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Background: Pancreatic ductal adenocarcinoma (PDAC) is one of the most deadly malignant tumors
worldwide due to its ineffective diagnosis and poor prognosis. The longest median overall survival (OS)
to PDAC patients has been provided by FOLFIRINOX. It is essential to identify the mechanisms of
FOLFIRINOX to gain new insights for the treatment of PDAC.

Methods: We compared gene expression levels of PDAC patients who received neoadjuvant
FOLFIRINOX prior to surgery with those of patients who received no neoadjuvant chemotherapy.
Bioinformatics analysis was applied to screen differentially expressed genes (DEGs). Three microarray data
sets were downloaded to analyze gene expression data between PDAC and adjacent non-tumor tissues.
Overlapping DEGs were subjected to Kaplan-Meier survival analysis. The genes relating to poor outcomes
and would be decreased after FOLFIRINOX were input into the Oncomine, University of Alabama Cancer
(UALCAN), and LinkedOmics databases to analyze the gene expression and regulation networks.

Results: A total of 83 differentially expressed genes (DEGs) were screened and subjected to bioinformatics
analysis, which indicated FOLFIRINOX influenced the immune microenvironment of PDAC. Seventy-
three genes significantly associated with the OS of PDAC patients. A Venn diagram revealed CXCL5 and
PLAU were related to poor outcomes and would decrease after FOLFIRINOX chemotherapy of PDAC
patients. It turned out that CXCLS5 participated in the immune response-regulating signaling pathway in
PDAC patients.

Conclusions: FOLFIRINOX regulated tumor immunity by reducing expression of the immunosuppressive
gene CXCLS5, laying a foundation for further study of combination therapy of FOLFIRINOX and

immunotherapy.
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Introduction of diagnosis. The standard treatments for pancreatic ductal
Pancreatic cancer is an aggressive and deadly disease with adenocarcinoma (PDAC) patients is the use of cytotoxic
poor clinical prognosis. Over 80% of patients suffering chemotherapy as well as surgical resection in the early
from pancreatic cancer have incurable disease at the time stages (1).
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In phase I and phase II/III clinical trials, modified
S-fluorouracil, leucovorin, irinotecan, and oxaliplatin
(FOLFIRINOX) has shown significant clinical benefits over
gemcitabine alone (2). For patients with resectable disease,
FOLFIRINOX is the standard-of-care adjuvant therapy,
and it has been proven to exhibit the longest median overall
survival (OS) (54 months) (3). Neoadjuvant treatment
strategies have shown improved outcomes according to
data from several randomized trials (1). However, the
mechanism accounting for FORFIRINOX in pancreatic
cancer treatment is not well-reported, and it needs to be
evaluated in order to expand its application.

In this study, we used integrated bioinformatics methods
to find the differentially expressed genes (DEGs) after
FOLFIRINOX treatment of pancreatic cancer patients. By
analyzing open access available bioinformatics resources,
we found that FOLFIRINOX regulated tumor immunity.
In addition, the key protein C-X-C motif chemokine 5
(CXCL5) was identified in our study, which established an
immunosuppressive microenvironment in PDAC.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-828).

Methods
Microarray data and identification of DEGs

A microarray data set (GSE129492) consisting of the gene
expression data of patients who received upfront surgical
resection (no neoadjuvant therapy, n=6) and patients who
received neoadjuvant FOLFIRINOX (n=6) was obtained
from the Gene Expression Omnibus (GEO). The DEGs
were identified by classical #-test with a false discovery rate
of <0.05 and fold change (FC) >1.5 as the cutoff criterion.
A TIGR Multi Experiment Viewer (The Institute for
Genomic Research, Rockville, MD, USA) was applied by
average linkage algorithm to perform samples hierarchical
clustering. The GSE15471, GSE16515, and GSE28735
microarray data sets were downloaded to analyze gene
expression data between PDAC and adjacent non-tumor
tissues. The DEGs were identified by GEO2R with a false
discovery rate of <0.05 and LogFC >1.

Functional and pathway enrichment analysis, and PPI
network construction

The functional enrichment analysis tool FunRich (version
3.1.3 for Windows; http://www.funrich.org/) was used to
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perform Gene ontology (GO) enrichment analysis of the
identified DEGs. All genes were uploaded to construct
protein-protein interaction (PPI) in the hub module of
the Search Tool for the Retrieval of Interacting Genes
(STRING) database (http://string-db.org/), a popular
software which was always used to produce integrated
models of biomolecular interaction networks.

