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ABSTRACT

Background CXCR1/2 inhibitors are being implemented
with immunotherapies in PDAC clinical trials. CXC-ligands
are a family of cytokines responsible for stimulating these
receptors; while typically secreted by activated immune
cells, fibroblasts, and even adipocytes, they are also
secreted by immune-evasive cancer cells. CXC-ligand
release is known to occur in response to inflammatory
stimuli. Adipose tissue is an endocrine organ and a
source of inflammatory signaling peptides. Importantly,
adipose-derived cytokines and chemokines are implicated
as potential drivers of tumor cell immune evasion;
cumulatively, these findings suggest that targeting CXC-
ligands may be beneficial in the context of obesity.
Methods RNA-sequencing of human PDAC cell lines

was used to assess influences of adipose conditioned
media on the cancer cell transcriptome. The adipose-
induced secretome of PDAC cells was validated with
ELISA for induction of CXCL5 secretion. Human tissue
data from CPTAC was used to correlate IL-1(3 and TNF
expression with both CXCL5 mRNA and protein levels.
CRISPR-Cas9 was used to knockout CXCL5 from a murine
PDAC KPC cell line to assess orthotopic tumor studies

in syngeneic, diet-induced obese mice. Flow cytometry
and immunohistochemistry were used to compare the
immune profiles between tumors with or without CXCL5.
Mice-bearing CXCL5 competent or deficient tumors were
monitored for differential tumor size in response to anti-
PD-1 immune checkpoint blockade therapy.

Results Human adipose tissue conditioned media
stimulates CXCL5 secretion from PDAC cells via either IL-
1B or TNF; neutralization of both is required to significantly
block the release of CXCL5 from tumor cells. Ablation

of CXCL5 from tumors promoted an enriched immune
phenotype with an unanticipatedly increased number of
exhausted CD8 T cells. Application of anti-PD-1 treatment
to control tumors failed to alter tumor growth, yet
treatment of CXCL5-deficient tumors showed response by
significantly diminished tumor mass.

Conclusions In summary, our findings show that both
TNF and IL-1j3 can stimulate CXCL5 release from PDAC
cells in vitro, which correlates with expression in patient
data. CXCL5 depletion in vivo alone is sufficient to promote
T cell infiltration into tumors, increasing efficacy and
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Obesity is linked to a worsened patient outcome and
associated with an immune evasive tumor profile
in PDAC. CXCR1/2 inhibitors have begun to be im-
plemented in combination with immune checkpoint
blockade therapies clinically; these were driven by
studies targeting tumor-intrinsic CXCR2 signaling
and CXCL1 expression to promote T cell infiltration.

WHAT THIS STUDY ADDS

= Using in vitro/ex vivo cell and tissue culture-based
assays, we have identified that adipose-derived IL-
1B and TNF can promote tumor secretion of CXCL5.
CXCL5 depletion enhanced CD8 T cell tumor infil-
tration as expected. Contrary to expected results,
CXCL5 loss surprisingly led to a more immune-
suppressive MDSC profile within the tumors; this
correlated with enhanced CD8 T PD1 positivity.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study highlights a novel CXCL5-driven T cell
regulatory mechanism and assesses the efficacy
of targeting a single CXCR1/2 ligand to overcome
tumor immune evasion.

requiring checkpoint blockade inhibition to alleviate tumor
burden.

BACKGROUND

Pancreatic cancer is projected to become the
second leading cause of cancer-associated
death in the United States by 2030, despite
being projected to be eleventh in incidence.’
High body mass index (BMI) correlates with
earlier incidence and poorer outcome in
retrospective studies of Pancreatic Ductal
Adenocarcinoma (PDAC)? %, obesity is a
risk factor enhancing tumor progression
of PDAC, among other cancers.™® Obesity
encompasses the induction of inflammation
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in adipose tissue and is thus termed “reactive adipose”
that results in a consequential altered secretion of adipose
tissue-derived cytokines (“adipokines”) derived from
adipocytes or adipocyte-associated immune cells.” '’ The
direct influence of adipokines on cancer-cell-intrinsic,
pro-tumorigenic properties has been well documented in
avariety of contexts.* "' '* Secondary effects of adipokines
that alter the tumor’s relationship with other cells in the
tumor microenvironment (TME) and systemic effects
are only more recently being investigated.” Of those,
adipose-derived IL-1B has been shown to be responsible
for prevention of T-cell infiltration in obese PDAC mouse
models: blockade of IL-1f rescues T cell recruitment while
limiting monocyte (CD11b/Ly6G+) presence.’ Adipose
that is rich in secretory monocytes is not the only source
of common adipokines; within the TME itself, intratu-
moral myeloid cells have been shown to source IL-13 and
drive immune-evasive signaling preventing T cell infiltra-
tion, supplemental to TNF contribution from myeloid
and fibroblast populations. Because T cell infiltration into
PDAC tumors is often poor, checkpoint blockade inhib-
itors (CBIs) have been ineffective in preclinical models
without additional perturbation of the tumor or microen-
vironment.'*7 Therefore, determining mechanisms of
enhancing T cell recruitment to the TME is recognized as
an important strategy in PDAC research.

Successful implementation of immunotherapeutic
sensitivity has focused toward modifying myeloid
populations; predominantly through the blockade of
CXCRI1/2 and its ligands, which are often over-expressed
in PDAC."*** Preclinical studies in PDAC have shown
impressive results in targeting CXCR1/2 ligands such as
CXCL1, CXCL2, or CXCL8." **™ Specifically, CXCL1, 2,
5, and 8 are elevated in PDAC tumors. While CXCL2 has
been reported to be derived from the stroma,”” CXCLI is
sourced by immune evasive cancer cells, as well as cancer-
associated fibroblasts (CAFs) and is reported to prevent
tumorous T cell infiltration in PDAC via myeloid-derived
suppressor cell (MDSC) recruitment through myeloid
specific CXCR2 enrichment.'® ** ** * Recently, CXCLS
has been shown to be expressed by both granulocytes
and in specific E-cadherin positive pancreatic cancer
cells in human tumors: higher expression of CXCLS8
within the tumor was further associated with worsened
patient outcome.” Other studies have shown the impor-
tance of CXCR2 in facilitating PDAC growth/metastasis,
and CXCR2 targeting genetically or pharmacologically
increases T cell infiltration.” > ** This has been attributed
to CXCR2 expression on both the myeloid immune
compartment and intrinsic cancer cell expression of
CXCR2 and ligands CXCL1, CXCL2, and CXCL8.* *-

Current clinical trials are testing the efficacy of
CXCR1/2 inhibition combined with CBIs across multiple
cancer types.”* CXCL5 is another CXCR1/2 ligand that
drives neutrophil recruitment and activation to sites of
inflammation and is associated with reduced survival prob-
ability in multiple cancers, including PDAC."? %% CXCL5
has been shown to promote T cell inhibitory neutrophil

recruitment in lung cancer models and is correlated with
immune-inhibitory gene expression patterns in PDAC.**’
In this study, we show that cancer cell secretion of
CXCLS5 can be directly induced by IL-1B or TNF, which
are abundant in adipose tissue. We used a combination of
InVivoMADb anti-mouse PD-1 (CD279) CBI combined with
a depletion of CXCLb by Crispr-Cas9-mediated knockout
to interrogate the contribution of tumor-derived CXCLb5
to susceptibility for immunotherapy in an obese setting.

