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Abstract: Pancreatic cancer (PC) is an immunosuppressive cancer. Immune-based therapies that enhance or re-
cruit antitumor immune cells into the tumor microenvironment (TME) remain promising strategies for PC treatment.
Consequently, a deeper understanding of the molecular mechanisms involved in PC immune suppression is criti-
cal for developing immune-based therapies to improve survival rates. In this study, weighted gene co-expression
network analysis (WGCNA) was used to identify Filamin B (FLNB) correlated with the infiltration of CD8* T cells and
tumor-associated macrophages (TAMs). The clinical significance and potential biological function of FLNB were eval-
uated using bioinformatic analysis. The oncogenic role of FLNB in PC was determined using in vitro and in vivo stud-
ies. We further analyzed possible associations between FLNB expression and tumor immunity using CIBERSORT,
single sample gene set enrichment analysis, and ESTIMATE algorithms. We found FLNB was overexpressed in PC
tissues and was correlated with poorer overall survival, tumor recurrence, larger tumor size, and higher histologic
grade. Moreover, FLNB overexpression was associated with the mutation status and expression of driver genes,
especially for KRAS and SMADA4. Functional enrichment analysis identified the role of FLNB in the regulation of cell
cycle, focal adhesion, vascular formation, and immune regulation. Knockdown of FLNB expression inhibited cancer
cell proliferation and migration in-vitro and suppressed tumor growth in-vivo. Furthermore, FLNB overexpression
caused high infiltration of Treg cells, Th2 cells, and TAMs, but reduced infiltration of CD8* T cells and Th1/Th2.
Collectively, our findings suggest FLNB promotes PC progression and may be a novel biomarker for PC.
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Introduction and hepatocellular carcinoma [4-7]. However,
these drugs fail to demonstrate efficacy in
patients with advanced PC due to the lack of

CD8* T cells in the TME of PC [8-10]. Under-

As one of the most aggressive malignancies,
pancreatic cancer (PC) causes 4.5% of all can-

cer-related deaths worldwide in 2015 [1]. PC is
widely recognized as a “cold” tumor and is
highly immunosuppressive; thus, enhancing or
recruiting anti-tumor immune cells into the
tumor microenvironment (TME) is a promising
therapeutic strategy for PC [2, 3]. In recent
years, immune checkpoint inhibitors (ICIs) have
been effectively used for several solid tumors,
such as melanoma, non-small cell lung cancer,

standing the molecular mechanisms involved in
PCimmune suppression is therefore fundamen-
tal to the design of more effective immune-
based therapeutics to improve the outcome of
patients with PC.

Filamin B (FLNB) is a protein coding gene that
interacts with glycoprotein Ib alpha as part of
the process that repairs vascular injuries [11,
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12]. Early studies on FLNB focused on its muta-
tion and its association with congenital abnor-
malities, such as Boomerang Dysplasia and
Larsen syndrome [13-15]. Recent studies have
found FLNB expression was negatively corre-
lated with patients’ survival in ovarian cancer
and hepatocellular carcinoma [16, 17]. But the
function of FLNB in cancer biology is largely
unknown. Especially, the potential role of FLNB
in pancreatic cancer has not been studied.

In the present study, we aimed at identifying a
novel gene that is correlated with the immune
cells that are associated with the prognosis of
PC. To accomplish this, we used CIBERSORT
algorithm to evaluate the immune landscape in
PC based on the Cancer Genome Atlas (TCGA,
https://cancergenome.nih.gov/) PC cohort. We
then performed a weighted gene co-expression
network analysis to identify FLNB as an impor-
tant prognosis-associated gene. The potential
association between the expression of FLNB
and the infiltration levels of immune cells in PC
was explored using CIBERSORT, single sample
gene set enrichment analysis, and ESTIMATE
algorithm.

Materials and methods
Data acquisition

The mRNA expression data was obtained bas-
ed on fragments per kilobase million (FPKM).
Corresponding clinical information from 177
patients with pancreatic cancer (PC) were
obtained from the TCGA database in February
2020. Mutation data on KRAS, TP53, SMAD4,
and CDKN2A in TCGG PC cohort were down-
loaded through cBioportal (TCGA provisional
dataset). Of the 177 PC cases obtained, 171
were patients with overall survival (0S) >1
month. The following datasets were selected
for further study: GSE62452, GSE60979, GSE-
28735, and GSE79668. We conducted our
current study based the information in Figure
1. All datasets (TCGA, GSE62452, GSE60979,
GSE28735 and GSE79668) are freely available
as public resources. Therefore, local ethics
approval was not needed.

Differential expression analysis

GSE62452 and GSE60979 were integrated
into a meta-GEO PC cohort (73 non-tumor sam-
ples and 118 tumor samples), eliminating
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batch effects through the surrogate variable
analysis (SVA) R package. The scale method of
the limma R package [18] was used to normal-
ize the data. A total of 18139 genes (MRNAs
and IncRNAs) were involved in the mate-GEO
PC cohort. Limma was also used to screen dif-
ferentially expressed genes (DEGs) under the
thresholds of false discovery rate (FDR) <0.05
and |log2 fold change (FC)| >0.1. The mRNAs
in the TCGA PC cohort were screened through
Limma with an average value greater than 1,
and 14296 mRNAs were obtained and inter-
sected with DEGs from the meta-GEO PC cohort
to obtain one set of overlapped DEGs.

