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1 | INTRODUCTION

| ErhuiJiang®? | Xiaocheng Zhou'® | Zhengjun Shang?

Abstract

Lipid metabolic reprogramming of tumor cells has been proven to play a critical role
in tumor initiation and development. However, lipid metabolism in cancer-associated
fibroblasts (CAFs) has rarely been studied, particularly in CAFs of oral squamous cell
carcinoma (OSCC). Additionally, the molecular mechanism by which tumor cells regu-
late lipid metabolism in fibroblasts is unclear. In this study, we found that phospho-
rylated ATP citrate lyase (p-ACLY), a key lipid metabolic enzyme, was upregulated in
OSCC CAFs. Compared to paracancerous normal fibroblasts, CAFs showed enhanced
lipid synthesis, such as elevated cytosolic acetyl-CoA level and accumulation of lipid
droplets. Conversely, reduction of p-ACLY level blocked this biological process. In ad-
dition, blocking lipid synthesis in CAFs or inhibiting fatty acid uptake by OSCC cells
reduced the promotive effects of CAFs on OSCC cell proliferation, invasion, and
migration. These findings suggested that CAFs are one of lipid sources required for
OSCC progression. Mechanistically, AKT signaling activation was involved in the up-
regulation of p-ACLY level and lipid synthesis in CAFs. Interleukin-8 (IL8), an exocrine
cytokine of OSCC cells, could activate AKT and then phosphorylate ACLY in fibro-
blasts. This study suggested that the IL8/AKT/p-ACLY axis could be considered as a
potential target for OSCC treatment.

KEYWORDS
ATP citrate lyase, cancer-associated fibroblast, IL8, lipid metabolism, oral squamous cell
carcinoma

treatment, the prognosis for patients with OSCC remains unsat-

isfactory, with an overall 5-year survival rate of less than 50%.%?2

Oral squamous cell carcinoma (OSCC) is a lethal malignancy Therefore, exploring the molecular mechanisms underlying OSCC

with high recurrence and metastasis risks. Despite many ef- progression to discover effective therapeutic targets is in urgent

forts to combat this cancer, such as advances in diagnosis and need.

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.

© 2024 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association.

Cancer Science. 2024;115:1433-1445. wileyonlinelibrary.com/journal/cas 1433


www.wileyonlinelibrary.com/journal/cas
https://orcid.org/0000-0003-2357-3760
mailto:
mailto:
https://orcid.org/0000-0002-4884-8129
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:zhouxiaocheng@whu.edu.cn
mailto:shangzhengjun@whu.edu.cn

LIU ET AL.

LEBRWATS 2 Cancer SCience

The tumor microenvironment (TME) is a complex dynamic sys-
tem in which extensive cross-talk is established between tumor
and stromal cells.® As the dominant stromal cell type in TME,
cancer-associated fibroblasts (CAFs) play multiple roles in tumor
progression. In addition to secreting growth factors and cytokines,
remodeling the extracellular matrix (ECM), CAFs also undergo meta-
bolic alterations and act as an energy supplier to boost tumor growth
and metastasis.> 2 Therefore, targeting CAFs as a cancer therapeu-
tic intervention strategy has been pushed to the forefront.

Metabolic reprogramming is a hallmark of cancer. Such repro-
grammed metabolism of glucose, amino acids, and lipids plays im-
portant roles in tumor initiation and development.**"*8 For instance,
tumor cells largely restrict their glycometabolism to glycolysis rather
than aerobic oxidation, even under oxygen-rich conditions.*>™’
With glycolysis, tumor cells can not only obtain energy at a high
frequency, but also produce large amounts of lactate, creating an
acidic environment that promotes tumor progression and immune
evasion.'®Y” However, the perspective on cancer metabolism should
not be limited to tumor cells, but should also take stromal cells into
account, especially CAFs. For instance, it has been reported that
CAFs from different tumor types undergo enhanced glycolysis and
produce lactate for tumor cells.*>*? Nevertheless, lipid metabolism
in CAFs has been rarely studied, particularly in CAFs of OSCC.

