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Abstract

Background: Lysophosphatidic acids (LPAs) belong to a class of bioactive lysopho-
spholipids with multiple functions including immunomodulatory roles in tumor
microenvironment (TME). LPA exerts its biological effects via its receptors that are
highly expressed in fibroblasts among other cell types. As cancer-associated fibroblasts
(CAFs) are a key component of the TME, it is important to understand LPA signaling
and regulation of receptors in fibroblasts or CAFs and associated regulatory roles on
immunomodulation-related molecules.

Methods: Cluster analysis, immunoblotting, real-time quantitative-PCR, CRISPR-
Cas9 gene editing system, immunohistochemical staining, coculture model, and
in vivo xenograft model were used to investigate the effects of LPA-LPARI on B7-H3
in tumor promotion of CAFs.

Results: In this study, we found that LPAR] and CD276 (B7-H3) were generally highly
expressed in fibroblasts with good expression correlation. LPA induced B7-H3 up-
expression through LPARI, and stimulated fibroblasts proliferation that could be inhibited
by silencing LPAR1 or B7-H3 as well as small molecule LPARI antagonist (Kil6425).
Using engineered fibroblasts and non-small cell lung carcinoma (NSCLC) cell lines, subse-
quent investigations demonstrated that CAFs promoted the proliferation of NSCLC
in vitro and in vivo, and such effect could be inhibited by knocking out LPAR1 or B7-H3.
Conclusion: The present study provided new insights for roles of LPA in CAFs, which
could lead to the development of innovative therapies targeting CAFs in the TME. It
is also reasonable to postulate a combinatory approach to treat malignant fibrous
tumors (such as NSCLC) with LPARI antagonists and B7-H3 targeting therapies.
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have been implicated in tumor initiation, progression, and
metastasis.” CAFs could support tumor growth through

Initiation, growth, progression and metastasis of cancer lead
to extensive changes and structural alterations in host tis-
sues, resulting in the formation of a complex tumor stroma,
also known as the tumor microenvironment (TME)." In
general, the TME consists of extracellular matrix (ECM)
components and a variety of cell types, including immune
cells, fibroblasts, and vascular endothelial cells. Populations
of fibroblasts found in primary and metastatic cancers, col-
lectively referred to as cancer-associated fibroblasts (CAFs),

multiple mechanisms, whereby CAFs not only deposit ECM
but also produce matrix remodeling enzymes, thereby pro-
moting tumor invasion, metastasis, and resistance to
therapies.”™ In addition, CAFs can promote tumor growth
and invasion by secreting various cytokines, exosomes, and
growth factors, such as leukemia inhibitory factor (LIF) and
growth differentiation factor 15 (GDF15).%”

CAFs reside in almost all solid tumors and associate
with poor prognosis of invasion in a variety of cancers.”® In

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2023 The Authors. Thoracic Cancer published by John Wiley & Sons Australia, Ltd.

316 wileyonlinelibrary.com/journal/tca

Thorac Cancer. 2024;15:316-326.


https://orcid.org/0009-0009-5792-4531
mailto:fymeng@suda.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/tca

MENG ET AL

WILEYL

malignant fibrous tumors with high CAFs density, such as
pancreatic cancer, breast cancer, and non-small cell lung
cancer (NSCLC), the multiple tumor-promoting functions
that CAFs exhibit during tumor progression make them
attractive therapeutic targets for oncotherapy.” For example,
fibroblast activation protein (FAP) is one of the most viable
and clinically useful markers of CAFs. In multidrug-resistant
mouse models, oral FAP DNA vaccine induced CD8T cell-
mediated killing of CAFs and successfully inhibited primary
tumor growth as well as colon and breast carcinoma metas-
tasis.'® Similarly, adoptive transfer of FAP-specific chimeric
antigen receptor (CAR) T cells, inhibited the growth of con-
nective tissue proliferative human lung cancer xenografts
and syngeneic murine pancreatic cancer.'' While many
drugs targeting key regulators of CAFs are undergoing clini-
cal and preclinical evaluation, many of the published clinical
trials have yielded disappointing results.” Therefore, it is
prudent to conduct more in-depth research on the molecu-
lar mechanisms of CAFs, especially how CAFs interact with
tumor cells and through what mechanism(s) CAFs promote
the progression of tumor and poor patient prognosis.

