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ASIC3-activated key enzymes of de novo lipid
synthesis supports lactate-driven EMT and the
metastasis of colorectal cancer cells

Xing Wan'?, Feng Li', Zhigui Li> and Liming Zhou'"

Abstract

Acidic microenvironments is a cancer progression driver, unclear core mechanism hinders the discovery of new
diagnostic or therapeutic targets. ASIC3 is an extracellular proton sensor and acid-sensitive, but its role in acidic
tumor microenvironment of colorectal cancer is not reported. Functional analysis data show that colorectal cancer
cells respond to specific concentration of lactate to accelerate invasion and metastasis, and ASIC3 is the main
actor in this process. Mechanism reveal de novo lipid synthesis is a regulatory process of ASIC3, down-regulated
ASIC3 increases and interacts with ACCT and SCD1, which are key enzymes in de novo lipid synthesis pathway,
this interaction results in increased unsaturated fatty acids, which in turn induce EMT to promote metastasis, and
overexpression of ASIC3 reduces acidic TME-enhanced colorectal cancer metastasis. Clinical samples of colorectal
cancer also exhibit decreased ASIC3 expression, and low ASIC3 expression is associated with metastasis and stage
of colorectal cancer. This study is the first to identify the role of the ASIC3-ACC1/SCD1 axis in acid-enhanced
colorectal cancer metastasis. The expression pattern of ASIC3 in colorectal cancer differs significantly from that in
other types of cancers, ASIC3 may serve as a novel and reliable marker for acidic microenvironmental in colorectal

cancer, and potentially a therapeutic target.
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Background

Cancer is a complex and polymorphic disease, with its
surrounding environment being a key factor that sets
it apart from normal tissues and influences cancer pro-
gression and behavior. This environment, known as the
tumor microenvironment (TME), is characterized by
various features. While hypoxia is extensively studied [1],
acidity is another prevalent yet less explored characteris-
tic. Tumor tissues often exhibit a pH of 6.6 or lower [2].
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Although not as extensively studied as hypoxia, an
increasing number of studies have focused on the effect
of acidic TME on tumor phenotypes. Recent research
indicates that the acidic TME significantly influences
carcinogenesis by modulating various aspects of can-
cer behavior [3], such as proliferation [4], invasion [5],
metastasis [6], stemness, and cell death [7]. Neverthe-
less, the clinical efficacy of acidosis-targeted treatments
varies depending on the cancer type, pathological stage
and metastatic phase. A mere 0.1 unit change in the
intracellular and extracellular pH ratio can trigger bio-
logical or pathological effects [8]. These findings sug-
gest that acidity-mediated tumor response are organ - or
cancer-specific.
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In addition, although acidosis is associated with many
behaviors in cancer cells, such as inducing autophagy [9],
regulating immune responses [10], or inducing EMT to
lead to metastasis, most of these factors are localized in
organelles or cytoplasm, so how do they actually sense
changes in extracellular pH? Extracellular proton sensors,
such as G-protein-coupled receptors and receptor pro-
tein tyrosine phosphatase-y, are particularly important
in detecting extracellular pH changes [11]. Another set
of sensors, including acid-sensitive ion channels(ASICs),
are currently less studied, but are potentially significant
due to their sensitivity to acid, warranting further investi-
gation in solid tumors.

Tumor biopsies show that lactate levels in invasive
colorectal cancers(CRC) are almost 2-4 times higher
than that in non-invasive ones [12], suggesting a role for
the acidic microenvironment in CRC metastasis. Our
current study demonstrates that a specific concentration
of lactate stimulating cells for a certain period of time can

lead to a notable decrease and desensitization of ASIC3,
therefore, ASIC3 may be a reliable biomarker for colorec-
tal cancer acidosis, as its decrease correlates with cancer
differentiation, stage, and metastasis. Furthermore, our
investigation into the downstream signals mediated by
ASIC3 reveals a connection between extracellular pro-
tons and intracellular signaling pathways, enhancing our
understanding of acidosis’s impact on colorectal cancer
metastasis. Metabolic reprogramming is an important
cancer marker, with the identification of ASIC3-ACC1/
SCD1-MUFA axis in colorectal cancer cells, the mecha-
nism by which ASIC3 modulates thede novo lipid synthe-
sis pathway provides a foundation for utilizing ASIC3 in
the diagnosis and treatment of colorectal cancer.