ATP citrate lyase (ACLY) is an important metabolic enzyme
that catalyzes conversion of citrate and coenzyme A to oxaloace-
tate and acetyl-CoA. The acetyl-CoA product is the substrate for
lipid biosynthesis as well as histone at:etylation.lg'20 Elevated ACLY
expression or activity was detected in various cancers and associ-
ated with tumor development.?t2® Therefore, ACLY has attracted
considerable interest as a cancer therapeutic target. Nevertheless,
the expression pattern and relevant role of ACLY in CAFs have not
been well studied. In a recent study on melanoma,?* our research
group revealed that ACLY is enriched in extracellular vesicles of mel-
anoma cells, especially under hypoxic conditions. Accordingly, it is
reasonable to assume that tumor cells could upregulate ACLY and
lipid synthesis in surrounding stromal cells, particularly CAFs. We
hypothesized that OSCC cells positively regulate lipid synthesis in
CAFs by increasing ACLY expression or activity, thus making CAFs
one of the lipid sources for tumor cells.

In this study, we investigated the expression pattern and associ-
ated role of ACLY in OSCC CAFs. Our study revealed that elevated
expression of phosphorylated ACLY (p-ACLY) in CAFs augmented
lipid synthesis, making CAFs a lipid source for OSCC cells during
tumor progression. In addition, interleukin-8 (IL8)-driven AKT sig-
naling activation could promote ACLY phosphorylation and lipid syn-

thesis in fibroblasts. This study advances our understanding of the

interplay between CAFs and OSCC cells, and presents a potential
therapeutic target for OSCC.

2 | MATERIALS AND METHODS

2.1 | Isolation and culture of primary fibroblasts
Fibroblast isolation was carried out as previously described.?
Human gingival fibroblasts (HGFs) were isolated from fresh and
healthy gingival tissues donated by volunteers. To isolate CAFs
and paracancerous normal fibroblasts (PNFs), fresh OSCC tissues
and matched paracancerous normal tissues were obtained from
OSCC patients at the School and Hospital of Stomatology, Wuhan
University. Fibroblasts isolated from OSCC tissues were defined as
CAFs and those from paracancerous normal tissues as PNFs. The
fibroblasts were cultured with DMEM containing 10% FBS at 37°C
in 5% CO, and only used within five passages.

2.2 | Conditioned medium collection

Cells were seeded into a 6-well culture plate. When cells became a
70% confluent monolayer, they were washed twice with PBS buffer
and then DMEM containing 10% or 3% dialyzed FBS (HyCyte, Suzhou,
China) was added to each well. Twenty-four hours later, the medium
was harvested and centrifuged at 2000rpm for 10 min. Then the su-
pernatant was collected and passed through a 0.22 pm filter. We used
DMEM initially containing 3% dialyzed FBS to generate conditioned
medium (CM) for wound healing assay; DMEM initially containing
10% dialyzed FBS was used to generate CM for CM free fatty acid
(FFA) quantification, cell proliferation, and Matrigel invasion assays.

More methods are detailed in the Supplemental File S1.

3 | RESULTS

3.1 | Phosphorylated ACLY was highly expressed in
OSCC CAFs

To investigate ACLY expression pattern in OSCC CAFs, we collected
normal oral mucosa (n=8) and OSCC tissue samples (hn=46) for im-
munohistochemical (IHC) staining. The results showed no significant
difference in ACLY expression between normal mucosa and OSCC
(Figures 1A,B-ii and S1). However, the activated form of ACLY,
p-ACLY, was upregulated in OSCC tissues, including tumor cells and