A CIBERSORT algorithm for TCGA PC cohort

With the help of the online calculator (https://
cibersort.stanford.edu/), the CIBERSORT algo-
rithm was used to estimate the infiltration level
of 22 immune cell types in each TCGA PC sam-
ple [19]. The PC samples with p-value <0.05
and OS >1 month were selected for Kaplan-
Meier (KM) survival analysis to screen progno-
sis-associated immune cells.

Weighted gene co-expression network analysis
(WGCNA)

R package WGCNA was applied to construct
co-expression modules and to detect over-
lapped DEGs co-expression modules that were
significantly associated with the infiltration
level of prognosis-associated immune cells in
PC [20]. The soft threshold power was select-
ed according to approximate scale-free topo-
logical power and was used to calculate the
adjacency. We then transformed the adjacency
matrix into a topological overlap matrix and
used topological overlap (TOM) to describe the
similarity of overlapped DEGs expression, and
1-TOM to show the heterogeneity between over-
lapped DEGs. Next, a hierarchical clustering
tree was generated using the TOM. A dynamic
tree was used to divide the modules of hierar-
chical clustering results, and to merge the mod-
ules with the number of overlapped DEGs <30
and cutting height <0.25. All modules were
summarized by module eigengenes (ME), which
were calculated to identify modules that were
significantly associated with the infiltration
level of prognosis-associated immune cells in
PC. The module membership (MM) was defin-
ed as the correlation between overlapped DEG-
expression values and the ME. Gene signifi-
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Figure 1. The flowchart of our study.

cance (GS) was defined as the correlation
between the overlapped DEGs and the infiltra-
tion level of prognosis-associated immune
cells. The intramodular connectivity (IMConn)
was defined as the connectivity between an
overlapped DEG and the other overlapped
DEGs within a module. Subsequent analysis
was performed based on the module that was
the most relevant to the infiltration level of
prognosis-associated immune cells in PC,
which was considered as the immune-associat-
ed module.

Identification of FLNB as a prognosis-associat-
ed gene within the immune-associated module

The expression data of overlapped DEGs within
the immune-associated module for 171 PC
samples with OS >1 month and the correspond-
ing clinical information were used to screen out
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the prognosis-associated genes using univari-
ate Cox regression analysis (P<0.0001) with
survival R package. Through the time ROC R
package, receiver operating characteristic
(ROC) curve analysis was performed for pro-
gnosis-associated genes with IMConn >1,
among which FLNB had the highest area under
the curve (AUC) of ROC curve analyses. Thus,
we conducted subsequent studies to further
explore FLNB.

Validation of the differential expression and
the prognosis-association of FLNB through
multiple datasets

Oncomine database (https://www.oncomine.
org/resource/) was used to validate the differ-
ential expression of FLNB. Paired differential
expression analysis of FLNB was performed
based on GSE28735 dataset, which contained
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the mRNA expression data of 45 pairs of pan-
creatic tumor and adjacent non-tumor tissues.
The Human Protein Atlas database (http://pro-
teinatlas.org/) was used to further validate
the protein expression of FLNB. Survival analy-
sis was performed separately to evaluate the
association between the expression level of
FLNB and OS of patients with PC in the TCGA,
GSE62452, and GSE79668 cohorts. Patients
in these three PC cohorts were respectively
divided into low expression (low-Exp) and high
expression (high-Exp) groups according to the
optimal cutoff point obtained using the X-tile
3.6.1 software (Yale University, New Haven, CT,
USA) and KM survival analysis was performed
using the survminer R package [21].

Functional enrichment analysis

Gene set enrichment analysis (GSEA) (v3.0,
http://software.broadinstitude.org/gsea/) was
performed to evaluate the differences in
potential biological pathways between the high-
and low-Exp groups in the TCGA PC cohort. An
annotated gene set c2.cp.kegg.6.2.symbols.
gmt obtained from the Molecular Signatures
Database (MSigDB) was selected for use as
the reference gene set [22]. Genes significan-
tly related to FLNB in the TCGA and the CCLE
were screened out using Pearson correlation
coefficients (Pearson correlated coefficient
>0.5 or <-0.5, P<0.05). These FLNB correlat-
ed genes in each cohort were enrolled into
ConsensuspathDB  (http://cpdb.molgen.mpg.
de/) and subjected to functional enrichment
analysis; p-value <0.05 was considered signifi-
cant [23].

Cell culture and transfection

Human PC cell lines, PANC-1 and Aspc-1 were
purchased from the Cell Bank of the Chinese
Academy of Science (Shanghai, China). Cells
were cultured in RPMI-1640 medium (Invitro-
gen, Carlsbad, CA, USA) containing 10% fetal
bovine serum (FBS; HyClone, Logan, UT, USA)
and 1% penicillin/streptomycin in a humidified
5% CO, incubator at 37°C. Prior to transfec-
tion, cells were seeded onto 6-well plates with
a density of 1x10° cells per well. At 80% con-
fluence, small interfering RNA (siRNA) targeting
FLNB and negative control siRNA (NC) were
transfected into the cells using Lipofectamine
2000 (Invitrogen). Then, 48 hours after trans-
fection, cells were collected for subsequent in-
vitro functional analysis. The sequences (5-3’)
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of siRNA of FLNB were: siFLNB#1: sence: CC-
GGGCACAUAUGUGAUCUAUTT; antisence: AU-
AGAUCACAUAUGUGCCCGGTT; siFLNB#2: sen-
ce: GCCUUCAGGAAUCGGGAUUAATT; antisen-
ce: UUAAUCCCGAUUCCUGAAGGCTT.