Methods

Materials

All consumables, reagents, cells and animal information
are provided in supplement Tables 1, 2 and 3.
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Clinical samples

The 245 cases of primary CRC tissues and adjacent tis-
sues were collected at the West China Hospital, Sichuan
University between 2019 and 2021 year. The collection
and use of human tissues for this study were approved
by the Ethics Committee of West China Hospital. Writ-
ten informed consent was obtained from patients before
sampling.

Cell culture

HCT116, SW480, CCD841CoN, HT29, HT15, RKO,
DLD1, SW620 and HuH-7 cells were cultured in Dul-
becco’s Modified Eagle’s Medium (DMEM) medium
supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin, incubated in a 5% CO2 humidi-
fied incubator at 37°C.

Western blot

The gel was electrophoretic at 110v using SDS-PAGE
with different concentrations according to the molecular
weight of the protein. Then according to the molecular
weight, choose different transfer time with constant pres-
sure 110v. Band was closed with 5% skim milk powder for
1 h, incubated with the primary antibody overnight(see
supplement Table 4 for protein information and antibody
ratios), washed with TBST for three times for 10 min
each time, incubated with the secondary antibody at
room temperature for 90 min, washed with TBST for
three times, and exposed on the developer.

CCK8

The cells were inoculated to 96-well plates with a den-
sity of about 70%. On the next day, the medium was
discarded and serum-free medium with different concen-
trations of lactate was added, and incubated 24/48/72 h.
After reaching the point, the 96-well plate was taken out,
the medium was discarded, and the medium containing
cck8 was added and incubated for 30 min with 100ul per
well. Absorbance was measured at 450 nm.

Scratch test

The cells were inoculated to 24 well plates. When the
cells were gathered to 100%, a vertical line was drawn in
the middle of the hole plate with a 200ul suction head
along a ruler, the medium was discarded, cleaned twice
with PBS, and the medium with different concentrations
of lactic acid but without serum was added, and photos
were taken. After 24 h/48 h/72 h, the photo was taken
again at the same position.

Transwell assay

Dilute the matrigel at 1:20, give 80ul matrigel to each
chamber, and put the well plate in the incubator for
3 h. Add 600ul DMEM containing 10%FBS in lower
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chamber, digest the cells, add 100ul of cell suspension
in the upper chamber and supplement to 200ul with
serum-free medium. Ensure that the cells in each well
are same, usually is 4 ~8x 10 according to cell types. For
the group that needs to add lactate, add it in both upper
and lower chambers. Cells were fixed with paraformalde-
hyde for 30 min, dyed with 0.1% crystal violet for 30 min,
washed with PBS to remove floating color, dried, and
photographed.

Lung metastasis model in nude mice

4 week-old nude mice were adaptively fed for one week.
The cells were cultured with lactate for 1 day and then
injected into the animals through the tail vein. Each
animal was given 0.2mL and the cells were 1.5x10°The
same operation is suitable for overexpressed stable trans-
mutation. After 6 weeks of feeding, after gas anesthesia,
blood was taken from the eyeballs, and then the nude
mice were killed and lungs were taken. All animal experi-
ments meet the requirements of Animal Ethics Commit-
tee of Sichuan University.

HE staining

Lung samples were fixed in 10% formaldehyde. Tissues
were washed with tap water, dehydrated in alcohol and
embedded in paraffin. Staining were performed with
HE stain. Results were recorded by panoramic scanning
with panoramic MIDI and scanned with Case Viewer2.4
software.

Bioanalysis

All bioinformatics analysis is done on three websites:
GEPIA (gepia.cancer-pku.cn), ACLBI(www.aclbi.com)
and the human protein atlas(www.proteinatlas.org).

Real time PCR

Expression of target gene and GAPDH were measured
after extraction of RNA, total RNA was reversely tran-
scribed using PrimeScriptR RT Master, quantitative PCR
was carried out with SYBR Premix Ex Taq™ II in ABI
QuantStudio3 in accordance with kit instruction, data
analysis was performed using the 27*2¢T method for rel-
ative quantification, all of the gene expression levels were
calculated relative to the GAPDH. Primers are synthe-
sized at BGI, see Supplement Table 5.

shRNA transfection

When the cells converged to 70%, 7.5uL lip3000 was first
diluted with 125uL opti-DMEM, then 2.5 pug shRNA
plasmid and 5uL P3000 were diluted with 125uL opti-
DMEM, the two were mixed, incubated at room temper-
ature for 15 min, and 250uL complex was added to one
hole of the 6-well plate. Target Seq of shl is GCCCTCC
CTATACCCTTAT. Target Seq of sh2 is GCTGCCGAAT
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GGTGTACAT. Target Seq of sh3 is CCCTGGACATCTT
CTTTGA.