Lysophosphatidic acids (LPAs) are a class of bioactive
lysophospholipid molecules with multiple functions in both
developmental and pathological conditions.'> LPA binds six
primary LPA transmembrane receptors (LPARI to LPARG6)
with varying affinities that are coupled to four different het-
erotrimeric G proteins (G12/13, Gq/11, Gi/o, and Gs) and
trigger various downstream signaling cascades.'>'> Conse-
quently, LPA could mediate cellular events such as cell pro-
liferation,  survival, apoptosis, migration, fibrosis,
inflammation, and tumor progression.'* Recently, LPA has
been proposed to promote tumor immune invasion via a
mechanism similar to that of CTLA-4 and PD-1."> Specifi-
cally, LPA via LPAR5 has been shown to modulate CD8 T
cell metabolism and impair antitumor immunity.'® It has
also been suggested that tumor-derived LPA accelerates the
progression of hepatocellular carcinoma by promoting
the differentiation of peritumoral fibroblasts into myofibro-
blasts.'” In addition, LPA stimulates glycolysis in both the
normal and cancer-associated fibroblasts along with
the expression of CAF-specific phenotypic markers."® How-
ever, there have been no studies on whether LPA regulates
tumor immunity by mediating immune checkpoint protein
on CAFs. The mechanisms of how LPA regulates CAFs to
promote tumor progression are also still unclear.

In this study, we first examined the expression correla-
tion among LPA receptors and several key checkpoint pro-
teins in fibroblasts based on the literature and observed a
good correlation between LPAR1 and CD276 (B7-H3). This
observation was then verified using relevant cell lines
including fibroblasts and lung cancer cells. Next, we evalu-
ated effects of LPA (18:1) on B7-H3 expression in HLF-a
and MRC-5 cells, followed by investigations on roles of
LPARI1 on B7-H3 expression using siRNAs knockdown or
small molecule LPARI antagonist (Kil6425). Further
in vitro experiments interrogated effects of LPA, LPAR1 and
B7-H3 on fibroblasts proliferation under various conditions.
Finally, we employed engineered fibroblasts cell lines with

LPARI1 or B7-H3 knockout and examined related effects on
tumor cell growth in vitro and in vivo. It is expected that the
present study will provide new insights for the role of CAFs
in tumor proliferation and aid the development of innova-
tive therapies targeting LPARI and B7-H3 on CAFs for bet-
ter clinical outcomes of malignant fibrous cancers.

METHODS

Cell culture and reagents

Cell lines such as HFL-1 (CCL-153), HLF-a (CCL-199), LL97A
(CCL-191), MRC-5 (CCL-171), A549 (CRM-CCL-185), NCI-
H460 (HTB-177), and NCI-H1703 (CRL-5889) were purchased
from the American Type Culture Collection (Manassas). The
A549-eGFP-Puro (CL079) cells were purchased from Biofeng
and were cultured in media recommended by the vendor con-
taining 10% fetal bovine serum (FBS: 10099141C, Gibco) with
penicillin (100 U/mL) and streptomycin (100 pg/mL). The cul-
tures were incubated at 37°C at 5% CO,. LPA (18:1, 857130P)
was purchased from Sigma. All LPAR siRNAs were synthesized
by GenePharma. LPARI antagonist Kil6425 (Debio 0719) was
purchased from MCE. Dulbecco’s modified Eagle medium
(DMEM) (C11995500), MEM (11095098), F12K (21127022)
and RPMI 1640 (C11875500) cell culture media were pur-
chased from Gibco.

Cell transfection

To investigate the regulatory role of siRNAs in gene expres-
sion and proliferation, synthetic siRNAs or siRNAs control
(Table S1) were transfected into fibroblasts and NSCLC cell
lines using lipofectamine 3000 (L3000015, Invitrogen) in
Opti-MEM (31 985 070, Gibco) without serum according to
the manufacturer’s instructions for 48 h (RNA analysis) or
72 h (protein analysis).