OS analysis

To analyze the prognostic value of the candidate genes,
the PDAC participants were stratified into high and
low expression groups for each DEG, using the median
expression level from The Cancer Genome Atlas (TCGA,
https://cancergenome.nih.gov/) as the cutoff. The two
participant cohorts for each DEG were compared by
Kaplan-Meier analysis and the log-rank test using the
R survival package (https://CRAN. R-project. org/
package=survival).

Genes efficacy evaluation

The database Oncomine (https://www.oncomine.org/) was
used to testify the transcriptional level of genes expression.
This analysis utilized several PDAC study datasets,
including the Badea Pancreas, Ishikawa Pancreas, Logsdon
Pancreas, Pei Pancreas, Segara Pancreas, Grutzmann
Pancreas, and Tacobuzio-Donahue Pancreas studies.
Relative expression of genes based on clinicopathological
features was analyzed on UALCAN (http://ualcan.path.uab.
edu), an interactive portal which was applied to perform
deep analysis of the TCGA database. The DEGs were
studied to mine the genes related with the TCGA PDAC
cohort using the Link Finder module of the LinkedOmics
database (http://www.linkedomics.org/). We then performed
GO (cellular component, biological process, and molecular
function) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways analyses of related genes by gene set
enrichment analysis (GSEA).

Ethic

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Statistical analysis

Survival analyses were performed using the method of
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Kaplan-Meier for the entire cohort. An unpaired Student's
t-test was used for comparing levels of CXCL5 and PLAU
between different subgroups. The correlations between
different genes were analyzed using Spearman’s rank test. A
P value <0.05 was considered to be statistically significant.

Results

Neoadjuvant FOLFIRINOX was associated with
immunologically relevant alterations within PDAC tumors

A total of 83 DEGs including 26 upregulated and 57
downregulated genes were screened from GSE129492
containing 6 pancreatic cancer patients who had received
neoadjuvant FOLFIRINOX prior to surgery, and 6
participants who received no treatment prior to surgery
(Figure 1A). Functional enrichment analysis was performed
to investigate the function of DEGs using FunRich software
(version 3.1.3 for Windows; http://www.funrich.org/). The
results demonstrated that the DEGs were mainly enriched
in the following cellular components: plasma membrane,
extracellular space, extracellular (Figure 1B); biological
processes: immune response, signal transduction, cell
communication (Figure 1C); and molecular functions: major
histocompatibility complex (MHC) class I receptor activity,
MHC class II receptor activity, T cell receptor (TCR)
activity (Figure 1D). Subsequently, we verified a biological
pathway enriching the DEGs in following: immune system,
cytokine signaling in immune system, innate immune
system, TCR signaling in CD8" T cells, CD40/CD40L
signaling, and TCR signaling in CD4" T cells (Figure 1E).
The PPI network of DEGs was comprised of 83 nodes and
418 edges, the network had significantly more interactions
than expected (Figure IF).

OS related genes CXCLS and urokinase plasminogen
activator decreased after chemotherapy of FOLFIRINOX

A total of three microarray data sets of pancreatic cancer
and adjacent non-tumor tissues (GSE16515, GSE15471,
and GSE28735) were downloaded from the GEO database
and analyzed. We found that GSE16515 from 36 PDAC
and 16 adjacent non-tumor tissues exhibited 1,351
upregulated DEGs and 473 downregulated DEGs in PDAC
compared with normal tissues. The GSE15471 dataset from
36 PDAC and paired adjacent non-tumor tissues exhibited
1,790 DEGs, 1,557 with higher expression and 233 with
lower expression. The GSE28735 dataset contained data
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from 45 PDAC and paired adjacent non-tumor tissues
identified 412 DEGs, of which 256 were upregulated and
156 were downregulated (Figure 24).

A Venn diagram was performed based on the 3
datasets, and 197 overlapping upregulated DEGs and
66 overlapping downregulated DEGs were identified
(Figure 2B,C). Furthermore, overlapping DEGs were
subjected to Kaplan-Meier survival analysis. Lower
expression of 72 upregulated DEGs (Figure S1) was
associated with longer survival, and only 1 downregulated
DEG correlated with PDAC prognosis. A Venn diagram
was applied to analyze overlapping genes (Figure 2D). There
was upregulation of CXCL5 and urokinase plasminogen
activator (PLAU) in PDAC compared to normal tissue,
and correlated with patient prognosis (Figure 2E,F). At the
same time, both of them decreased after chemotherapy of

FOLFIRINOX.