Lentivirus infection
ASIC3 vector titer is 2x 10%TU/mL, negative vector titer
is 8x10°TU/mL. According to the preliminary experi-
ment, the appropriate infection condition MOI=10
was obtained. Virus volume=20xcell number/titer(uL).
Polybrene was diluted 200 times to aid infection. Infec-
tion complex was composed of 100 polybrene, virus
and DMEM. Added this 1mL complex to 6-well plate,
screened positive cells with puromycin for one week to
obtain stable transmutation strains. Primer sequence:
Xhol: CTACCGGACTCAGATCTCGAGGCCACCATG
AAGCCCACCTCAGGCCCAG,

Notl: GGTCTTTGTAGTCGCGGCCGCGGAGCTGT
GTGACAAGGTAGCAGGTG.

Immunohistochemistry

After embedded in paraffin, lung tissues were repaired
for 90s in high temperature and high pressure, incubated
with blocking solution (10% goat serum) at room temper-
ature for 30 min, then incubated with primary antibodies
(ASIC3 1:400) overnight at 4 °C, after that, 50 uL appro-
priate secondary antibodies for each slide were added
and incubated for 45 min at 37°. After conventional treat-
ment, slides were checked by panoramic scanning with
panoramic MIDL.

Oil red staining

Remove the 6-well plate, discard the medium, and clean
it with PBS. After two times of cleaning, add 1mLof para-
formaldehyde to fix it for 30 min. Discard the parafor-
maldehyde, cover it with dyeing solution for 30s, discard
the dyeing solution, add oil red dyeing solution, and incu-
bation for 15 min away from light. Take pictures directly
or do it after washing them with pbs.

LC-MS

1x107 cells were collected and quenched with liquid
nitrogen. Transferred cell samples into a 2 mL centri-
fuge tube, added 100 mg glass beads, and then accurately
added 750 pL of mixed solvent (chloroform : methanol,
2:1, v/v) at -20 ‘C, and vortexed for 30 s; the sample was
rapidly frozen in liquid nitrogen for 5 min, then frozen
and thawed at room temperature, and vortexed for 2 min
at 50 Hz; Left the tube to ice for 40 min, added 190 pL
H,O, vortexed for 30 s, and still incubated ice for 10 min;
centrifuged at 12,000 rpm for 5 min at room temperature
and transferred 300 pL organic layer into a new centri-
fuge tube; added 500 pL of mixed solvent (chloroform
: methanol, 2:1, v/v), vortexed for 30 s; centrifuged at
12,000 rpm for 5 min at room temperature and trans-
fer 400 pL organic layer into the same centrifuge tube.
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Samples were concentrated to dry in vacuum; dissolved
samples with 200 pL isopropanol, and the supernatant
was filtered through 0.22 um membrane to obtain the
prepared samples for LC-MS. The instrument operation
is completed in Suzhou PANOMIX Biomedical Tech Co.,
LTD.

CO-IP

The cells were cultured in a 10 cm petri dish, and when
the cells were fully confluent, 180 pl NP40 lysate was
added to each cell, and the cells were scraped off, cleaved
on ice for 30 min, and swirled every 5 min. The cells
were divided into three equal parts, each 125uL, and
the first part was denatured with loading buffer as input
group. Added 2ug of IgG and ASIC3 primary antibody
to the remaining two, added 40 pL magnetic beads per
tube. Incubated on ice for 8 h. Removed the supernatant
by absorbing the magnetic beads with a magnetic rack,
washed with 1mL lysate for 4 times, and finally added
30uL loading buffer to denature. The magnetic rack
absorbed the magnetic beads and left the supernatant for
WB.