RNA quantification

For quantitative real-time-polymerase chain reaction (qRT-
PCR), total RNA was isolated from cells using TRIzol
reagent (9109, Takara). The total RNA extracted was reverse
transcribed into cDNA using NxGen M-MuLV reverse tran-
scriptase (28 025 021, Invitrogen). qRT-PCR was performed
using qRT-PCR master mix (1725272, Bio-Rad) and
primers (Table S1) on CFX96 Touch real-time PCR system
(Bio-Rad). RNA expression levels were normalized to those
of glyceraldehyde 3-phosphate dehydrogenase (GAPDH).

Western blot

Total proteins from cells were extracted using radioimmu-
noprecipitation assay (RIPA) lysis buffer (P0013B, Beyo-
time). Protein concentrations were determined using the
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Pierce BCA protein assay kit (23227, Thermo). Aliquots of
20 pg proteins were separated on a 10% SDS-PAGE gel and
electro-transferred onto a polyvinylidene difluoride (PVDEF)
membrane (ISEQ00010, Merck Millipore). After blocking
using 5% skim milk, the membrane was incubated with pri-
mary antibody at 4°C overnight and subsequently with the
corresponding secondary antibody (Santa Cruz Biotech) for
1 h at room temperature. The membrane was then devel-
oped using Clarity Western ECL substrates (WBKLS0500,
Merck Millipore) and visualized with a ChemiDoc MP
Imaging System (Bio-Rad). Protein expression was normal-
ized with B-tubulin or P-actin expression. The antibodies
against LPAR1 (#3U1QO0), P-tubulin (2G10) and FAP
(F11-24) were purchased from Invitrogen. The antibodies
against a-SMA (D4K9N) and f-actin (8H10D10) were pur-
chased from Cell Signaling Technology. The antibodies
against B7-H3 (#376769) were purchased from Santa Cruz
Biotech.

Immunohischemistry (IHC)

Sections were deparaffinized in xylene, hydrated in ethyl
alcohol and washed in tap water. Fibroblast activation pro-
tein and a-smooth muscle actin staining with antibodies
against FAP (F11-24) and a-SMA (D4K9N) was carried out
as previously described. A Sirius red total collagen detection
kit (#9062) was purchased from Chondrex. The adjacent
sections were stained with diaminobenzidine or 3-amino-
9-ethylcarbazole in an Envision System (Dako). Slides were
viewed and imaged on a microscope system (Olympus).
Two pathologists performed an independent review of the
IHC results.

Cell counting kit-8 assay

Cell proliferation was measured using a CCK-8 assay kit
(CK04, Dojindo). Approximately 3000 cells were plated into
each well of a 96-well plate (3599, Corning) and treated with
LPA (18:1), Kil6425 or transfected with 50 nM siRNAs or
siRNA control using lipofectamine 3000. After 72 h, 10 pL
CCK-8 was added into 90 pL culture medium. Cells were
subsequently incubated for 15 min at 37°C and the optical
density was measured at 450 nm using M3 SpectraMax
microplate reader (Biotek).

CRISPR knockout and single clone selection

CRISPR targeting sequences for CD276 (CACAGGGCAA-
CGCATCCCTG) and LPAR1 (CCACACACGGATGAG--
CAACCG) were cloned into either LentiCRISPRv2 vector
(Addgene, #52961). HLF-a was cotransfected with the plas-
mids LentiCRISPRv2-gRNA, pMD2.G (Addgene, #12259),
and psPAX2 (Addgene, #12260) by PEI Max to produce a
lentivirus. After 48 h of infection, the cells were sorted and

subcloned to generate single cell clones at a low density
(200 cells/10 cm plate). After 14 days of post-puromycin
(2 pg/mL) selection, KO cells were verified by western
blotting.