Lentiviral ShRNA knockdown

We synthesized two short hairpin RNA (ShRNA)
fragments specifically targeting human FLNB
(Sangon Biotech, Shanghai, China) and insert-
ed them into Mirzip lentiviral ShRNA mir vectors
(Open Biosystems, Lafayette, CO). These lenti-
viral plasmids were co-transfected with pvVSvg,
pRSV-Rev and pMDL into 293T cells using
Lipofectamine 2000 (Invitrogen) to generate
lentivirus. At 72 hours post-transfection, viral
reservoirs were collected from transfected
293T cells and used to infect Aspc-1 cells with
10 pg/ml polypyrene. After infection, we add
puromycin with 5 yg/ml in culture medium for
2 weeks to select stable cells. Viruses contain-
ing nonsense shRNA were used as controls.
The shRNA knockdown subclones were used
for animal studies. The sequences (5-3) of
shRNA of FLNB were: shFLNB#1: GCCTTCAG-
GAATCGGGATTAA; shFLNB#2: CCAGAAATCAA-
CAGCAGTGAT.

MTT assay

Cell proliferation was measured using 3-
(4,5-dimethylthiazal-2-yl)-2, 5-diphenyl-tetrazo-
lium bromide (MTT) assay. Cells were cultured
in 96-well plates at 2000 cell/well. At the indi-
cated time points, 20 yL of MTT (5 mg/mL;
Sigma-Aldrich, St. Louis, MO, USA) solution was
added to each well and the plate was further
incubated for 4 h. Culture supernatant was dis-
carded and 100 pL DMSO (Corning Inc.,
Corning, NY, USA) was added to each well.
Optical density (OD) was determined by mea-
suring absorbance at 490 nm on a microplate
reader (Bio-Tek Company, Winooski, VT, USA).

Plate clone formation assay

Cells were plated in 6-well plates (1000 cells/
well, cultured for 10 days, and stained with
0.1% crystal violet). Colony forming units were
counted under a microscope.

Sphere formation assay
Cells (1x10°%) were seeded in ultralow attach-

ment 6-well plates (Corning) in DMEM/F12
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(Gibco) supplemented with 20 uyL/mL B27
(Gibco), 20 ng/mL epidermal growth factor
(Gibco), and 20 ng/mL basic fibroblast growth
factor (PeproTech, Hamada, Rehovot, Israel).
After culture for one week, the number and
diameters of spheres were determined under
an inverted fluorescence microscope (Olympus,
Tokyo, Japan).

Transwell invasion assays

Cell migration and invasion were examined
using Transwell Permeable Supports (Corning
Inc., Corning, NY, USA). Briefly, the transfected
cells were allowed to grow to confluence. Cells
(10°) were suspended in 100 pL serum-free
medium and plated in triplicates onto each 8
um Transwell filter insert of 24-well plates coat-
ed with Matrigel (10 mg/L, BD Biosciences,
San Jose, CA, USA). The lower chambers con-
tained 10% fetal bovine serum. After 18 h, the
cells in the upper chamber were removed with
a cotton swab. The invasive cells at the bottom
of the membrane were fixed with methanol
and stained with 0.5% crystal violet for 20 min.
The stained invaded cells were photographed
under an inverted light microscope (magnifica-
tion, x100; Olympus Corp., Tokyo, Japan) and
nine visual fields were observed in each group,
respectively.

Western blot

Cells were collected and total proteins were
lysed with RIPA buffer (Beyotime, Shanghai,
China) and extracted. Protein concentration
was determined using coomassie brilliant blue
method (Beyotime, Shanghai, China). After
denaturation, the total proteins were separat-
ed by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). Then, the pro-
teins were transferred to polyvinylidene fluo-
ride (PVDF) membrane (Merck, Burlington, MA,
USA). The membrane was incubated incubated
overnight at 4°C with primary antibodies after
blocked with 5% milk. Next, the membrane
was treated with anti-rabbit or anti-mouse sec-
ondary antibodies for 1 hour. Finally, the sig-
nal was detected were detected by an ECL
Western blot kit (PO6M31L, Gene-Protein Link,
Beijing, China). Antibodies against E-Cadherin
(1:1000 dilution, 20874-1-AP, Proteintech,
Wuhan, China); Fibronectin (1:2000 dilution;
ab32419, Abcam, Cambridge, MA, USA); Vi-
mentin  (1:5000 dilution, 10366-1-AP, Pro-
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teintech, Wuhan, China); a-SMA (1:2000 dilu-
tion; 23081-1-AP, Proteintech, Wuhan, China);
Oct4 (1:5000 dilution, 20874-1-AP, Protein-
tech, Wuhan, China); GAPDH (1:10000 dilution;
HRP-60004, Proteintech, Wuhan, China) and
B-actin (1:120000 dilution; HRP-60008, Prote-
intech, Wuhan, China) were used as control.

Flow-cytometric analysis

The CD133 expression analyses were per-
formed according to the instructions. Briefly,
the fresh sorted CD133* cells were incubated
at 4°C for 30 min with phycoerythrin (PE)-
conjugated anti-human CD133/2 following
treatment with FcR Blocking Reagent kit
(from Miltenyi Biotec). Isotype-matched mouse
IgG2b-PE antibodies served as controls. The
data were analyzed by Windows 3.0 software
(Beckman Coulter Life Sciences).

