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Identification of fibronectin type lll domain ===

containing 3B as a potential prognostic
and therapeutic target for pancreatic cancer:
a preliminary analysis

Yizhi Wang'", Yang Kong'", Qifan Yang', Cheng Zhong' and Dongkai Zhou'"

Abstract

Background Fibronectin type Il domain containing 3B (FNDC3B), a member of the fibronectin type Il domain-
containing protein family, has been indicated in various malignancies. However, the precise role of FNDC3B in the pro-
gression of pancreatic cancer (PC) still remains to be elucidated.

Methods In this study, we integrated data from the National Center for Biotechnology Information, the Cancer
Genome Atlas, Genotype-Tissue Expression database, and Gene Expression Omnibus datasets to analyze FNDC38B
expression and its association with various clinicopathological parameters. Subsequently, Gene Ontology and Kyoto
Encyclopedia of Genes and Genomes, along with Gene Set Enrichment Analysis (GSEA), single sample Gene Set
Enrichment Analysis (ssGSEA) and estimate analysis were recruited to delve into the biological function and immune
infiltration based on FNDC3B expression. Additionally, the prognostic estimation was conducted using Cox analy-

sis and Kaplan—Meier analysis. Subsequently, a nomogram was constructed according to the result of Cox analysis
to enhance the prognostic ability of FNDC3B. Finally, the preliminary biological function of FNDC3B in PC cells

was explored.

Results The study demonstrated a significantly higher expression of FNDC3B in tumor tissues compared to normal
pancreatic tissues, and this expression was significantly associated with various clinicopathological parameters. GSEA
revealed the involvement of FNDC3B in biological processes and signaling pathways related to integrin signaling
pathway and cell adhesion. Additionally, ssGSEA analysis indicated a positive correlation between FNDC3B expres-
sion and infiltration of Th2 cells and neutrophils, while showing a negative correlation with plasmacytoid dendritic
cellsand Th17 cells infiltration. Kaplan—Meier analysis further supported that high FNDC3B expression in PC patients
was linked to shorter overall survival, disease-specific survival, and progression-free interval. However, although uni-
variate analysis demonstrated a significant correlation between FNDC3B expression and prognosis in PC patients, this
association did not hold true in multivariate analysis. Finally, our findings highlight the crucial role of FNDC3B expres-
sion in regulating proliferation, migration, and invasion abilities of PC cells.

Conclusion Despite limitations, the findings of this study underscored the potential of FNDC3B as a prognostic bio-
marker and its pivotal role in driving the progression of PC, particularly in orchestrating immune responses.
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Introduction

Although the incidence rate of pancreatic cancer (PC)
has been gradually declining, it continues to pose a sig-
nificant mortality risk with an estimated 51,750 deaths
projected in the US by 2024 [1]. However, given China’s
larger population base, it is anticipated that the burden of
PC will be even pronounced in China [2].

Radical resection remains the primary approach for
treating PC, however, its efficacy is limited. Compre-
hensive therapies such as chemotherapy, immunotarget
therapy, and photodynamic therapy have been employed
to manage disease recurrence and metastasis in PC
patients, but their effectiveness remains suboptimal
[3-5]. PC is characterized by abundant deposits of extra-
cellular matrix (ECM), and the refractoriness of PC can
be attributed to abnormal collagen fibers expression to
promote tumor migration and invasion which may lead
to an early recurrence and also increase PC resistant to
treatment. A previous study indicated that knockdown of
type I collagen homotrimers enhanced T cells infiltration
and increased the efficacy of anti-PD-1 immunotherapy
[6]. Additionally, the structural organization of collagen
can indirectly influence therapeutic efficacy by regulat-
ing drug delivery [7]. Fibronectin 1 (FN1), an essential
component of ECM has been found elevated expression
in PC tissues and it can exert regulatory effects on ECM
remodeling as well as tumor metastasis [8]. Notably, FN1
has recently been implicated as a mediator facilitating
oncogenic signaling through MACC1 pathway activation
leading to distant spread of PC [9]. Besides, FN1 expres-
sion in extracellular vesicles were also believed to induce
gemcitabine resistance of PC [10].

Fibronectin type III domain containing (FNDC) pro-
teins are characterized by the presence of at least one
conserved fibronectin type III domain and comprise 11
proteins in Homo sapiens. Among them, FNDC3B, also
known as FAD104, has been previously reported to reg-
ulate adipogenesis and osteoblast differentiation [11].
Recently, an increasing number of studies have eluci-
dated the mechanisms underlying the role of FNDC3B
in tumor progression, particularly in tumor invasion
and metastasis. In cervical cancer, a comprehensive bio-
informatic analysis revealed that differential FNDC3B
expression could distinguish between different stages of
cervical cancer, with high FNDC3B expression indicat-
ing a shorter OS and DSS. Furthermore, FNDC3B dem-
onstrated predictive value for cervical cancer progression
[12]. Additionally, activation of PI3K/mTOR signaling
pathway mediated by FNDC3B was found to induce

invasion and metastasis in cervical cancer [13]. Moreover,
bioinformatic analysis indicated FNDC3B as a promising
prognostic and immunotherapeutic biomarker in glioma
and a target of several miRNAs [14—17]. Moreover, it has
been observed that mRNA 3'-UTR shortening enabled
ENDC3B to evade miRNA-mediated gene repression.
Remarkably, the overexpression of FNDC3B shortened
3’-UTR form exhibited more potent malignant behaviors
compared to its longer counterpart in nasopharyngeal
carcinoma through activation of Wnt/B-catenin signal-
ing pathway [18]. Despite exhibiting oncogenic charac-
teristics in various tumors types, the association between
FNDC3B or other members within the entire family of
ENDC proteins with PC remains largely unexplored. In
the present study, we aimed to investigate the expression,
prognostic value, biological function, and immune infil-
tration status of FNDC3B in PC to explore its potential as
an efficiency biomarker of PC treatment.

Material and methods

Data obtainment and preprocessing

The mRNA expression data of FNDC3B and clinical
characteristics of PC patients, including 178 tumoral
tissues and 4 normal tissues (Data Type: HTSeq-TPM)
were retrieved fromthe prestigious TCGA database
(http://portal.gdc.cancer.gov)  (http://tcga-data.nci.nih.
gov/tcga/). Expression levels of FNDC3B in normal pan-
creatic tissues and other organs were obtained from the
GTEx database and the National Center for Biotech-
nology Information (NCBI) Gene database, BioProject
PRJEB4337 (http://gtexportal.org) (http://www.ncbi.nlm.
nih.gov/gene/). TCGA and GTEx datasets were down-
loaded from the University of California, Santa Cruz
Xena browser platform (http://xenabrowser.net/datap
ages). RNA expression profiles of FNDC3B were also col-
lected from GEO database (http://www.ncbi.nlm.nih.gov/
geo/) using accession numbers GSE16515, GSE28735,
GSE62165, GSE62452, GSE15471 and GSE101448. Addi-
tional file 2: Table S1 provides comprehensive clini-
cal data on PC patients included in this study based on
TCGA dataset.