METHODS
Detailed methods are described in online supplemental
material, here in brief:

Cell culture

Cell lines MiaPaCa2, HPNE-G12D, Pancl, HEK-293T,
cell lines were acquired and used within 15 passages
from purchase (ATCC). K8484 cell line was a gift
from Dr. Dave Tuveson.” Cells were grown in high-
glucose+pyruvate DMEM  (Gibco#11995073), supple-
mented  with  Antibiotic-Antimycotic (Anti-Anti)
(Gibco#15240062) and 5%-10% Fetal Bovine Serum
(FBS) (Biowest#51620) (“complete”) at 37°C in 5% CO,,
and routinely monitored for mycoplasma.

Patient-derived human adipose tissue conditioned media
collection

Patient samples were provided by the KUMC Biospecimen
Repository Core Facility (IRB HSC#5929). Peripancreatic-
adipose tissue was collected during tumor resection, kept
at room temperature (RT) in PBS until processing. Gross
peripancreatic adipose was washed 3x in RT-PBS+Anti-
Anti+10pg/mL  Ciprofloxacin  (Santa Cruz#29064),
then cut into small sections. Adipose was incubated
30-60 min in 5-10 mL of serum-free (SF) DMEM-+anti-
anti+ciprofloxacin to clear factors released due to manip-
ulation.®* A 1 mL SF-DMEM-+anti-anti+ciprofloxacin was
added per 125mg of tissue in a tissue culture plate and
incubated for 24 hours at 37°C+5%CO,. Human adipose
tissue conditioned media (hAT-CM) was collected, spun
at 300xg for 5min, then 5000xg for 5min. The media was
sterile filtered (0.22pM filter (Rephile#R]JP3222NH)),
aliquoted, and stored at -80°C. hAT-CM was used at a ratio
of 1:3-1:5 hAT-CM:SF-DMEM. Staging, sex, BMI, neoadju-
vant treatment status, adjuvant treatment, and associated
experiments for each hAT-CM sample are reported in
online supplemental methods and online supplemental
table 1.

Proliferation assays

Proliferation was measured by EdU incorporation as
previously described.”” Briefly, cells were treated for
24 hours with hAT-CM (1:3 hAT-CM:SF-DMEM) or media.
EdU was added for 6hours. Cells were trypsinized and
fixed overnight in 1.5% Buffered Formalin at 4°C. Cells
were permeabilized and underwent Click-It reaction
using CuSO, (Alfa-Aesar#14178) and 647 Azide-Dye
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(Invitrogen#A10277), counter-stained with propidium
iodide (ThermoFisher#P3566) and measured for fluores-
cence by flow cytometry.

RNA-seq sample preparation

Cells were distributed at 1E6/well in six-well plates.
The next day, cells were washed then treated with SF-D-
MEM-+antianti, or hAT-CM from individual patients (not
pooled) diluted 1:3 using SE-DMEM+antianti as diluent
for 24 hours, washed, then lysed in QIA-zol (Qjagen#51-
13-02). RNA was extracted using the Directzol RNA
Miniprep Kit (Zymo Research#R2052) following the
manufacturer’s protocol.

Library prep was completed following Tecan Universal
Plus mRNA library Prep (Stranded mRNA Library), then
sequenced on a NovaSeq S1-200 cycle (100PE) flow cell
using XP 2-lane chemistry for independent lane loading.
Groupings of samples were MiaPaCa2, Pancl, and HPNE-
G12D. Batch effects were corrected using the ComBat-seq
method*! prior to statistical analysis.

RNAseq quality control, differential expression

For each sample, quality control was conducted by using
FastQC (http:/ /www.bioinformatics.babraham.ac.uk/
projects/fastqc). Samples that passed quality control
were aligned to human genome hg38 with RSEM™
and bowtie2.”” Counts were used for downstream anal-
ysis. Prior to differential expression (DE) analysis, non-
expressed genes (low: zero counts) were filtered out to
remove biologically uninteresting genes and attenuate
the burden of multiple testing. DE analyses among
groups were performed using a generalized linear model
based on negative binomial distribution in edgeR. Pair-
wise comparisons were performed by specifying appro-
priate contrast statements in the modeling framework.
Multiple-testing adjustments were made using Benjamini-
Hochberg’s False-Discovery-Rate method. Volcano plots
were prepared from each comparison. Pathway analysis
was performed using Qiagen Ingenuity Pathway Analysis
(IPA).

ELISAs

Initial CXCL5 ELISA samples were collected after cells
were washed, then treated with 1:3 diluted hAT-CM for
24 hours. ™ Blocking assay: Panc] cells were plated at 60k/
well on a 48-well plate. The next day, cells were preincu-
bated for 1 hour in 2.5% FBS media at 37°C, then washed
prior to hAT-CM or treatment. Conditioned media/
recombinant protein treatment of cells for CXCLb5 release
was performed with 1:4 dilution of pooled hAT-CM:SF-
DMEM+1.5% BSA (Rockland#BSA-30) and collected at
36 hours.* Media was centrifuged at 1000xg to remove
cells/debris, then measured for CXCL5 by ELISA (R&D
Systems#DY254,#DY008B) according to the manufac-
turer’s protocol. Recombinant human TNF (Pepro-
Tech#300-01A) and IL-1B (PeproTech#200-01B) were
applied at I1pg/mL. Blocking antibodies against TNF
(CST#7321S) and IL-1B (abcam#ab9722) or IgG (Santa

Cruz#sc-2027) were applied at lpg/mL. TNF (R&D
Systems#DY210-05) and IL-1 (R&D Systems#DY201-05)
ELISAs of hAT-CM were performed according to the
manufacturer’s protocols.

Lentivirus production
HEK-293T (ATCC) cells were treated according to
the Lipofectamine-3000 protocol with Opti-MEM

(Gibco#31985070) and Lipofectamine (Invi-
trogen#L.3000001) +plasmid DNA (Addgene:
Lenti-Cas9#52962; Lenti-envelope#8454; Lenti-

backbone#8455) to produce virus then concentrated with
Lenti-X concentrator (TakaraBio#631231).

CRISPR/Cas9 knockout of CXCL5

TransOMIC technologies CCMS1001 kit was used for
generation knockout cells. Two separate guide RNAs
(TransOMIC technologies#TEVM-1096303 (“3”), TEVM-
1163445 (“45”)) were selected and used to generate four
CXCL5-knockout clones.

Sequences: NTC (GGAGCGCACCATCTTCTTCA),
“3” (ATGGCGAGATGGAACCGCTG), “5” (
GTTCCATCTCGCCATTCATG).

K8484% cells were transfected with a lenti-viral,
blasticidin-resistant Cas9 cassette (Addgene#52962) and
selected in 10pg/mL Blasticidin. Selected cells were
transfected with puromycin-resistant CXCL5 or NTC
gRNA. Single cell colonies were selected with 10pg/mL
Puromycin (Gibco#A1113803). Two clones from each
CXCL5 guide were used.

qPCR and quantification

qPCR was performed according to the APExBIO HotStart
3-step protocol (APExBIO#K1070) in a ViiA-7 Real-
Time PCR System (ThermoFisher). Quantification was
performed by Livak method® (GAPDH=reference).
Primers: Qiagen #QT01658146 (CXCL5), #QT01658692
(GAPDH).

Animal studies
In total, 42 mice were used in this study (online supple-
mental table 2).

Diet-induced obesity

Jax/BL6 (Jax#000664) mice at 6-8 weeks old were put
on a Western-style High-Fat Diet (HFD) (Teklad-Envigo
InotivCo#TD.88137), Adjusted Calories Diet (42% kcal
fat, 34% sucrose weight) for a minimum of 3 months and
maintained on HFD through experiment endpoint.

