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Abstract

Chemotherapy-resistant non-small cell lung cancer (NSCLC) presents a substantial
barrier to effective care. It is still unclear how cancer-associated fibroblasts (CAFs)
contribute to NSCLC resistance to chemotherapy. Here, we found that CD248"CAFs
released IL-8 in NSCLC, which, in turn, enhanced the cisplatin (CDDP) IC50 in A549 and
NCI-H460 while decreasing the apoptotic percentage of A549 and NCI-H460 in vitro.
The CD248"CAFs-based IL-8 secretion induced NSCLC chemoresistance by stimulat-
ing nuclear factor kappa B (NF-xB) and elevating ATP-binding cassette transporter B1
(ABCB1). We also revealed that the CD248*CAFs-based IL-8 release enhanced cispl-
atin chemoresistance in NSCLC mouse models in vivo. Relative to wild-type control
mice, the CD248 conditional knockout mice exhibited significant reduction of IL-8
secretion, which, in turn, enhanced the therapeutic efficacy of cisplatin in vivo. In
summary, our study identified CD248 activates the NF-xB axis, which, consecutively
induces the CAFs-based secretion of IL-8, which promotes NSCLC chemoresistance.
This report highlights a potential new approach to enhancing the chemotherapeutic

potential of NSCLC-treating cisplatin.
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1 | INTRODUCTION

Lung cancer (LC) is a relatively common form of malignancy. In fact,
among all malignant tumours, LC ranks the second and first place in
terms of incidence and mortality rates. Non-small cell LC (NSCLC)
is a highly prevalent LC type, accounting for almost 80%-85% of all
new LC incidences.! Currently, in addition to surgical intervention,
radiotherapy and traditional chemotherapy, NSCLC is also treated
with immune checkpoint therapy and small molecule inhibitors that
target mutation sites of LC cell signalling pathways. Despite con-
tinuous advancements in chemo-and molecular targeted therapies,
the 5-year and total survival rate of NSCLC patients remain exceed-
ingly poor. The primary reason for this is that NSCLC is resistant to
chemotherapy.?® Hence, exploring the molecular mechanisms as-
sociated with NSCLC chemical resistance has great potential in en-
hancing patient outcome and overall survival (OS).

Chemoresistance is an unavoidable challenge of tumour therapy.
Hence, tumour chemoresistance is a major focus of cancer research.
Tumour cells can directly or indirectly develop resistance to chemical
drugs using strategies like tumour cell heterogeneity, augmented DNA
repair, enhanced drug efflux, up-regulated angiogenesis, tumour meta-
bolic alterations, changes in tumour cell genetics epigenetic modifica-
tions and changes in the tumour microenvironment (TME).#

Cancer-associated fibroblasts (CAFs) are crucial constituents of
the TME. They physically interact with numerous immune cells to
accelerate tumour development and progression. This is done by re-
modelling the TME, enhancing tumour angiogenesis, and sculpting the
extracellular matrix (ECM).>~7

More recently, it was demonstrated that the TME positively mod-
ulates tumour cell chemoresistance, in addition to the regulatory alter-
ations within tumour cells themselves. CAFs form the major constituents
of TME, and they are intricately linked to the induction of tumour cell
chemoresistance.®2 The CAF-driven tumour chemoresistance can be di-
vided into two categories: via cell adhesion mediated drug resistance
(CAM-DR), and via release of soluble and secretory factors mediated
drug resistance (SFM-DR). The CAM-DR-induced drug resistance uti-
lizes proteoglycans on the CAFs surface to adhere to matrix fibroblasts
or ECM components. Alternately, SFM-DR utilizes cytokine release by
CAFs to accelerate tumour cell chemoresistance.’ Nevertheless, the as-
sociated mechanisms underlying the CAFs-mediated NSCLC chemore-
sistance remains poorly elucidated.

CD248, otherwise called endosialin or tumour endothelial marker
1(TEM1), does not typically express in healthy tissues, and is ubiquitous
in stromal cells, such as, activated fibroblasts, tumour perivascular cells
or during inflammatory diseases.X® Emerging evidences highlight CD248
as a particular bioindicator of activated fibroblasts, and this includes
CAFs in tumours.*! In our pervious study, we demonstrated that CD248
is ubiquitous within CAFs from NSCLC tissues, and its expression is intri-
cately linked to worse outcome and clinicopathological profiles, namely,
NSCLC-related tumour-node metastasis (TNM) stage, lymphatic metas-
tasis and tumour stage and differentiation.*?

