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Abstract

LPIN3 has emerged as a key factor in a variety of malignancies, although its precise role in colorectal cancer (CRC) remains
unclear. By analyzing the data from The Cancer Genome Atlas, we discovered that the expression pattern of LPIN3 and the
relevant makeup of the immune microenvironment were immensely diverse among tumors. LPIN3 is abundantly expressed
in CRC and may enhance tumor growth by activating the p-catenin signaling pathway. In addition, we discovered that LPIN3
might reduce tumor antigen presentation signals, hence suppressing CD8* T cell-mediated cytotoxicity. Furthermore, high
expression of LPIN3 predicts decreased CD8* T cell infiltration and effector function via bioinformatics analysis. Indeed,
CD8* T cell-mediated cytotoxicity as well as CD8" T cell infiltration and activation in vivo were strengthened by LPIN3
knockdown. To sum up, our results highlight the part that LPIN3 plays in driving the progression of CRC by regulating
B-catenin signaling and CD8" T cell activity.
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Introduction

Colorectal cancer (CRC) is a common tumor in the digestive
system, with 2.5 million new cases worldwide predicted by
2035 [1]. Despite the treatment progress, such as immu-
notherapy, CRC mortality rate ranks third among deaths
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predictor in tumors such as prostate [6], ovarian cancers
[7, 8] and hepatic lipid metabolism [9], but there have been
no experiments to investigate its role in tumor progression,
especially in colorectal cancers, where it is predominantly
expressed. Therefore, the role of LPIN3 in regulation of
the important signaling cascades that associated with car-
cinogenesis needed to be deeply explored.

Cancer immunotherapy has completely changed the
treatment strategies, which are treated by specifically tar-
geting the immune system and resulting in the elimination
of tumors [10]. Nonetheless, tumor immune evasion con-
tinues to pose a serious obstacle, decreasing the efficacy
of immunotherapy. Strategies that avoid immune system
recognition and elimination, including the upregulation
of immune checkpoint molecules [11], such as cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) and pro-
grammed cell death protein 1 (PD-1) were adopted by
cancer cells to escape the immunotherapy [12]. Tumor
can block T cell activation and decrease the major histo-
compatibility complex (MHC) molecules [13, 14] that are
essential for presenting tumor antigens to T cells. Tumors
can also attract immune-suppressive cells, such as mye-
loid-derived suppressor cells (MDSCs) [15] and regulatory
T cells (Tregs), which together provide an immunosup-
pressive milieu that promote immune evasion and tumor
growth.

Comprehending the complex correlation between LPIN3
and tumor immune evasion might potentially lead to the cre-
ation of innovative immunotherapeutic approaches, aiming
at surmounting this crucial obstacle to successful cancer
therapy. Targeting LPIN3 and its downstream signaling
pathways may restore the immune cell function, strengthen
the antitumor immune response, and increase the effective-
ness of current immunotherapies. Furthermore, LPIN3 may
be a useful indicator for predicting immunotherapy response
and directing cancer patients’ treatment choices.

Methods
Data extraction and data processing

In relation to The Cancer Genome Atlas (TCGA-COAD)
data, the TCGA website (www.cancer.gov/tcga) included
RNA sequencing transcriptome data for 514 samples of
patients with colorectal cancer (CRC), which included 473
cancer specimens and 41 specimens from normal tissues.
The data were also accompanied by clinical pathology infor-
mation. GSE35279 was obtained from The Gene Expression
Omnibus (GEO) database, which contained 74 CRC samples
and five normal samples. All the data were transformed into
log, (TPM +1).
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Cell culture

The mouse CRC cell CT26, the human CRC cells HCT116
and RKO, and the human embryonic kidney epithelial cell
HEK-293T were procured from the National Infrastructure
of Cell Line Resource and maintained in Dulbecco’s Modi-
fied Eagle Medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) and 1% penicillin G/streptomycin.
Cells were incubated at 37 °C in a humidified atmosphere
with 5% CO,.