Tumor xenograft model

Protocols for animal husbandry and experiments were
approved by the Institutional Animal Care and Use Com-
mittee at Soochow University. All animal experiments
complied with the ARRIVE guidelines and were carried out
in accordance with the National Institutes of Health guide
for the care and use of laboratory animals (NIH publication
no. 8023, revised 1978). Male nude mice were purchased
from SLAC International (Shanghai, China). All animals
were kept in specific- pathogen-free (SPF) conditions in the
Animal Resource Center at Soochow University. Athymic
male SCID mice (BALB/c-Foxnl™/Nju, Gem Pharmatech,
China) at about 4-6 weeks were used to explore the effect of
fibroblasts on the growth of NSCLC. Approximately
1 x 10° A549 or H1703 cells were collected and mixed with
matrigel (356 234, Corning) at a 1:1 ratio by volume and
then injected alone or coinjected with 5 x 10> engineered
fibroblasts (HLF-a", HLF-a“"?*~'~ or HLF-a""**'~/") into
the lower back region of SCID mice. When tumors were pal-
pable, mice were randomly divided into four groups
(n =5). Tumor volumes were measured using digital cali-
pers, and all mice were euthanized when the progressing
group had to be sacrificed due to tumor volume per IACUC
standards. The tumor sizes and mouse bodyweights were
nonblindly monitored every other day. The tumor size was
evaluated according to the following equation:

tumor size (mm’) = (length x width?) /2.

Statistical analysis

All statistical analysis was performed using GraphPad Prism
8 software. A student’s t test was used to compare the two
groups. The results are presented as mean * SD, with
P < 0.05 considered as statistically significant.

RESULTS

LPAR1 and CD276 (B7-H3) were generally
highly expressed in fibroblasts

To explore the relationship between LPAR receptors and the
B7 family of costimulatory molecules in fibroblasts. First, we
performed cluster analysis of related genes in 38 fibroblasts
from the Cancer Cell Line Encyclopedia (CCLE) database.
The results are shown in Figure la, LPARI and CD276
(B7-H3) were significantly highly expressed in all 38 fibro-
blasts and showed a certain degree of expression correlation.
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LPAR1 and CD276 (B7-H3) were generally highly expressed in fibroblasts. (a) Clustering analysis of the B7 gene family and LPAR gene

family (blue = weaker, red = stronger). In the heat map, the rows represent the 38 fibroblasts from CCLE database (expression 22Q2 Public), and the
columns represent the B7 gene family and LPAR gene family. (b) Radar plots demonstrated the differential expression of the LPAR gene family and CD276
in 38 fibroblasts from CCLE. (c) Real-time PCR data showed the relative mRNA expression of the LPAR gene family in HFL-1, MRC-5, LL97A, HLF-a,
A549, H1703, H460 cell lines. (d) Western blot data showed the expression of B7-H3 and LPAR1 in HFL-1, MRC-5, LL97A, HLF-a, A549, H1703, H460 cell
lines. (e) B7-H3 protein expression was positively correlated with LPAR1 protein expression in HFL-1, MRC-5, LL97A, HLF-a, A549, H1703, H460 cell lines.
Data represent mean * SD. Significance was assessed by two-sided t-test. ***p < 0.001; **p < 0.01; *p < 0.05; ns, no significance.

Furthermore, the expression level of the other five LPA
receptors was lower compared to LPARI in these 38 fibro-
blasts (Figure 1b). The correlation between the high expres-
sion of LPAR1 and CD276 (B7-H3) also showed fibroblast
specificity that is not present in tumor «cell lines
(Figure 1SA). We then tested the mRNA and protein expres-
sion including human embryonic lung fibroblasts (HFL-1
and MRC-5), lung fibroblast derived from an idiopathic pul-
monary fibrosis (IPF) patient (LL97A), lung fibroblast
derived from NSCLC patient (HLF-a) and NSCLC cell lines
(A549, H1703, and H460), and the results were consistent
with the database (Figure 1lc,d; Figure 1SB). Moreover,
LPARI1 and B7-H3 in these seven cell lines showed a signifi-
cant positive correlation at the protein levels (Figure le;
r = 0.8733; p = 0.0102). The above results indicated that
LPARI1 and B7-H3 were highly and specifically expressed in
fibroblasts and showed a good expression correlation.