FNDC3B expression status in PC and normal pancreatic
tissues

The expression of FNDC3B in PC and normal pancreatic
tissues was compared using scatter plots and boxplots,
along with the application of the Wilcoxon rank sum test
and paired or unpaired student t-test. Visualization was
achieved using the ggplot2 package (v3.3.6). To assess the
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diagnostic potential of FNDC3B in PC patients, receiver
operating characteristic (ROC) curves were generated
through pROC (v1.18.0) and ggplot2 (v3.3.6) package.
Based on statistical ranking, FNDC3B expression above
or below the median value was categorized as FNDC3B-
high or FNDC3B-low groups.

Identification of differential expression genes (DEGs)
Using DESeq?2 (v1.26.0), we leveraged TCGA database to
discern DEGs between the FNDC3B-high and FNDC3B-
low groups. The identified genes were considered sig-
nificantly associated if the absolute log (fold change)
exceeded 1.5 and the adjusted P<0.05. Subsequently, we
employed the ggplot2 package (v3.3.6) to visualize these
findings through captivating volcano plots.

Enrichment of biological function and immune infiltration
analysis

The enrichment of FNDC3B-associated DEGs was inves-
tigated using the Database for Annotation, Visualization
and Integrated Discovery (DAVID) (http://david.ncifcrf.
gov). Biological function evaluation of positive DEGs was
performed through GO (geneontology.org) and KEGG
(www.kegg.jp) enrichment analysis. To ensure signifi-
cant differences, criteria were set as an enrichment fac-
tor>1.5, a minimum count of 3, and a P<0.01. GSEA
was conducted using the FNDC3B differential expres-
sion matrix to identify potential pathways and biologi-
cal processes associated with FNDC3B-related genes in
patients stratified by high or low FNDC3B expression
levels. Significance was determined when FDR<0.25 and
adjusted P <0.05. ClusterProfile package (v4.4.4) was uti-
lized for data visualization while gene sets were obtained
from MSigDB database (https://www.gsea-msigdb.org/
gsea/msigdb/collections.jsp) [19]. The immune infil-
tration score of six immune cell types including B cells,
CD4+T cells, CD8+T cells, neutrophils, macrophages,
and dendritic cells across pan-cancer was estimated
using the TIMER method from IOBR (v0.99.9) package.
Additionally, ssGSEA analysis based on gene expression
profiles of 24 immune cell types [20], implemented via
GSVA (v1.46.0) package, further explored immune infil-
tration patterns. Subsequently, the associations between
FNDC3B mRNA expression levels and immune infiltra-
tion levels were assessed using Wilcoxon rank sum test
and Spearman correlation analysis. Furthermore, ESTI-
MATE (v1.0.13) package was utilized to calculate Stromal
Score, Immune Score, and ESTIMATE Score in order
to explore the correlation between FNDC3B expression
level sand stromal/immune scores. The quantification of
Tumor immune dysfunction and exclusion (TIDE) can
evaluate the sensitivity of immune checkpoint blockade
by simulating tumor immune evasion mechanisms [21].
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The TIDE score, along with T-cell dysfunction and exclu-
sion scores for each patient, were determined using the
online TIDE platform (http://tide.dfci.harvard.edu/).

The clinicopathological and prognostic value of FNDC3B,
model construction and estimation

Initially, we evaluated the relationship between FNDC3B
expression and clinicopathological variables using logis-
tic regression and Wilcoxon rank sum test. Moreover,
two-sided log-rank tests were employed to evaluate the
prognostic significance of FNDC3B expression in PC
patients and various subgroups based on overall survival
(OS), disease-specific survival (DSS), and progression-
free interval (PFI). To investigate the impact of FNDC3B
expression on survival in conjunction with other clinico-
pathological factors (TNM stage, radiation therapy, pri-
mary therapy outcome, gender, race, age, residual tumor
status, histologic grade, anatomic neoplasm subdivision),
univariate and multivariate Cox analyses were conducted.
A P<0.05 was considered statistically significant while
the median value of FNDC3B expression served as the
cut-off for further analysis. Subsequently, a prognostic
nomogram incorporating Cox analysis results along with
FNDC3B expression was constructed to predict 1-, 2-,
and 3-year survival outcomes using the survival (v3.3.1)
package and RMS (v6.3.0) package (https://cran.r-proje
ct.org/web/packages/rms/index.html) and calibration
plots were generated accordingly. Finally, time-depend-
ent ROC curves were utilized to compare the prognos-
tic efficacy of our novel prognostic model against pure
FNDC3B expression using timeROC (v4.0) package in
combination with ggplot2 (v3.6) package.

Cell culture and clinical specimens

The PC cell lines, including AsPC-1, BxPC-3, CFPAC,
MIA PaCa-2, PANC-1, T3M4 and human pancreatic
ductal epithelial (HPDE) cell line, were acquired from the
American Type Culture Collection (ATCC) (Manassas,
VA, USA). MIA PaCa-2, PANC-1 and T3M4 were cul-
tured in Dulbecco’s Modified Eagle’s Medium (DMEM)
(Hyclone, Logan, UT, USA), BxPC-3 and AsPC-1 were
cultured in Roswell Park Memorial Institute (RPMI) 1640
medium (Hyclone, Logan, UT, USA) and CFPAC was cul-
tured in Iscove’s Modified Dulbecco’s Medium (IMDM)
(Hyclone, Logan, UT, USA) supplemented with 10% fetal
bovine serum (FBS) (Gibco, CA, USA) at 37 C in a 5%
CO, cell culture incubator. Furthermore, seven paired
samples consisting of tumor tissue and corresponding
paratumor normal tissues collected from patients with
PC who received surgical resection in the Second Affili-
ated Hospital of Zhejiang University (SAHZU) were pro-
cured for further study.
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Immunohistochemistry (IHC)

Anti-FNDC3B polyclonal primary antibody (1:400 dilu-
tion; 22605-1-AP, Proteintech, Chicago, IL, USA) and
a two-step staining kit (EnVisionDetection System,
Dako, Copenhagen, Denmark) were used to detect the
expression of FNDC3B by IHC. The IHC procedure fol-
lowed the methodology described in a previous study
[22].