Immunohistochemical (IHC) staining and
Immunofuorescence staining (IF)

IHC staining was performed using the standard
streptavidin-biotin-peroxidase complex meth-
od. For IHC, the sections were incubated with
specifc primary antibodies against E-cadherin
(1:20000 dilution, 20874-1-AP, Proteintech,
Wuhan, China), N-cadherin (1:2000 dilution,
22018-1-AP, Proteintech, Wuhan, China), Vi-
mentin (1:5000 dilution, 10366-1-AP, Protein-
tech, Wuhan, China), Oct4 (1:5000 dilution,
20874-1-AP, Proteintech, Wuhan, China) and
FLNB (1:200 dilution, 20685-1-AP, Protein-
tech, Wuhan, China) and then counterstained
with hematoxylin. After staining, slides were
scored under a microscope and analyzed for
FLNB; E-cadherin; N-cadherin; Vimentin and
Oct4 expression levels. IF was performed using
an anti-FLNB antibody (1:50 dilution, 20685-1-
AP, Proteintech, Wuhan, China).

Animal study

Male BALB/c nude mice (aged 4 weeks; n=5/
group) were obtained from the Guangdong
Provincial People’s Hospital (Guangdong Aca-
demy of Medical Sciences). All the in vivo
experiments were approved by the Committee
on the Ethics of Animal Experiments of Guang-
dong Provincial People’s Hospital (Guangdong
Academy of Medical Sciences). For the xeno-
graft experiments, the NC and sh-FLNB sub-
clones (5x10° cells/mouse) of Aspc-1 cells
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were resuspended in 100 yL RPMI-1640 and
subcutaneously implanted in the right flank of
the nude mice. Sample size of animal experi-
ment was chosen according to similar conven-
tions for well-designed experiments, and statis-
tical methods were not used. The weight of the
mice was assessed per 3 days. One month
later, the mice were sacrificed, and tumors
were harvested and weight.

Immune infiltration analysis for TCGA PC co-
hort

CIBERSORT algorithm was used to evaluate the
differences in infiltration levels of prognosis-
associated immune cells between the high-
and low-Exp groups [19]. In the R package, sin-
gle-sample gene set enrichment analysis (ssG-
SEA) was performed to quantify the activity or
enrichment levels of immune cells, functions,
or pathways in the cancer samples [24]. The
following 29 immune-related terms were
obtained: natural Killer cells (NK cells), type-2 T
helper cells (Th2 cells), type-1 T helper cells
(Thl cells), antigen-presenting cell (APC) co-
stimulation, antigen-presenting cell (APC) co-
inhibition, type-1 IFN response, major histo-
compatibility complex (MHC) class-1, pa-
rainflammation, plasmacytoid dendritic cells
(pDCs), T cell co-stimulation, activated dendrit-
ic cells (aDCs), check-point, T cell co-inhibition,
B cells, follicular helper T cells (Tfh), neutro-
phils, tumor-infiltrating lymphocyte (TIL), in-
flammation-promoting, CD8" T cells, cytolytic
activity, type-1 IFN response, regulatory T cells
(Treg), human leukocyte antigen (HLA), T helper
cells, chemokine receptor (CCR), macrophages,
mast cells, dendritic cells, immature dendritic
cells (iDCs). Using the sparcl R package, the
TCGA PC cohort was divided into three clusters-
immunity L, immunity M, and immunity-accord-
ing to the enrichment scores of the 29 im-
mune-related terms. The ESTIMATE R package
was subsequently used to assess the level of
immune infiltration and tumor purity in the
TCGA PC samples [25]. The immune score,
which represents the infiltration of immune
cells in tumor samples, was calculated for
each PC sample in the TCGA PC cohort. PC
samples with high tumor purity show low
immune infiltration within tumors. And a higher
immune score indicates a higher level of the
infiltration of immune cells in tumor tissues.
GSE62452 and GSE79668 cohorts were used
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to validate the immune infiltration landscape of
PC through the ssGSEA method. Immune-
related terms that differed between the high-
and low-Exp groups in more than two cohorts
were considered critical immune-related terms
and selected for further analysis.

Statistical analysis

All statistical analyses were performed using
R software (http:///www.r-project.org/), SPSS
25.0 software, and GraphPad prism 8.0 soft-
ware (GraphPad Software, Inc.). Correlations
were calculated using Pearson correlated coef-
ficient. Group differences were analyzed by the
Student’s t-test and expressed as mean + SD.
All statistical tests were tow-sided; p-values
<0.05 were considered as statistically signi-
ficant.

Result
Differential expression analysis

We screened out 2031 DEGs from 18139
genes (MRNAs and IncRNAs) in the meta-GEO
PC cohort under the thresholds of false discov-
ery rate (FDR) <0.05 and |log2 fold change
(FC)| >0.1 (Figure S1A). The 2031 DEGs were
intersected with 14296 mRNAs from the TCGA
PC cohort, resulting in 1862 overlapped DEGs
(Figure 1).

Lower CD8* T cells infiltration or higher TAMs
infiltration is associated with shorter overall
survival in patients with PC

We used the CIBERSORT algorithm to esti-
mate the infiltration level of 22 immune cell (IC)
types in each TCGA PC sample. Cases with a
CIBERSORT P-value of <0.05 were kept for fur-
ther study. A total of 132 PC samples were
selected, among which 127 PC had 0S>1
month. KM survival analysis showed that
patients with lower infiltration level of CD8* T
cells or higher infiltration of TAMs had a worse
0S (P<0.05) than those with higher infiltration
of CD8* T cells or lower infiltration of TAMs
(Figures 1, S1B, S1C).