Herein, our analyses revealed that CD248CAFs release IL-8 in
NSCLC, which, in turn, promoted cisplatin chemoresistance in NSCLC

in vivo and in vitro. Based on these functional investigations, CD248
modulated the nuclear factor kappa B (NF-kB) axis to enhance the CAFs-
mediated release of IL-8, which resulted in NSCLC cisplatin resistance,
and additionally, activated NF-kB and up-regulated ATP-binding cas-
sette transporter B1 (ABCB1) expression. Herein, we highlighted the
relevance and associated signalling network of CD248"CAFs in NSCLC
chemoresistance, and presented a new approach of enhancing the che-

motherapeutic efficacy within NSCLC patients.

2 | MATERIALS AND METHODS

2.1 | Human tumour specimen extraction

The Affiliated Hospital of Guizhou Medical University provided
biopsies of human NSCLC as well as matched healthy tissues for
comparison. All participants provided written informed permission
before the research began, and the study was authorized by the

same institution's ethics committee (approval no. 2022LL-49).

2.2 | Mice

Mice with floxed cd248 or fsp-1-Cre were established by Suzhou
Cyagen Co., Ltd. The fsp-1-Cre mice were cross-bred with floxed cd248
mice to develop cd248™"fifsp-1+* (WT), and CD248 fibroblasts con-
ditional knockout mice cd248"fifsp-1* (cKO). All mice were main-
tained in specific pathogen-free environments, with 12-h light/dark
cycle and room temperature (RT) and humidity adjusted to 22+1°C
and 55%+5%., respectively. The animals received standard laboratory
chow. All experimental mice originated from a C57BL/6 genetic back-
ground, were housed in separate cages, and were experimented on be-
tween the ages of 6-12weeks. Cre-negative littermate were housed
together, and served as controls for all experiments. Our animal pro-
tocol received ethical approval from the Guizhou Medical University.

2.3 | Celllines and coculture assay

Short tandem repeat (STR) analysis confirmed the absence of
Mycoplasma contamination in the human NSCLC cell lines A549 and
NCI-H460 and the murine LC cell line Lewis lung carcinoma (LLC1),
both of which were obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA). Cells were maintained in
Roswell Park Memorial Institute (RPMI) 1640 medium or Dulbecco's
Modified Eagle Medium/Nutrient Mixture F-12 (DMEM/F12) (Gibco
Life Technologies, Waltham, MA, USA) with 10% FBS (Gibco Life
Technologies, Waltham, MA, USA) and 1% penicillin-streptomycin
(Invitrogen Life Technologies, Waltham, MA, USA) at 37°C in a 5%
CO, humid chamber. Fibroblast extraction and cultivation were car-
ried out according to the protocol of our prior investigation.u'13 We
created CAFs-sh-CON cells by infecting them with control lentivirus,
created CAFs-sh-CD248 cells with stable CD248 suppression and
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also created CAFs-CD2480E cells with overexpression CD248 by

infecting them with lentivirus.'?

2.4 | Coculture experiments

To conduct co-culture experiments, we plated A549 and NCI-
H460 cells into six-well plates in conditioned medium (CM) from
CAFs, CAFs-sh-CON or CAFs-sh-CD248, prior to a 48-h cisplatin
(MedChemExpress, #HY-17394) exposure. The cells were analysed
upon reaching 90% confluency.

2.5 | Cytokine arrays

We employed a Proteome Profiler Human XL Cytokine Array Kit
(R&D Systems, #ARY022B, Minneapolis, MN, USA), as directed in
associated protocol. After 1h of blocking in Human Cytokine Array
Detection Antibodies Combination at RT, membranes were treated
overnight (ON) at 4°C with 200 pg of CAFs, CAFs-sh-CON or CAFs-
sh-CD248 overall protein. All membranes were twice rinsed, before
a 30-min exposure to HRP-conjugated streptavidin at RT. Before
treating the membranes with a chemiluminescent substrate and
taking images of them, we gave them a second rinsing. Finally, we
used the Multilmage Light Cabinet Filtering Settings from the Alpha

Innotech Corporation in Santa Clara, California.

2.6 | Western blot

The employed primary antibodies are as follows: anti-a-smooth
muscle actin(anti-a-SMA) (Servicebio, #GB111364), anti-human
CD248 (CST, #47948, Louisville, KY, USA), anti-AKT (CST, #9272),
anti-Phospho-Akt (Ser473) (CST, #4060), anti-Phospho-PI3 Kinase
p85 (Tyrd58)/p55(Tyr199) (CST, #4228), anti-PI3 Kinase p85 (CST,
#4257), anti-ABCB1 (CST, #13342), anti-NF-xB Pathway Antibody
Sampler Kit (CST, #9936), anti-IL-8 (CST, #94407) and anti-p-actin
(Servicebio, #GB15003). Multilmage was utilized for visualizing
protein after being separated total protein lysate in sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) using
electrophoresis, prior to transfer to polyvinylidene difluoride mem-
branes, which were then blocked for 2h at RT in 5% bovine serum
albumin (BSA) in Tris-Buffered Saline with Tween (TBST), prior to
treatment with any of the aforementioned primary antibodies and
correspond horseradish peroxidase (HRP)-conjugated antibody
(Servicebio, #GB23303; #GB23301).

