs, including FGF1, FGF2, 
FGF3, FGF4, FGF5, FGF6, FGF7, FGF8, FGF9, FGF10, 
FGF11, FGF12, FGF13, FGF14, FGF16, FGF17, FGF18, 
FGF19, FGF20, FGF21, FGF22 and FGF23, were placed in 
the search box. The minimum required interaction score was 

set at 0.4, and active interaction sources included text mining, 
experiments, databases, co‑expression, neighborhood, gene 
fusion and co‑occurrence.

Correlation analysis. RNA‑sequencing expression profiles 
and corresponding clinical information for TCGA‑PAAD 
were downloaded from TCGA dataset (https://portal.gdc.com). 
The two‑gene correlation map is realized by the R software 
package ggstatsplot, and the multi‑gene correlation pheatmap 
is displayed by the R software package. Spearman's correla‑
tion analysis was used to describe the correlation between 
quantitative variables without a normal distribution. P<0.05 
was considered to indicate a statistically significant difference 
and correlation coefficients with an absolute value of >0.3 
were considered to show a correlation. All these analyses 
were perform with a web tool called ASSISTANT for Clinical 
Bioinformatics that combines all these functions (https://www.
aclbi.com /static/index.html#/advance_ prognosis).

Functional and pathway enrichment analysis. Gene Ontology 
(GO) (http://geneontology.org/) analysis was performed to 
determine the potential biological functions of the FGF gene 
family using the clusterProfiler R package (version 4.4.4; 
https://bioconductor.org/packages/release/bioc/html/cluster‑
Profiler.html). GO analysis was performed according to a 
threshold of P<0.05 and q<1.

Identification of molecular subtypes. Cluster analysis of 20 
FGF family genes in pancreatic cancer was performed. Raw 
counts of RNA‑sequencing data and corresponding clinical 
information were obtained from TCGA. ConsensusClusterPlus 
(version  1.60.0) was used for consistency analysis. The 
maximum number of clusters was 6, and 80% of the total sample 
was drawn 100 times. Pheatmap package (version 1.0.12) was 
used to generate clustering heatmaps. Prognostic differences 
were analyzed among different subgroups (groups C1, C2 and 
C3), and the survivalROC package was utilized to draw the 
survival curve. All these analysis were perform with a web tool 
called ASSISTANT for Clinical Bioinformatics that combines 
all these functions (https://www.aclbi.com/static/index.
html#/advance_prognosis).

Construction of a risk assessment model. The least absolute 
shrinkage and selection operator (LASSO) regression algorithm 
were used for feature selection, using 10‑fold cross‑validation, 
in the R software package glmnet (version 4.1‑1). Kaplan‑Meier 
plotter survival analysis with the log‑rank test was also used 
to compare the survival difference between the low‑risk and 
high‑risk groups. timeROC (v 0.4) analysis was performed 
to compare the predictive accuracy of each gene and risk 
score. All these analysis were perform with a web tool called 
ASSISTANT for Clinical Bioinformatics that combines 
all these functions (https://www.aclbi.com/static/index.
html#/advance_ prognosis).

Survival prognosis analysis. GEPIA 2 (http://gepia2.
cancer‑pku.cn/) was used to obtain the OS significance 
map data of FGFs in TCGA‑PAAD. Cut‑off‑high (50%) 
and cut‑off‑low (50%) values were used as the expression 
thresholds for dividing the high‑ and low‑expression cohorts. 
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Unpaired Student's t‑test was performed for data analysis. 
P<0.05 was considered to indicate a statistically significant 
difference.

Immune infiltration analysis. The ‘Immune‑Gene’ module of 
Tumor Immune Estimation Resource (TIMER; http://timer.
cistrome.org/) was used to explore the associations among 
FGF2, FGF8, FGF9, FGF13, FGF17 and FGF22 expression, 
and immune infiltrates across TCGA‑PAAD. Immune CD8+ T 
cells, CD4+ T cells, B cells, macrophages and myeloid dendritic 
cells were selected. The TIMER algorithm was applied for 
immune infiltration estimations. The estimated P‑value was 
calculated via the purity‑adjusted Spearman's rank correlation 
test to evaluate the associations between FGFs and infiltrating 
immune cells.