LPA-induced B7-H3 up-expression via LPAR1
in fibroblasts

Excessive secretion of LPA has been detected in pathological
conditions and has been shown to induce an immunosup-
pressive environment in the TME of a variety of cancers.'>"’
Therefore, to investigate whether LPA has a regulatory effect
on the negative costimulatory molecule B7-H3 in fibroblasts,
we first detected the expression of B7-H3 in MRC-5 and

HLF-a after treatment with LPA at different time points. As
shown in Figure 2a, B7-H3 showed significant time-
dependent up-regulation under LPA induction in both types
of cells. Next, we designed small interfering RNAs for each
of the six receptors of LPA and verified their functions (two
siRNAs were designed for each LPA receptor. Figure 2b;
Table S1). After transfection of the two cells separately, we
found that only silenced LPAR1 reduced the expression of
B7-H3 (the inhibition over 50% compared to the control)
(Figure 2c). Moreover, when we stimulated with LPA and
transfected the siRNA of LPARI simultaneously, the
induced upregulated expression of B7-H3 was significantly
reversed (Figure 2d). Finally, we used specific small mole-
cule LPARI antagonist kil6425 (10 uM) to block the LPA-
LPARI signaling pathway in MRC-5 and HLF-a, and the
same results were obtained as Figure 2c (Figure 2e). These
findings confirmed that LPA upregulated the expression of
B7-H3 through LPARI, and silencing LPAR1 gene expres-
sion or blocking it signaling pathway both resulted in down-
regulation of B7-H3 expression.

Silencing of LPAR1 or CD276(B7-H3) inhibited
LPA-stimulated fibroblasts proliferation

The proliferation and migration of tumor cells induced by
paracrine LPA has been confirmed by many studies, even in
the absence of stromal growth factors.”’ However, the effect
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FIGURE 2 Lysophosphatidic acid (LPA)-induced B7-H3 up-expression via LPARI in fibroblasts. (a) Western blot data showed the expression of B7-H3
treated with LPA 18:1 (10 uM) for different times in MRC-5 and HLF-a cells. (b) Real-time PCR data showed the validation of siRNAs (50 nM). (c) Western
blot data showed the expression of B7-H3 were transfected with 50 nM siRNAs of LPARI-6 in MRC-5 and HLF-a cells. (d) Western blot data showed the
expression of B7-H3 treated with LPA 18:1 (10 pM, 24 h) with or without LPARI siRNA (50 nM) in MRC-5 and HLF-a cells. (e) Western blot data showed
the expression of B7-H3 treated with 10 pM Kil6425 in MRC-5 and HLF-a cells. Data represent mean + SD. Significance compared to negative control was
assessed by two-sided #-test. ***p < 0.001; **p < 0.01; *p < 0.05; ns, no significance.

of exogenous LPA on fibroblasts proliferation is still unclear.
Therefore, to investigate whether LPA, LPAR1 or B7-H3
affected the proliferation of fibroblasts, we compared the
growth rates of HFL-1, MRC-5, LL97A, HLF-a, A549 and
H1703 for 96 h to serve as a reference for the following
experiments, firstly. As shown in Figure 3a and Table 1, the
growth rates of NSCLC cells (A549 and H1703) and human
embryonic lung fibroblasts (HFL-1 and MRC-5) were signif-
icantly higher than LL97A and HLF-a. Therefore, we contin-
ued to select MRC-5 and HLF-a as the objects with different
growth rates for effects of LPA stimulating fibroblasts prolif-
eration at different concentrations, representatively. And
considering the interference of FBS on the LPA interaction
effect, we chose serum-free media for these experiments.
Interestingly, both MRC-5 and HLF-a proliferated signifi-
cantly and showed a concentration-dependent increase
when stimulated by LPA, except 20 pM (Figure 3b). Fur-
thermore, we silenced the expression of LPAR1 or B7-H3
simultaneously under the stimulation of LPA concentration
of 10 pM in the two fibroblasts, and the results showed that

the proliferation effect induced by LPA was significantly
Inhibited (Figure 3c). The same results were obtained in our
subsequent experiments using Kil6425 (Figure 3d). These
findings demonstrated that LPA induced fibroblasts prolifer-
ation that effect could be inhibited by blocking LPARI sig-
naling pathway or silencing LPAR1 or B7-H3 expression.