Orthotopic pancreatic tumor model

1-2E6 cells were pelleted at 1kxg for 3min and kept on
ice until resuspension. Mice were anesthetized using
3%-5% Isoflurane (Patterson#14043070406), preoper-
atively administered 50pL. of Buprenorphine for pain
relief. The surgery site was cleared of fur and sterilized
with Povidone-lodine (Dynarex#1108) and Isopro-
panol (Medi-First#22133). Cells were resuspended in
100pL Geltrex (Gibco#A1413202). 50pL cell/Geltrex
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solution was injected into the pancreas using a 27 Gx's
inch needle (BD#305109). The peritoneum was sutured
with 5-0 DemeCRYL (DemeTECH#G175016F13M); skin
stapled with an AutoClip (Fine Science Tools#12020-09,
12022-09). The wound site was treated with triple antibi-
otic ointment (Akorn).

Tumor dissociation for immune cell isolation
Pancreas/tumors were removed from mice, sections
were fixed in 10% buffered formalin overnight or
frozen at —80°C; the remainder was used for immune
isolation. Tumors were minced via razor blade (Fish-
erSci#12-640), washed in 10mL of SF-RPMI-1640
(Gibco#A1049101)+1 mg/mL Soybean Trypsin Inhibitor
(Sigma-Aldrich#T6522-1G). Minced tumors were centri-
fuged 350xg for 10min, resuspended in 5mL of Digest
Solution (online supplemental methods) and shaken
150-200 rpm 25-35 min at 37°C. Digestion was halted with
complete media, filtered through 100 pm—40 pm strainers
(Research Products International Corp#162427100,
162425100). Dissociated tumors were spun at 350xg for
20min and resuspended in 1mL autoMACS Running
Buffer+120 U/mL DNasel.

Spleen dissociation for immune cell isolation

Spleens were dissociated using a gentleMACS Dissociator
(Miltenyi#130-093-235) in autoMACS Running Buffer
in gentleMACS C-Tubes (Miltenyi#130-093-237) (m_
Spleen_01 protocol). Dissociated spleens were washed
in autoMACS buffer and spun at 350xg for 10min.
Cells were resuspended in 10mL RBC Lysis Buffer
(Biolegend#420301), vortexed, and incubated at RT for
10min. The cells were centrifuged 350xg for 10 min and
resuspended in 10mL autoMACS buffer+DNasel. The
cells were filtered through 100 pm then 40 pm strainers,
centrifuged 350xg for 10min, then resuspended in
autoMACS buffer+DNasel.

Cell staining for flow cytometry

Antibody panels are outlined in online supplemental
figure 4B. Isolated cells in autoMACS buffer were trans-
ferred to microfuge tubes and centrifuged 400xg for
10min, then resuspended in 1 mL of 10 pL./mL TruStain
FcX PLUS (Biolegend#156604) blocking at RT for 20 min
rocking. Blocked cells were spun 400xg, resuspended
in autoMacs+DNase, and distributed to tubes for each
immune panel and stained 20 min at RT in a darkbox. Cells
were washed and fixed overnight at 4°C. The next day,
cells were washed again and stored at 4°C until analyzed
on a BD LSR-II four-laser (405, 488, 552, 637nm) cytom-
eter. Compensation controls were prepared using spleens
or Ultracomp eBeads (Thermo#01-2222-42).

In vivo PD-1 administration

Anti-mouse PD-1 (BioXCell#BE0273, Clone#29F.1A12)
or IgG (BioXCell#BE0089) was diluted in InVivoPure pH
7.0 Dilution Buffer (BioXCell#IP0070) to 200 pg/100puL
treated with 100 pL. (200 pg) per mouse’® on day 10, day 13,
day 16, day 19, and day 22 following tumor implantation

based on reported effective dosage by the manufacturer’s
reference."” The antibody was delivered by intraperito-
neal injection via 28GY-inch syringe (BD#329461).

Immunofluorescent staining of paraffin-embedded tissues
Antibody info: Paraffin-embedded formalin-fixed tissue
section slides were cleared/rehydrated with Histo-
Clear (Electron Microscopy Sciences#64110), and
ethanol series then permeabilized. Antigen retrieval was
performed in citrate overnight at 60°C in a water bath,
or microwaved at power level 4 for 12min. Slides were
blocked then incubated with primary antibody. Slides
were washed and stored in TBS at 4°C until secondary
antibody and Hoechst (Invitrogen#H3570) stained 1h at
RT. Stained slides were washed then incubated in Sudan
Black to quench background and imaged on an EVOS
mb5000 microscope.

Statistical analysis

Statistical tests were performed as indicated in figure
legends using GraphPad Prism V.9.0: Distribution of
CPTAC samples was assessed for Gaussian distribution
in GraphPad Prism. Two sample T-tests were used to
compare across two groups (Welch’s or Mann-Whitney).
Comparisons across multiple groups were carried out
using one-way analysis of variance with Browne-Forsythe
and Welch corrections. Replicates are denoted in figure
legends. TCGA data were accessed, and Kaplan-Meier
curve figures were generated using GEPIA, which
provided statistical testing with figure generation of
time to event outcome data (dataset).”® CPTAC proteog-
enomic data were accessed via cProSite.cancer.gov and
Proteomic Data Commons (dataset),* % organized in
Microsoft Excel, then visualized for presentation and
assessed for statistical significance in GraphPad Prism
V.9.0. Statistical tests were considered significant if the
p value is less than 0.05.

RESULTS

Adipose conditioned media from PDAC patients promotes
proliferation and CXCL5 secretion

To determine whether adipose factors directly influence
pancreatic cancer cells, we employed conditioned-media
transfer experiments. Adipose tissue was collected from
PDAC patients during surgical resection and cultured in
SF media (figure 1A). Human adipose tissue conditioned
media (hAT-CM) was diluted and applied to human PDAC
(MiaPaCa2, Pancl) or an immortalized ductal (HPNE-
G12D) cell lines measuring proliferation by EdU incor-
poration (figure 1B). hAT-CM treatment was sufficient
to stimulate proliferation of PDAC cell lines but failed to
stimulate proliferation of HPNE-G12D cells above that of
SF media.

We next took media from MiaPaCa2 cells treated
with hAT-CM and screened a cytokine array to identify
changes to the secretome of the PDAC cells in response
to the hAT-CM stimulation (online supplemental figure
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Figure 1 (A) Schematic (Created in BioRender Walsh, R (2024) https://BioRender.com/020p233) illustrating

human adipose tissue conditioned media (hAT-CM) collection, storage, and application. Human adipose tissue is incubated

in serum-free media at a 1:8 w/v ratio for 1 hour as a wash, then incubated for 24 hours in fresh serum-free media to collect
adipose-associated factors. Media is collected and spun to remove cells and debris, then aliquoted, frozen, and diluted for
application in functional assays. (B) Proliferation measured by flow cytometry for EdU incorporation into cells in vitro in response
to stimulus with pooled hAT-CM diluted 1:3 in Serum Free DMEM (red triangles), Serum Free DMEM (black open squares), or
10% fetal bovine serum (FBS) supplemented DMEM (black open circles). Immortalized pancreatic ductal HPNE-G12D cells and
Pancreatic Ductal Adenocarcinoma (PDAC) tumor cell lines (Panc1 and MiaPaCa2) were treated with diluted hAT-CM, serum-
free media, or complete media for 24 hours. Then, EdU was spiked and mixed into the media to reach a final concentration