WGCNA identifies FLNB as an unfavorable
prognostic biomarker associated with the infil-
tration of CD8* T cell and TAM

To identify potential genes involved in infiltra-
tion of CD8* T cells and TAMs in PC, we conduct
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WGCNA analysis by integrating the expression
profile of 1862 overlapped DEGs and the infil-
tration level of CD8* T cells and TAMs. As shown
in Figure 2A and 2B, the soft-threshold power
was set to 6, in which R? was 0.95, and this
ensured a scale-free network. The soft-thresh-
olding was determined to build the co-expres-
sion network. The minimum number of over-
lapped DEGs in the module was set to 30. We
divided the initial module by dynamic tree
shearing with the cutting height <0.25, and
merge modules with high similarity of featur-
ed genes in the gene cluster dendrogram to
obtain 10 modules (Figure 2C). All modules
were summarized by module eigengenes (ME),
which were calculated to identify modules that
were significantly associated with the infiltra-
tion level of CD8* T cells in PC. Further, we cre-
ated a heat map and found the highest correla-
tion coefficient between yellow modules (258
overlapped DEGs) and the infiltration level of
CD8*" T cells and TAMs (Pearson Cor =-0.46
for CD8* T cells, Pearson Cor =0.43 for TAMs)
(Figures 1 and 2D). We also drew module mem-
bership in the yellow module versus the infiltra-
tion level of CD8* T cells and TAMs to further
reveal that the genes in the yellow modules
were the most relevant to the infiltration level of
CD8* T cells and TAMs (Figure 2E, 2F).

Next, by using univariate Cox regression analy-
sis for 258 overlapped DEGs within the yellow
module (P<0.0001), we screened out seven
prognosis-associated genes (LIPH, FLNB, AHN-
AK2, ANO1, EPS8, DSG2, and SFTA2) (Table 1),
among which LIPH and FLNB were selected for
ROC analysis under the threshold of IMConn>1
(Figure 3A). ROC analysis indicated that AUC of
FLNB for OS was much higher than that of LIPH
(Figure 3B, 3C). Thus, FLNB was selected for
subsequent analysis.

FLNB overexpression predicts poor prognosis
in PC

To further analyze the predictive value of FLNB
expression for survival, we first assessed its
expression in PC tumor tissues as well as non-
tumor normal tissues. We found that FLNB
was overexpressed in PC in the meta-GEO PC
cohort included in our study (P<0.0001) (Fig-
ure 4A). Gene expression analysis using the
Oncomine database revealed that the expres-
sion of FLNB was also significantly higher in PC
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tissues (Figure 4B-E). Further, paired differen-
tial expression analysis based on GSE28735
cohort showed that the expression level of
FLNB was much higher in PC tissues than that
in the adjacent non-tumor tissue (P<0.0001)
(Figure 4F). The results from the Human Protein
Atlas database demonstrated that the pro-
tein expression of FLNB was significantly upreg-
ulated in tumor tissues (Figure S2). Importan-
tly, KM survival analysis based on the TCGA PC
cohort, GSE62452 cohort, and GSE79668
cohort revealed that patients with higher
expression of FLNB had a worse 0S than those
with lower expression of FLNB (P<0.05). The
groups were divided according to the best cut-
off value of different datasets which obtained
from survminer package by R (Figure 4G-I).

In the TCGA PC cohort, we found that the
expression of FLNB was not statistically associ-
ated with age, alcohol consumption history, dia-
betes status, gender, tumor site, and the
American Joint Committee on Cancer (AJCC)
stage (Figure S3A-F). However, patients with
larger tumors (size 24 cm) (P<0.05) or recurr-
ing disease (P<0.0001) had higher expression
levels of FLNB (Figure S3G-I). Furthermore, in
both the TCGA PC and GSE62452 cohorts, the
expression of FLNB in PC samples with higher
histologic grade was obviously higher than that
in the PC samples with lower histologic grade
(P<0.01) (Figure S3J). Taken together, these
data suggest that FLNB overexpression was
notably associated with poor prognosis in PC.

Association between FLNB expression and so-
matic mutation of PC driver gene

To investigate the mechanisms underlying
FLNB erratic expression in PC, we evaluated
the status of driver genes commonly mutated
in PC. We found that KRAS, TP53, and CDKN2A
mutation statuses were significantly associat-
ed with higher expression of FLNB, although
not statistically significant for SMAD4 (Figure
5A). Differential expression analysis for these
KRAS, TP53, CDKN2A, and SMAD4 in the high-
and low-Exp FLNB groups in the TCGA PC co-
hort revealed that TP53 was not differentially
expressed in the high-Exp group; however,
KRAS and CDKN2A were upregulated in this
group. In contrast, SMAD4 was significantly
downregulated in the high-Exp group (Figure
5B), a finding which was also observed in the
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Table 1. Univariate Cox regression analysis
(P<0.0001) to screen out prognosis-associat-
ed genes

Gene HR (95% CI) p-value

AHNAK2 1.05 (1.03-1.08) 5.52E-05
ANO1 1.02 (1.01-1.03) 5.24E-06
DSG2 1.01 (1.01-1.02) 8.52E-05
EPS8 1.05 (1.03-1.07) 9.63E-06
FLNB 1.01 (1.00-1.01) 5.31E-05
LIPH 1.03 (1.01-1.05) 8.96E-05
SFTA2 1.01 (1.01-1.02) 1.82E-07

GSE62452 cohort (Figure 5C). Using cBiopor-
tal database, we also found that FLNB expres-
sion was positively correlated with KRAS ex-
pression (Cor =0.46, P=2.18e-10) (Figure 5D),
while negatively correlated with SMAD4 ex-
pression (Cor =-0.36, P=1.523e-06) (Figure
5E). These results suggest that FLNB overex-
pression is associated with the mutation status
and expression of driver genes, especially for
KRAS and SMAD4, thereby indicating KRAS
activation and SMAD4 inactivation in PC with
FLNB overexpression.