2.7 | Enzyme-linked immunosorbent assay (ELISA)

CAFs-sh-CON and CAFs-sh-CD248 were grown in fresh serum-free
media for 24 h. Subsequently, the culture media was assays for IL-8

expression using corresponding ELISA kit (Absin, #abs510004) and
associated directions.

2.8 | Immunofluorescence (IF) and
immunohistochemistry (IHC) stainings

The primary antibodies used in IHC and IF evaluations are anti-CD31
(CST, #3528), anti-a-SMA (Abcam, #ab5694), anti-human CD248
(CST, #47948), anti-p65 (CST, #8242), TUNEL Apoptosis Assay Kit
(Beyotime, #C1089), Ki-67 (Abcam, #ab16667) and anti-IL-8 (Absin,
#abs136518). To conduct IHC assessment, slides underwent block-
ing in endogenous peroxidase, prior to a 30-min treatment with
goat serum at RT, with subsequent ON incubation at 4°C in anti-
CD248 antibody (1:150), Ki-67 (1:100) or anti-IL-8 antibody (1:100).
Peroxidase activity was recorded using 3,3’-diaminobenzidine
(DAB), and image capture was done under a microscope.

To conduct TUNEL evaluation, the slides underwent a 20-min
treatment at RT with Proteinase K, prior to a 1-h incubation in TUNEL
assay buffer at 37°C without light. Nuclear staining was done with
diamidino-2-phenylindole (DAPI), and image capture with laser scan-
ning confocal microscopy.

Six randomly chosen fields of view were examined per group at
400x magnification to determine the total number of Ki-67 or TUNEL-
positive cells. Mean + standard deviation (SDs) expressed data.

Tyramide signal amplification (TSA) was utilized for conducting IF
evaluation for detecting a-SMA, CD248, CD31 and IL-8 expressions
and colocalizations in tumour tissue sections. In short, slides were
placed for 15min in 3% H,0, at RT, prior to a 2-h blocking in 5% BSA
at RT, followed by an ON primary antibody treatment at 4°C (step 1),
TBST rinsing, then a 50-min incubation in HRP-conjugated secondary
antibody at RT (step 2). After exposing the TSA fluorophores to RT for
10min (step 3), the antibody-TSA complex was removed by subject-
ing the sample to a boiling cycle in ethylenediaminetetraacetic acid
(EDTA) antigen retrieval solution (step 4). The first four procedures
were repeated until every slide had been stained with every antibody.
Lastly, we performed DAPI nuclear staining, then image capture under
a laser scanning confocal microscope.

Before IF, cells were fixed in 4% paraformaldehyde for 15min at
RT, blocked in 5% BSA for 2h at RT, then incubated with anti-p65
(1:600) at 4°C ON and then treated with Alexa Fluor-conjugated sec-
ondary antibodies (Servicebio) for 1h at RT. Laser scanning confocal
microscopy was utilized for image acquisition, while Pl was employed

to counterstain nuclei.

2.9 | Real-time quantitative polymerase chain
reaction (RT-qPCR)

MiniBEST Universal RNA Isolation Kit (Takara, #9767, San Jose,
CA, USA) for total RNA isolation and PrimeScript RT Master Mix
(Takara, #RRO63A) for cDNA synthesis. Primers from Table S1 of the
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supplementary material were used in an RT-qPCR performed with a
TB Green Premix Ex Tag |l Kit (Takara, #RR820A).

2.10 | CCK-8 evaluation

Cell survival was evaluated using Cell Counting Kit 8 (CCK-8, Absin,
#abs50003) assay. In short, 5x10% cells were plated onto 96-well
plates and maintained ON at 37°C, before treatment with specified
chemotherapeutic agents. Subsequently, we introduced CCK-8 to
the cells, followed by a 1.5-h incubation at 37°C, then optical density
measurement at 450 nm using CMax Plus (Molecular Devices). Six rep-

licas were included per analysis, each experiment was repeated thrice.

2.11 | Apoptosis evaluation

Cells underwent a 48-h treatment with specified chemothera-
peutic agents, prior to harvest via centrifugation. Apoptosis
was assessed via FITC Annexin V Apoptosis Detection Kit (BD
Biosciences, #550889, Haryana, India). In short, cells underwent
a 15-min treatment with 100 uL binding buffer (BB) plus 5uL of
FITC Annexin V and 5pL PI at RT without light. Next, 400puL BB
was introduced, then apoptotic analysis was carried out by flow

cytometry.