of 10 uM for 6 hours to measure incorporation and active proliferation by flow cytometry to show that hAT-CM can induce
proliferation of cancer cells in vitro: Pl was used as a counter stain following fixation and permeabilization to quantify the total
number of cells, and double positive EQU+PI+ events were quantified as a percentage of total Pl+events. (C) Kaplan-Meier

plot for CXCL5 high or low patients was generated using GEPIA showing significant differences in overall survival between the
upper and lower half expressing patients in the PAAD-TCGA dataset+Cl, p=0.024, n=89 patients for each dataset compared.
(D) mRNA (left) and relative protein abundance (right) of normal (blue) and tumor (red) tissue shows increased mRNA expression
and protein abundance of CXCL5 in tumor compared with adjacent normal tissue (CPTAC-cProSite). mRNA expression: n=39
for normal, n=138 for tumor; protein abundance: n=65 for normal, n=135 for tumor. The dashed line across each sample
represents mean expression or abundance. (E) 24-hour stimulation of cells with hAT-CM shows CXCL5 in the media of the
stimulated cells measured by ELISA normalized to serum free (SF) values, or compared with treatment with 1% FBS containing
media; n=2 wells per treatment. Statistical analyses were performed using Brown-Forsythe and Welch corrected one-Way
ANOVA in GraphPad Prism for (B) (EdU proliferation). CPTAC data (D) failed normality testing (S1D-E), therefore, the Mann-
Whitney test was applied to CPTAC data to compare normal and tumor mRNA and protein abundance. P values <0.05 were
considered significant and displayed up to four decimals. Error bars represent SD. ANOVA, analysis of variance.
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1A). CXCL5 was identified among differential targets
compared with untreated cells and selected for further
evaluation. TCGA data have been evaluated showing
higher tumor CXCLb expression is correlated to poor
patient outcome.'? ** ** While other CXCR1/2 ligands
trend toward a correlative effect, they failed to meet statis-
tical significance (figure 1C, online supplemental figure
1B) (dataset).” CXCL5 showed higher expression in
tumor compared with normal tissue in CPTAC RNA data,
and greater abundance in TMT-proteomic data procured
using cProSite*’ across bulk comparison of tumor versus
normal (figure 1D). Plotting of CXCL5 protein by stage
was statistically insignificant (p=0.069) but showed a posi-
tive trend (online supplemental figure 1C). Together,
these data show that CXCL5 is presented in PDAC in
patients and in a tissue culture setting.

IL-1p and TNF signaling are implicated as pathway activators

responsible for transcriptional changes in response to hAT-CM
RNA-seq was performed on cell lines following treat-
ment with hAT-CM collected from eight individual PDAC
patients versus culturing in SF conditions to assess tumor-
intrinsic alterations and predict upstream drivers of the
resulting transcriptional profiles ((dataset) Gene Expres-
sion Omnibus ncbi.nlm.nig.gov/geo 288 Accession
Number: GSE274713). hAT-CM from each patient was
treated in a separate well, and the eight collective biolog-
ical replicates were compared against cells treated only in
SF media. While sex and stage were unreported for two
of the eight samples assessed, the experiment included
four male and three female patients, with one stage 1B,
one stage IIB, and one stage III sample from each sex,
and an additional stage IIB male sample. Additionally, all
samples reported no neoadjuvant therapy, except for one
sample that was labeled as unreported. BMI varied across
both sexes and is reported in online supplemental table 1.
Qiagen IPA was used to identify potential upstream regu-
lators driving transcriptional changes in hAT-CM treated
cells. IL-1B and TNF were identified as potential drivers of
differential transcription between SF or hAT-CM treated
cells consistent across the three cell lines (figure 2). Pancl
cells had the most robust response to hAT-CM, yet similar-
ities were identified across all three cell lines (figure 2B):
IL-1B and TNF demonstrated the strongest upstream-
analysis scoring among the three groups (figure 2C).
Additional hAT-CM was collected and assessed by ELISA
for overweight/obese versus lean hAT-CM, which failed to
show expected”" differential IL-1B or TNF levels (online
supplemental figure 2B), but did show large quantities
being produced by the adipose tissue regardless of BMI,
concurrent with the mixed BMI status of the RNAseq
hAT-CM dataset (online supplemental table 1). Of note,
TNF levels were endogenously expressed in response
to hAT-CM treatment in MiaPaCa2 cells but were unde-
tected in Pancl and HPNE-G12D cells (online supple-
mental table 3). hAT-CM, therefore, may be contributing
to differential subsequent autocrine effects among cell
lines. We then assessed for sex-specific hAT-CM induced

transcriptional pathways by comparing transcripts from
cells treated with either hAT-CM derived from female or
male patients. While there were significant differentially
expressed genes (online supplemental figure 2F), those
associated with chemokine/cytokine signaling pathway
activation were inconsistent, absent, or conflicting across
the cell lines (online supplemental table 4).

Whole tumor IL-1p and TNF are associated with enhanced
CXCL5 expression in patient data, but only tumor-intrinsic TNF
expression in cell lines

mRNA levels of TNF and IL-1B in patient CPTAC data
show a weak but significant correlation with CXCL5
mRNA levels but show a slightly stronger correlation with
CXCL5 protein data (figure 3A) (dataset).”® " TNF and
IL-1B were not detected by proteomic quantification in
these samples, thus not included. TNF displays stronger
correlation with cell line data accessed from the DepMap
portal across 50 PDAC cell lines tested, while tumor cell
intrinsic IL-1p seems to have no correlation with PDAC
CXCL5 expression (online supplemental figure 2D,E).

Blockade of adipose-derived IL-1p and TNF diminishes PDAC
CXCL5 secretion

To evaluate the effect of hAT-CM associated IL-1B and
TNF on PDAC cells, we applied recombinant ligands to
stimulate CXCL5 secretion of Pancl cells. The Pancl
cells specifically had undetectable levels of either IL-1[3
or TNF in the RNA-seq analysis and were one of the
lowest expressing cell lines of endogenous IL-13, TNF, or
CXCL5 according to the DepMap portal (online supple-
mental figure 2D,E); this led us to focus on the Pancl cell
line to eliminate autocrine effects outside of the hAT-CM
contributing to CXCLb release. ELISA of CXCL5 demon-
strated both recombinant IL-13 or TNF are capable of
inducing CXCL5 secretion (figure 3B). When assessing
blocking antibodies in hAT-CM, individual neutralization
failed to suppress CXCL5 secretion. Reduced CXCL5
secretion was only observed by combining IL-13 and TNF
neutralizing antibodies, providing a significant suppres-
sive effect against the pooled hAT-CM.