Establishment of a six‑gene‑based prognostic gene signature. 
Using the Cox regression model method, univariate and 
multivariate analyses were performed to determine whether 
the prognostic gene signature could be independent of other 
clinicopathological characteristics, including age, sex, patho‑
logical tumor‑node‑metastasis stage and tumor grade. P<0.05 
was considered to indicate a statistically significant difference. 
All independent prognostic factors determined by multivariate 
Cox regression analysis were included to build a nomogram 
to investigate the probability of 1‑, 2‑, 3‑ and 5‑year OS of 
PAAD. All these analysis were perform with a web tool called 
ASSISTANT for Clinical Bioinformatics (https://www.aclbi.
com/static/index.html#/advance_ prognosis).

IHC analysis. PAAD tissue chips (cat. no. PanA020PG03; 
Shanghai Xinchao Biological Technology Co., Ltd.) were 
fixed in 4% paraformaldehyde at room temperature for 
48 h and embedded in paraffin with a section thickness of 
5 µm. The tissue chips were successively placed in xylene 
for 10 min each, placed in absolute ethanol for 5 min, 75% 
alcohol for 5 min and washed with pure water. The tissue 
sections were placed in Tris‑EDTA antigen repair buffer 
(pH9) in a microwave oven for antigen repair. The solution 
was heated at medium heat for 8 min and kept warm for 8 min 
before being transferred to medium and low heat for 7 min. 
After natural cooling, the glass slides were placed in PBS 
(pH7.2‑7.4) and washed on a decolorization shaker 3 times, 
for 5 min each time. A total of 50 µl of 5‑10% normal goat 
serum was added per chip for blocking (1:19 fold dilution) at 
room temperature for 30 min. Immunohistochemical staining 
of the paraffin‑embedded tissues was performed using FGF2 
(1:200; sc‑74412; Santa Cruz Biotechnology, Inc.) and FGF8 
(1:200; 20711‑1‑AP; ProteinTech Group, Inc.) primary anti‑
bodies, anti‑mouse secondary antibodies (1:200; GB23301; 
Wuhan Servicebio Technology Co., Ltd.), anti‑rabbit 
secondary antibodies (1:200; GB23303; Wuhan Servicebio 
Technology Co., Ltd.), and an ABC Elite immunoperoxidase 
kit (Wuhan Servicebio Technology Co., Ltd.) according to 
the manufacturer's instructions. Subsequently, all visual 
fields were observed under an optical microscope, and brown 
particles in the cell cytoplasm represented positive staining. 
IHC scoring was conducted according to the ratio and inten‑
sity of positive‑staining areas. The staining areas were scored 
as follow: 0‑15%, score 1; 16‑50%, score 2; 51‑100%, score 3. 

The signal intensity was scored on a scale of 0‑3: 0, negative; 
1, weak; 2, moderate; and 3, strong. IHC scores were aver‑
aged from two experienced pathologists who scored the IHC 
staining independently. The IHC analysis involving human 
samples was approved by the West China Second University 
Hospital Institutional Review Board (Chengdu, China). All 
methods were performed in accordance with the relevant 
guidelines and regulations.

Cell culture and reagents. MIA Paca‑2 cells (CL‑0627) were 
purchased from Procell Life Science & Technology Co., Ltd., 
and maintained in DMEM (Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% FBS (Nanjing SenBeiJia 
Biological Technology Co., Ltd.) at 37˚C in an incubator with 
5% CO2.

Cell colony formation assay. MIA Paca‑2 cells were counted, 
plated in triplicate at a density of 800 cells per well in 6‑well 
plates, and cultured in DMEM (supplemented with10% FBS) 
at 37˚C in an incubator with 5% CO2. After 24 h, DMSO or 
10 µM alofanib was used to treated the cells, and cultured for 
6 days. Subsequently, the cells were washed twice with PBS 
and fixed in methanol for ~10 min at room temperature. After 
two additional washes with PBS, the cells were stained with 
crystal violet for 30 min at room temperature. Subsequently, 
the crystal violet was washed out, and the numbers of colonies 
(a mass of stained cells visible to the naked eye) were counted 
manually.