Statistical analysis

The results were presented with Mean+SD and ana-
lyzed using GraphPad Prism10.0. Unpaired/paired T-test
was applied to analyze two sets of data, the association
between ASIC3 expression and pathological features was
analyzed using the chi-squared test and Fisher’s exact
test. while one-way ANOVA followed by a post hoc Dun-
nett-t-test to perform multiple comparisons. For statis-
tical significance, *or”, **or **, and *** denote P value of
<0.05, 0.01, 0.001 respectively.

Results

ASIC3 was down-regulated in colorectal cancer

To assess the significance of the target gene ASIC3, we
initially examined its expression profile in pan-cancer in
the TCGA database. Our findings revealed that ASIC3 is
prevalent in most tumors and is typically down-regulated
(Fig. 1A). Subsequently, utilizing the GEPIA website, we
investigated ASIC3 expression in colorectal cancer, con-
firming a down-regulation of ASIC3 mRNA (Fig. 1B).
Additionally, analysis of colon cancer and rectal cancer
tissues from the human protein atlas website indicated
negative expression of ASIC3 (Fig. 1C). Despite reports
of increased ASIC3 levels in lung cancer, pancreatic can-
cer, bone cancer, and glioblastoma [13-16], our study
focused on colorectal cancer. We conducted a clinical
study involving 245 pairs of colorectal cancer tissues
from West China Hospital. Our results demonstrated a
significant down-regulation of ASIC3 mRNA in colorec-
tal cancer tissues compared to adjacent tissues, with
a high rate of low expression (170/245, approximately
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Fig. 1 ASIC3 was down-regulated in colorectal cancer. A The expression of ASIC3 in different tumors from TCGA database. B The expression of ASIC3 in
colorectal cancer from TCGA database. C The expression of ASIC3 by IHC in colon and rectum cancer patients. D The mRNA expression of ASIC3 tested
by QPCR in 245 CRC patients. E The protein expression of ASIC3 tested by WB in 20 CRC patients and its gray ratio. Error bars represent SD, **p <0.01,
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69.4%) (Fig. 1D). Furthermore, Western blot analysis of  findings underscore the distinct expression pattern of
ASIC3 protein expression in tissues from 20 colorec- ASIC3 in colorectal cancer compared to other cancer
tal cancer patients also revealed lower levels in cancer-  types.

ous tissues compared to adjacent tissues (Fig. 1E). These
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Fig. 4 ASIC3is down-regulated under lactate stimulation to induce EMT and invasion. A and B The effect of lactate on ASIC3 mRNA and protein expres-
sion by QPCR and WB at lactate stimulating for 24 h in HCT116 and SW480 cells. A The mRNA expression tested by QPCR and protein expression tested
by WB of ASIC3 when ASIC3 overexpressed by lentivirus in HCT116 and SW480 cells. B The mRNA expression tested by QPCR and protein expression
tested by WB of ASIC3 when ASIC3 knocked down by ShRNA in HCT116 and SW480 cells. C and D The expression of EMT markers tested by QPCR and WB
when ASIC3 overexpressed by lentivirus and knocked down by shRNA in HCT116 cell. EThe expression of EMT markers tested by WB when ASIC3 channel
blocked by inhibitor Amiloride in HCT116 cell. F and G The migration and invasion change when ASIC3 overexpressed by lentivirus and knocked down
by shRNA in HCT116 and SW480 cells. H The invasion change when ASIC3 channel blocked by inhibitor Amiloride in HCT116 and SW480 cells. Error bars

represent SD, *or *p <0.05, **or #p <0.01

Downregulation of ASIC3 is associated with clinical stage
and metastasis

To assess the clinical significance of ASIC3 in CRC, we
initially conducted a biogenic analysis which revealed
its association with distal metastasis, lymphatic metas-
tasis, and clinical stage (Fig. 2A). Subsequently, we
used THC to detect ASIC3 expression in normal intes-
tinal tissue, non-metastatic and metastatic colorectal
cancer, revealing lower ASIC3 expression in metastatic
colorectal cancer sites (Fig. 2B). Lastly, according to
the results of ASIC3 mRNA expression obtained from
245 pairs of patients, the relationship between ASIC3
mRNA and clinical characteristics was analyzed, and
it was found that ASIC3 was indeed correlated with
tumor differentiation, lymphatic metastasis and clini-
cal stage(Fig. 2C).