CXCL5-deficient PDAC shows non-differential growth but
affects tumor-associated myeloid profiles

To assess the contribution of CXCL5 on PDAC tumor
progression, we genetically depleted CXCL5 by CRIS-
PR-Cas9: murine K8484-PDAC cells (KPC) were trans-
fected for Cas9 expression, then subsequently with
control (non-targeting control: NTC) or CXCLb5 guide-
RNAs. Positive clones from each guide RNA were vali-
dated for knockout by qPCR analysis (figure 4A). Control
and knockout tumor cell proliferation differences were
assessed by EdU incorporation. We found no deleterious
effect of the knockout toward tumor growth from pooled
clones of the same guide RNA (figure 4B); however, there
was a slight but significant reduction in EdU incorpora-
tion of clone 3-17 when separately compared with the
control (online supplemental figure 4A). To overcome
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Figure 2 Eight individual **hAT-CM samples (four male, three female, and one non-reported sex of varying BMlIs/stages, see
online supplemental table 1) or two replicates of serum-free media were applied to the indicated cells in separate wells in cell
culture in six well plates. RNA was isolated from each well and subjected to RNA sequencing analysis to assess the response of
HPNE-G12D, Panc1, and MiaPaCaz2 cells to hAT-CM (n=8, diluted 1:3 in serum-free media) versus serum-free conditions (n=2).
(A) Volcano plots displaying differential gene expression in response to hAT-CM treatment across three cell lines: HPNE-G12D,
Panc1, and MiaPaCa2, versus serum-free incubation. (B) Differentially expressed genes were subjected to Upstream Analysis
using Qiagen Ingenuity Pathway Analysis (IPA); IPA was used to predict upstream signaling pathways (cytokines, growth factors,
receptors) activated across all three cell lines tested in response to hAT-CM. The z-scores of the 27 (*) overlapping signaling
pathways with positive z-scores, indicating potential influence on the cellular transcriptomes, were plotted in a heatmap in order
of clustering in IPA (C). The top two hits (TNF and IL-1B) are expanded out (D, E) to visualize averaged log,FC versus serum free
conditions for all genes associated with the pathway and their differential expression across cell lines in a heatmap clustered

by Clustergrammer (see online supplemental figure 2C for permanent links to interactive plots prepared using Average linkage
and Cosine distance, and online supplemental table 3 for the gene list/values input into Clustergrammer); Red=positive FC,
Blue=Negative FC. Range for (D)=-2.38:7.73 across 200 pathway associated genes, (E)=-1.86:7.73 across 136 IL-1[3 associated
genes. 94 genes overlap across both groups. (F) P values of TNF and IL-13 upstream pathway activity from IPA are plotted for
each cell line. **6/8 samples received no neoadjuvant therapy, while 2/8 were not reported or treatment history was not found.
Abbreviations: BMI, body mass index; hAT-CM, human adipose tissue conditioned media; IPA, ingenuity pathway analysis.

potential clonal differences, knockout clones from each ~ immune infiltration (figure 4C). Tumor mass at endpoint
guide RNA were mixed for tumor studies. Cells were  failed to reveal an effect of CXCL5-knockout (figure 4D).
orthotopically injected into the pancreas of obese, synge-  Because of CXCL5’s role in myeloid migration,” ?” we

neic Jax/B6 mice to assess effects on tumor growth and  looked for differences in myeloid immune infiltration
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Figure 3 (A) RNA and protein data accessed from cProSite (platform for accessing NCI CPTAC and ICPC data derived from
Proteomic Data Commons) were used to plot Pearson correlation of IL-18 mRNA (left) or TNF (right) mRNA with CXCL5. IL-
1B and TNF mRNA were plotted against CXCL5 mRNA expression (top) or protein abundance (bottom) to show correlation of
CXCL5 expression and abundance. IL-18 and TNF were not detected at the protein level; therefore, only mRNA was used for
correlation analysis against CXCL5 expression or abundance. Data were analyzed in GraphPad Prism using the Simple linear
regression function to calculate r and p values using Pearson correlation. (B) hAT-CM of pooled obese samples (BMI>30; see
online supplemental table 1 for associated samples and patient information) or recombinant IL-18, TNF, or combo (1 ug/mL
each) was used to stimulate CXCL5 release. Neutralizing antibodies against IL-1 or TNF were applied at 1 ug/mL to inhibit
CXCLS5 secretion in the presence of hAT-CM. Each treated group of Panc1 cells was treated for 36 hours and tumor conditioned
media was collected, spun to remove cells, and CXCL5 levels secreted into the media were measured by ELISA. Statistics for
(B) were performed by Brown-Forsythe and Welch’s one way ANOVA, and only significant p values are displayed. n=3 for hAT-
CM treated groups. n=4 for recombinant protein stimulus groups. (A) Error bars represent 95% CIl and (B) error bars represent
+SD. ANOVA, analysis of variance; BMI, body mass index; hAT-CM, human adipose tissue conditioned media.
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Figure 4 (A) Depletion of tumor CXCL5 was validated in murine Pancreatic Ductal Adenocarcinoma (PDAC) cell lines (K8484-

KPC) by gPCR and normalized to non-targeting control guide RNA (NTC) levels. (B) Proliferation of the cells in vitro was
measured by EdU incorporation over a 6-hour time period in 5% FBS DMEM (n=4 for NTC; 8/gRNA=2*4/clone). (C) In vivo study
timeline: the Cas9+non-targeting control guide RNA carrying cells (CTRL) or pooled knockout clones (3-15+3-17: KO3), or
(45-4+45-15: KO45) were then orthotopically injected (500k total cells in 50 uL Geltrex/injection) into the pancreas of syngeneic
Jax/B6 mice maintained on high-fat/Western style diet for a minimum of 3 months. Tumors were allowed to grow for 29 days
prior to takedown. Tumors were assessed for tumor mass in grams (D) and live (Live Dead stain negative) cells were assessed
for myeloid (CD11b+) immune markers by flow cytometry (E-l): CD206-/MHCIlI+cells were considered potential antigen-
presenting cells (APCs) from the LiveDead-/CD11b+positive population. Ly6G-, Ly6Chi CD11b+cells were considered potential
monocytic myeloid-derived suppressor cells (MDSCs) from the LiveDead-/CD11b+population. CXCR4+ and CXCR4- events
from Ly6G/CD11b+/LiveDead- cells were considered potential N1 and N2 neutrophils, respectively. Immunofluorescent staining
of formalin-fixed paraffin-embedded tumor tissue sections for Arginase | (ARG1, red) counterstained with Hoechst nuclear dye
(blue) was used to mark and quantify relative ARG1 abundance (ARG1+area/Hoechst area quantified in ImagedJ) by microscopy
at (imaged at 20x: scale bars represent 125 pum) indicating immunosuppressive stromal elements (J). Representative images

of control (top) and knockout tumors (bottom) for quantification (right); three images were taken per tumor and averaged to
provide values for quantification for each individual tumor plotted (n=6 CTRL, n=9KO). Statistics were performed by Brown-
Forsythe and Welch’s one way ANOVA (B, D), or unpaired t-test with Welch’s corrections in GraphPad Prism (E-J). Error bars are
displayed as +SD. ANOVA, analysis of variance; FBS, fetal bovine serum.

by flow cytometry. We observed no difference in gross
myeloid (CD11b+) immune infiltration (figure 4E), but
there was an insignificant trend toward increased number
of antigen-presenting cells (APCs:MHCII+,CD206-/

CD11b+) (figure 4F). Specifically, we assessed for poten-
tial dendritic cells by staining for CD11c: we also observed
an insignificant trend toward an increase in CD11c abun-
dance histologically (online supplemental figure 4G).
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Contrary to the anticipated results, we observed a drastic
increase in the presumed monocytic MDSC (Ly6G-,
Ly6Chi/CD11b+) population in our CXCL5-KO tumors
(figure 4G). Using CXCR4 as a protumor, N2-neutrophil
marker,”* we observed neutrophil polarization to an N2
phenotype (figure 4H,I). Due to the potentially immune
suppressive phenotype observed, we assessed ARG levels
as a marker of immune suppression® ** by immunofluo-
rescent staining, revealing significantly increased ARGI
in CXCL5KO tumors per nuclear area.