FIGURE 1 Phosphorylated ATP citrate lyase (p-ACLY) was upregulated in oral squamous cell carcinoma (OSCC) cancer-associated
fibroblasts (CAFs). (A) Representative immunohistochemistry images of p-ACLY, ACLY, and fibroblast activation protein (FAP) staining

in normal oral mucosa and OSCC tissues. Scale bar, 100 pm. (B) Immunohistochemistry scores of p-ACLY (i), ACLY (ii), and FAP (iii) in the
stromal region of normal oral mucosa and OSCC tissues. (C) p-ACLY and ACLY expression in paired paracancerous normal fibroblasts (PNFs)
and CAFs was examined by western blot. (D) Quantitative analysis for western blot of (C). (i) p-ACLY expression. (ii) ACLY expression. (E)
Quantitative PCR for ACLY mRNA level in paired PNFs and CAFs. Data are presented as means + SD. Results are representative of at least
three independent experiments. **p <0.01, ***p <0.001. ns, no significance.
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stromal cells (Figures 1A,B-i and S1). In addition, in the OSCC stromal
region, p-ACLY was mainly located in fibroblast-like cells (Figure 1A),
suggesting that p-ACLY expression is probably elevated in CAFs. To
test this speculation, we isolated primary CAFs and PNFs, and then
detected ACLY expression at mMRNA and protein levels. Consistent
with IHC results, quantitative PCR and western blot analysis showed
no statistical difference in ACLY expression between CAFs and PNFs
(Figure 1CD-ii,E). Nevertheless, it was shown by western blot analy-
sis that CAFs had a higher p-ACLY level than PNFs (Figure 1C,D-i).
Collectively, p-ACLY expression was elevated in OSCC CAFs.

3.2 | Lipid synthesis was enhanced in OSCC CAFs,
whereas reduction of p-ACLY level blocked this
biological process

The lipid content of PNFs and CAFs was examined by Oil red O stain-
ing. Under control conditions, the average density of lipid droplets
(LDs) in CAFs was higher than that in PNFs (Figure 2A,B). Then we
measured the level of acetyl-CoA, the substrate for lipid synthesis,
in the cytosol of these cells. The acetyl-CoA measurement assay
showed that CAFs had a higher cytosolic acetyl-CoA level than PNFs
(Figure 2C). Moreover, we quantified FFA, a lipid metabolite, in the
CM of PNFs and CAFs. The FFA quantification assay revealed that
the concentration of FFA in CAF CM is higher than that in PNF CM
(Figure 2D). These results suggested that OSCC CAFs underwent
enhanced lipid synthesis.

To verify the role of p-ACLY in regulating lipid synthesis of CAFs,
we treated CAFs with ACLY inhibitor NDI-091143. Western blot
analysis revealed that this inhibitor reduced the p-ACLY level of CAFs
in time- and dose-dependent manners (Figure 2E). After NDI-091143
treatment (40pM for 24h), the cytosolic acetyl-CoA level in CAFs
decreased significantly (Figure 2C). In addition, CAFs under NDI-
091143 treatment showed reduced intracellular LD density and CM
FFA concentration (Figure 2A,B,D). Furthermore, the Gene Ontology
enrichment analysis revealed that treatment with NDI-091143
downregulated the lipid biosynthetic process in CAFs significantly
(Figure 2F). Overall, p-ACLY upregulated lipid synthesis in CAFs.

3.3 | Blocking lipid synthesis in CAFs or inhibiting
fatty acid uptake by OSCC cells reduced the
tumor-promoting effects of CAFs

Given enhanced lipid synthesis in OSCC CAFs, we speculated that
CAFs could promote tumor progression through the lipid metabolic

pathway. To verify this speculation, we collected CM from OSCC
cells, PNFs, CAFs, and CAFs pretreated with NDI-091143. Then
OSCC cell lines including CAL27 and SCC25 were treated with each
CM. The CCK-8 proliferation, Matrigel invasion, and wound healing
assays revealed that OSCC cells treated with CAF CM showed en-
hanced proliferation, invasion, and migration abilities, compared to
those treated with PNF CM or OSCC cell CM (Figures 3A-C and S2).
However, this trend was attenuated when CAFs were pretreated
with NDI-091143 (Figures 3A-C and S2). These results suggested
that reduction of p-ACLY level reduced tumor-promoting effects of
CAFs, which was likely to result from lipid synthesis blockade.