2.12 | Mouse tumour experiments

Our animal protocols were ethically approved by Guizhou Medical
University. We used 5x 10° A549 and 5x 10° CAFs cells infected with
sh-CON-or sh-CD248-carrying lentiviruses, to generate the tumour cell
and CAFs mixed models in BALB/c nude mice (4-6weeks, male, body
weight 18-20g). For establishing the CD248 fibroblasts cKO mouse
model, we subcutaneously administered 1 x 10° LLC1 cells into the back
of age- and sex-matched WT and cKO mice. Following tumour develop-
ment, mice were twice intravenously administered with cisplatin (2mg/
kg). The tumour volume was computed as follows: V (mm®)=axb?/2,
where a and b indicated the long and short diameters, respectively.
After the trial period had ended, the animals were killed, and tumours
were removed and analysed using imaging technology. Some tumour
specimens could be utilized for protein extraction for the detection
of CD248, IL-8, and ABCB expressions. The remaining tumour tissues
were paraffin embedding for IHC (IL-8, CD248, TUNEL, and Ki-67) to-

gether with staining via haematoxylin and eosin (H&E).

2.13 | Statistical analyses

Data are expressed as mean=+SD. Two-sided t-tests (Microsoft excel
2016) was employed for p-value determination. Quantitative data
were assessed via normality test and equality test of variances.
Lastly, p<0.05 values were denoted as significant.

3 | RESULTS

3.1 | CD248-expressing CAFs promoted cisplatin
resistance in NSCLC

We conducted IF analysis on NSCLC and nonneoplastic tissues to
evaluate the CD248 expression profile in NSCLC. Figure 1A illus-
trates that CD248 was ubiquitously expressed in NSCLC tissues, and
displayed little to no expression in nonneoplastic tissues. More spe-
cifically, CD248 exhibited a CAFs-specific expression, as is evidenced
by its colocalization with a-SMA, and not with CD31 (Figure 1A).
Next, we extracted fibroblasts from the tumour tissues (designated
as CAFs) and adjoining healthy tissues (designated as NFs) of NSCLC
patients. A closer examination of the CAFs and NFs revealed that
both expressed Vimentin and a-SMA, however, only CAFs displayed
a significant proportion of CD248 expression (Figure 1B). In a prior
investigation, we established a CAFs model via a stable knock down
of CD248 expression. We further confirmed CD248 deficiency using
western blot analysis (Figure 1C).

To elucidate whether the CD248-expressing CAFs mediates cis-
platin resistance in NSCLC, we treated NSCLC cell lines with CM
from CAFs, CAFs-sh-CON or CD248-sh-CD248, prior to exposure to
varying concentrations of cisplatin. Based on our findings, both A549
and NCI-H460 cells exposed to CAF-CM exhibited enhanced cisplatin
IC50, relative to cisplatin-treated cells. Alternately, the A549 and NCI-
H460 cells maintained in CAFs-sh-CD248 CM showed diminished
cisplatin 1C50, relative to CAFs or CAFs-sh-CON CM-treated cells
(p<0.001) (Figure 1D,E). Using flow cytometry, we further revealed
that the A549 and NCI-H460 cells exposed to CAFs CM experienced
reduced apoptosis, compared to cisplatin-or CAFs-sh-CD248-treated
cells (p<0.05) (Figure 1F,G). These findings indicated that the CD248-

expressing CAFs enhanced cisplatin resistance to NSCLC.

3.2 | IL-8released by CD248-expressing CAFs
mediated cisplatin resistance in NSCLC

IL-8 is a potent proinflammatory cytokine capable of inducing cancer
cell chemoresistance. To examine whether CD248"CAFs mediates
cisplatin chemoresistance in NSCLC through its release of IL-8, we
conducted IHC-based IL-8 evaluations within NSCLC and nonneoplas-
tic tissues. According to our result, IL-8 was ubiquitously present in
NSCLC tissues, however, its expression was minimal in nonneoplas-
tic tissues (Figure 2A). We further employed IF to assess IL-8 pres-
ence within CD248"CAFs. We demonstrated that IL-8 was strongly
present among NSCLC-related CD248"CAFs since it was colonized
by a-SMA and CD248 (Figure 2B). To explore whether CD248 influ-
ences CAFs-mediated IL-8 release, cytokine release alteration de-
tection in CAFs-sh-CD248 was approached. We revealed that IL-8
release was increased in the CAFs and CAFs-sh-CON than CAFs-
sh-CD248 cells (Figure 2C). RT-gPCR for IL-8 expression assessment in
CAFs-sh-CD248 was also approached. The IL-8 content was strongly
(p<0.01) reduced within CAFs-sh-CD248 (Figure 2D). Subsequently,
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FIGURE 1 CD248-expressing CAFs inhibited cisplatin killing of NSCLC. (A) Typical dual immunofluorescence (IF) images illustrating the
a-SMA, CD31 and CD248 colocalization within NATs and NSCLC samples. Evaluation of different biomarkers, including CD248 expressions
within (B) extracted NFs and CAFs using western blotting and (C) CD248 expression in CAFs or CAFs-sh-CD248 using western blot. (D, E)
Evaluation of cell survival following cisplatin treatment of A549 and NCI-H460 cells cultured either alone (=) or with CM from CAFs-sh-
CON/CAFs-sh-CD248, and computation of the IC50 concentration per group. All experiments were performed thrice. Data provided as
mean + SEM. (F) Apoptosis evaluation of cisplatin-treated cells that were either cultured alone (=) or with CM from CAFs-sh-CON/CAFs-sh-
CD248. (G) Evaluation and quantification of Annexin V*/PI” (early apoptosis) and Annexin V*/PI* (late apoptosis) cells. All experiments were
conducted thrice. Mean+SEM, * p<0.05, **, p<0.01, ***, p<0.001, ****, p<0.0001. Scale bar, 20 pm.