Lactate downregulates ASIC3 and induces EMT to promote
migration and invasion

Tumor acidic microenvironment, a prominent charac-
teristic of tumors, is primarily induced by factors such
as fibroblast secretion and lactic acid generated from
aerobic glycolysis. In this study, we opted for a com-
mon approach to replicate the extracellular acidic condi-
tions using a medium containing lactate [17, 18]. Given
the down-regulation of ASIC3 in clinical samples, our
investigation focused on HCT116 colon cancer cells
and SW480 rectal cancer cells, both exhibiting reduced
ASIC3 expression(Fig. 3A). Varying levels of lactate are
present in different cancer tissues, prompting us to assess
the impact of different lactate concentrations on cell
viability and migration ability using CCK8 and scratch
tests at 24 h, 48 h, and 72 h. Results revealed that treat-
ment with 20mM lactate for 24 h was advantageous for
CRC, displaying no cytotoxic effects but significantly
enhancing cell migration capacity(Fig. 3B-C; Fig. S3A).
Additionally, Transwell assays demonstrated a marked
increase in invasive cell numbers with 20mM lactate
treatment(Fig. 3D). EMT is a marker for invasion, fur-
ther evaluation of cell morphology and EMT markers in
lactate-treated cells revealed irregular spindle transfor-
mations (Fig. 3E; S3B) and elevated expression of EMT-
related genes (N-cadherin, ZEB1, Vimentin, and Snail) at
both mRNA and protein levels, while E-cadherin levels
remained relatively unchanged(Fig. 3F; S3C). ASIC3 is an
acid receptor. Subsequent analysis of ASIC3 expression in

an acidic tumor microenvironment post lactate stimula-
tion indicated a reduction in ASIC3 mRNA and protein
levels in a time- and dose-dependent manner(Fig. 3G-H;
Figure S3D), suggesting a consistent downregulation of
ASIC3 under prolonged lactate exposure.

ASIC3 is a key factor in lactate induced EMT, migration and
invasion

We used lentivirus and shRNA to overexpress and
knock down ASIC3 respectively to know the effect of
ASIC3 under acidic tumor microenvironment. QPCR
and WB experiments were used to verify the interfer-
ence effect(Fig. 4A-B). Our study explored the influ-
ence of ASIC3 on the mRNA and protein expression of
EMT markers ,as well as its effects on cell morphology.
Results indicated that under acidic conditions, knocking
down ASIC3 led to increased expression of EMT-related
genes at both mRNA and protein levels, along with a
higher number of fusiform cells and enhanced intersti-
tial cell formation. Conversely, overexpression of ASIC3
yielded opposite outcomes (Fig. 4C-D; Figure S4A-C); in
order to explain the regulation of EMT by ASIC3 from
multiple perspectives, we also used Amiloride here, an
inhibitor of ASIC3 ion channel, and found that after the
closure of ASIC3 channel, the expression of EMT-related
proteins was also stimulated(Fig. 4E; Figure S4D). Sub-
sequent experiments involving Scratch tests and Tran-
swell assays demonstrated that ASIC3 influenced CRC
migration and invasion in an acidic microenvironment,
with overexpression reducing migration and invasion,
while knockdown increased these processes (Fig. 4F-G).
Furthermore, administration of Amiloride resulted in a
dose-dependent increase in the number of invasive cells
(Fig. 4H).

Down-regulation of ASIC3 can activate key enzymes of de
novo lipid synthesis and increase the content of MUFA
Lipid reprogramming is a carcinogenic marker, paper
elucidated that SCD1 regulates EMT in colorec-
tal cancer [19], even one paper revealed that tumor
microenvironment acidity can trigger lipid accumula-
tion in liver cancer via SCD1 [17]. Stearoyl-coenzyme
A desaturase-1 (SCD1), a crucial enzyme in de novo
lipid synthesis, functions as a fatty acyl A-9 desatu-
rase, converting saturated fatty acids (SFAs) like pal-
mitic acid (C16:0FA) to monounsaturated fatty acids
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Fig. 5 Down-regulation of ASIC3 can activate key enzymes of de novo lipid synthesis and increase the content of MUFA. A The relationship between
ASIC3 and SCD1 in TCGA database from GEPIA website. B The protein expression of de novo lipid synthesis key enzymes and ACSS2 tested by WB when
ASIC3 was knocked down by shRNA in HCT116 and SW480 cells under acidic condition and their gray ratio statistics. C The protein expression of ACC1 and
SCD1 tested by WB when ASIC3 channel blocked by inhibitor Amiloride and their gray ratio statistics in HCT116 and SW480 cells. D The content change
of total fatty acids when ASIC3 knocked down under lactate stimulation in HCT116 and SW480 cells. E The different kinds of fatty acids which increased
when ASIC3 knocked down under lactate stimulation in HCT116 and SW480 cells. F The content change of saturated and unsaturated fatty acids when
ASIC3 knocked down under lactate stimulation. G The content change of saturated and monounsaturated C16 and C18 fatty acids when ASIC3 knocked
down under lactate stimulation. Error bars represent SD, *or *p <0.05, #p < 0.01, ***p <0.01