CD36 has been reported to be the best characterized mem-
brane fatty acid translocase mediating the uptake of fatty acids.?¢-28
CD36 expression and plasma membrane localization are sensitive to
the concentration of exogenous fatty acids, and are critical for its
function in promoting fatty acid uptake.”'30 To further determine
whether CAFs could promote tumor progression through the lipid
metabolic pathway, we detected CD36 expression in OSCC cells cul-
tured with indicated CM. It was shown that CAF CM elevated total
and membrane expression of CD36 in OSCC cells, whereas pretreat-
ment of CAFs with NDI-091143 reversed this process (Figures 3D
and S3). These results suggested that lipid metabolites released from
CAFs were taken up by OSCC cells. Then we treated OSCC cells with
CD36 inhibitor sulfosuccinimidyl oleate sodium (SSO) before treat-
ing them with CAF CM. The results showed that SSO pretreatment
(50uM, 12h) also reduced the promotive effects of CAFs on OSCC
cell proliferation, invasion, and migration (Figures 3E-G and S4).
Taken together, lipid metabolites released from CAFs could be taken
up by OSCC cells and contribute to OSCC progression.

3.4 | AKT signaling activation involved in
upregulation of lipid synthesis in CAFs

AKT signaling has been reported as one of the pathways regulat-
ing ACLY phosphorylation.® Thus, we detected the phosphoryl-
ated AKT (p-AKT) level in paired PNFs and CAFs. Western blot
analysis showed that the level of p-AKT in CAFs was significantly
higher than that in PNFs (Figure 4A). We then treated CAFs with
AKT inhibitor MK2206 (10puM, 12h) and examined p-ACLY levels
by western blot analysis. It was shown that CAFs under MK2206
treatment showed a dramatic decrease in both p-AKT and p-ACLY
levels (Figure 4B). In addition, the intracellular LD density, cytosolic
acetyl-CoA level, and CM FFA concentration of CAFs were signifi-
cantly reduced by MK2206 treatment (Figure 4C-F). Moreover,
treatment with MK2206 reduced the promotive effects of CAFs on