using ELISA, the CM from CAFs-sh-CD248 had markedly reduced IL-8
expression, relative to CM from control CAFs, thus confirming the
significance of CD248 in IL-8 secretion by CAFs (p<0.01) (Figure 2E).

CAFs-sh-CD248 that were pre-treated with IL-8 exhibited enhanced
cisplatin IC50. However, with IL-8 blockade, the cisplatin IC50 dimin-
ished in both A549 and NCI-H460 cell lines (p <0.001) (Figure 2F,G).

To elucidate the underlying mechanism behind the IL-8-triggered
chemoresistance, we examined IL-8- or IL-8 blockade antibody-
treated NSCLC cell lines, which were subsequently treated with CM
from CAFs-sh-CD248 or control CAFs. Our results revealed that
the A549 and NCI-H460 cells that were maintained in CM from

Using flow cytometry, we revealed that the A549 and NCI-H460 cell
apoptosis was enhanced in the IL-8 blockade-treated cells, while the
apoptosis was reduced in cells maintained in CM from CAFs-sh-CD248
but were pre-treated with IL-8 (p <0.05) (Figure 2H,1). Based on these
results, IL-8 enhances chemoresistance of NSCLC cells.
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p-values. **, p<0.01. (F, G) Evaluation of cell survival following cisplatin treatment of A549 and NCI-H460 cells cultured either alone (-)

or with CM from CAFs-sh-CON/CAFs-sh-CD248 or IL-8, and computation of IC50 concentration per group. (H) Apoptosis evaluation of
cisplatin-treated cells cultured either alone (=) or with CM from CAFs-sh-CON/CAFs-sh-CD248 or IL-8. (I), Evaluation and quantification of
Annexin V*/PI™ (early apoptosis) and Annexin V*/PI* (late apoptosis) cells. Frequency of experiments, data presentation and significance as

above. Scale bar, 100 pm.

3.3 | IL-8 mediated cisplatin chemoresistance
in human NSCLC cells by activating NF-xB and
enhancing ABCB1

ABCB1 serves an essential function as a drug pump to minimize
intracellular drug content. However, its unchecked action can
result in chemoresistance in multiple forms of human cells.**>
It was previously revealed that CAFs secrete IL-8 to promote
ABCB1 expression, which, in turn, enhances chemoresistance in
gastric cancer cells via activation of the NF-kB axis.'® To explore
whether IL-8 induces ABCB1 content via NF-kB axis stimulation in
NSCLC, we assessed the NF-xB axis-related protein expressions
in IL.-8-exposed NSCLC cells. We demonstrated that the ABCB1,
p-PI3K, p-AKT, and p-p65 contents were markedly augmented in
both IL-8-treated A549 and NCI-H460 cells (Figure 3A,B). Our re-
sults indicated that IL-8 enhanced ABCB1 content via activation
of NF-«xB.

To next explore whether IL-8 induces cisplatin chemoresis-
tance in NSCLC, we evaluated cleaved/total caspase-3 expression
in cisplatin-exposed A549 and NCI-H460 cells cultured either
alone or with specified component using western blot assay. Based
on our analyses, CM from CD248*CAFs or from CAFs-sh-CD248
with IL-8 supplementation, and not from CAFs-sh-CD248, robustly
protected cancer cell lines from chemotherapy-triggered apop-
tosis (Figure 3C,D). To further examine whether CD248"CAFs

induces cisplatin chemoresistance via NF-xB/ABCB1, we next
assessed the ABCB1 and NF-kB axis-related protein expression
profile in both A549 and NCI-H460 cells treated with CM from
CAFs-sh-CD248 with IL-8 or not or control CAFs. Our findings re-
vealed that both ABCB1 and p-p65 were present in excess in A549
and NCI-H460 cells conditioned with CM from CAFs-sh-CD248
with IL-8 and control CAFs (Figure 3E,F). Given these evidences,
it is clear that CD248*CAFs-released IL-8 enhances cisplatin che-
moresistance in NSCLC via activation of NF-kB and elevation of

ABCB1 expression.