Functional enrichment analysis of FLNB ex-
pression in PC

We further explored the activities of FLNB by
analyzing its possible contributions to potential
biological pathways in PC. We used GSEA to
ask whether these pathways and their associ-
ated genes differ between the low-Exp and
high-Exp FLNB groups (Figure S4A). We found
that the cell cycle related gene set (NES =
2.19, FDR <0.05) was enriched in the high-Exp
group (Figure S4A). We performed co-expres-
sion analysis (Pearson correlated coefficient
>0.5 or <-0.5, P<0.05) for FLNB based on the
TCGA PC cohort and CCLE database. Signi-
ficantly correlated genes (413 co-expression
genes in the TCGA PC cohort, and 130 co-
expression genes in the CCLE database; see
in Tables S1, S2) were enrolled into Con-
sensuspathDB (http://cpdb.molgen.mpg.de/)
and subjected to functional enrichment analy-
sis (P<0.05) (Figure S4B). We found that these
genes were consistently enriched in the TCGA
PC cohort as well as in the CCLE database. GO
enrichment analysis revealed that FLNB may
play an important role in cellular response to
cytokine stimulus and contractile actin fila-
ment bundle (Figure S4B). Furthermore, path-
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way enrichment analysis showed that FLNB
may be involved in vascular formation (VEGFA-
VEGFR2 signaling pathway), focal adhesion,
and immune regulation (such as TCR) (Figure
S4B). These results implied that FLNB overex-
pression provides necessary support for tumor
growth and immune regulation of PC.

FLNB knockdown suppresses the proliferation
and the invasion of PC cells lines

To further evaluate the functional role of FLNB
in tumor cells proliferation and invasion, we
transfected PANC-1 and AsPC-1 cells with si-
FLNB. Abrogated levels of FLNB in these two
cells were validated using WB and RT-qPCR
analysis (P<0.0001) (Figure 6A, 6B). Using the
MTT assay, we found that cell proliferation
was significantly inhibited in FLNB-depleted
PANC-1 and AsPC-1 cells (P<0.0001) (Figure
6C). In the plate colony formation assay, the
number of colonies in the si-FLNB groups was
significantly lower than that in the NC (control)
group (P<0.0001) (Figure 6D). Moreover, the
transwell assay performed to determine the
invasive capacity of PANC-1 and AsPC-1 cells
transfected with si-FLNB revealed that the
number of invasion cells was significantly less
in the si-FLNB groups than that in the NC gro-
up (P<0.0001) (Figure 6E). Moreover, the FLNB
expression was further determined by IF in
pairs of PDAC and non-tumor specimens (Figure
6F). These data suggest FLNB is necessary for
cancer cell proliferation and invasion in PC.

FLNB knockdown suppresses tumor growth
and the stemness of PC cells

In vitro experiments demonstrated that FLNB
knockdown suppressed the proliferation. We
designed in vivo experiments to further confirm
its function. We generated two sh-FLNB sub-
clones of Aspc-1 cells and chose sh-FLNB#2
with higher knockdown efficiency for subse-
quent experiments. The results showed that
FLNB knockdown significantly decreased tumor
volume (Figure 7A, 7B) and weight (Figure 7C)
compared to those of controls. The Sphere
Formation Efficiency also decreased in sh-
FLNB group (Figure 7D). To further explore the
role of FLNB in tumor stemness, we conducted
Flow cytometry and found sh-FLNB group inhib-
ited cell stemness compared with NC group
(Figure 7E). Further, we detected the effect of
FLNB on the expression of EMT-related and
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stemness genes, sh-FLNB decreased the ex- the high-Exp group (P<0.05) (Figure 8A). In con-
pression of Fibronectin, Vimentin, a-SMA and trast, higher infiltration level of TAMs in the
Oct4 with control cells (Figure 7F). In addition, high-Exp group was observed (Figure 8B).
as shown by IHC staining, sh-FLNB significantly TAMs had much higher proportion within tumor
decreased the expression of EMT and stem- than CD8* T cells. From the ssGSEA data, the
ness (Figure 7G). These results demonstrate enrichment scores of 29 immune-related term
that FLNB was important in tumor stemness were obtained and 177 PC samples in the
and regulating the expression of EMT target TCGA PC cohort were divided into immunity L
genes. (n=115), immunity M (n=55), and immunity H