Knocking out CD276 (B7-H3) or LPARI1
prevented CAFs from promoting lung cancer
cell proliferation in coculture system

To verify the effects of fibroblasts on the proliferation of
NSCLC cells in vitro, we initially cultured A549 and H1703
with conditioned media (CM) obtained from MRC-5 and
HLF-a, correspondingly. As shown in Figure 4a, both CM
derived from fibroblasts have the potential to encourage the
proliferation of A549 and H1703, but the CM derived from
HLF-a significantly had a stronger promoting -effect.
Although the underlying molecular mechanism remains ill-



MENG ET AL

WILEYL

(@)

MRC-5 HLF-a

150 4 AS49 400+ 250
-~ HFL-1
o H1703 w0 200 ==
3 -¥- MRC-5 S < - s
P 1007 -~ LL97A z " Z 150
s & HLF-a £ 200 2 s 5P
£ > . > 100+
= = ns T
g 50 8 1004 8
’ |_Y_| r| "
0 T T T T T T T
0 T T T T T S S NN ®
0 24 48 72 96 oY W S
N
(hr) LPA
°) : : (d
( MRC-5 HLF-a d MRC-5 HLF-a
250 x 250 250+ 200 "
wxe | wn " —
[ —_—
200-] 200 wxx | ww —
4
< - 200 150
< < S S
£ 1507 Z 1509 2 150 >
s 8 3 5 100
$ 1004 i
= 100 - 100 > 100 >
o 1] 3 =
_ _ o 8 504
50 50 o 50
0 T T T T 0= 04 0
> > N ) > >
s & & & o & S ovso -+ - puso -+
S U VA S Ki16425 10uM - - + Ki16425 10uM - - +
LPA 10uM LPA 10uM LPA10iM - + + LPA10uM - + +
FIGURE 3

Silencing of LPARI or CD276 (B7-H3) inhibited lysophosphatidic acid (LPA)-stimulated fibroblast proliferation. (a) Proliferation data

showed that the difference of growth rates of HFL-1, MRC-5, LL97A, HLF-a, A549 and H1703 in 10% fetal bovine serum (FBS) media. (b) Proliferation data
showed that after 72 h of MRC-5 and HLF-a cells in the presence of LPA 18:1 concentration gradient; MEM media with 10% FBS was a positive control.

(c) Proliferation data showed that after 72 h of MRC-5 and HLF-a cells treated with LPA 18:1 (10 pM) with or without transfected with 50 nM siRNAs of
LPARI or B7-H3. (d) Proliferation data showed that after 72 h of MRC-5 and HLF-a cells treated with or without LPA 18:1 (10 pM) and Ki16425 (10 uM).
Data represent mean * SD. Significance compared to negative control was assessed by two-sided ¢-test. ***p < 0.001; **p < 0.01; *p < 0.05; ns, no

significance.

TABLE 1

The growth rates of HFL-1, MRC-5, LL97A, HLF-a, A549
and H1703 in 10% fetal bovine serum media.

Cell viability (%) a

48 h 72h 96 h
HFL-1 51.04 + 1.75 73.78 + 3.48 100.00 £ 5.12
HLF-a 37.41 + 2.39%* 41.02 £ 2.37%%* 52.51 + 3.31%**
LL97A 42.19 £ 2.04%* 49.45 + 2.04%* 54.25 + 3.19%**
MRC-5 55.43 + 4.68" 69.71 + 4.13™ 85.01 + 3.97*
A549 67.14 + 1.52%%* 87.02 + 4.35% 135.65 + 5.75%*
H1703 61.12 + 4.33* 80.07 + 7.32"™ 93.88 + 6.52™

Abbreviation: ns, no significance.
“Data represent mean + SD. Significance compared to HFL-1 was assessed by two-

sided t-test.
¥ < 0.001.
**p < 0.01.
*p < 0.05.