FIGURE 2 Oral squamous cell carcinoma (OSCC) cancer-associated fibroblasts (CAFs) underwent enhanced lipid synthesis, whereas
reduction of phosphorylated ATP citrate lyase (p-ACLY) level blocked this biological process. (A) Intracellular lipid droplets (LDs) were
visualized by Qil red O staining. Scale bar, 10 um. (B) Quantitative analysis for intracellular LDs of (A). (C) Cytosolic acetyl-CoA measurement
was carried out on paracancerous normal fibroblasts (PNFs), CAFs, and CAFs treated with NDI-091143 (NDI; 40 uM, 24 h). (D) Relative free
fatty acid (FFA) level in conditioned medium (CM) from PNFs, CAFs, and CAFs pretreated with NDI-091143. (E) p-ACLY level in CAFs under
NDI-091143 treatment was detected by western blot. (i) Concentration gradient. (ii) Time gradient. (F) (i) Differentially expressed genes
identified by RNA sequencing. (ii) Bubble plots of Gene Ontology enrichment analysis related to CAFs under NDI-091143 treatment. Data
are presented as means + SD. Results are representative of at least three independent experiments. *p <0.05, **p <0.01. ns, no significance.
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FIGURE 3 Blocking lipid synthesis in cancer-associated fibroblasts (CAFs) or inhibiting fatty acid uptake by oral squamous cell carcinoma
(OSCC) cells reduced the tumor-promoting effects of CAFs. (A, E) Cell proliferation rates of OSCC cells treated with indicated conditioned
medium (CM) were examined by CCK-8 proliferation assay. (i) CAL27, (ii) SCC25. (B, F) Cell invasion abilities of OSCC cells treated with
indicated CM were examined by Matrigel invasion assay. Scale bar, 100 um. (C, G) Quantitative analysis for invasion cells of (B, F). (i) CAL27,
(i) SCC25. (D) CD36 expression of OSCC cells treated with indicated CM was detected by western blot analysis. Data are presented as
means + SD. Results are representative of at least three independent experiments. **p <0.01, ***p <0.001. NDI, NDI-091143; ns, no
significance; OD450, optical density at 450 nm; PNF, paracancerous normal fibroblast; SSO, sulfosuccinimidyl oleate sodium.
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FIGURE 4 AKT signaling activation was involved in the upregulation of lipid synthesis in cancer-associated fibroblasts (CAFs). (A)
Expression of phosphorylated ATP citrate lyase (p-ACLY), ACLY, p-AKT, AKT, and fibroblast activation protein (FAP) in paired paracancerous
normal fibroblasts (PNFs) and CAFs was detected by western blot analysis. (B) Expression of p-ACLY, ACLY, p-AKT and AKT in MK2206-
treated CAFs was detected by western blot analysis. (C) Measurement of cytosolic acetyl-CoA in MK2206-treated CAFs. (D) Intracellular
lipid droplets (LDs) in MK2206-treated CAFs were visualized by Oil red O staining. Scale bar, 10 um. (E) Quantitative analysis for intracellular
LDs of (D). (F) Relative free fatty acid (FFA) levels in the conditioned medium (CM) of MK2206-treated CAFs. (G) Cell proliferation rates

of oral squamous cell carcinoma (OSCC) cells treated with indicated CM were examined by EdU proliferation assay. Scale bar, 100 um. (H)
Quantitative analysis for EdU-positive cells of (G). (i) CAL27, (ii) SCC25. (I) Cell invasion abilities of OSCC cells treated with indicated CM
were examined by Matrigel invasion assay. Scale bar, 100 um. (J) Quantitative analysis for invasion cells of (1). (i) CAL27, (ii) SCC25. Data are
presented as means + SD. Results are representative of at least three independent experiments. *p <0.05, **p <0.01, ***p <0.001.
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OSCC cell proliferation, invasion, and migration (Figures 4G-J and
S5). Together, AKT signaling activation was involved in the upregula-

tion of lipid synthesis in CAFs.

3.5 | Interleukin-8 triggered ACLY
phosphorylation and lipid synthesis in fibroblasts
through AKT signaling activation

To elucidate the mechanism by which OSCC cells regulate p-ACLY
level and lipid synthesis in fibroblasts, we searched for exocrine mol-
ecules of OSCC cells that can function as AKT agonists. Interleukin-8
(IL8) was identified in previously published reports as a possible up-
stream regulator.3"3> We examined IL8 expression in The Cancer
Genome Atlas database using the GEPIA website. Results indicated
that IL8 was upregulated in head and neck squamous cell carcinoma
tissues (Figure 5A). To examine IL8 expression in OSCC, we col-
lected OSCC tissue samples (n=46) and normal oral mucosa (n=8)
for IHC staining. Results showed that IL8 was highly expressed in
OSCC tissues (Figure 5B,C). In addition, we detected IL8 expression
in OSCC cells and Human immortalized oral epithelial cells (HIOECs)
by western blot analysis. The results revealed that OSCC cells had
a higher IL8 protein level than HIOECs (Figure 5D). Moreover, we
quantified IL8 levels in the CM of OSCC cells and HIOECs. The IL8
ELISA showed that the concentration of IL8 in OSCC cell CM was
significantly higher than that in HIOEC CM (Figure 5E). These results
indicated that IL8 was an exocrine cytokine of OSCC cells.