Loss of CXCL5 enhances CD8 T cell tumor infiltration and
alters systemic CD8 memory profiles

While the neutrophil and MDSC profiles and immuno-
suppressive arginase abundance of the CXCL5-knockout
tumors were less favorable tumor phenotypes, we noted
a population of CD45+cellsthat were CD11b negative
during myeloid assessment (figure 5A): investigation
of the CD3 profile of knockout tumors trended toward
a favorable immune landscape: the CXCLb5-knockout
tumors revealed an increase in CD3 infiltration
(figure 5B) in both CD4 and CD8 T cells (figure 5C), but
this did not significantly increase the ratio of CD8:CD4
cells (figure 5C). Central memory CD8 T cells (CD62L+,
CD44+/CD8) were increased in tumors (figure 5E) and
spleens (figure 5F) of CXCL5-KO bearing mice. Central
memory CD4 cells were also significantly increased in
tumors and spleens of CXCL5KO tumor-bearing mice
(online supplemental figure 5A,B), at the expense of
effector CD4 cells, which were significantly reduced.
Importantly, the CXCL5-KO tumor-bearing mice CD8
T cells displayed high PD-1 positivity, increased from
the control tumors, and even present on circulating
CD8+cells in the spleens (figure 5G). Tumor infiltrating
CD4 cell PD-1 levels were not different between groups
but were elevated in spleens of CXCL5-KO tumor-
bearing mice.

CXCL5-deficient PDAC is susceptible to anti-PD1 immune
checkpoint blockade therapy

Because CD8+cells in the CXCL5-KO tumors displayed
substantial PD-1 positivity (figure 5G), we hypothesized
that CBI therapy could provide a benefit in the CXCL5-
deficient tumor setting. NTC and CXCL5-KO tumors
were treated with an anti-PD-1 antibody therapy regimen*’
(figure 6A). Administration of the anti-PD-1 therapy led
to a significant reduction of pancreatic mass in obese
mice bearing CXCL5-KO tumors, while the same therapy
provided no effect in the control group (figure 6B).

DISCUSSION

In this study, genetic ablation of tumor-derived CXCL5 in
an obese mouse model prompted substantial infiltration
of T cells into the TME, yet the tumors failed to display
evidence of benefit due to exhaustion and suppressive
immune phenotypes, but were susceptible to CBI.

IL-1B and TNF are cytokines shown to be released by
adipose depots, with increased release in adipose and
systemically from patients with higher BMI/obesity
status.”! We failed to see a significant difference in these
cytokines in hAT-CM comparing overweight/obese
PDAC patients to leaner patients; however, the power
of this study was limited by the number and quantity of
adipose, specifically from lean patients, and differential
staging/disease progression, or contributions due to sex
differences (online supplemental table 1). All samples
were cancer-associated, and studies assessing alterations
in adipose adipokine production between non-tumor-
bearing and cancer patients have yet to be addressed.
The implications of adipokine-tumor crosstalk have been
previously investigated intrinsically through measuring
tumor proliferation, metabolism, and migraltion;40 5556 ye
observed that TNF or IL-1B can induce the secretion of
immune modulating CXCL5 from PDAC cells.

Further assessment shows TNF or IL-1B are sufficient
for CXCL5 secretion. TNF can promote CXCL5 expres-
sion via CREB activation, which can be sourced from
tumor-associated neutrophils (TANs);'® however, endog-
enous TNF and CXCL5 expression in PDAC cell lines
strongly correlate, while IL-1f does not (online supple-
mental figure 2D,E). Therefore, TNF may be sourced in
an autocrine fashion by tumor cells, paracrine from CAFs,
by tumor-associated macrophages, and we speculate that
endocrine/paracrine sources from adipose tissue could
systemically increase TNF in an in vivo context, as has been
evidenced by adipose-derived IL-1f on blood glucose
levels.” Concordantly, obese mice have enhanced TAN
infiltration driven by IL-1B°%%: depletion of TANs reduces
CXCLI levels but does not ablate them,’ suggesting that
other factors drive CXCLI secretion supplementing TAN-
sourced TNE."® Whether the evidence of obesity and IL-1
driven TAN infiltration is directly due to adipose remains
to be elucidated.

IL-1B and TNF both contribute to CXCL5 secretion
via the NF-kB pathway in inflammatory contexts.?”** Our
results show that the presence of either TNF or IL-1B
appears sufficient to promote CXCL5 release from
cancer cells, while only blockade of both limited secre-
tion of CXCLb in our in vitro approach in a cell line that
expresses lower levels of each (figure 3, online supple-
mental figure S2D,E). IL-1f alone has been evidenced to
be sufficient for stimulating mRNA expression of CXCLI
and CXCL2 human PDAC cell lines.” A recent study inves-
tigating TME ligand and cancer cell intrinsic response by
single-cell RNA sequencing revealed IL-1A, HGF, IL-15,
and IL-17A induced a similar NF-kB pathway induction
to TNF/IL-1B, which warrants further investigation in the
regulation of tumor CXCL release.”’ Notably, fatty acids
from adipose (palmitate) can induce CXCR1/2 ligand
secretion from hepatocellular carcinoma cells.”® This
could contribute to residual secretion after combina-
tion blockade of IL-1B/TNF in vitro. Additionally, tumor-
associated macrophages may also contribute TGFB1 and
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Figure 5 (A) Representative FlowJo plot of CD11b (y-axis) versus CD45 (x-axis) staining from CXCL5KO tumor depicting
CD11b- CD45+ population of interest. (B) Cells were gated for CD45 positivity then plotted for CD3 positivity: Representative
histogram of CDS3 staining in CXCL5KO (T32P, tumor KO3, number 2, blue) tumor versus control (TP2, red) and quantification
of CD3+cells as percentage of CD45+cells in tumors shows significantly greater CD3 T cell infiltration in CXCL5KO tumors
(middle), but no difference in spleen abundance (right) of mice bearing control or CXCL5KO KPC tumors. Quantification of
CD8+ orCD4+ cells as a percentage of CD45+Live cells (gated prior for negative Live/Dead stain and CD45 positivity) shows
an increase in CXCL5KO tumors (C) but not spleens (D). CD8 polarization is shown as naive, effector, central memory, or
effector memory CD8 T cells from tumor (E) or spleens (F) distinguished by CD62L and CD44 axes: central memory CD8 T
cells (CD62L+CD44+) are increased in CXCL5KO tumor-bearing mice in both tumors and spleens. PD1 positivity of the CD8+
population of T cells is greater in tumors (top) and spleens (bottom) of CXCL5KO tumor-bearing mice compared with control (G).
(n=6 CTRL, n=8KO) Statistics: Unpaired T-test with Welch’s corrections in GraphPad Prism (E-J). Error bars are displayed as
+SD.
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Figure 6 (A) Schematic depicting study timeline: Syngeneic, Jax/B6 mice were fed a high-fat/Western style diet to drive diet-
induced obesity for a minimum of 3 months, then were orthotopically injected with either 1E6 Cas9+non-targeting control guide
RNA (“CTRL”) or a 50/50 mix of Cas9+CXCL5 knockout clones 3-15 and 3-17 (“KO”) K8484-KPC cells, similar to figure 4B,
resuspended in 50 uL Geltrex per injection. At day 10 post-tumor implantation, mice were treated with 200 ug in 100 uL volume
of anti-PD-1 antibody (Clone 29F1A12) or IgG (Clone 2A3) diluted in InVivoPure pH 7.0 dilution buffer and continued every third
day until day 22. Whole pancreas+tumormass (g) was assessed at endpoint (d29) revealing statistically significant reduction in
tumor mass only in KO tumors treated with anti-PD-1 therapy (B). Statistics were performed by Brown-Forsythe and Welch’s

one way ANOVA, and all significant (p<0.05) p values are shown and considered significant; error bars are displayed as
+SD. n=5-6 per group. (C) lllustrative representation of study: Adipose tissue explants contain cytokines from adipocytes or
monocytes that can stimulate CXCL5 release from Pancreatic Ductal Adenocarcinoma (PDAC) cells in vitro; CXCL5 acts as
a critical deterrent to tumor T cell infiltration in in vivo studies where CXCL5 depletion permits intratumoral T cell infiltration.
lllustration created in BioRender: Walsh (2024) https://BioRender.com/h45s779. ANOVA, analysis of variance.