Cell transfection

After being seeded in 6-well plates at a density of 3x 10°
cells/well, the cells were cultured for 24 h. Once reach-
ing 40% confluence, the cells were transfected with
ENDC3B small interfering RNA (siRNA) and negative
control siRNA (NC siRNA) following the manufacturer’s
instructions. The FNDC3B siRNAs, including sequences
sil: GCATCCACGTGCAAAGGTA; si2: CGGAGAACG
TGAACCAAGA,; and si3: CCACTATTTTGT-AATGAC
A, as well as the retained sequence of NC siRNA, were
purchased from RiboBio (Guangzhou, China). Subse-
quent assays were conducted on the respective cells after
continuous culture for 24—48 h.

qRT-PCR
The total RNA was extracted from PC cell lines using
TRIzol Reagent (15596026; Ambion, Life Technologies,
Carlsbad, CA, USA), followed by first-strand synthesis
utilizing a First-Strand Synthesis System for qRT-PCR
(A6001, Promega, Madison, USA). The cDNA was then
quantified by real-time PCR using a Veriti 96-well Ther-
mal Cycler (4375786; Applied Biosystems, Foster City,
CA, USA). Subsequently, PCR was conducted using a
StepOnePlus " system (Applied Biosystems) in accord-
ance with the manufacurer’s instruction. The forward
primer sequence of FNDC3B is 5'-GGCGGAATCCCC
CATCAAA-3’, while the reverse primer sequence is
5 -ACCTCTCCGTTCAGCAATGG-3’. GAPDH served
as the reference gene and its primer sequence was as fol-
lows: forward primer 5'-CGGAGTCAACGGATTTGG
TCGTAT-3’, reverse primer 5'-AGCCTTCTCCATGGT
GGTGAAGAC-3’". Fold changes relative to GAPDH were
calculated using the — 2*2CT method.

Western blot analyses

The detailed procedures of western blot analyses were
analogous to a previous study [23]. The primary anti-
bodies employed were as follows: rabbit anti-FNDC3B
(1:1000 dilution; 22605-1-AP, Proteintech, Chicago, IL,
USA), mouse anti-E-cadherin (1:1000 dilution; ab76055,
Abcam, Cambridge, UK), rabbit anti-N-cadherin (1:5000
dilution; ab76011, Abcam, Cambridge, UK), rabbit anti-
p21 (1:1000 dilution; ab109520, Abcam, Cambridge,
UK), rabbit anti-cyclin Bl (1:50000 dilution; ab32053,
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Abcam, Cambridge, UK), rabbit anti-CDK1 (1:10000
dilution; ab172730, Abcam, Cambridge, UK) and rabbit
anti-GAPDH (1:10000 dilution; ab181602, Abcam, Cam-
bridge, UK).

Cell proliferation and colony formation assay

Cell Counting Kit-8 (CCK-8) assay was used to evalu-
ate cell proliferation ability. Preprocessed cells were cul-
tured at 3x10° cells/well in 96-well plates. And 10 pl/
well CCK-8 reagent (Dojindo, Kumamoto, Japan) was
added at 0, 24, 48, 72 and 96 h after cell adherence. Then
the optical densities were measured at 450 nm (OD450)
using microplate reader (Wellscan MK3; Thermo Labsys-
tems, Helsinki, Finland). The values of OD630 were also
measured as a reference. In the colony formation assay,
500 preprocessed cells were added to each well of 6-well
plates and cultured in cell incubator for 14 days. Subse-
quently, the cells were first fixed with 4% paraformalde-
hyde for 20 min and then stained using crystal violet for
10 min before washed by phosphate buffered saline for
three times. The colony were photographed and meas-
ured by Image J software (NIH, Bethesda, MD, USA).

Wound-healing and transwell migration and invasion assay
In wound-healing assay, the cells were cultured in 6-well
plates at 3x10° cells/well in FBS-free medium. When
cells reached 70-80% confluence, sterile pipette tips were
used to scratch and form a “wound” In transwell migra-
tion and invasion assay, we used non-coated and coated
membranes in transwell chambers (24-well insert; 8-um
pore size; Corning Life Sciences, Corning, NY, USA)
respectively. Preprocessed cells (3x10%) were added in
the upper chamber with FBS-free medium and medium
containing 10% FBS was added to the lower chamber.
After cultured in cell incubator for 48 h, a cotton swab
was used to wipe the unpenetrated cells in the upper
chamber, and the penetrated cells were fixed in methyl
alcohol for 20 min and then subjected to hematoxylin and
eosin staining 10 min and 5 min respectively for count-
ing. The “wound” and the stained cells were observed and
photographed via a DFC300FX microscope (Leica, Jena,
Germany). The width of “wound” and cell number were
further obtained using Image J software (NIH, Bethesda,
MD, USA).

Statistical analysis

All the statistical analyses were conducted by RStudio
software (v2022.12.0+353) (https://posit.co/download/
rstudio-desktop/) and R software (v4.2.1). One-way anal-
ysis of variance (ANOVA) and two tailed Student t test
were employed to analyze the data while other statisti-
cal methods were shown beforehand. All P<0.05 were
deemed as significantly difference.
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Results

FNDC3B expression levels in pan-cancer and PC

Firstly, we evaluated the expression of FNDC3B in
normal tissues and in pan-cancer using data extracted
from NCBI, TCGA and GTEx database, respectively.
The data from NCBI revealed that FNDC3B expres-
sion in normal pancreatic tissues was significantly low
among all the 27 normal tissues or organs (Fig. 1A).
Moreover, among the 33 types of malignancies ana-
lyzed, FNDC3B expression was upregulated in 19 types
of malignancies while downregulated in 6 types of
malignancies, indicating a widespread overexpression
of FNDC3B in tumors. In addition to PC, Wilcoxon
rank sum test demonstrated higher expression levels of
ENDC3B in bladder urothelial carcinoma, cholangio-
carcinoma, colon adenocarcinoma, esophageal carci-
noma, glioblastoma multiforme, kidney renal clear cell
carcinoma, kidney renal papillary cell carcinoma, acute
myeloid leukemia, brain lower grade glioma hepatocel-
lular carcinoma liver, lung adenocarcinoma squamous
cell carcinoma lung rectum adenocarcinoma skin cuta-
neous melanoma stomach adenocarcinoma testicular
germ cell tumor uterine corpus endometrial carcinoma
(P<0.05, Fig. 1B). Subsequently, we further compared
FENDC3B expression via TCGA & GTEx database and
six GEO datasets (GSE16515, GSE28735, GSE62165,
GSE62452, GSE15471 and GSE101448), which consist-
ently showed higher levels of FNDC3B expression in
PC tissues than those observed in normal pancreatic
tissues (P<0.05, Fig. 1C-I). Additionally, diagnostic-
related ROC curve analysis indicated a high diagnostic
efficiency for FNDC3B with an area under the curve
value of 0.896 (Fig. 1J). To validate our bioinformatic
analysis results, tissue samples of seven patients with
PC treated in SAHZU were recruited for western blot
analysis and IHC. The results both confirmed that the
expression of FNDC3B was significantly higher than
that observed in tumor-adjacent tissue (Fig. 1K and L).