To investigate whether IL8 could upregulate p-ACLY level and
lipid synthesisin fibroblasts, we used HGFs as the research candidate.
Then HGFs were treated with exogenous IL8 at different concentra-
tions. Western blot analysis showed that IL8 (50 ng/mL) upregulated
p-ACLY level in HGFs significantly (Figure 5F). Plus, HGFs treated
with IL8 (50ng/mL, 24 h) showed an increase in cytosolic acetyl-CoA
level (Figure 5G), CM FFA concentration (Figure 5H), and intracellu-
lar LD density (Figure 51,J). These results suggested that IL8 could
elevate p-ACLY level and lipid synthesis in fibroblasts.

To determine whether AKT signaling participates in IL8-mediated
upregulation of lipid synthesis in HGFs, we detected p-AKT and p-
ACLY levels in IL8-treated HGFs. Western blot analysis showed that
the p-AKT level in IL8-treated HGFs gradually increased from Omin
to 60min and then decreased over time, which was consistent with
the change of p-ACLY level (Figure 5K). Then we treated HGFs with

MK2206 (10pM, 12h) prior to IL8 stimulation. Results showed that
IL8-mediated elevations of p-ACLY level and lipid synthesis in HGFs
was blocked by MK2206 pretreatment (Figure 5G-J,L). These results
indicated that IL8 upregulated p-ACLY level and lipid synthesis in
HGFs through AKT signaling activation.

3.6 | Inhibition of p-ACLY or combined with AKT
inhibitor suppressed OSCC growth in vivo

To reduce the effect of drug nontargeting on experimental re-
sults, we used CAL27, which has the lowest p-ACLY expression
among several OSCC cell lines, to establish xenograft tumors
(Figure S6A). The mice from indicated groups were treated with
NDI-091143 and/or MK2206. As expected, treatments with NDI-
091143 and/or MK2206 suppressed tumor formation ability in
mice (Figures 6A and S6B). Tumor growth curves and tumor weight
showed NDI-091143 or MK2206 treatment slowed down tumor
growth, with the combination treatment group having the smallest
tumor volume and lowest tumor weight (Figure 6B,C). Moreover,
IHC results revealed that stromal p-ACLY expression in xeno-
graft tumors decreased in mice treated with NDI-091143 and/or
MK2206, with the lowest p-ACLY expression in the combination
treatment group (Figure 6D,E). However, there was no statistical
difference in p-ACLY expression between NDI-091143 treatment
group and MK2206 treatment group (Figure 6E). Additionally,
we found that NDI-091143 treatment had no apparent effect on
tumor growth in the CAL27 alone injection group (Figure S7), in-
dicating that p-ACLY inhibition could reduce the promotive effect
of CAFs on OSCC progression in vivo. Collectively, the results in-
dicated that inhibition of p-ACLY or combined with AKT inhibitor

suppressed OSCC progression in vivo.

4 | DISCUSSION

In TME, dynamic and multifaceted interaction between tumor and
stromal cells creates favorable conditions for tumor development.
As the dominant stromal cell type, CAFs interact with tumor cells
through cell-to-cell contact, secreting molecules, and remodeling
ECM, thereby promoting tumor progression and stimulating therapy
resistance.>> Investigating the cross-talk between CAFs and tumor

FIGURE 5 Interleukin-8 (IL8) triggered ATP citrate lyase (ACLY) phosphorylation and lipid synthesis in fibroblasts through AKT