CXCLS participated in the iimmune response-regulating
signaling patbway in PDAC patients

Transcription levels of CXCL5S were detected in multiple
PDAC studies from TCGA and GEO. The expression
level of CXCLS was significantly higher in pancreatic
carcinoma compared to normal tissues (P<0.05) based on
the Oncomine database (Figure 34). Further subgroup
analysis of multiple clinic pathological features indicated
that the transcription level of CXCL5 in PDAC patients was
significantly elevated compared to healthy people based on
age, gender, race, tumor grade, disease stage, pancreatitis
status, and tumor protein (7P)53 mutation status
(Figure 3B,C,D,E,F,G,H). Thus, CXCL5 expression might
serve as a potential diagnostic indicator in PDAC.
Subsequently, we analyzed in-depth the mRNA
sequencing data from PDAC patients in the TCGA to
search related genes of CXCL5 with the Function module of
LinkedOmics (http://linkedomics.org/). The volcano plot
(Figure 31) indicated that 874 genes (dark red dots) showed
significant positive correlations with CXCLS, whereas
730 genes (dark green dots) showed significant negative
correlations [false discovery rate (FDR) <0.01]. Here,
we exhibited the 50 most significant gene sets negatively
and positively correlated with CXCLS in the heat map
(Figure 37,K). The DEG sets in correlation with CXCLS
were performed to GSEA. Significant GO term analysis
revealed that genes relating to CXCLS were located mainly
in the specific granule, tertiary granule, and MHC protein
complex, where they participate primarily in leukocyte cell-
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Figure 1 Neoadjuvant FOLFIRINOX was associated with immunologically relevant alterations within PDAC tumors. Heatmaps of 83
DEGs between 6 pancreatic cancer patients who received neoadjuvant FOLFIRINOX prior to surgery and 6 patients who received no
treatment prior to surgery. (A) Red indicates upregulation and green indicates downregulation; (B) cellular component of identified DEGs
was performed by FunRich; (C) biological process of identified DEGs; (D) molecular function of identified DEGs; (E) biological pathway
of identified DEGs; (F) PPI network of the DEGs. PDAC, pancreatic ductal adenocarcinoma; DEGs, differentially expressed genes; PPI,

protein-protein interaction.
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Figure 2 OS-related genes CXCL5 and PLAU decrease after chemotherapy of FORFIRINOX. (A) Identification of DEGs in GSE15471,
GSE16515, and GSE28735. Red indicates upregulation and green indicates downregulation; (B) Venn diagram of 197 overlapping
upregulated DEGs; (C) Venn diagram of 66 overlapping downregulated DEGs; (D) identification of DEGS upregulated in PDAC compared
to normal tissue, correlated with patient prognosis and decreased after chemotherapy of FORFIRINOX; (E) Kaplan-Meier survival analysis
of CXCLS5; (F) Kaplan-Meier survival analysis of PLAU. OS, overall survival; DEGs, differentially expressed genes; PDAC, pancreatic ductal

adenocarcinoma.

cell adhesion, neutrophil mediated immunity, and immune enrichment genetic pathways were shown by KEGG
response-regulating signaling pathway. They were involved pathway analysis to be involved in the staphylococcus aureus
in the extracellular matrix (ECM) structural constituent, infection, osteoclast differentiation, and antigen processing
cytokine binding, and immunoglobulin binding. At last, and presentation (Figure 3L).

© Gland Surgery. All rights reserved. Gland Surg 2020;9(6):2125-2135 | http://dx.doi.org/10.21037/gs-20-828



Wau et al. Mechanisms of FOLFIRINOX regimen in resectable PDAC patients

2130

169' :9buBYD PIo4
¥-382°9 ‘enjen-d

L5t :9BuByD pio4
¥-302°8 :enfen-d

(o1 ovad (G) seasoueq

%8 doy :yuey susyn) uoissaidxe-IBAQ

E|

(1) ovad

(9) seasoueq

9/ do| njuey eusy) uoissaidxe-19AQ

seasoued
uopsBoT ul uoissaidxy GIOXD

6.0°g 9Buey9 pjo4
2100 enfeA-d

a

188°Z} :@buey pjo4
6-38G°G :oNfeA-d

seaioued
eseboag ul uoissaidx3 GIOXD

(r2) ovad (G2) seasoued

%¢ dol »juey auay) uoissaidxe-1OA0

(9¢) ovad

o)

(91) seasouey

Sealoued
18d Ul uoissaidx3 G10X0

%1 do] juey suen) uoisseidxe-1I0AQ

sealoue
d emexys| ul uoissaidx3 GTOXD

(6€) Ovad (6€) seasouey

8.6°¢1 :9BUBYD PIO4
£1-32€°¢ onfen-d

9%g do| 3juey ausy) uoissaidxa-IdAQ

sealoued
eopeg Ul uoissaldx3 §10X0

Gland Surg 2020;9(6):2125-2135 | http://dx.doi.org/10.21037/gs-20-828

© Gland Surgery. All rights reserved.