Statistical analysis. Statistical analysis was performed 
using R version 4.0.3 (https://www.R‑project.org). Survival 
curves were plotted using the Kaplan‑Meier method. For 
Kaplan‑Meier curves, P‑values were generated by log‑rank 
tests or two‑stage hazard rate comparison analyses, and hazard 
ratios (HRs) with 95% CIs was generated by univariate Cox 
proportional hazards regression. IHC data (tumor and paired 
adjacent tumor tissues) was analysed using Wilcoxon's signed 
rank test. All other comparisons were analyzed using an 
unpaired two‑tailed Student's t test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Associations among the FGF gene family. The FGF family is 
one of the most diverse growth factor groups in vertebrates. In 
humans, 22 FGF ligands have been identified, including FGF1, 
FGF2, FGF3, FGF4, FGF5, FGF6, FGF7, FGF8, FGF9, FGF10, 
FGF11, FGF12, FGF13, FGF14, FGF16, FGF17, FGF18, FGF19, 
FGF20, FGF21, FGF22 and FGF23 (25). According to bioin‑
formatics analysis results, FGF6 and FGF23 cannot be detected 
in PAAD, so these two FGF members were not included in 
the present study. The potential interactions among the FGFs 
were examined by PPI network analysis. The details were as 
follows: Number of nodes, 22, number of edges, 124; average 
node degree, 11.3; and PPI enrichment, P<1.0x10‑16. These 
results indicated that there was a strong interaction among FGF 
family genes (Fig. 1A). Furthermore, the correlations between 
FGF family genes were also determined by analyzing their 
mRNA expression using the R software package ggstatsplot for 
PAAD, and Spearman's correlation analysis was included. The 
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results showed significant positive correlations between genes 
such as FGF1 with FGF14, FGF12 with FGF14, and FGF7 with 
FGF16 and FGF10, among others (Fig. 1B). According to the 
functional enrichment analysis, FGF family genes were mainly 
associated with ‘fibroblast growth factor receptor signaling 
pathway’, ‘cellular response to fibroblast growth factor stim‑
ulus’, ‘response to fibroblast growth factor’ and ‘protein kinase 
B signaling’ (Fig. 1C). Furthermore, ‘growth factor activity’ 
and ‘receptor ligand activity’ were most frequently found for 
molecular functions (Fig. 1D).

Molecular subtype of PAAD based on FGF family genes. 
The Clusterplus package was used to perform consensus 
unsupervised clustering of 178 samples from patients with 
PAAD for FGF family genes, and the 178 PAAD samples are 
summarized in Table SI. The maximum number of clusters 
was 6 (Fig. 2A), and the cumulative distribution function curve 
of the FGF family genes indicated that k=3 appeared to be a 
suitable alternative for clustering (Fig. 2B). Additionally, the 
principal component analysis shown in Fig. 2C and consis‑
tency of the clustering results heatmap shown in Fig. 2D also 
indicated a relatively stable distribution of samples in the three 
clusters. Patients with PAAD were therefore divided into C1, 
C2 and C3 subtypes. A heatmap was drawn to show the gene 
expression of FGFs in the three subtypes (Fig. 2E). There was 
a significant difference among the C1 (n=108), C2 (n=61) and 
C3 (n=9) subtypes according to survival analysis (P=0.00071). 
The prognosis of the C3 subtype was significantly better than 
that of the C1 and C2 subtypes (Fig. 2F).

Construction and validation of the 6‑gene signature. The 
LASSO regression method was utilized to identify the most 
significant prognostic genes among FGF family genes. The 
change trajectory of independent variables showed that the 
number of independent variable coefficients tending toward 
zero gradually increased with the gradual decrease in lambda. A 
risk model was built using the 10‑fold cross‑validation method, 
and the CI under each lambda was analyzed (Fig. 3A and B). 
The risk model of the six genes was as follows: Risk 
score = (0.1475)*FGF2 + (0.388)*FGF8 + (‑0.1902)*FGF9 + 
(‑0.0235)*FGF13 + (‑0.5041)*FGF17 + (‑0.4054)*FGF22.

The risk score of each patient with PAAD was computed, 
and the patients were assigned to the low‑risk (n=89) or 
high‑risk (n=89) group based on the median cut‑off value. The 
distribution of the six genes across all samples revealed higher 
FGF2 expression in the patients in the high‑risk group. By 
contrast, the patients in the low‑risk group were likely to have 
higher FGF17 expression (Fig. 3C). The Kaplan‑Meier analysis 
of all patients indicated that there was a significant diference 
between the low‑risk and high‑risk groups. The prognosis of the 
low‑risk group was signifcantly better than that of the high‑risk 
group. The median survival time of the high‑risk group was 
1.3 years and the median survival time of the low‑risk group 
was 3.1 years (P=4.14x10‑5; Fig. 3D). The area under the curve 
of the survival assessment model of the six genes was 0.684 at 
1 year, 0.744 at 3 years and 0.819 at 5 years of OS (Fig. 3E).