defined, A549 was more sensitive to CM derived from
HLF-a and the CM derived from tumor cells failed to induce

fibroblasts proliferation (Figure S2). These findings are con-
sistent with other tumors model that have been reported.”!
To further explore the roles of LPAR1 and B7-H3 in pro-
moting lung tumor cell proliferation in CAFs. We then used
CRISPR-Cas9 gene editing system to knock out LPARI or
CD276 in HLF-a and then obtained two engineered fibro-
blasts (HLF-a“P?°~/~ and HLF-a!"**~""). We also

cocultured A549-eGFP-Puro with engineered HLF-a at a
ratio of 1:5 (Figure 4b).** As shown in Figure 4c,d, coculture
of HLF-a"" significantly promoted the proliferation of
A549-eGFP-Puro compared with monoculture. Meanwhile,
HLE-a“P?¢~/~ or HLE-a""*®~"~ coculture showed signifi-
cant proliferation inhibition on A549-eGFP-Puro.

Knocking out CD276 (B7-H3) or LPAR1
inhibited CAFs promotion of lung tumor
growth in xenograft models

To further clarify the importance of B7-H3 and LPAR1 in
promoting tumor growth of CAFS in vivo, A549 and H1703
were injected alone or coinjected with HLF-a"*, HLEF-
a“P27=/~ or HLF-a""*®!~/~ by 1:5 ratio into the lower back
subcutaneous skin of immunodeficient mice, respectively.
As shown in Figure 5a-c, wild-type HLF-a significantly
promoted the tumor growth of NSCLC. In contrast, HLF-
a“P?76~'= or HLE-a""®~"~ coinjected significantly inhib-
ited tumor proliferation. In addition, wild-type HLF-a pro-
moted H1703 tumor proliferation and was associated with a
worse survival rate in mice (Figure 5d). Moreover, immuno-
histochemical results of tumors also showed that the mixed
inoculation of wild-type rather than knockout LPARI or
B7-H3 fibroblasts also increased the degree of A549 tumor
fibrosis, which was also supported by a significant increase
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(c) Fluorescence images of coculture and monoculture after 72 h. (d) Relative quantitative analysis of fluorescent cells in four random fields of view described
in (c). Data represent mean * SD. Significance compared to negative control was assessed by two-sided t-test. ***p < 0.001; **p < 0.01; *p < 0.05; ns, no

significance.

in Sirian red staining of total collagen and CAFs labeled by
fibroblast activation protein (FAP) and a-smooth muscle
actin (a-SMA) (Figure 5e). Collectively, these data demon-
strated that B7-H3 and LPARI1 are essential molecules for
CAFs to promote lung tumor growth, and the absence of
B7-H3 or LPAR1 could lead to CAFs inhibiting tumor
proliferation.

DISCUSSION

The TME consists of ECM components and a variety of cell
types, such as tumor cells, immune cells, fibroblasts, among
others." As a critical building component of TME, CAFs
have previously been found to deposit ECM, modulate
metabolism, construct an immunosuppressive environment,
and promote tumor growth and invasion.”** Several studies
have linked increased LPA signaling with the biological
events related to carcinogenesis and tumor progression, such