3.4 | CD248 induced CAFs-mediated IL-8 secretion
via NF-k B activation

The NF-xB axis is a prototypical proinflammatory network that ac-
tivates proinflammatory genes, namely, cytokines, chemokines and
adhesion molecules.'”8 Using transposase-accessible chromatin
with high-throughput sequencing (ATAC-seq) assay, we revealed
that the CD248"CAFs open chromatin regions were abundant in
docking regions for the transcription factor p65 (Figure 4A). To val-
idate whether CD248 activates NF-xB, we employed western blot
for the detection of NF-xB axis-related proteins in the CAFs-sh-
CON, CAFs-sh-CD248 or CAFs-CD2480E cells. We revealed that
the CD248 accelerated a rise in cytoplasmic p-IKKp and nuclear
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FIGURE 3 IL-8 induced cisplatin chemoresistance in NSCLC cells by activating NF-xB and up-regulating ABCB1. (A) Evaluation of NF-xB

axis-related and ABCB1 transcript expressions in cisplatin-exposed A549 cells that were either cultured alone or with 100ng/mL IL-8 at
varying time points, as evidenced by western blot. (B) Evaluation of NF-kB axis-related and ABCB1 protein expression in cisplatin-treated
NCI-H460 cells that were either cultured alone or with 100ng/mL IL-8 at varying time points, as detected by western blot. (C) Evaluation
of cleaved/total caspase-3 in cisplatin-treated A549 cells that were either cultured alone or with specified component. (D) Evaluation of
cleaved/total caspase-3 in cisplatin-treated NCI-H460 cells that were either cultured alone or with specified component. (E) Evaluation of
the NF-xB axis-related and ABCB1 expression in cisplatin-treated A549 cells that were either cultured alone or with specified CAFs. (F)
Evaluation of the NF-«xB axis-related and ABCB1 expressions in cisplatin-treated NCI-H460 cells that were either cultured alone or with

specified CAFs, as detected by western blot.

p-p65 protein contents (Figure 4B). Using IF staining, we further
verified that CD248 overexpression enabled p65 nuclear trans-
fer (Figure 4C). Moreover, we explored whether CD248 mediates
CAFs IL-8 secretion via activation of the NF-kB axis. We treated
CAFs with Bortezomib, a potent NF-kB inhibitor that blocks kB
phosphorylation and NF-kB nuclear transfer, thereby diminish-
ing expression of downstream cytokines. We demonstrated that
Bortezomib strongly suppressed the CD248-driven rise in cytoplas-
mic p-IKKB, nuclear p-p65 and IL-8 protein expressions (Figure 4D).
Subsequently, we treated the NSCLC cell lines with CM from CAFs
or Bortezomib-treated CAFs to assess its in vitro influence on IL-8
in response to cisplatin treatment. We revealed that the A549 and
NCI-H460 cells exposed to CM from Bortezomib-treated CAFs ex-
hibited reduced survival, relative to those conditioned in CM from
untreated CAFs (p<0.0001) (Figure 4E). Taken together, our find-
ings suggested that CD248 enhanced the CAFs-mediated release
of IL-8 via NF-kB activation.

3.5 | CD248-expressing CAFs facilitated IL-8
secretion, which mediated cisplatin chemoresistance
in NSCLC in vivo

To elucidate whether CAFs containing CD248 release IL-8, which,
in turn, promote cisplatin chemoresistance in NSCLC in vivo, we
first combined 5x10° A549 and 5x10° CAFs cells infected with
sh-CON-or sh-CD248-carrying lentiviruses, then we administered
the aforementioned cells into BALB/c nude mice, and then injected
2mg/kg cisplatin into the A549 + CAFs-sh-CD248 or A549 + CAFs-
sh-CON mice. We carefully monitored tumour development with
bioluminescence imaging (BLI), and recorded the tumour fluores-
cence intensity. Based on our findings, tumour development was
strongly (p<0.05) enhanced by the A549 and CAFs-sh-CON cell
combination, relative to the A549 and CAFs-sh-CD248 cell com-
bination (Figure 5A-C). Furthermore, H&E findings revealed that
the established tumour tissues were NSCLC (Figure 5D). Based on
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FIGURE 4 CD248 induced CAFs-based IL-8 secretion utilized NF-xB activation. (A) Transcription factor binding motifs enriched in
CD248*CAFs open chromatin regions using ATAC-seq. (B) Evaluation of the expression of NF-xB axis in CAFs-sh-CD248, CAFs-sh-CON,
and CAFs-CD2480E. (C) Immunofluorescent p65 (green) stain depicting the nuclear transfer of NF-kB in CAFs-sh-CD248, CAFs-sh-CON,
and CAFs-CD2480E. Scale bar; 20 um. (D) Evaluation of the NF-kB axis-related proteins in 4nM Bortezomib-treated CAFs, as evidenced
by western blot. (E) Cell survival evaluation of cisplatin-treated A549 and NCI-H460 cells that were either cultured alone (-) or with CM
from CAFs-sh-CD248/CAFs-sh-CON-+Bortezomib. All experiments were conducted thrice. Data provided as mean+SEM. ** p<0.01, ***,