Expression and prognostic value of the six FGF genes in 
PAAD. The mRNA expression levels of the six FGF genes 

Figure 1. Related gene analysis and pathway function prediction of FGF gene family. (A) Protein‑protein interaction network of the FGF gene family. 
(B) Correlation analysis of the FGF gene family. Functional enrichment analysis of the FGF gene family (C) biological processes and (D) molecular functions. 
Corr, correlation; FGF, fibroblast growth factor.
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Figure 2. Molecular typing of pancreatic adenocarcinoma based on the fibroblast growth factor gene family. (A) CDF curve. Different colors represent different 
cluster numbers. (B) Delta area curve of consensus clustering. (C) Principal component analysis of the cluster groups (gene expression level varies from 0‑1). 
(D) Heatmap of sample clustering at consensus k=3. (E) Gene expression heatmap of significant prognostic genes in three subtypes: C1, C2, C3. Red indicates 
high expression and blue indicates low expression (gene expression level varies from ‑2 to 2). (F) Survival curves of different cluster groups (C1 vs. C3, P<0.001; 
C3 vs. C2, P<0.001; C1 vs. C2, P=0.42; two‑stage hazard rate comparison). CDF, cumulative distribution function; PC, principal component; %explained var, 
% explained value at risk.
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were compared between pancreatic cancer tissues and normal 
pancreatic tissues using TCGA and GTEx data, and analyzed 
using GEPIA. The results demonstrated that the expression 
levels of FGF2 and FGF13 were higher in pancreatic cancer 
than in normal tissues (Fig. 4A‑F). To further investigate the 
prognostic value of the six FGF genes in the survival of patients 
with PAAD, associations between the mRNA levels of the six 
FGF genes and clinical outcomes were analyzed using GEPIA. 
The Kaplan‑Meier curve and two‑stage hazard rate comparison 
analyses revealed that high transcriptional levels of FGF17 
(P=0.002) and FGF22 (P=0.002) were significantly associated 
with long OS (Fig. 5A‑F). These findings suggest that FGF22 
and FGF17 may function as tumor suppressors in PAAD.

Associations of FGFs with tumor‑infiltrating immune cells 
in patients with PAAD. Considering the significant roles 

of immune cell infiltration in the tumor microenvironment 
(TME), the present study investigated the relationships 
between the 6 FGFs and immune cell infiltration based on 
the TIMER database. FGF2 expression was positively asso‑
ciated with infiltration of CD8+ T cells, B cells, macrophages 
and myeloid dendritic cells in patients with PAAD (Fig. 6A). 
FGF8 expression was negatively correlated with the infiltra‑
tion of CD8+ T cells, macrophages and myeloid dendritic 
cells (Fig. 6B). Additionally, there was a positive correla‑
tion between FGF9 expression and infiltration of CD8+ T 
cells, CD4+ T cells, macrophages and myeloid dendritic 
cells (Fig. 6C). FGF13 expression was positively associated 
with infiltration of CD8+ T cells, macrophages and myeloid 
dendritic cells (Fig.  6D). Regarding FGF17, there was a 
negative correlation between infiltration of CD8+ T cells and 
myeloid dendritic cells and FGF17 expression, while CD4+ T 

Figure 3. Construction and validation of the six‑gene signature based on the FGF gene family. (A) The confidence interval under each λ. (B) The changing 
trajectory of each independent variable. The least absolute shrinkage and selection operator regression method was used to search for the hub genes. (C) Risk 
score distribution in the two groups, survival overview in the two groups and heatmap of the six genes in the two groups. (D) Survival curve of the two groups 
(P=4.14x10‑5). (E) Time‑dependent receiver operating characteristic curve for 1‑, 3‑ and 5‑year survival prediction. AUC, area under the curve; FGF, fibroblast 
growth factor; HR, hazard ratio.
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Figure 4. Expression of FGFs in PAAD (Gene Expression Profiling Interactive Analysis). Expression of (A) FGF2, (B) FGF8, (C) FGF9, (D) FGF13, (E) FGF17 
and (F) FGF22 in PAAD. *P<0.05. FGF, fibroblast growth factor; PAAD, pancreatic adenocarcinoma; N, normal tissues; T, tumor tissues.