(n=7) (Figure 8C). We merged immunity M and
FLNB overexpression promotes immune sup- immunity H into immunity M/H (n=62) and
pression or evasion of PC found that the expression level of FLNB in

immunity M/H was much lower than that in
Based on CIBERSORT analysis, we found that immunity L (P<0.05) (Figure 8D). Tumor purity
the infiltration level of CD8* T cells was lower in in the high-Exp group was also much higher
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compared with that in the low-Exp group
(P<0.01) (Figure 8E), while immune score in the
high-Exp group was lower compared with that
in the low-Exp group (P<0.01) (Figure 8F). As
presented in Figure 8G, in the TCGA PC cohort,
CD8* T cells, TILs, cytolytic activity, check point,
T helper cells, Thl cells, Th1/Th2, and HLA
were enriched in the low-Exp group. In con-
trast, Th2 cells were enriched in the high-Exp
group (P<0.05) (Figure 8G); similar results
were observed in the GSE62452 cohort
(P<0.05) (Figure S5A). In the GSE62452 co-
hort, we also found that the enriched level of
CD8* T cells and Th1/Th2 within tumors in the
low-Exp group were significantly higher than
those in the high-Exp group (P<0.05). More-
over, tumors with high FLNB expression were
significantly associated high enriched levels of
TAMs and Treg cells in both GSE62452 and
GSE79668 cohorts (P<0.05) (Figure S5A, S5B).
In summary, these results demonstrated that
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FLNB overexpression was significantly associ-
ated with low infiltration levels of CD8* T cells
and Th1/Th2 within tumors, and high infiltra-
tion levels of Treg cells, Th2 cells, and TAMs,
thereby promoting immune suppression or
evasion.

Discussion

In the current study, we identified FLNB as a
critical oncogene which might regulate immune
suppression and tumor progression in PC.
Through the data mining of multiple databases,
our study has shown that FLNB overexpression
is significantly associated with low infiltration
of CD8" T cells and high infiltration of TAMSs.
Moreover, FLNB expression positively correlat-
ed with histologic grade, tumor recurrence,
tumor size, and poor survival in PC. And FLNB
knockdown inhibited cell proliferation and inva-
sion in PC cell. Thus, our work first demon-
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the TCGA PC cohort were divided into the immunity L (n=115), immunity M (n=55), and immunity H (n=7) groups.
D. FLNB expression was significantly upregulated in the immunity-L group compared with the immunity-M/H group.
E. The ESTIMATE algorithm demonstrated that tumor purity was significantly upregulated in the high-Exp group than
that in the low-Exp group. F. The ESTIMATE algorithm demonstrated that the immune score was significantly down-
regulated in the high-Exp group than that in the low-Exp group. G. The ssGSEA algorithm demonstrated that CD8*
T cells, TILs, cytolytic activity, check point, T helper cells, Th1 cells, Th1/Th2, and HLA were enriched in the low-Exp
group, while Th2 cells were enriched in the high-Exp group (*P<0.05; **P<0.01; ***P<0.001; ****P<0.0001).

strates the role of FLNB in promoting tumor
progression and immune suppression and in
predicting patients’ prognosis in PC.

Through GSEA, we found that FLNB might be
involved in the regulation of cell cycle. Fur-
thermore, GO and pathway enrichment an-
alysis based on TCGA PC cohort and CCLE data-
bases revealed that FLNB plays a role in the
regulation of contractile actin filament bundle,
cellular response to cytokine stimulus and
focal adhesion, which are also involved in cell
division. Of note, we also demonstrated that
knockdown of FLNB inhibited the proliferation
and invasion capacity of pancreatic cancer
cells. Taken together, these results suggest
that FLNB could promote PC cell proliferation
by affecting the cell division process via regula-
tion of cell cycle. TGF-B/SMAD signaling has
been reported to suppress tumor formation by
blocking cell cycle progression and maintaining
tissue hemostasis [26, 27]. In PC, SMAD4 is
commonly mutated and inactivated, which
impairs tumor suppressive function of TGF-B
and cause tumor development [28]. In our
study, we found that FLNB overexpression was
significantly associated with SMAD4 mutation
(although not statistically significant) and low
expression of SMAD4. Thus, we propose that
FLNB overexpression induced SMAD4 inactiva-
tion, leading to unlimited active cell division
cycle. It will be of interest to design further
experimental studies to investigate the detailed
mechanism by which FLNB regulates mitotic
cycle in PC.

In the current study, we demonstrate that an
increasing number of CD8* T cells are associ-
ated with significantly prolonged survival in PC.
However, the infiltration of CD8* T cells is
relatively rare in the TME of PC. A high number
of tumor-associated immunosuppressive cells
(e.g. TAMs and Treg cells) function as a barrier
to CD8* T cells infiltration [29]. Consistently,
our data showed that the proportion of CD8" T
cells within tumors is much less than that of
TAMs, indicating that high infiltration of TAMs
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within tumor may decrease the infiltration of
CD8* T cells. Previous reports have also shown
that the tumor immune-exhausted status could
be reverted by blocking immune checkpoints
with monoclonal antibodies; a significant num-
ber of preexisting CD8* T cells in TME is how-
ever required for an efficient response to ICls
[30-32]. Thus, patients with PC in the FLNB
low-Exp group may be more sensitive to ICls
compared to those in the high-Exp group, owing
to a limited infiltration of CD8* T cells in the
TME in high-Exp group. Moreover, since FLNB
was responsible for decreased CD8* T cells, it
might be interesting to test whether combina-
tion with FLNB inhibitor and ICls could have
effect on synergy effect in PC.