(See figure on next page.)
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Biological functions and mechanisms of FNDC3B-related
genes in PC

To identify DEGs associated with FNDC3B, we com-
pared gene expressions between 89 samples exhibiting
high levels of FNDC3B and 90 samples with low levels.
Employing the aforementioned filtering criteria yielded
in a total of 550 significantly DEGs, comprising 55 upreg-
ulated genes and 495 downregulated genes. The results
were visually represented through volcano plot (Fig. 2A;
Additional file 3: Table S2). The statistically significant
FNDC3B-related genes mentioned above were further
utilized to conduct GO and KEGG enrichment analy-
sis in order to explore the potential biological function
of FNDC3B in PC. GO analysis unveiled that FNDC3B
could participate in diverse biological processes, encom-
passing “Digestion,” “Regulation of neuronal synaptic
plasticity, “Keratin filament,” “Neurotransmitter recep-
tor complex,” as well as the activity of several digestive
enzymes. Additionally, the outcomes from KEGG analy-
sis indicated that FNDC3B might intricately partake
in “Pancreatic secretion” and the digestion of essential
nutrients (Fig. 2B—E; Additional file 4: Table S3). Subse-
quently, GSEA was performed to identify potential pro-
cesses and signaling pathways associated with FNDC3B
expression in PC. The findings remarkably demonstrated
a strong correlation between FNDC3B and processes/
signaling pathways involved in cell-cell interaction
modulation and cell mobility, such as “Collagen forma-
tion,” “Laminin interactions,” “ECM receptor interaction,’
“Integrin 1 pathway,” and “PTK2 signaling pathway acti-
vation” (Fig. 2F; Additional file 5: Table S4).

Correlation between FNDC3B expression and immune
infiltration

The immune response and cytokine secretion play a cru-
cial role in both the immune escape of tumor cells and
the potential for immunotherapy [24]. Therefore, we
further investigated the correlation between FNDC3B
expression and immune infiltration to assess its poten-
tial as an indicator for immunotherapy. Initially, we ana-
lyzed the correlation between FNDC3B expression and
immune infiltration in pan-cancer. The results indicated

Fig. 1 FNDC3B expression levels in normal tissues, pan-cancerous and PC tissues. A FNDC3B expression levels in various normal human tissues
(data from NCBI, BioProject: PRJIEB4337). B FNDC3B expression levels in tumor and normal samples based on TCGA and GTEx databases. C

FNDC3B expression levels in PC and normal pancreatic tissues based on TCGA and GTEx databases. D-1 FNDC3B expression levels between tumor
and normal samples in GSE16515, GSE28735, GSE62165, GSE62452, GSE15471 and GSE101448 datasets. J Receiver operating characteristic curve
was recruited to evaluate the diagnostic value of FNDC3B expression in PC. K Expression of FNDC3B in paired tumor tissues and adjacent nontumor
tissues from seven PC patients. L Representative images of CXCL5 in tumor tissues and the adjacent nontumor tissues. *P < 0.05; **P < 0.01

and ***P<0.001. AUC area under the curve, FNDC3B fibronectin type Il domain containing 3B, GTEx genotype-tissues expression, ns not significant,
PC pancreatic cancer, TCGA the cancer genome atlas, RPKM reads per kilobase per million, TPM transcripts per million, TPR true positive rate, FPR false

positive rate
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Fig. 2 GO, KEGG enrichment analysis and GSEA of DEGs. A Differentially expressed genes were presented using volcano plot. GO enrichment
analysis of DEGs for B biological processes, C cellular components and D molecular functions. E KEGG pathway enrichment analysis of DEGs. F
GSEA of DEGs. DEGs differentially expressed genes, ECM extracellular matrix, GO Gene Ontology, GSEA Gene Set Enrichment Analysis, KEGG Kyoto
Encyclopedia of Genes and Genomes, MET metformin, P adj adjusted P-value, PTK protein tyrosine kinase

that FNDC3B served as a reliable biomarker associated
with immune infiltration in most cancers, exhibiting a
positive correlation with intratumoral infiltration of B
cells, CD8+T cells, neutrophils, macrophages, and DCs
(Fig. 3A). Subsequently, we comprehensively explored
immune infiltration correlation using ssGSEA and Spear-
man correlation analysis. As depicted in Fig. 3B, there
was a positive relationship between FNDC3B expression
and several types of infiltrating immune cells, notably
T helper cells (R=0.425, P<0.001) (Fig. 3B, C and G),
Th2 cells (R=0.402, P<0.001) (Fig. 3B, D and H), and

neutrophils (R=0.392, P<0.001) (Fig. 3B) ranked first,
second and third respectively. However, the only signifi-
cantly negative correlations were observed in the infiltra-
tion of plasmacytoid dendritic cells (pDCs) (R=- 0.307,
P<0.001) (Fig. 3B, E and I) and Th17 cells (R=—- 0.252,
P<0.001) (Fig. 3B, F and J). Moreover, the StromalS-
core (R=0.407, P<0.001) (Fig. 3K), the ImmuneScore
(R=0.169, P=0.024) (Fig. 3L) and the ESTIMATEScore
(R=0.289, P <0.001) (Fig. 3M) were calculated to confirm
FNDC3B expression was significantly related to immune
infiltration. The TIDE algorithm revealed that among the
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ENDC3B high expression group, 33 patients exhibited a
positive response to immunotherapy, while 55 patients
did not respond. Additionally, it was observed that both
the TIDE score and T cell exclusion score were signifi-
cantly elevated in the high FNDC3B expression group,
indicating a poor immunotherapy outcome. This sug-
gested that high FNDC3B might serve as an unfavorable
prognostic indicator for immunotherapy efficacy (Addi-
tional file 1: Fig.S1).