2131

Gland Surgery, Vol 9, No 6 December 2020

"BUIOUIDIED0UDPE [2300p dnedrdued ‘v ([ $ouad passordxa A[enusidfip ‘soyy (] ‘sowouar)
pue sauan) jo erpadopAougy 01043 ‘DO sish[eur JusWYILIUD 105 SUIF YHSY) fo3er A12409SIP 3s[e) YA "T00000°0>d “wanxsx 10000°0>d “vxsar 1000°0>d “wrnx 100°0>d
Cerx TO°0>d ‘s S0°0> 'd s HS F urSWI o1€ BIR(] () ST NS Y UT YHSH WO YL Y.L, (L 2P seIedrpur afuero oy pue ‘winy 25py SurpesT oy seledIpur uwmjod anfq
oYL, "DV Ul souad uorssaxdxe-00 ¢7Hx7) o sishfeue Aemyred Doy pue ‘wonduny renosour ‘ssavord [esrdoporq usuodurod remyad () DV UI THX7) JO souad
paaepaa Appanisod pue Ajoanedau (¢ doy oyp Surdedsip sdewr 3eayy (3[°() ‘soua8 pare[or1oo Ajpanedou s1uasardar ueaid pue souad paje[a110d Ajeanisod syuasaxdar pay "HYAJ Ul
SO PUE ¢'7HX) U29MI2q SUONE[21100 AJ11oa 03 parjdde seam 1591 wone[a110d ueweadg () GueInuwuou-¢ (g7 1o JueInu-¢¢J 7 P ssuaned Hy([d UI IO S[ENPIAIPUT [EULIOU
ur (79X Jo s[eas] uondrosuen Justeyip Suniqryxs joidxog (1) ‘snnesnued Inoypm 1o P syuoned DY U 10 S[ENPIAIPUI [BULIOU UI ¢77)X/) JO S[oad] uondrosuen
JuaIdIp Suniqryxa jordxog (D) 4 10 ‘¢ ‘7 ‘T sa8eas ur syuaned Yy (J UI IO S[ENPIAIPUT [EULIOU UT ¢'7)X7) JO S[2Ad] uonduosuen Juaragyrp Suniqryxs jodxog (i) ‘srowm 4, 10
‘¢ ‘7 ‘1 opes am syuaned Dy ([ IO S[ENPIAIPUT [EULIOU UT ¢'7)X/) JO S[2Ad] uondruwsuen juaiopip Suniqryxs jo[dxog (3) ‘AOLIUEs UeISY JO ‘UBdLIOUWY-UEDLYY ‘UeIsedne]) jo
syuened Dy (Id U Jo ADTUYIS AUt JO S[eNPIAIPUT [BULIOU UI ('7H)X7) JO S[oad] uondimsuen juarapip Suniqryxs jo[dxog ((]) ‘Stuened Dy (q 9[WR) IO eI IO IOpUIS I
JO S[ENPIAIPUI [eULIOU Ut ¢"77)X7) JO S[2Ad] uondLsuen yua1ayip Suniqyxa jo[dxog (D) 14 001-18 10 ‘08-19 ‘09-T+ ‘Ot—1 p23e syusned Hy(d ur 10 d5e Aue jo sjenprarpur
[ewIou Ur (79X JO s[oad] uondrsuen jus1aygrp Suniqryxs jojdxog (§) ‘A[eanoadsar ‘s1oserep Apmis seasoueg eIeSog pue ‘sealoueg 1] ‘SedIdue uopsSorT ‘SeaIdueJ eMeIIys]

‘SeQIoUBJ BOPRY O UI S[9Ad] VN W ('7)X) Summoys 1o[dxog (V) ‘sauoned Hyq ur Aemyped Surjeusdrs Sunendor-osuodsar sunwur ur paedonied ¢(7)x) ¢ 2andry

Aemyred 5Oy uonouNy d|NovIoN ssaoo0.d [eoibojoig juauodwod Jen|jen |_

dnoup 81005-7 dnoun 81008-7

}Insay uonerossy G10X0
sausy) JueoYIUBIS parelaIo) AjpAlIsod V_ sauay) JuedIUBIS parejailo) AjpAnebaN —. _

Gland Surg 2020;9(6):2125-2135 | http://dx.doi.org/10.21037/gs-20-828

© Gland Surgery. All rights reserved.