signaling activation. (A) IL8 expression in head and neck squamous cell carcinoma (HNSC) from The Cancer Genome Atlas database. (B)
Representative immunohistochemistry (IHC) images of IL8 staining in normal oral mucosa and oral squamous cell carcinoma (OSCC) tissues.
Scale bar, 100 pm. (C) IHC score of IL8 in normal oral mucosa and OSCC tissues. (D) Western blot analysis was carried out to detect IL8
expression in Human immortalized oral epithelial cells (HIOECs) and OSCC cells. (E) Quantitative analysis of IL8 level in the conditioned
medium (CM) of HIOECs and OSCC cells. (F) p-ACLY and ACLY expression in human gingival fibroblasts (HGFs) stimulated by IL8 was
examined by western blot. (G) Cytosolic acetyl-CoA measurement was carried out on HGFs with indicated treatments. (H) Relative free fatty
acid (FFA) levels in the CM of HGFs with indicated treatments. (I) Intracellular lipid droplets (LDs) of HGFs with indicated treatments were
visualized by Qil red O staining. Scale bar, 10 um. (J) Quantitative analysis for intracellular LDs of (1). (K, L) p-ACLY, ACLY, p-AKT, and AKT
expression in HGFs with indicated treatments was examined by western blot. Data are presented as means + SD. Results are representative
of at least three independent experiments *p <0.05, **p <0.01, ***p <0.001.
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FIGURE 6 Inhibition of phosphorylated ATP citrate lyase (p-ACLY) or combined with AKT inhibitor suppressed oral squamous cell
carcinoma growth in vivo. (A) Images of xenograft tumors excised from nude mice. (B) Weights of xenograft tumors excised from nude mice
after indicated treatments. (C) The volume of xenograft tumors was measured every 2 days after indicated treatments. (D) Expression of p-
ACLY, ACLY, p-AKT, and AKT in xenograft tumors was examined by immunohistochemistry (IHC). Scale bar, 50 um. (E) IHC scores of p-ACLY
(i), ACLY (ii), p-AKT (iii), and AKT (iv) in the stromal region of xenograft tumors. Data are presented as means + SD. Results are representative
of at least three independent experiments. *p <0.05, **p <0.01. Ctrl, control; ns, no significance.

FIGURE 7 Pathway illustration of the
interleukin-8 (IL8)/AKT/ phosphorylated
ATP citrate lyase (p-ACLY) axis promoting
oral squamous cell carcinoma (OSCC)
progression. OSCC-derived IL8 activates
AKT signaling in fibroblasts followed by
intracellular phosphorylation of ACLY,
leading to enhanced lipid synthesis.

Lipid metabolites are then released from
fibroblasts and taken up by OSCC cells
through CD36. Absorption of exogenous
lipids contributes to the invasion,
proliferation, and migration of OSCC cells.

cells is of great significance for the discovery of effective cancer
therapeutic targets. In present study, we found that p-ACLY was
highly expressed in OSCC CAFs and it mediated the lipid metabolic
interaction between CAFs and OSCC cells to facilitate tumor pro-
gression. Furthermore, we uncovered a novel mechanism by which
tumor cells regulate lipid synthesis in fibroblasts. Interleukin-8, an
exocrine cytokine of OSCC cells, could trigger ACLY phosphoryla-
tion and lipid synthesis in fibroblasts through AKT signaling activa-
tion. Thus, the IL8/AKT/p-ACLY axis (Figure 7) could be considered
as a potential therapeutic target for OSCC.

Lipid metabolic reprogramming is one of the most remarkable
metabolic alterations in cancer.*® Tumor cells use adaptive changes
in lipid metabolism, such as de novo lipogenesis and enhanced up-
take of exogenous lipids, in order to form biofilms, obtain energy
by fatty acid oxidation, and generate lipid mediators as signaling
molecules, thus meeting their needs for rapid proliferation and me-
tastasis.18:36:37 Although lipid metabolism in tumor cells has been ex-
tensively studied over the past decades, much less is known about
the lipid metabolic profile of stromal cells, particularly CAFs. Recent
studies have shown that CAFs are one of lipid sources for tumor cells.
For instance, in colorectal cancer, CAFs underwent lipid metabolic
reprogramming and lipid metabolites from CAFs promoted cancer
metastasis.'® In lung adenocarcinoma, CAF-derived oleic acids could
enhance the stemness of tumor cells.®® Thus, it can be seen that lipid
metabolic alteration in CAFs also plays an important role in tumor
development. To date, however, there have been no reports on lipid
metabolism of OSCC CAFs. In our research, we found that p-ACLY
was significantly upregulated in OSCC CAFs, and CAFs showed el-
evated cytosolic acetyl-CoA level, intracellular LD density and CM
FFA concentration, indicating enhanced lipid synthesis. In addition,
CAF CM increased total and membrane expression of CD36 in OSCC