as malignant transformation, increased cancer stem cell pro-
liferation, enhanced invasion and metastasis, reprogram-
ming of tumor and metastatic microenvironments, and
development of therapy resistance.”* > However, there are
few studies on whether and how LPA regulates fibroblasts in
the TME. In particular, it is unclear how CAFs interact with
tumor cells and by what mechanism(s) LPA regulate check-
point signaling of CAFs. In this study, we found and con-
firmed that LPARI and CD276 (B7-H3) are generally highly
expressed in fibroblasts with strong correlation for the first
time. Meanwhile, LPA, as a bioactive phospholipid abnor-
mally secreted under pathological conditions, promoted the
expression of B7-H3 through its receptor LPARI and stimu-
lated fibroblasts proliferation. Blocking LPARI signaling
pathway or silencing LPAR1 or B7-H3 expression could also
inhibit the proliferation effect by LPA stimulation. More-
over, subsequent in vitro and in vivo investigations demon-
strated that LPAR1 and B7-H3 were indispensable for CAFs
to promote NSCLC proliferation.
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B7-H3 is an important member of the B7 family of
check point molecules.”” Many studies have confirmed that
B7-H3 plays a crucial role in adaptive immunity by regulat-
ing T cell function.”® B7-H3 is widely expressed in primary
malignant tumors, and studies have also shown that B7-H3
plays an important role in tumor progression in addition to
immune escape, including proliferation and migration,
angiogenesis, and gene regulation through epigenetic modi-
fications.”” The above findings make B7-H3 a promising
new target for immunotherapy after PD-L1 and CTLA-4. To
date, more than a dozen clinical trials targeting B7-H3 have
been initiated. Examples include enoblituzumab (MGA271),
a humanized and Fc-engineered antibody for prostate can-
cer and NSCLC, ifinatamab (DS-7300), which is in phase II
clinical trials for previously treated patients with extensive-
stage small cell lung cancer (SCLC), and several ongoing
CAR-T clinical trials targeting B7-H3 (NCT05341492;
NCT03198052 etc.).’>’! Interestingly, B7-H3 has been
shown to have a dual function of costimulation and coinhi-
bition.*” This is very similar to the current functional certifi-
cation for CAFs. However, the link between LPA and B7-H3
is not clear in CAFS. Functionally, it has been reported that
LPA induces the glycolysis transition of normal fibroblasts
to CAFs by upregulating HIF1a levels.'"® Moreover, B7-H3
promotes aerobic glycolysis in oral squamous carcinoma via
PI3K/Akt/mTOR pathway and promotes tumor growth.”
Our study further confirmed and supplemented that LPA
upregulates the expression of B7-H3 in CAFs through its
receptor LPAR1, and the metabolic reprogramming of CAFs
caused by B7-H3 overexpression is a key factor in promot-
ing tumor progression.”

While CAFs reside in almost all solid tumors, their con-
tribution to stromal populations varies by types of cancer.
For example, breast, pancreatic and lung cancers display
high CAFs density, whereas brain, kidney and ovarian can-
cers display a relatively lower CAFs density.”* NSCLC with
high CAFs density and high incidence was finally selected as
the research object in this study. Moreover, for the two most
important tissue subtypes of NSCLC, lung adenocarcinoma
and lung squamous cell carcinoma, we also selected A549
and H1703 as representatives in the study, despite the lack
of certain scientific rigor. Our in vivo results are consistent
with a previously reported study for intrahepatic
cholangiocarcinoma,” although the ratio of cancer cells to
fibroblasts used different. Despite disparities in experimental
conditions, the present study observed significant differences
between MRC-5 and HLF-a in growth rates, expression of
B7-H3, and sensitivity to LPA stimulation. Unfortunately,
we were unable to verify these findings using patient-
isolated fibroblasts due to ethical and technical issues. The
fibroblast cell lines used in our study have been validated in
the literature and are extensively employed in various cancer
and fibrosis models.***

There were certain limitations to our study. The unavail-
ability of sufficient Ki16425 prevented us from examining
the effect of blocking the LPARI signaling pathway on
tumor growth in vivo. Furthermore, the lack of uniformed

and precise markers defining CAFs remained a technical
challenge.” Therefore, the isolated and cultured fibroblasts
in this study might not be able to capture the full spectrum
of CAFs in vivo in patient tumors. In addition, due to the
lack of cancer gene information databases such as TCGA, it
is more difficult to investigate fibroblasts than tumors.
Nonetheless, the present findings provide valuable and
needed knowledge between LPA and its receptors in regulat-
ing check point molecules in fibroblasts, as well as a new
insight for the role of CAFs in tumor proliferation.

In conclusion, the current findings in our study fill a
knowledge gap between LPA and its receptors in the regula-
tion of checkpoint protein B7-H3 in fibroblasts. For tumors
with high CAF density such as NSCLC, it is hoped that the
present study will provide new insights into the role of CAFs
in tumor proliferation and lead to enhanced treatment out-
comes for patients via combination of LPARI antagonists
and B7-H3 targeting therapies.
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