2132 Wu et al. Mechanisms of FOLFIRINOX regimen in resectable PDAC patients

PLAU expression and co-expression genes correlated with
PLAU in PDAC

Transcription levels analyses of PLAU were similar to
CXCLS. The expression of PLAU was significantly increased
in PDAC tissues compared to normal tissues (P<0.05)
(Figure 4A4). Subgroup analysis indicated that the PLAU
transcription level of PDAC patients was significantly raised
in comparison to healthy people based on tumor grade,
disease stages, and TP53 mutation status (Figure 4B,C,D).
The volcano plot (Figure 4E) exhibited 2,805 genes (dark
red dots) that were significantly positively related to PLAU,
and 2,750 genes (dark green dots) significantly negatively
related to PLAU (FDR <0.01). The 50 significant gene sets
negatively and positively correlated with PLAU are shown
in the heat map (Figure 4F,G). The DEG sets correlated
with PLAU were subjected to GSEA. The results showed
that DEGs correlated with PLAU were located mainly
in the ECM, collagen timer, and cell-substrate junction,
where they participate primarily in extracellular structure
organization, collagen metabolic processes, and bone
development. The molecular functions of the genes were
involved in ECM structural constituent, collagen binding,
and cell adhesion molecular binding. The KEGG pathway
analysis was mainly enriched in ECM-receptor interaction,
focal adhesion, and protein digestion and absorption

(Figure 4H).

Discussion

In this paper, datasets comparing gene expression levels of
PDAC patients who received neoadjuvant FOLFIRINOX
prior to surgery and patients who did not undergo
neoadjuvant chemotherapy were firstly reviewed in the
GEO database. The enrichment analysis of biological
function and pathway was performed using GO and KEGG.
According to the results, FOLFIRINOX could affect 83
DEGs, and influence the immune microenvironment of
PDAC. We further sought to discover key genes among
these 83 DEGs which were related to the progression of
PDAC and associated with the outcome of PDAC patients.
Therefore a holistic search of the GEO database was
performed to acquire DEGs between pancreatic cancer
and adjacent non-tumor tissues using GEO2R. A total
of 263 overlapping genes were obtained and subjected to
Kaplan-Meier survival analysis relying on gene expression
in the TCGA PDAC database. As a result, 73 genes were
significantly associated with the OS of PDAC patients.

© Gland Surgery. All rights reserved.

Ultimately, the comparisons revealed CXCL5 and PLAU
were related to poor outcomes and would be decreased
after FOLFIRINOX chemotherapy of PDAC patients.
To consolidate our findings, the key genes were input into
the Oncomine, UALCAN, and LinkedOmics databases to
determine relative clinic pathological features and genes.
It turned out that CXCLS participated in an immune
response-regulating signaling pathway. The early screening
of pancreatic cancer is benefit from longitudinal surveillance
programs, and appropriate biomarker such as mucins and
imaging-base modalities (4). CXCL5 is significantly higher
in pancreatic cancer tissues than normal tissues according
to tumor grade and disease stages, it could be used as a
biomarker for early diagnosis of PDAC.