The correlation between FNDC3B expression

and clinicopathological variates in PC

To determine the clinical significance of FNDC3B in
PC, we evaluated the association between FNDC3B
expression and clinicopathological variates in 178 PC
patients in TCGA (Table 1). High FNDC3B expression
in PC was significantly related to advanced pathological
T stage (T3 & T4 vs. T1 & T2, P=0.03), positive lymph
node involvement (N1 vs. NO, P=0.01), advanced path-
ological stage (stage II, stage III &stage IV vs. stage I,
P=0.02), higher histologic grade (G2 vs. G1, P=0.0042;
G3 & G4 vs. G1, P=0.0035), younger age (<=65 vs.>65,
P=0.0037), residual tumor (R1 & R2 vs. RO, P=0.04), OS
event (Dead vs. Alive, P=0.0016), DSS event (Dead vs.
Alive, P<0.0001), PFI event (Dead vs. Alive, P=0.0026)
(Fig. 4A-I). Logistic regression analysis revealed that
high FNDC3B expression was specifically associated with
a poor lymph node status (N1vs.NO, 0.004), an advanced
pathological stage (Stage II & Stage III & Stage IV vs.
Stage 1, 0.040), more prevalent among younger patients
(>65 vs. <65, P=0.007) and was correlated with positive
residual tumor margin (R1 & R2 vs. RO, P=0.031) while
marginal correlated with a higher histological grade
(Table 2). These findings suggested that elevated lev-
els of FNDC3B in PC may contribute to high risk of PC
progression.

The prognostic value of FNDC3B expression in PC patients

To validate the prognostic significance of FNDC3B
expression in PC, we initially performed log-rank tests
on both the entire cohort and specific subgroups of
PC patients. The results revealed that high FNDC3B
expression was associated with significantly shorter

(See figure on next page.)
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OS, DSS and PFI compared to low FNDC3B expression
in the entire cohort (Fig. 5A-C, P=0.0036, P=0.0015
& P=0.0028). Then subgroup analyses demonstrated
that within the subgroups of PC patients without radi-
ation therapy, male gender, white race, age <65 years
old, histologic grade G1, or other anatomic neoplasm
subdivisions, those with high FNDC3B expression had
poorer OS outcomes (Fig. 5D-1, P <0.05). Similarly,
high FNDC3B expression was associated with lower
DSS among PC patients without radiation therapy
or primary therapy outcome PR&CR who were male
individuals aged <65 years old with white race and RO
residual tumor status and histologic grade G1 or other
anatomic neoplasm subdivisions (Fig. 5], Q, P <0.05).
Furthermore, elevated FNDC3B expression correlated
with reduced PFI in PC patients without radiation
therapy but having achieved CR for primary therapy
outcome while being male individuals aged <65 years
old with white race and RO residual tumor status
along with histologic grade G1 or other anatomic neo-
plasm subdivisions (Fig. 5R-Y, P<0.05). The prog-
nostic value of FNDC3B in different subgroups of PC
patients, as assessed by OS, DSS and PFI was pre-
sented in Table 3, Additional files 6, 7: Tables S5 and
S6 respectively. Subsequently, univariate Cox analy-
sis revealed that high expression of FNDC3B in PC
patients was associated with poor OS (HR=1.880,
95%CI 1.235-2.862; P=0.003), DSS (HR=2.168,
95%CI 1.344-3.498; P=0.002) and PFI (HR=1.822,
95%CI 1.223-2.710; P=0.003). We further performed
multivariate Cox analysis using the significantly dif-
ferent clinicopathological variables but found no sig-
nificant association between FNDC3B expression and
OS (HR=2.223, 95%CI 0.910-5.430; P=0.079), DSS
(HR=2.209, 95%CI 0.821-5.946; P=0.117) and PFI
(HR=1.545, 95%CI 0.686-3.476; P=0.293) (Table 4,
Additional files 8, 9: Tables S7 and S8). To enhance the
prognostic efficacy of FNDC3B in PC, we developed a
nomogram incorporating radiation therapy, primary
therapy outcome, histologic grade, residual tumor
status, anatomic neoplasm subdivision along with
FNDC3B expression to accurately predict the 1-, 2-,
and 3-year OS for PC patients (Fig. 6A). The accuracy

Fig. 3 Association between immune cells infiltration and FNDC3B expression in the tumor microenvironment. A The association between FNDC3B
expression and immune cells abundance in pan-cancer via TIMER online tool. B The correlation between FNDC3B expression and immune cells
abundance via ssGSEA. (C—F) Comparison of the abundances of CT helper cells, D Th2 cells, E pDCs and F Th17 cells between FNDC3B-low

and -high groups. G-J Scatter plots presented the association between the abundancesin G T helper cells, HTh2 cells,  pDCs and J Th17 cells

and FNDC3B expression levels. K-M The ESTIMATE related scores built based on TCGA database. *P < 0.05; **P<0.01; ***P<0.001 and ****P < 0.0001.
DC dendritic cells, iDC immature dendritic cells, FNDC3B fibronectin type Il domain containing 3B, NK natural killer, pDC plasmacytoid dendritic cells,
Tem central memory T cells, TFHT follicular helper cells, TGD y&T cells, Th T helper, TPM transcripts per million, Treg regulatory T cells
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Table 1 The correlation between clinicopathological variables and FNDC3B expression in PC patients

Characteristics Levels Low expression of High expression of P

FNDC3B FNDC3B

n 89 89

T stage, n (%) T1 5(2.8%) 2(1.1%) 0.114
T2 14 (8%) 10 (5.7%)
T3 65 (36.9%) 77 (43.8%)
T4 3(1.7%) 0 (0%)

N stage, n (%) NO 33 (19.1%) 16 (9.2%) 0.004
N1 53 (30.6%) 71 (41%)

M stage, n (%) MO 31 (36.9%) 49 (58.3%) 0.980
M1 1(1.2%) 3(3.6%)

Pathologic stage, n (%) | 15 (8.6%) 6 (3.4%) 0.034
Il 68 (38.9%) 79 (45.1%)
Il 3(1.7%) 0 (0%)
% 1 (0.6%) 3(1.7%)

Radiation therapy, n (%) No 58 (35.6%) 0 (36.8%) 0.633
Yes 24 (14.7%) 1(12.9%)

Primary therapy outcome, n (%) PD 7(12.1%) 33 (23.6%) 0.079
SD 6 (4.3%) 3(2.1%)
PR 4 (2.9%) 6 (4.3%)
CR 39 (27.9%) 32 (22.9%)

Age, n (%) <65 38 (21 .3%) 56 (31.5%) 0.007
>65 1(28.7%) 33 (18.5%)

Race, n (%) Asian (3 49%) 5(2.9%) 0.972
Black or African American 3 (1.7%) 3(1.7%)
White 80 (46%) 77 (44.3%)

Gender, n (%) Female 42 (23.6%) 38(21.3%) 0.547
Male 47 (26.4%) 51 (28.7%)

Histologic grade, n (%) G1 24 (13.6%) 7 (4%) 0.001
G2 44 (25%) 51 (29%)
G3 7 (9.7%) 31(17.6%)
G4 2(1.1%) 0 (0%)