Figure 5. Prognostic value of FGFs in PAAD (Gene Expression Profiling Interactive Analysis). Prognostic value of the mRNA expression of (A) FGF2, 
(B) FGF8, (C) FGF9, (D) FGF13, (E) FGF17 and (F) FGF22 in PAAD. FGF, fibroblast growth factor; PAAD, pancreatic adenocarcinoma; TPM, transcripts 
per million.
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cells were positively associated with FGF17 (Fig. 6E). FGF22 
expression was shown to have a positive correlation with the 
infiltration of CD4+ T cells and macrophages, but a negative 
correlation with the infiltration of CD8+ T cells (Fig. 6F).

Construction and validation of a two‑gene signature 
in patients with PAAD. Subsequently, the present study 

explored the prognostic role of FGF family genes in PAAD. 
Six genes, FGF2, FGF8, FGF9, FGF13, FGF17 and FGF22, 
were identified by univariate Cox regression analysis in 
TCGA‑PAAD datasets. The results demonstrated that FGF2, 
FGF17, FGF9, FGF22 and FGF13 were significantly associ‑
ated with the prognosis of PAAD. As shown in forest maps, 
of all the factors, FGF2 (HR=1.28211; P=0.00690), FGF17 

Figure 6. Correlations between differentially expressed FGFs and immune cell infiltration (Tumor Immune Estimation Resource). Correlations between the 
abundance of immune cells and the expression of (A) FGF2, (B) FGF8, (C) FGF9, (D) FGF13, (E) FGF17 and (F) FGF22. FGF, fibroblast growth factor; PAAD, 
pancreatic adenocarcinoma; TPM, transcripts per million.
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(HR=0.38016; P=0.00011), FGF9 (HR=0.6402; P=0.00770), 
FGF22 (HR=0.12278; P=0.00214) and FGF13 (HR=0.62846; 
P=0.03083) were significantly associated with the survival of 
patients with PAAD (Fig. 7A). To reveal the independent prog‑
nostic factors in patients with PAAD, the six genes and other 
clinical variables were further analyzed using multivariate 
Cox regression analyses. FGF2 (HR=1.35831; P=0.00204) and 
FGF8 (HR=3.7764; P=0.01451) were independent risk factors 
for the prognosis of patients with PAAD (Fig. 7B).

A nomogram was constructed with FGF2 and FGF8. The 
C‑index of this model was 0.586 (P=0.008), suggesting that the 
risk model based on FGF2 and FGF8 had good performance in 
predicting the prognosis of PAAD (Fig. 7C). According to the 
1‑, 2‑, 3‑ and 5‑year nomograms, the predicted survival rate was 
close to the actual survival outcome (Fig. 7D). Furthermore, 
IHC was performed to test FGF2 and FGF8 protein expression 
in PAAD cancer tissues and paired adjacent tissues. FGF2 and 
FGF8 were more highly expressed in PAAD cancer tissues 
than in paired adjacent tissues (Fig. 8A‑C). These results indi‑
cated that the two‑gene signature constructed by FGF2 and 
FGF8 is helpful to predict the development of PAAD.

FGFs are heparin‑binding polypeptides, the majority 
of which are secreted ligands that communicate via four 
transmembrane FGF receptors (FGFRs) with great affinity. 
Alofanib is an allosteric inhibitor of FGFR2 (26). To evaluate 
the impact of FGFRs on PAAD, MIA Paca‑2 cells were treated 
with 10 µM alofanib. The colony formation of MIA Paca‑2 
cells was decreased following alofanib treatment (P<0.05; 
Fig. 8D and E).

Discussion

PAAD is a highly malignant tumor with a poor prognosis 
and a 5‑year survival rate of <5%, and its morbidity has 
steadily increased worldwide over the past 3 decades (27). 
It has previously been reported that pancreatic cancer is 
divided into several molecular subgroups, each with its own 
set of biological characteristics, which contributes to the lack 
of efficacy and drug resistance observed for current treat‑
ments (28). Systematic genomic analysis has revealed four key 
driver genes in pancreatic cancer: KRAS, cyclin dependent 
kinase inhibitor 2A, TP53 and SMAD4 (29,30). At present, 