p<0.001, ****, p<0.0001.

our IHC CD248 and IL-8 stainings, we revealed that both proteins
were abundantly expressed in A549 + CAFs-sh-CON mice versus
A549 + CAFs-sh-CD248 mice (Figure 5D). Ki-67-positive cell quan-
tity was markedly reduced among the A549 and CAFs-sh-CD248
cells, relative to the CD248-expressing CAFs cells, based on Ki-67
IHC staining, thereby indicating that the cisplatin therapeutic ac-
tivity was significantly inhibited in the CAFs-sh-CD248 xenografts
(p<0.001) (Figure 5E,F). Lastly, using IF TUNEL staining, we revealed
that the cisplatin-treated CAFs-sh-CD248 xenografts displayed re-
duced apoptosis, relative to the cisplatin-treated A549 + CAFs-sh-
CON mice (Figure 5G,H). Subsequently, we conducted western blot
analysis to assess the contents of CD248, ABCB1 and IL-8 proteins.
We revealed that the aforementioned proteins were strongly di-
minished in the cisplatin-treated CAFs-sh-CD248 xenografts, rela-
tive to the cisplatin-treated A549 + CAFs-sh-CON mice (Figure 5I).
Collectively, these evidences suggested that the CD248-expressing
CAFs secreted IL-8, which, in turn, promoted cisplatin chemoresist-

ance in NSCLC in vivo.

3.6 | Fibroblasts-specific CD248 depletion
promoted cisplatin killing NSCLC in vivo

To characterize a possible CD248 involvement in NSCLC cis-
platin chemoresistance, we injected cisplatin (2mg/kg) into
CD248™"Mfsp-1*/+ (WT) or CD248™Mfsp-1<* (cKO) mice with

Lewis's xenografts, measured the tumour volume, and generated
a tumour growth curve. We revealed that the tumour growth
in conditional CD248 knockout mice was dramatically reduced,
relative to WT mice (p<0.05) (Figure 6A,B). We demonstrated
that the tumour weight of conditional CD248 knockout mice
was considerably less than the WT mice (p<0.01) (Figure 6C).
Our H&E staining revealed that the tumour tissues were NSCLC
(Figure 6D). Using IHC CD248 and IL-8 stainings, we revealed that
both proteins were abundantly expressed in WT versus condi-
tional CD248 knockout mice (Figure 6D). Ki-67-positive cell quan-
tity was markedly (p<0.001) reduced in the conditional CD248
knockout versus WT mice, based on Ki-67 IHC staining, indicating
that the tumour cell proliferation was markedly inhibited in con-
ditional CD248 knockout mice (Figure 6E,F). Moreover, IF TUNEL
evaluation demonstrated that the cisplatin-treated conditional
CD248 knockout mice had strongly reduced apoptosis, relative
to cisplatin-treated WT mice (Figure 6G,H). Lastly, using west-
ern blot analysis, we revealed that the CD248, ABCB1, and IL-8
protein expressions were markedly diminished in the cisplatin-
treated conditional CD248 knockout mice, relative to cisplatin-
treated WT mice (Figure 6l). Collectively, our findings indicated
that the CD248-expressing CAFs secreted IL-8, which, in turn,
enhanced NSCLC cisplatin chemoresistance in vivo. Therefore,
herein, we provided evidence that CD248"CAFs release IL-8,
which augment ABCB1 expression in NSCLC cell to enhance cis-
platin resistance in NSCLC (Figure 6J).
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by BLI. (B) Fluorescence intensity assessment per group. *, p<0.05,

*** p<0.001. (C) Tumour dissection and photography at 19 days post inoculation. (D) IL-8 and CD248 evaluations using IHC and H&E
staining. (E) Ki-67 staining of tumour tissue sections for cell proliferation assessment. (F) Quantification of Ki-67-positive cells. (G) TUNEL
(red) staining illustrating cell apoptosis in tumour tissues. (H)TUNEL-positive cells quantification. (I) Evaluation of CD248, ABCB1, and IL-8
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4 | DISCUSSION

The TME is composed of tumour and nontumor cells. Among the
nontumor cells are fibroblasts, innate immune and adaptive immune
cells.® CAFs are crucial modulators of the TME, and they are known
to induce tumour chemoresistance via release of cytokines and
chemokines, and via augmentation of ECM remodelling.??