PDGF to the microenvironment in obese tumors, which
could contribute to these axes via CAF differentiation.”*®
TCGA analysis shows CXCLb5 significantly correlates with
survival separated at median expression, corroborating
other studies referencing TCGA data (dataset) 193648 o,
Steele et al showed in analyses of biopsies from resected
tumors that CXCL2 is associated with worsened patient
outcome;23 %7 the survival trend was observed in our anal-
ysis, while statistically insignificant (online supplemental
figure 1B, p=0.13). This may change with staging distri-
butions in assessed populations, as we saw a trend toward
a stage-dependent increase of CXCL5 as previously
reported® but did not investigate other chemokines.
Higher ARGI1 expression is associated with worsened
patient outcomes in PDAC patients; additionally, it has

been reported to be predominantly derived through
the myeloid population in GEM models of PDAC, but a
subpopulation of Ly6C+CD8+T cells also displayed ARG1
expression.”*****With the increase of intratumoral CD8+T
cells into CXCL5 KO tumors, we suspect that this subpop-
ulation of cells may be contributing to the increased ARG1
observed by immunofluorescence, although the presence
of this population of T cells appears to be dependent on
epithelial KRAS inactivation.™

Furthermore, while we saw an insignificant trend toward
more MHCII+APCs in the CXCL5-knockout tumors
(figure 4F), we did not see a difference in CDI11b+/
iNOS+cells histologically, a marker for Ml-like macro-
phages which have been shown to be critical for CBI
immunotherapy efficacy.'* ** However, iNOS was detected
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in the myeloid population, which can drive MDSC recruit-
ment observed in both knockout and control tumors.”
We suspect a window of opportunity to observe such a
difference in iNOS may have passed by the time of tumor
collection, with the MDSC population already recruited.
Additionally, we speculate that iNOS:CXCLS5 ratios in the
tumors may contribute toward the monocytic MDSC infil-
tration, but this requires further investigation.

CXCL5KO lung tumors were shown to increase T cell
effectormemory cells compared with controls, regulated
by differential neutrophil recruitment in CXCL5KO
versus WT tumors.”” While we did not observe a significant
increase in effectormemory CD8s (CD62L-/CD44hi),
we did see an increase in central memory T cells present
in both the CD8 and CD4 populations (figure 5E, online
supplemental figure 5A). Further investigation into the
role of tumor-derived CXCL5 versus obesity factors influ-
encing myeloid infiltration may elucidate whether these
conflicting observations are due to cancer-type context,”
stromal factors of obesity models,” differences in experi-
ment timing (end-point vs establishment), or artifacts of
fluorescent peptide uptake by APCs.*” %

The role of CXC ligands in tumor immune regulation
is being extensively investigated, providing many prom-
ising therapeutic opportunities, but individual ligands are
now being further defined with differentiating properties
and effects. Other CXCR1/2 ligands include CXCLI,
CXCL2, CXCLS; broad spectrum CXCR1/2 inhibition
has been shown to enhance CD8 T cell-mediated allevi-
ation of tumor burden.”** CXCLS has been shown to
be detectable in the serum of a subset of PDAC patients
and has clinical predictive capacity with CXCL8+patients
displaying worsened survival outcomes.” While CAFs are
a profound contributor to intratumoral CXCL8 (IL-8),
tumor-associated myeloid immune cells, and cancer cells
themselves also contribute to these levels: CXCLS8 acts in
both an autocrine and paracrine fashion across tumor
constituents, driving stemness and migratory properties
in cancer cells, angiogenesis, and impeding T-cell func-
tion.” =™ Further, angiogenesis has been shown to be
driven in a VEGF-independent manner via PDAC CXCL1,
CXCL5, and CXCLS8 expression.” ™ In the context of
another CXCR1/2ligand, CXCL2, arecent study revealed
that both CXCL2 and CXCL5 expression is increased via
YAP1 activity in stressed tumor cells, and either chemo-
kine is capable of inducing mTORC activation in CAFs
and pro-tumorigenic neutrophil-extracellular-trap forma-
tion in neutrophils.” ™ A study using multiple cancer
models, including PDAC, concluded that cancer cell
expression of PD-L2 is essential for CXCL1 and CXCL2
expression, which promotes immune evasive myeloid
profiles.”” Further, in a model of hepatocellular carci-
noma, tumor-derived CXCL2 has been shown to enhance
TAN CCL4 expression, promoting CD155 expression in
cancer cells that allows for evasion of CD8-mediated cell
killing.®

CXCR2 ligands, including CXCL5, are evidenced
to enhance pro-tumor myeloid cells to the

PDAC-TME."® #2731 % Degpite canonical CXCR1/2 ligand
myeloid trafficking, our CXCL5-KO tumors displayed
an unexpected enrichment of Ly6Chi, Ly6G-/CD11b+-
cells resembling monocytic-MDSCs (figure 4G), as well
as an immunosuppressive increase in ARG1 (figure 4])
which would explain the lack of tumor burden differ-
ence in CXCL5KO tumor-bearing mice and susceptibility
to PD-1 inhibition."* Alternatively, a model of CXCR2
heterozygous knockout in a PDAC GEM model reduced
ARG +tumor-associated macrophages in the TME.** This
suggests that there may be differential effects of related
CXC-ligands, with specific subtleties in targets and effects.
The individual effects of each CXCL would be important
to investigate in future studies, and whether compounding
both CXCL1/5 targeting is differentially beneficial than
either alone. Considering CXCR1/2 blockade in patients
is being investigated, CXCLI1 ablation has been shown
to reduce tumor volume without the need for immu-
notherapeutic intervention preclinically'® *; therefore,
CXCL5 may be aless critical target as depletion of CXCLb
required immune therapy application to reduce tumor
burden in our study and may impede effects of CXCR1/2
inhibition compared with targeting CXCLI alone.