5
& 3
% Lipid
absorption

Lipid
metabolites

cells while blocking lipid synthesis in CAFs reversed this process,
suggesting that lipid metabolites released from CAFs were taken up
by OSCC cells. Furthermore, blocking lipid synthesis in CAFs or in-
hibiting CD36 in tumor cells reduced the promotive effects of CAFs
on OSCC cell proliferation, invasion, and migration. These results
suggested that CAFs could promote OSCC progression through lipid
metabolic pathway, which was consistent with previous studies.
Interleukin-8, a Glu-Leu-Arg (ELR+) family chemokine, was ini-
tially found to chemoattract neutrophils in inflammatory diseases
by binding to its receptors CXCR1/2.3%%° It has now been shown
that IL8 is not only an inflammatory chemokine, but also a procan-
cer factor. Substantial elevation of IL8 expression was detected in
various types of cancer including OSCC, and IL8 has been reported
to stimulate angiogenesis, recruit immunosuppressive cells, promote
epithelial-to-mesenchymal transition, and enhance stemness and
chemoresistance of tumor cells.??-4? Notably, activation of AKT sig-
naling is one of the major mechanisms by which IL8 regulates the
phenotype and function of tumor and stromal cells. Du et al.3* re-
ported that the IL8/CXCR1/AKT axis enhanced anoikic resistance
and metastasis of osteosarcoma cells. Huang et al.>® showed that the
IL8/AKT/HK2/PD-L1 axis induced immunosuppression in gastric
cancer. However, so far, the IL8/AKT axis in modulating TME lipid
metabolism has not been reported. As ACLY could be phosphory-
lated by AKT signaling,18 we hypothesized that the IL8/AKT/p-ACLY
axis is involved in the upregulation of lipid synthesis in fibroblasts. In
our research, we found that the level of p-AKT in CAFs was higher
than that in PNFs. When AKT signaling was blocked, both ACLY
phosphorylation level and LD density in CAFs were significantly re-
duced, which suggested that AKT signaling activation was involved
in the upregulation of lipid synthesis in CAFs. On the other hand,
we found that IL8 was highly expressed in OSCC tissues and OSCC
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cell lines, as well as in the CM of OSCC cells, indicating that IL8 was
an exocrine molecule of OSCC cells. In addition, HGFs under IL8
treatment showed elevated levels of p-AKT, p-ACLY, and LD density,
whereas pretreatment with AKT inhibitor blocked these elevations.
Our results suggested that the IL8/AKT/p-ACLY axis was involved in
the upregulation of fibroblast lipid synthesis by OSCC cells.

The current study also has some limitations. First, lipidomic anal-
ysis was not undertaken to determine the specific lipid type released
by CAFs that potentiates OSCC development. Second, the relation-
ship between lipid metabolism and the phenotype of OSCC CAFs
was not investigated. Recent studies have shown that dysregulated
lipid metabolism, such as accumulated LDs, is critical for the function
and phenotype maintenance of CAFs in other cancer types.***# In
view of these aspects, further work needs to be done to investigate
the lipid metabolic pathways based on our findings, aiming at sup-
pressing OSCC progression.

In conclusion, this study determined that OSCC CAFs could pro-
mote tumor progression through the lipid metabolic pathway, which
could be driven by tumor cells through paracrine cytokines. This
reciprocal interplay between CAFs and tumor cells provides a new
perspective on OSCC progression and is helpful in identifying new

therapeutic targets for OSCC.
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