IL-8, otherwise called CXCLS, is a critical cytokine that positively
regulates neutrophil chemotaxis and inflammation.?%?! It is secreted
by numerous cells, namely, neutrophils, monocytes, endothelial cells
and tumour cells. Emerging evidences suggested that the circulat-
ing IL-8 levels in tumour patients is strongly associated with worse

patient outcome and chemoresistance.?* CAFs are known to pro-
mote tumour cell chemoresistance by secreting IL-8. It was reported
that, in NSCLC, CAFs-mediated IL-8 secretion strongly suppress the
therapeutic effect of fluorouracil (5-FU) on tumour cells, while pro-
moting strong chemoresistance.?? Several investigations reported
that elevated IL-8 expressions were present among patients with
advanced primary gastric cancer, which, in turn, reduced the effica-
cies of neoadjuvant chemotherapy. Follow-up investigations further
confirmed that excess CAFs-mediated secretion led to enhanced
serum IL-8 levels, which, in turn, activated the NF-kB axis, thereby
enhancing the tumour cell resistance gene ABCB1 expression, thus
ultimately inducing cisplatin resistance against gastric cancer.
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Chemoresistance is typically mediated via the expression of drug-
related resistance genes. ATP binding cassette superfamily trans-
porter (ABC) serves a crucial role in tumour chemoresistance. ABC
primarily utilizes energy from ATP hydrolysis to modulate transmem-
branal transport of multiple substrates.?® Tumour cells generally ex-
press marked elevations in the ABC protein, which, in turn, translocate
chemicals from tumour cells to ECM, thus inducing tumour chemore-
sistance. Among the ABC family members, ABCB1, otherwise called
multidrug resistance protein 1 (MDR1), is highly significant.?4-2¢
ABCB1 is ubiquitously present among LC, ovarian cancer, breast can-
cer, glioblastoma and renal cancer, and it is responsible for promoting
tumour chemoresistance to drugs, such as, anthracycline actinomy-
cin D, cisplatin, colchicine, etoposide, teniposide, methotrexate and

others. One investigation revealed that CAFs enhance ABCB1 ex-
pression in gastric cancer cells via IL-8 secretion, suppress cisplatin
therapeutic effect, and enhance the occurrence and advancement of
gastric cancer.?’

CAFs are a heterogeneous population within the TM E.28 They are
composed of diver cell types that are sensitive to distinct stimuli within
the TME. These variant cell types also display distinctive phenotypes,
and take part in exclusive physiological functions. CD248 is typically
present within tumour stromal fibroblasts and perivascular cells, and
has minimal expression within healthy regions.?’ Additionally, CD248
is overexpressed in multiple cancers, such as, breast and skin cancers,
neuroblastomas and sarcomas.*° It is strongly associated with tumour
angiogenesis and metastasis.>? Studies revealed that antibodies that
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block or knock out CD248 strongly suppress tumour cell development
and angiogenesis.>**? Together, whether CD248 induces NSCLC che-
moresistance requires further exploration.

In this report, we revealed that the CD248*CAFs released IL-8
in NSCLC, which, in turn, enhanced cisplatin IC50, while decreasing
apoptosis of A549 and NCI-H460 cells in vitro. Next, we examined
the associated signalling network(s) whereby CD248 enhances CAFs-
mediated IL-8 secretion, which, in turn, induces NSCLC chemore-
sistance. We further utilized western blot and qRT-PCR analyses to
demonstrate that CD248"*CAFs derived IL-8 enhanced NSCLC che-
moresistance via up-regulation of ABCB1. Taken together, CD248
accelerates CAFs-mediated secretion of IL-8 by activating NF-xB.
Next, we validated that CD248-expressing CAFs-derived IL-8 stimu-
lates NSCLC cisplatin chemoresistance in vivo. Relative to WT mice,
CD248 cKO mice exhibited reduced IL-8 secretion, which, in turn,
enhanced the therapeutic effect of cisplatin in vivo. This investiga-
tion highlights a new approach to enhancing the chemotherapeutical
potential of anti-NSCLC chemotherapy.

Briefly, herein, we demonstrated the importance of CD248 ex-
pression in CAFs, which enhance IL-8 secretion, which, in turn, induce
NSCLC chemoresistance. Our evidences also highlight CD248 as a
novel bioindicator of NSCLC-based CAFs, and both IL-8 and CD248
as potential targets of anti-NSCLC chemotherapy.
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