CXCL1 is implicated as a critical regulator of T cell
infiltration, which is expressed through TNF-mediated
CREB signaling and can be abrogated via combined MEK
and STAT$ inhibition."®® Our data suggest that CXCL5
loss specifically leads to a tumor suppressive myeloid
profile in contrast to CXCLI1 loss, with the caveat that an
obese TME may contribute to the discrepancy.” Further-
more, CXCL5 overexpression in an orthotopic KRC
(Kras“"*’*, Rnf437/") model enhanced tumor progres-
sion by restoring mutant Kras-associated immune pheno-
types.” To elicit an antitumor effect, CXCL5 depletion
requires CBI for an antitumor response in a manner
similar to CXCL8 (IL-8),'"®  which was reflected in a
study showing HDAC activity silences CXCLb expres-
sion, promoting an immunologically unique microenvi-
ronment.* In contrast, CXCR2-ligand signaling affects
autonomous proliferation both negatively and positively
in the following studies: Application of recombinant
CXCLI in vitro to ductal cells induced senescence,” yet
CXCR2knockdown inhibits PDAC cell growth;” addi-
tionally, CXCL1 autocrine signaling promotes prolif-
eration of esophageal cancer cells.”* Our analysis of
CXCL5-knockout cells displayed no observed effect on
tumor cell proliferation among three of the four clonal
populations (online supplemental figure 4A), nor did we
see differential tumor mass in vivo (figure 4D), despite
evidence of CXCR2 being a regulator of intrinsic tumor
cell proliferation.™*

Our studies have uncovered potential expanded func-
tions of CXCL5 for further consideration. Interestingly,
CXCLI1 and CXCL5 have been shown to interact by
immunoligand blotting™ and are predicted to interact in
silico™” (online supplemental figure 6) in a heterodimer
that appears similar to homodimer CXCL5;* dimerized
CXCL1 has been shown to enhance CXCR1 activation.*
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Perhaps CXCLb loss in our studies reduces CXCL1/5
interaction that potentiates CXCLI-mediated chemotaxis
of the monocytic MDSCs into the tumor. Yet the function
of the CXC-ligand dimerizations requires further investi-
gation to determine whether CXCL1/5 homo/heterodi-
mers have differential effects on CXCR1/2. Alternatively,
a potential contribution of the adipokines to promote
MAPK activation in an obese setting was noted from the
RNAseq analysis, which may contribute to the PD-1/
PD-L1 axis, supplemental to dependence on the myeloid
population.'

Clinically, we speculate that targeting CXCL5 alone
would be less beneficial at improving the TME in patients
than targeting multiple chemokines (CXCL1, CXCLS,
etc) when combined with checkpoint blockade. Specifi-
cally, preclinical studies targeting CXCL1 did not require
CBI to elicit antitumor effects,18 whereas we demonstrate
that CXCL5 depletion in our model does require CBI.
As TNF drives expression of both CXCL1 and CXCLb5
in PDAC cells, therefore, repurposing of FDA-approved
TNF blockers in PDAC may be beneficial to increase CBI
efficacy in PDAC patients. While obese humans typically
have higher circulating TNF levels due to adiposity, it is
unclear whether this is present in patients with cancer.
Therefore, it may be beneficial to consider TNF levels in
PDAC patients versus non-tumor-bearing obese and lean
patients to assess whether this strategy would be specific
to obese patients. Targeting of CXCL5 requires further
investigation; some possibilities would include direct
genetic targeting or indirect pharmacologic targeting.
Direct targeting of CXCL5 via RNA interference may
be possible, as RNA interference of targeted molecules
in other cancers has shown efficacy, and a phase 0 study
of siKRAS in PDAC patients has been reported safe.” !
Alternatively, we are pursuing an adeno-associated viral
mediated tumor-specific delivery of siRNA. Indirect
targeting via CXCR1/2 inhibitors is under clinical investi-
gation; yet, it has been reported that CXCR2-KO mice are
more susceptible to lung infections, thus broad-spectrum
CXCR targeting may have adverse effects in patients at
higher risk for respiratory tract infections, such as obese
patients.”” * Whether the increased risk of respiratory
infection in obese patients would compound with CXCR
inhibition would be important to consider before clinical
implementation. We suspect that interventions targeting
CXCLS5 should precede CBI intervention in future clin-
ical applications in order to create a TME permissive to
additional therapies. Monitoring response efficacy via
biomarkers should include assessment of circulating T
cells for PD-1 positivity as an exhaustion marker, but also
activation marker. Prior to implementation, CXCL5 levels
as well as CXCL1, CXCL8, TNF and IL-1B should also be
measured before implementing therapeutic strategies
that target any of them.

In conclusion, our studies highlight the role for tumor-
derived CXCL5 in regulating an antitumor immune
response. While the exact mechanism is still unclear, our
results suggest that depletion of CXCL5 in the setting

of obesity is sufficient to induce CD8 T cell infiltration
into pancreatic tumors. Loss of tumor-derived CXCL5
increases immune suppression via increased myeloid cell
recruitment and polarization. Therefore, depletion of
CXCLS5 requires anti-PD-1 therapy to achieve suppression
of pancreatic cancer growth.

These studies supplement previous research into CXC-
ligand family proteins by suggesting CXCL5 plays an
alternative role in PDAC immune recruitment to other
CXCLs and emphasizes that depletion of at least CXCLb
can be effective and beneficial even in the context of
obesity, although requiring supplemental checkpoint
blockade intervention. Given that TNF appears to be a
predominant driving factor in CXCR ligand expression,
the combination of CXCR1/2 inhibitors and TNF/IL-13
blockers in PDAC patients may increase efficacy, partic-
ularly in cases where TNF/IL-1} are reportedly elevated
systemically, such as in obesity.

Limitations

Limitations to this study include the lack of lean control
and CXCL5KO tumor-bearing tumors. Whether the role
of tumor-derived CXCL5 on increasing the immunosup-
pressive MDSC population or intratumoral ARGI has
yet to be investigated in the context of an obese mouse
model. Differences observed in the knockout of PDAC
CXCLS5 from this study compared with effects seen from
CXCLI ablation in other studies may not be as severe
in lean tumor-bearing mice, as our obese model may
be driving other immunosuppressive phenotypes in the
TME.®"*® Further, this study did not account for changes
to the CAF population that could be affected by alter-
ations to CXCL5 or the context of obesity, as IL-1B has
been shown to induce antigen-presenting CAF differen-
tiation from mesothelial cells, which can contribute to
immune suppression.” ** Further, comparison of pheno-
types in response to depletion of other CXCR1/2 ligands
was not performed in this study. Future studies expanding
on specific subtleties of depleting individual chemokines,
particularly in myeloid infiltration, would be of great
interest to us and other researchers. Further immune
profiling of tumors histologically in this study was limited
by cross-reactivity of antibodies, and we, therefore, could
not assess cell of origin for ARGI abundance in tissue
sections. Future studies should include a more intensive
immune-profiling panel, specifically looking at poten-
tial dendritic cell and natural killer cell involvement in
response to CXCL5 depletion.

Patient samples were limited based on availability.
Information on sex/age is missing for 4/19 patient
samples, one of which was included in the RNAseq
data set (online supplemental table 1). Additionally,
there was no reporting of therapy for these patients,
and one additional patient used in pooled CM experi-
ments. Only one patient within this study was reported
to receive neoadjuvant therapy; this sample was only
used in the assessment of TNF/IL-1B from conditioned
media (online supplemental figure 2B), but no other
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experiments. Inclusion criteria for sample selection were
based on a positive diagnosis of pancreatic adenocarci-
noma; samples were processed and allocated for use in
the study based on whether the mass of the sample was
enough to generate conditioned media. Future studies
assessing PDAC response to hAT-CM samples based on
the sex of the patients may be insightful in identitying
whether there are inherent differences in female versus
male tumor-associated adipose; however, the limited
number of samples (n=4male, 3 female) failed to yield
consistent, significant results across cell lines. This may
be due to the range of staging across the samples or
other confounding factors. Due to the limited mass
of adipose from lean patients, it was difficult to assess
properties of hAT-CM across multiple assays using the
same samples, and therefore, make conclusive compar-
isons across BMI status or sex.
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