Residual tumor, n (%) RO 59 (36%) 47 (28.7%) 0.056
R1 19 (11.6%) 34 (20.7%)
R2 3(1.8%) 2(1.2%)

Anatomic neoplasm subdivision, n (%) Head 67 (37.6%) 72 (40.4%) 0.365
Other 22 (12.4%) 17 (9.6%)

Alcohol history, n (%) No 29 (17.5%) 35(21.1%) 0.280
Yes 55 (33.1%) 47 (28.3%)

Smoker, n (%) No 40 (27.6%) 26 (17.9%) 0.133
Yes 38 (26.2%) 41 (28.3%)

History of chronic pancreatitis, n (%) No 66 (46.5%) 63 (44.4%) 0.854
Yes 7 (4.9%) 6 (4.2%)

History of diabetes, n (%) No 56 (38.1%) 53 (36.1%) 0.680
Yes (14.3%) 17 (11.6%)

Total patients’number does not equal to 89 in all variates due to lack of patient’s information for some cases

CR complete response, FNDC3B fibronectin type Il domain containing 3B, G1: well-differentiated, G2: moderately-differentiated, G3: poorly-differentiated, G4:

undifferentiated, M: metastasis, N: lymph node, PC pancreatic cancer, PR partial response, PD progressive disease, SD stable disease, T: tumor

Bold values indicate that P <0.05 which are statistically significant
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Fig. 4 The correlation between FNDC3B expression and clinicopathological characteristics, including A pathologic T stage, B pathologic N
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disease-specific survival, FNDC3B fibronectin type Ill domain containing 3B, OS overall survival, PC pancreatic cancer, PFl progression-free interval,

TCGA the cancer genome atlas

of this nomogram was evaluated through calibration
curves which demonstrated close alignment between
the predicted 1-, 2- and 3-year OS lines with the ideal
line (Fig. 6B). Moreover, our innovative nomogram
model exhibited superior prognostic efficacy com-
pared to solely relying on FNDC3B as indicated by the
ROC curve analysis (Fig. 6C and D).

Knockdown FNDC3B expression hampers PC cells
proliferation, migration and invasion

In order to further investigate the role of FNDC3B
expression in PC progression, we firstly confirmed
ENDC3B expression in different PC cell lines through
western blot analyses. Figure 7A illustrated that AsPC-1
exhibited the highest level of FNDC3B among the
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Table 2 FNDC3B expression associated with clinicopathological characteristics (logistic regression)

Characteristics Total (N) Odds ratio (OR) P value
Tstage (T3&T4vs. T1 &T2) 176 1.793 (0.811-3.962) 0.149

N stage (N1 vs. NO) 173 2.763 (1.379-5.536) 0.004
M stage (M1 vs. M0) 84 1.898 (0.189-19.072) 0.586
Pathologic stage (Stage Il & Stage Ill & Stage IV vs. Stage |) 175 2.847 (1.049-7.726) 0.040
Radiation therapy (Yes vs. No) 163 0.846 (0.425-1.683) 0.633
Primary therapy outcome (PR & CR vs. PD & SD) 140 0.565 (0.286-1.116) 0.100
Age (>65 vs.<65) 178 0439 (0.241-0.801) 0.007
Race (White vs. Asian & Black or African American) 174 1.083(0.397-2.951) 0.876
Gender (Male vs. Female) 178 99 (0.664-2.172) 0.547
Residual tumor (R1 & R2 vs. RO) 164 2.054 (1.068-3.952) 0.031
Histologic grade (G3 & G4 vs. G1 & G2) 176 3(0.979-3.738) 0.058
Anatomic neoplasm subdivision (Other vs. Head of Pancreas) 178 9(0.352-1.470) 0.366
Alcohol history (Yes vs. No) 166 0.708 (0.378-1.326) 0.281
Smoker (Yes vs. No) 145 1.660 (0.856-3.219) 0.134
History of chronic pancreatitis (Yes vs. No) 142 0.898 (0.286-2.818) 0.854
History of diabetes (Yes vs. No) 147 0.855 (0.407-1.796) 0.680

Total patients’ number is inconsistent in all variates due to lack of patient’s information for some cases

CR complete response, FNDC3B fibronectin type Il domain containing 3B, G1: well-differentiated, G2: moderately-differentiated, G3: poorly-differentiated, G4:
undifferentiated, M: metastasis, N: lymph node, PC pancreatic cancer, PR partial response, PD progressive disease, SD stable disease, T: tumor

Bold values indicate that P <0.05 which are statistically significant

included cell lines while CFPAC-1 showed minimal
expression. Additionally, HPDE displayed lower levels of
FNDC3B compared to most PC cell lines. Subsequently,
we selected AsPC-1 and PANC-1 as tool cell lines due
to their high FNDC3B expression levels for verifying
knockdown efficacies using siRNAs. The results indi-
cated that siRNA-2 and siRNA-3 significantly decreased
FNDC3B expression, with siRNA-3 demonstrating the
strongest knockdown effect which was chosen for subse-
quent assays (Fig. 7B). Then, CCK-8 and colony forma-
tion assays were recruited to assess the impact of altered
FNDC3B expression on proliferation ability in PC cells.
These findings demonstrated a significant weakening in
proliferation ability 24 h after transfection and a decrease
in colony numbers following downregulation of FNDC3B
expression (Fig. 7C and D). Meanwhile, using wound-
healing and transwell migration assays, we observed
that knockdown of FNDC3B impaired the healing of
"wounds" and hindered the migration of upper cells to the
lower chamber. And further invasion assay confirmed the
role of FNDC3B expression in PC cells invasion ability
(Fig. 7E and F). To elucidate the underlying mechanism
by which FNDC3B affects proliferation and migration in
PC cells, western blot analyses were conducted to assess
changes in the expression levels of relevant biomark-
ers. We found that downregulation of FNDC3B led to
an increase in E-cadherin expression while decreasing
N-cadherin expression, suggesting a potential influence

on epithelial-mesenchymal transition (EMT). Addition-
ally, cell cycle regulation may also be involved in mediat-
ing the effects of FNDC3B on proliferation. Western blot
analyses revealed a significant decrease in cyclin Bl and
CDK1 expression upon knockdown of FNDC3B, while
significant increase in P21 expression (Fig. 7G).