Figure 7. Clinical diagnostic value of the six‑gene signature. (A) Univariate Cox analysis of FGF genes in the TCGA‑PAAD cohort. (B) Multivariate Cox 
analysis of FGF genes in the TCGA‑PAAD cohort. (C) Nomogram for predicting the 1‑, 2‑, 3‑ and 5‑year overall survival of patients. (D) The 1‑, 2‑, 3‑ and 5‑year 
calibration curves of the nomogram. FGF, fibroblast growth factor; PAAD, pancreatic adenocarcinoma; Pro, probability; TCGA, The Cancer Genome Atlas.
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there is no effective clinical treatment for PAAD that targets 
these genes. Significant clinical improvements in diagnostic 
investigations, surgical procedures and systemic medicines 
should enhance pancreatic cancer outcomes. An improved 
understanding of pancreatic cancer biology and genetics, 
including novel information on driver gene alterations, tumor 
metabolism and the TME, might contribute to attractive and 
creative effective treatments (31). Immunotherapy has become 
increasingly utilized in the treatment of PAAD (32). Despite 
the overwhelming success of immune checkpoint inhibitors in 
leukemia and melanoma, PAAD is an outlier due to its immu‑
nosuppressive TME and poor tumor immunogenicity (33).

The TME is becoming an increasingly important research 
area and may affect tumor progression and recurrence (34,35). 
Immune cells in the TME are reportedly involved in inhibiting or 
promoting tumor activity and are critical factors in determining 

clinical outcomes and immunotherapy efficacy (36). PAAD is 
characterized by extensive desmoplasia in the TME (37). The 
interaction between PAAD cells and the TME is the most impor‑
tant driving force of desmoplasia. Increasing evidence indicates 
that the TME actively contributes to tumor growth and metas‑
tasis (38). Therefore, FGFs, which serve as parts of the TME, 
may be involved in the occurrence and development of PAAD. 
Although FGFs serve key roles in head and neck squamous cell 
carcinomas (39) and hepatocellular carcinoma (40,41), the distinct 
roles of FGFs in PAAD remain to be elucidated. We hypothesized 
that FGFs also serve a critical role in predicting the prognosis of 
patients with PAAD. A composed model constructed with various 
relevant genes is a better choice to predict prognosis compared 
with a single gene (42). Therefore, in the present study, the FGF 
gene family in PAAD was analyzed systematically regarding 
expression, prognostic value and immune cell infiltration.

Figure 8. Expression and influence of FGF2 and FGF8 in pancreatic adenocarcinoma. (A) Expression of FGF2 and FGF8 in pancreatic adenocarcinoma. 
Scale bar, 20 µm. Quantification analysis of IHC for (B) FGF2 (P=0.0313; Wilcoxon's signed rank test) and (C) FGF8 (P=0.0391; Wilcoxon's signed rank test) 
(*P<0.05). (D) Colony formation assay using MIA Paca‑2 cells treated with DMSO or 10 µM alofanib for 7 days. (E) Colony numbers are presented as the 
mean ± SD (n=3). *P<0.05. Unpaired Student's t‑test. FGF, fibroblast growth factor; IHC, immunohistochemistry; N, normal tissue; T, tumor tissue.
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According to the bioinformatics analysis, a prognostic 
signature based on 6 FGFs (FGF2, FGF8, FGF9, FGF13, FGF17 
and FGF22) was constructed, which performed appropriately 
in prognostic predictions in patients with PAAD. Patients in 
the high‑risk group had shorter survival times than those in 
the low‑risk group. Furthermore, the TCGA‑PAAD cohort was 
used to analyze the six genes by univariate and multivariate 
Cox regression analyses. The results demonstrated that FGF2 
and FGF8 were significantly associated with survival and were 
independent risk factors for the prognosis of patients with 
PAAD. The IHC results demonstrated that the expression of the 
two genes was elevated in PAAD cancer tissues compared with 
in normal tissues. These results indicated that FGF2 and FGF8 
function as oncogenes and might serve an important role in the 
tumorigenesis and progression of PAAD. FGF2 is reportedly 
involved in the occurrence and development of various cancer 
types, such as NSCLC (43) and osteosarcoma (44). Furthermore, 
FGF2 has been reported to serve an important role in the treat‑
ment of oncolytic viruses in PAAD (45). FGF8 also deserves 
attention in numerous types of malignancies (46,47). FGF8 is 
upregulated in patients with oral squamous cell carcinoma, and 
high FGF8 expression is related to a set of clinicopathologic 
parameters, including age, drinking and survival time (48). The 
aforementioned conclusions demonstrated that FGF2 and FGF8 
have potential as cell markers for tumors. In the present study, 
high FGF2 and FGF8 mRNA expression was significantly asso‑
ciated with short OS time in patients with PAAD. These results 
illustrate that FGF2 and FGF8 serve oncogenic roles in PAAD. 
Furthermore, a nomogram was constructed based on FGF2 and 
FGF8. The calibration map showed that the present model had 
a good ability to predict the prognosis of patients with PAAD.
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