The gene CXCLS5 is a member of the C-X-C chemokine
family, which is believed to be an essential attractant of
granulocytic immune cells via targeting to its receptor
C-X-C Chemokine Receptor Type 2 (CXCR2) (5). The
role of CXCR2 is important for the recruitment of tumor
associated neutrophils (TANs) as well as CXCLS$, CXCL6 and
CXCRI (6), which suppress antitumor immunity responses
in turn. An iz vive study revealed an abundance of tumor-
infiltrating T cells, consisting mostly of activated, effector
CD4' T cells in CXCR2" hosts (7). It is possible that
CXCLS5 promotes neutrophil migration through interaction
with CXCR2, which then participates in shaping the tumor
immune environment (8). In gastric, hepatocellular, and
prostate cancers, the interaction between CXCL5S and
CXCR2 would dominate cross-talk between cancer cells and
macrophages or neutrophils. This kind of cross-talk could
promote tumor metastases (9,10). Literature has indicated
that CXCL5 can mediate neutrophils to the evasion of
immune surveillance by tumor cells via the inhibition of
T cell proliferation and cytokine secretion in laryngeal
squamous cell carcinoma (11). In melanoma, the tumor
secreted CXCL5 to recruit large quantities of neutrophils
and significantly increase lymph node metastases (12). In
pancreatic cancer, CXCL5 promoted pancreatic tumor
growth by activating several signaling pathways, including
protein kinase B (Akt), extracellular signal-regulated kinase
(ERK), nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) activation, and mutant Kirsten
rat sarcoma viral oncogene homolog (Kras) expression (13).
Tumors of PDAC patients with higher CXCL5 expression
had more intratumoral M2 polarized macrophages,
neutrophils, and IgG" plasma cells than patients with lower
CXCLS expression (14). At the same time, necroptotic cells
also released CXCLS to promote cancer cell migration and
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Figure 4 PLAU expression and co-expression genes correlated with PLAU in PDAC. (A) Boxplot showing PLAU mRNA levels in the Badea
Pancreas, Grutzmann Pancreas, Iacobuzio-Donahue, Logsdon Pancreas, Pei Pancreas and Segara Pancreas study datasets, respectively;
(B) Boxplot exhibiting different transcription levels of PLAU in normal individuals or PDAC patients with grade 1, 2, 3, or 4 tumors; (C)
Boxplot exhibiting different transcription levels of PLAU in normal individuals or in PDAC patients in stages 1, 2, 3, or 4; (D) Boxplot
exhibiting different transcription levels of PLAU in normal individuals or in PDAC patients with 7P53-mutant or 7P53-nonmutant; (E)
Spearman correlation test was applied to verify correlations between PLAU and DEGs in PDAC. Red represents positively correlated genes
and green represents negatively correlated genes; (F,G) heat maps displaying the top 50 negatively and positively related genes of PLAU
in PDAC; (H) cellular component, biological process, molecular function, and KEGG pathway analysis of PLAU co-expression genes in
PDAC. The blue column indicates the Leading Edge Num, and the orange indicates the FDR. The FDR from GSEA in the figure is 0.
Data are mean = SE. *, P<0.05; **, P<0.01; ***, P<0.001. FDR, false discovery rate; GSEA, gene set enrichment analysis; KEGG, Kyoto
Encyclopedia of Genes and Genomes; DEGs, differentially expressed genes; PDAC, pancreatic ductal adenocarcinoma.
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invasion in pancreatic cancer cells (15). The combined
effect of CXCL5 and the receptor CXCR2-ligand helped
establish an immunosuppressive microenvironment in
PDAC, which has been reported to be associated with
unfavorable survival of PDAC patients (7,16). In addition
to FOLFIRINOX, CXCL5 could be significantly
downregulated by amlodipine in gingival fibroblast cells
and upregulated by lipopolysaccharide in astrocytes (17,18).
Novel markers such as KRAS mutations, NTRK1-3 fusions
and BRCA1/2 mutation had shown targeting therapy
potential in PDAC patients. Corresponding drugs including
AMGS510, entrectinib, larotrectinib and olaparib were still
restricted of narrow application and low efficiency (1).
CXCLS5 inhibitor could be a new choice for precise therapy,
and further study of CXCL5 would pave the way to
combine FOLFIRINOX and immunotherapy.

The other key gene, PLAU, facilitates digestion of
the basal membrane and ECM components. It has been
reported that PLAU transcription levels related to matrix
metalloproteinases, and played a critical role in tumor
proliferation, invasion, and metastasis (19). It has been
believed for a long time that PLAU is involved in pancreatic
cancer metastasis and invasion, and it was suggested as a
prognostic marker in pancreatic cancer patients, associated
with poor survival (20,21). Overexpression of PLAU had
some effects in the generation of cancer stem cells (22).
Silencing of PLAU has been shown to cause a significant
reduction in cell invasion and migration of highly metastatic

PC-1.0 cells (23).

Conclusions

The main obstacle to effective PDAC immunotherapy is
constituted by its characterization of an immunosuppressive
microenvironment. In this study, we found that
FOLFIRINOX regulated tumor immunity by reducing
expression of the immunosuppressive gene CXCL5. Both
the overexpression of CXCLS and high expression levels in
PDAC tissues were associated with a poor prognosis. Our
findings may lay a theoretical foundation for the combined
therapy of FOLFIRINOX and immunotherapy, which
might offer increased survival benefits to patients with

PDAC.
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Supplementary

Figure S1 Prognostic values of overlapping DEGs in the GSE16515, GSE15471, and GSE28735 data sets. DEGs, differentially expressed genes.
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