(MUFAs) such as palmitoleic acid (C16:1FA), or stea-
ric acid (C18:0FA) to oleic acid (C18:1FA) [20-21], so
we identified its expression by bioanalysis and in clini-
cal samples, it indeed increased in CRC. Interestingly,
we observed a negative correlation between SCD1
and ASIC3 with bioanalysis (Fig. 5A; Figure S5A-C).
But the de novo lipid synthesis pathway involves a
range of enzymes, in studying the mechanism medi-
ated by ASIC3 in the acidic tumor microenviron-
ment, we were curious whether these enzymes besides
SCD1 were regulated. According to the source of
acetyl-CoA, the key enzymes to produce unsaturated
fatty acids include: ACLY, ACSS2, ACC1/p-ACCl,
FASN, SCD1, we found that knocking down ASIC3
increased the expression of ACC1/p-ACC1 and SCD1
while other enzymes did not change(Fig. 5B). Block-
ing ASIC3 channel could also increase these two
enzymes(Fig. 5C). This upregulation of key enzymes
in the de novo lipid synthesis pathway upon ASIC3
knockdown prompted us to examine if there were
alterations in the fatty acid products. Our GC-MS
results show reducing ASIC3 led to an overall increase
in total fatty acid content (Fig. 5D), with saturated fatty
acids (SFA) and unsaturated fatty acids (UFA) increas-
ing in HCT116 cells, and monounsaturated fatty acids
(MUFA) also rising in SW480 cells (Fig. 5E-F). Mean-
while, the changes of classical fatty acids C16 and
C18 were analyzed, we observed significant increases
in both saturated and unsaturated C16 and C18 fatty
acids in HCT116, while MUFA levels of C16 and C18
showed a notable increase in SW480 (Fig. 5G).

Increased MUFA in acidic microenvironment can induce
EMT

Under lactate stimulation, knockdown of ASIC3 leads
to an increase in the key enzyme of de novo lipid syn-
thesis and its product MUFA. Therefore, we examined
the changes of MUFA and different types of lipids dur-
ing lactate stimulation and elucidated their effects on
lactate-induced EMT. In average, 343 kinds of lipids
were changed, with 260 lipids showing an increase in the
lactate group (Fig. 6A), among these, the TG category
exhibited the most significant increase in lipid numbers
(Fig. 6B), the relative expression of total TG in control
group and lactate group was calculated, and lactate did
increase the content of total TG(Fig. 6C), meanwhile, we

detected the lipid content of different double bonds in
TG types, and found that unsaturated fatty acids contain-
ing one double bond increased most obviously(Fig. 6D),
so we listed the two most obvious TG containing one
double bond(Fig. 6E), to further illustrate lipid changes,
we detected lipid droplet aggregation using oil red O
staining and found that lactate increased lipid droplet
accumulation(Fig. 6F). Specifically, Palmitodiolein (TG),
oleic acid (OA): a C18:1 monounsaturated fatty acid, and
a C16:1 palmitoleic acid (POA) were selected to confirm
that products and derivatives ofde novo lipid synthesis
could enhance lipid droplet accumulation (Fig. 6G) and
induce EMT (Fig. 6H).

Inhibition of ACC1 and SCD1 reverses the function of ASIC3
in the acidic tumor microenvironment

The relationship between key enzymes in de novo lipid
synthesis and phenotype was further clarified due to
interference with ASIC3 affecting ACC1 and SCD1, lead-
ing to product changes. We found that inhibiting ACC1
and SCD1 can inhibit EMT and invasion(Fig. 7A-B; Fig-
ure S7A). Through recovery experiments, we were able
to demonstrate that ASIC3 influences EMT and invasion
via ACC1 and SCD1 (Fig. 7C-D; Figure S7B-C). Sub-
sequently, CO-IP experiments were used to reveal the
interaction between ASIC3 and ACC1 and SCD1 under
lactate stimulation(Fig. 7E). Furthermore, inhibitor tests
confirmed that ASIC3 acts upstream of ACC1 and SCD1
without any regulatory loop between the two (Fig. 7F;
Figure S7D).