Discussion

ECM proteins have long been believed to regulate metas-
tasis and chemoresistance in PC, but their role in PC
progression may be equivocal. Matrix-metalloprotease-
cleaved Coll (cColl) and intact Coll (iCol) play oppo-
site roles in PC progression: cColl activates the discoidin
domain receptor (DDR)1-NF-kB-p62-NRF2 signaling
pathway, while iColl degrades DDR and disrupts this
pathway [25]. Collagen IV, a crucial component of ECM
in PC, has recently been found to upregulate in PC and is
regulated by YAP which can promote the metastasis and
invasion of PC cells while also being associated with poor
prognosis for patients with PC [26]. Additionally, hyper-
glycemia could activate the YAP/TAZ signaling pathway
in cancer-associated fibroblasts to upregulate expression
of fibronectin, fibroblast activation protein, COL1A1l
and COL11A1l, to enhance EMT and chemoresistance
of PC [27]. Moreover, bioinformatic analysis identified
COL12A1 and MMP14 as prognosis-related genes in
PC [28]. RRM1, an enzyme involved in DNA synthesis
pathway was reported to upregulate in PC which could
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Table 3 The prognostic value of FNDC3B (Overall Survival) in
subgroups of patients with pancreatic cancer

Characteristics Total (N) HR (95% CI) P value
T stage

TI&T2 31 1416 (0433-4.635) 0.5435

T3&T4 145 1.468 (0.951-2.265) 0.0803
N stage

NO 50 1.495 (0.593-3.768) 0.3873

N1 123 1.078 (0.681-1.706) 0.7470
M stage

MO 79 1.566 (0.860-2.854) 0.1470

M1 5 - -
Radiation therapy

No 118 1.893 (1.176-3.046) 0.0096

Yes 45 1.249 (0476-3.276) 0.6381
Primary therapy outcome

PD &SD 58 1.200 (0.673-2.138) 0.5306

PR&CR 81 1.835(0.906-3.717) 0.0912
Gender

Female 80 1.239 (0.695-2.209) 04661

Male 98 2.178(1.222-3.883) 0.0064
Race

White 157 1.760 (1.133-2.733) 0.0096

Asian & Black or Afri- 17 0.894 (0.217-3.677) 0.8643

can American
Age

<65 93 2376 (1.322-4.269) 0.0029

>65 85 1.186 (0.670-2.101) 0.5524
Residual tumor

RO 107 1.494 (0.863-2.588) 0.1528

R1 & R2 57 1.398 (0.711-2.748) 0.3227
Histologic grade

G1&G2 126 1.925 (1.162-3.189) 0.0099

G3&G4 50 1.193 (0.583-2.443) 0.6201
Anatomic neoplasm subdivision

Head of pancreas 138 1.284 (0.828-1.991) 0.2604

Other 40 4.631 (1.539-13.940) 0.0098

Total patients’number does not equal to 178 in all variates due to lack of
patient’s information for some cases

CR complete response, FNDC3B fibronectin type Il domain containing 3B, GT:
well-differentiated, G2: moderately-differentiated, G3: poorly-differentiated, G4:
undifferentiated, M: metastasis, N: lymph node, PC pancreatic cancer, PR partial
response, PD progressive disease, SD stable disease, T: tumor

Bold values indicate that P <0.05 which are statistically significant

promote ECM remodeling leading to enhanced inva-
sion and migration of PC cells through induction of
expression of ECM-related genes such as N-cadherin,
tenascin-C, and COL11A [29]. FNDC3B is a typical
fibronectin-related protein that plays a vital role in tumor
progression by activating downstream signaling path-
ways. In cervical cancer, FNDC3B can promote the ability
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of proliferation and metastasis of tumor cells through
activating PI3K/mTOR signaling pathway [13]. Further-
more, several miRNAs were found to target FNDC3B
expression, such as miR-1225-5p, miR-4262 and miR-
186-5p [13, 30—32]. However, the role of FNDC3B in PC
progression has not been elucidated yet.

In our current study, we assessed the expression of
FNDC3B in PC using multiple databases, consistently
revealing significantly higher levels of FNDC3B in PC tis-
sues compared to normal pancreatic tissues. Western blot
analyses further confirmed elevated FNDC3B expres-
sion in PC cell lines relative to normal pancreatic ductal
epithelial cells, suggesting a potential role for FNDC3B
as a tumor promoter in PC. Given the well-established
involvement of ECM in tumor progression, it is plau-
sible that FNDC3B may function as a tumor promoter
across various malignancies. Additionally, we validated
the diagnostic value of FNDC3B in PC using ROC curve
analysis which was significantly higher than traditional
tumor marker of PC, such as CA19-9 for diagnosis (0.896
vs. 0.83) [33]. Subsequently, we evaluated the prognostic
significance of FNDC3B in PC and found that increased
expression was significantly associated with shorter OS,
DSS and PFI. Although multivariate Cox analysis did not
identify FNDC3B expression as an independent prog-
nostic factor among PC patients, univariate analysis
revealed its significant association with clinicopathologi-
cal factors. Furthermore, combining FNDC3B with five
other clinicopathological parameters yielded a predic-
tive model with superior prognostic efficacy compared to
using only FNDC3B alone. Notably, previous studies have
also suggested the potential utility of FNDC3B as a prog-
nostic biomarker across several cancers including cervi-
cal cancer, hepatocellular carcinoma, colorectal cancer
and glioblastoma [32, 34—36]. Therefore, it can be con-
sidered that FNDC3B may serve as a valuable prognostic
biomarker across pan-cancer.

To further elucidate the potential biological functions
in PC, GO, KEGG analyses and GSEA were employed.
The results of GO and KEGG analyses indicated that
FNDC3B may participate in nutrient substance diges-
tion processes as well as the activity of several diges-
tive enzymes. Additionally, GSEA results revealed that
FNDC3B could be involved in key pathways such as
‘collagen formation, ‘ECM receptor interaction, and
‘integrin cell surface interactions. Furthermore, cell func-
tional assays confirmed the regulatory role of FNDC3B
in EMT of PC cells. Given the dense stroma of PC, gly-
colysis emerges as the major pattern for energy supply
to PC cells. Obviously, there exists a close association
between glycolysis and tumor metastasis. A recent study
demonstrated that brusatol could inhibit the malignant
behaviors of colon cancer by upregulating ARRDC4
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Table 4 Univariate and multivariate Cox analysis (Overall Survival) of prognostic covariates in patients with PC

Characteristics Total (N)  Univariate analysis Multivariate analysis
Hazard ratio (95% Cl) P value Hazard ratio (95% Cl) P value