One of the most important factors though
which FLNB contribute to immune suppression
is KRAS mutation. Existing studies have report-
ed that KRAS-mutated cancer cells help to
build the immunosuppressive environment by
modulating immune cell behavior or function in
PC [33]. For example, KRAS mutated cancer
cells have been reported to secrete granulo-
cyte-macrophage, the colony-stimulating factor
(GM-CSF), and recruit myeloid-derived suppres-
sor cells, which suppress the infiltrating and
antitumor activities of CD8* cytotoxic T cells
[34]. Additional studies have also shown that
oncogenic KRAS impairs MHC-I of the antigen
presentation pathway, allowing evasion of
tumor-infiltrating lymphocytes [35]. Moreover,
KRAS mutation was also involved in promoting
Treg recruitment and TAMs polarization, and
subsequently contributes to immunosuppres-
sion in the TME [36]. Interestingly, we showed a
high expression of FLNB is associated with
KRAS mutation and higher KRAS expression.
Based on these, we propose that FLNB overex-
pression and KRAS activation together induce
immune suppression or evasion in PC.

Our study provides new insights into the PC
immune microenvironment and immune-based
therapies by providing clear evidence for an
oncogenic role of FLNB in PC. In particular, we
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describe the FLNB related immune cell pheno-
type in PC. However, the study has some limita-
tions. Firstly, this is a retrospective study bas-
ed on publicly available datasets; thus, the
quality of data may influence study outcomes.
Secondly, the potential role of FLNB in pancre-
atic carcinogenesis was validated in vitro, but
not in vivo. Hence, further experimental studies
should be performed to elucidate the regulative
mechanism between FLNB and immune cells in
PC.

In summary, our findings showed that FLNB
overexpression promoted tumor progression
and was associated with the immune suppres-
sive phenotype. Thus, we established FLNB as
a novel prognostic biomarker, which identifies it
as a novel potential therapeutic target in PC.
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Figure S1. A. Identification of GEGs in PC. Volcano plot of genome-wide gene expression profiles in normal and
tumor samples from the meta-GEO PC cohort. B. KM survival analysis showed that patients with lower infiltration
levels of CD8* T cells had a short OS than those with higher infiltration levels of CD8* T cells (P<0.05). C. KM survival
analysis showed that patients with higher infiltration of macrophages had a shorter OS (P<0.05) than those with
lower infiltration of TAMs (P<0.05).
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Figure S2. The Human protein Atlas database was used to validate the protein expression of FLNB, which demon-
strated that the expression of FLNB was significantly upregulated in tumor tissues.
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Figure S3. Association between FLNB expression and the clinicopathological features of PC. A-F. FLNB expression
was not statistically associated with age, alcohol consumption history, diabetes status, gender, tumor site, and the
AJCC stage. G, H. FLNB expression was positively associated with tumor size (p-value <0.05) andrecurrence (p-value
<0.0001). I, J. FLNB expression in PC samples with higher histologic grade was obviously higher than that in PC
samples with lower histologic grade (p-value <0.01) in both the TCGA and GSE62452 cohorts (*P<0.05; **P<0.01;
***P<(0.001; ****P<0.0001).
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Figure S4. Functional enrichment analysis for FLNB. A. GSEA revealed that the cell cycle related gene set (NES=2.19,
FDR<0.05) was enriched in the high-Exp group. B. GO enrichment analysis revealed that FLNB may play an impor-
tant role in cellular response to cytokine stimulus and contractile actin filament bundle. Pathway enrichment analy-
sis showed that FLNB may be involved in vascular formation (e.g. VEGFA-VEGFR2 signaling pathway or EGFR1), focal

adhesion, and immune regulation (e.g. TCR).



FLNB promotes tumor progression in PDAC

A GSE62452 B GSE79668

1 | 1
i : » i O
I 0.7+ 1.2- P10 |
1 1 1 1
i P w 8- i
1 0.6 P 8 i
IS 1.0 P '
) = -y i
! = 0.54 = Bl !
1 f“ = [ a 1
a = 0.8+ & 4 |
| © 0.4+ b= i
i P 2 i
] 1 1 I
! 0.3- 0.6- [ !
] 1 1 1

Q) S\ Q) G\ N N

i a & & & i o”q & ;
' & & SN b & i
] il ‘&*‘ <& &F P \ >3 i
i v ¥ P i i Voo i
] 1 1 [}
i ok * *% i * i
i 0504 ———— 0.80- 068y ——— N ¥ £ T :
] 1 1 I
i \ S :
!, 0.45- g 0.757 ., 0.66- - :
1= ® =] [ 1
[ = @ 11 Y 0.731 1
E Q 0.40- g— 0.70 L:D 0.64- i : E')o i
:2 § 5 ! E E 0.72 :
T 0354 = 0.65- 0.62- bl ord i
1 1 1 * 1
] 1 1 I
i 0.30- 0.60- 0.60- E E 0.70- i
i & B S P N PN i
i & & & & & & 1o N & '
I .‘9\. Q\. Q\' Q\ 8 ) [ @.‘9 +Q\ I
! <& & AR <o & L & < :
PN ¥ ® v & I |
] 1 1 [}

e o = = = = o o o o o o o ] b o b

Figure S5. ssGSEA algorithm to validate the association between FLNB expression and immune infiltration within
the tumor in the GSE62452 and GSE79668 cohorts. A. In the GSE62452 cohort, CD8* T cells and Th1/Th2 were
significantly enriched in the low-Exp group, while Th2 cells, TAMs, and Treg cells were enriched in the high-Exp
group. B. In the GSE79668 cohort, TAMs and Treg cells were enriched in the high-Exp group (*P<0.05; **P<0.01;
***P<0.001; ****P<0.0001).