Overexpression of ASIC3 reverses lactate-induced lung
metastasis

To investigate the impact of the acidic tumor micro-
environment on metastasis, lactate-cultured HCT116
and SW480 cells were injected into the tail vein of nude
mice. After 6 weeks, comparisons were made based on
body weight, animal appearance, lung appearance, and
HE staining for detecting colorectal cancer metastasis
in the lungs. The experimental results showed that the
colorectal cancer cells treated with lactate reduced the
body weight of the animals compared to the untreated
group(Fig. 8A). Additionally, lungs exhibited signs of
scattered bleeding, swelling, and small particles on the
surface (Fig. 8B), with HE staining revealing increased
colorectal cancer cell metastasis in the lungs (Fig. 8C).
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Fig. 7 Inhibition of ACCT and SCD1 reverses the function of ASIC3 in the acidic tumor microenvironment. A The expression of EMT markers affected by
ACCT inhibitor and SCD1 inhibitor under lactate condition tested by WB and their gray ratio statistics. B The change of invasion cells affected by ACC1
inhibitor and SCD1 inhibitor under lactate condition in HCT116 and SW480 cells and their statistics. C The invasion cell change affected by ACC1 and SCD1
inhibitors on the basis of ASIC3 knocked down under acidic condition and invasion cell statistics. D The protein expression of EMT markers affected by
ACCT and SCD1 inhibitors on the basis of ASIC3 knocked down under acidic condition tested by WB and their gray ratio statistics. E The interaction effect
of ASIC3 and ACC1,5CD1 by CO-IP, the ASIC3 primary antibody used as bait for IP experiment, and the expression of ASIC3,ACC1 and SCD1 detected by

WB. F The protein expression of ASIC3 affected by ACC1 and SCD1 inhibitors tested by WB under acidic condition and their gray ratio statistics in HCT116
cell. Error bars represent SD, *or #p < 0.05, **or #p < 0.01
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gain in the animals (Fig. 8D), reduced lung hemor- ASIC3 in the lungs by WB and IHC at the same time,
rhage, edema, and colorectal cancer metastasis in the and found that the expression of ASIC3 at metastasis site
lungs(Fig. 8E-H). We also detected the expression of was negatively correlated with the amount of metastasis,
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with higher ASIC3 expression associated with reduced
metastasis (Fig. 8F-G). Finally, we detected the content of
TG in the animal serum, and found that lactate-cultured
HCT116 and SW480 cells could increase the content of
TG in serum, while overexpression of ASIC3 decreased
TG levels (Fig. 8I), the results of in vivo experiment were
consistent with those in vitro.

Discussion

Acidosis is considered a chronic form of TME that pro-
motes cell growth and metastasis. Although a large body
of literature supports acidosis as a cancer marker or
driver, but the core mechanisms by which it affects can-
cer progression remain unclear, hindering the develop-
ment of new therapeutic targets and treatments. Here,
our research reveals a major, direct, and well-defined
molecular signaling pathway that is responsible for acidic
TME-induced tumor metastasis. A key and innovative
finding of our work is the demonstration that acidic TME
can trigger colorectal cancer metastasis by downregulat-
ing the ASIC3 sensor. ACC1 and SCD1 are the regulatory
targets of ASIC3. The suppression of ASIC3 leads to the
activation ofde novo lipid synthesis, resulting in elevated
levels of MUFA that, in turn, promote epithelial-mesen-
chymal transition (EMT) and enhance invasion.

Clinical biopsy revealed variations in lactate content
among different tumor tissues, and even acidity in dif-
ferent parts of the same tumor tissue was also different
depending on the distance from blood vessels [22]. In this
study, we acidified the culture medium using an appro-
priate concentration of lactate, a glycolysis metabolite
[18, 23], and observed that only when exposed to lactate
at the correct concentration and duration did colorec-
tal cancer cells exhibit distinct interstitial characteris-
tics, subsequently promoting migration, invasion, and
metastasis.