Tstage (T3 &T4vs. T1 &T2) 176 2.053(1.089-3.871) 0.026 2.643(0.296-23.597) 0.384
N stage (N1 vs. NO) 173 2.114 (1.259-3.549) 0.005 1.768 (0.428-7.302) 0431
M stage (M1 vs. MO) 84 1.050 (0.251-4.388) 0.947 33(0.123-10.469) 0912
Pathologic stage (Stage Il & Stage Ill & Stage IV vs. Stage |) 175 2.326 (1.067-5.069) 0.034 0.202(0.011-3.789) 0.285
Radiation therapy (Yes vs. No) 163 0.501 (0.294-0.854) 0.011 0.210(0.069-0.639) 0.006
Primary therapy outcome (CR & PR vs. PD & SD) 140 0425 (0.267-0.675) <0.001 0458(0.201-1.044) 0.063
Age (>65 vs.<65) 178 1.306 (0.867-1.968) 0202 1.382(0.625-3.054) 0424
Race (White vs. Asian & Black or African American) 174 1.176 (0.589-2. 345) 0.646  6.404 (0.769-53.321) 0.086
Gender (Male vs. Female) 178 1.214 (0.808-1.825) 0350 0.872(0.386-1.967) 0.741
Histologic grade (G3 & G4 vs. G1 & G2) 176 1.517 (0.983-2. 340) 0.060  2.220(1.016-4.852) 0.046
Residual tumor (R1 & R2 vs. R0) 164 1.630 (1.051-2.528) 0.029 1.107 (0.504-2.436) 0.800
Anatomic neoplasm subdivision (Other vs. Head of Pancreas) 178 0.427 (0.236-0.770) 0.005 1.352(0.367-4.978) 0.650
FNDC3B (High vs. Low) 178 1.880 (1.235-2.862) 0.003 2.223(0.910-5.430) 0.079

Total patients’number does not equal to 178 in all variates due to lack of patient’s information for some cases

CR complete response, FNDC3B fibronectin type Ill domain containing 3B, G1: well-differentiated, G2: moderately-differentiated, G3: poorly-differentiated, G4:
undifferentiated, M: metastasis, N: lymph node, PC pancreatic cancer, PR partial response, PD progressive disease, SD stable disease, T: tumor

Bold values indicate that P <0.05 which are statistically significant

expression-a cancer glycolytic inhibitor- while modu-
lating PI3K/YAP1/TAZ pathway [37]. Another study
also highlighted that hyperglycaemia could stimulate
fibronectin expression in PC [25]. Therefore, it is plau-
sible to suggest that FNDC3B activates glycose-metab-
olizing enzymes to enhance energy utilization and
subsequently promote progression of PC.
Tumor-infiltrating immune cells (TIICs) are believed
to play intricate roles in cancer progression, PC included.
Therefore, we further investigated the association
between FNDC3B expression and the abundance of
TIICs in PC via ssGSEA. In this study, we observed a sig-
nificant positive correlation between FNDC3B expres-
sion and the infiltration of Th2 cells, macrophages and
neutrophils. It has been reported that certain cytokines,
such as interleukin-4 (IL-4), IL-5, and IL-13, secreted by
Th2 cells could stimulate tumor growth [38]. Addition-
ally, Th2 cells have been shown to mediate chemothera-
peutic resistance, especially in FOLFIRINOX-treated
PC patients [39]. Furthermore, PC tissues exhibit high
infiltration of Th2 cells and M2 type tumor-associated
macrophages [40, 41]. A recent study indicated that
tumor-infiltrating neutrophils could upregulate glyco-
lytic factors and HIF-1a expression which then promoted
PC progression [42]. Moreover, metastatic PC cells
infiltrated by neutrophils express Gas6 which activates
AXL receptor on tumor cells to facilitate their growth
[43]. Furthermore, pDC and Th17 cells showed a nega-
tive correlation with FNDC3B expression in PC. Th17
cells are known as interleukin-17-producing CD4+T

cells that mediate host defense mechanisms but show
relatively low expression levels in PC tissues [44]. Recent
studies have suggested that immune checkpoint inhibi-
tors therapy like nivolumab and pembrolizumab could
enhance the infiltration of Th17cells and improve OS
for resected PC patients [45, 46]. Besides, pDCs play an
important role in tumor immune surveillance of PC, and
the scarcity of pDCs can lead to immune surveillance
dysfunction [47]. Our study demonstrated a significant
negative correlation between high FNDC3B expression
and immunotherapy response, which further supported
the aforementioned findings. Therefore, combining
ECM-targeted therapy with immunotherapy can effec-
tively overcome the limitations of immunotherapy alone.
A recent study developed a nanodrug that incorporates
calcipotriol and anti-CXCL12 siRNA to simultaneously
deactivate matrix-producing pancreatic stellate cells and
suppress the infiltration of regulatory T cells, thereby
enhancing the efficacy of anti-PD-1 antibodies in PC [48].
The potential combination of anti-FNDC3B therapy with
immunotherapy holds promise for future PC treatment.
As far as our knowledge extends, the present study
stands as a pioneering endeavor in evaluating the expres-
sion, prognostic value, biological functions, and immune
infiltration of FNDC3B in PC. However, it is crucial to
acknowledge certain limitations that still persist. Firstly,
the sample size of public databases remains relatively
modest and may potentially introduce bias into our find-
ings. Henceforth, acquiring a more expansive sample
size becomes imperative for conducting a more precise
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(See figure on next page.)

Fig. 7 Knockdown FNDC3B expression hampers proliferation and metastasis ability of PC cells. A FNDC3B expression in six PC cell lines and one
normal pancreatic epithelial cell line via western blot analyses. B The efficacies of FNDC3B siRNAs were confirmed via western blot analyses. C
CCK-8 and D colony formation assays demonstrated that cell proliferation ability impaired when FNDC3B expression knockdown. E Wound healing
and F transwell migration and invasion assays showed that cell metastasis ability attenuated when FNDC3B expression knockdown. G Protein
levels of EMT and cell cycle related regulators were evaluated by western blot analyses. H Knockdown of FNDC3B decreased the tumor growth

in orthotopic xenograft models established using PANC-1 cells. Representative IVIS images of nude mice are shown. *P<0.05; **P<0.01; **P<0.001
and ****P<0.0001. FNDC3B fibronectin type Ill domain containing 3B, ns not significant, PC pancreatic cancer

analysis. Secondly, while primary studies have indicated
the role of FNDC3B in PC progression, it is equally essen-
tial to conduct comprehensive molecular mechanism
studies to validate the results derived from bioinformatic

analysis. Lastly but not least, considering the therapeu-
tic potential of FNDC3B in PC contextually necessitates
undertaking preclinical and clinical trials to substantiate
its efficacy.
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Conclusion

In conclusion, this study comprehensively investigated
the expression, prognostic value, clinicopathological
correlation, immune cells infiltration correlation, bio-
logical and functional pathway of FNDC3B in PC. The
findings suggest that FNDC3B plays a crucial role as a
tumor promoter in PC progression and holds immense
potential as a therapeutic target for PC treatment.
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