ASICs belong to the degenerin/epithelial sodium chan-
nel (DEG/ENaC) superfamily, and are H*-gated, these
ion channels have three states: resting, open, and desen-
sitized [24]. In the human body, there are four main ASIC
subtypes: ASIC1, ASIC2, ASIC3 and ASIC4. They have
been linked to various physiological processes such as
myocardial ischemia, memory for learning, inflamma-
tion, injury perception and mechanical stimuli [25-27].
While ASIC1 is extensively studied in relation to cancer
cells [28], there is limited research on ASIC2 and ASIC3.
Although ASIC2 has been reported in colorectal cancer
[29], ASIC2 is less sensitive to pH, only when it binds
to ASICI or ASIC3 to form heteropolymers, can it be
more sensitive to pH [30], however, ASIC1 and ASIC3
exhibit higher proton sensitivity, pH at just 7 can activate
ASIC3[31 ~33]. ASIC1 is desensitized a few seconds after
binding to H*, and even if the pH drops below 7, ASIC1
remains in a persistent desensitized state, which severely
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limits the signal transmission of ASIC1 in persistent aci-
dosis unless the pH is restored above 7 [31, 34]; unfor-
tunately, the acid environment of colorectal cancer is a
chronic continuous process, and only ASIC3 has a pla-
teau activated by long-term acidosis [35]. Interestingly,
different from other cancers, in colorectal cancer, lactate
has been observed to reduce ASIC3 mRNA and protein
expression in a time- and dose-dependent manner, and
interference of ASIC3 expression with lentiviruses and
shRNA affected acidosis-induced EMT and tumor inva-
sion and metastasis. Additionally, inhibiting ASIC3 cur-
rents with amiloride enhances the effects of acidosis on
cellular functions.

Scholars have recently provided evidence that tumor
acidic microenvironment could in turn influence the
metabolism of cancer cells [36 ~41]. Studies have shown
that cancer cells prefer glutamine metabolism over glu-
cose metabolism when maintained at a pH of 6.5 [39].
Additionally, literature has highlighted significant altera-
tions in fatty acid metabolism in response to ambient
acidosis, with fatty acid oxidation (FAO) serving as a
primary source of acetyl-CoA to support the TCA cycle
[40]. In contrast, the relationship between metabolic
preference at acidic pH and local/metastatic invasive-
ness is only beginning to be explored [40—41]. Thus, new
insights into the interaction between acid-driven meta-
bolic preferences and invasive behavior are particularly
needed. It was also clearly observed that acidosis can
reshape the de novo lipid synthesis pathway, increas-
ing the content of unsaturated lipids, especially TG and
MUFA, which are the causes of EMT, and ASIC3, located
in upstream, can activate and interact with ACCI1 and
SCD1, key enzymes of de novo lipid synthesis pathway,
then affects the production of these unsaturated fatty
acids, last decrease the ability of acidosis in changing the
cell phenotype. To confirm the presence of the ASIC3-
ACC1/SCD1 axis, inhibitors of both ACC1 and SCD1
were utilized to restore ASIC3 function, revealing that
both inhibitors could counteract ASIC3-mediated acido-
sis invasion.

Last, our study indicates that ASIC3 is a specific, reli-
able and significant marker for acidic TME in colorectal
cancer. Firstly, unlike other tumors, ASIC3 is down-reg-
ulated in colorectal cancer tissues and acidic microen-
vironment. Secondly, in addition to bioanalysis, a large
number of clinical data indicate down-regulated ASIC3
is associated with differentiation, metastasis and stag-
ing of colorectal cancer. Animal experiments show that
overexpression of ASIC3 can reduce tumor metastasis
induced by acidosis. Lastly, given that metabolic repro-
gramming is a hallmark of cancer, targeting the upstream
regulator ASIC3 may lead to improved efficacy in clinical
treatment.
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Conclusion

A suitable acidic tumor microenvironment can acceler-
ate colorectal cancer invasion and metastasis, and ver-
ify for the first time that this effect is accomplished by
inhibiting ASIC3. ASIC3 is a biomarker associated with
colorectal cancer progression. The mechanism is that
ASIC3 can increase the expression of unsaturated fatty
acids through interacting with ACC1 and SCD1 in acidic
microenvironment, ultimately leading to the induction of
EMT. (see graphical abstract).
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