Short hairpin RNA (shRNA) and vector construction

A shRNA fragment targeting the CDS or UTR of human
LPIN3 was generated using a pair of primers (forward
primerl: 5'-CCGGGAGCTCATAAAGAACCACAA
ACTC GAGTTTGTGGTTCTTTATGAGCTCTTTTTG
-3'; forward primer2: 5'-CCGGCCA CTGTCTTTGAAG
AAAGTACTCGAGTACTTTCTTCAAAGACAGTGG
TTTTTG-3"); of mouse Lpin3 was generated using a pair
of primers (forward primerl: 5'-CCGGCCCAGAGAGTA
AGGAAACCAACTCGAGTTGGTTTCCTTACTCTC
TGGGTTTTTG-3'; forward primer2: CCGGCCTAAGAG
TGACTCAGAGCTACTCG AGTAGCTCTGAGTCACTC
TTAGGTTTTTG) and cloned into the plasmid pLKO.1-
TRC (Addgene) as described in the TRC protocols (http://
www.broadinstitute.org).

Lentiviral transduction of tumor cells

Lentivirus-induced LPIN3 knockdown in CT26, HCT116,
and RKO cells was performed as following steps: 4 pg
PLKO.1 plasmid of shCtrl or shLPIN3, 3 pg psPAX?2 pack-
aging vector, and 1 pg PMG2.G enveloping vector were
co-transfected into HEK-293 T cells in 10-cm cell-culture
dishes. The virus-containing supernatant was collected
after 48 and 72 h, filtered using a 0.45 pm PES Syringe
Filter (Thermo Fisher), and utilized to infect tumor cells
in the presence of 8§ mg/ml Polybrene. After selecting the
positive infected cells for 7 days using 2 pg/ml puromycin
(Solarbio) for specified cells, stable cell lines were subse-
quently maintained under puromycin.

Western bolt

1 ml of cell lysis buffer (50 ml tris-base (pH 7.4), 150 ml
sodium chloride, 1% Nonidet P-40, 0.5% sodium deox-
ycholate, 0.1% sodium dodecyl sulfate, 5 ml ethylene
diamine tetraacetic acid (EDTA), and 1 ml benzylsul-
fonyl fluoride) was utilized to lyse transfected cells. As
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previously indicated, immunoblot analysis was performed
[16].

Flow cytometry

The tumor tissues from shCtrl or shLpin3 CT26 were
digested for 30 min at 37 °C with 1 mg/ml Collagenase
D and 0.1 mg/ml DNase I (Solarbio). After stopping the
digestion with EDTA, the cells were filtered through 70 pm
cell strainers and twice washed with phosphate buffered
saline (PBS) containing 2% FBS and 1 mM EDTA (stain-
ing buffer). After resuspension in the staining solution, the
following antibodies were applied to the cells for 30 min on
ice: anti-CD8, anti-IFN-y, anti-PD-1, anti-TOX, anti-TNF-a,
and anti-Granzyme B (GZMB) (all from BioLegend) [17].
Gating strategies for flow cytometry analysis are provided
in Figure S6.

Cell proliferation assay

For CCK-8 experiments, 1 x 10? cells were seeded in 96-well
plates per well, and incubated five days. And 10 ul Cell-
Counting-Kit-8 reagent (Vazyme, China) was added in per
well, which was incubated at 37 °C for 1 h. The absorption
was evaluated by measuring the absorbance at 450 nm in
accordance with the manufacturer’s instructions.

Transwell assay

For the cell invasion assay, 5x 10* CRC cells suspended
in 200 uL were seeded into the upper chamber pre-coated
with Matrigel, while the lower chamber contained culture
medium supplemented with 20% FBS as a chemoattractant.
After 48 h of incubation, non-invading cells on the upper
surface of the membrane were removed. The invading cells
on the underside of the membrane were then fixed, stained
with 0.1% crystal violet, and subsequently observed and
counted under a microscope.

Colony formation assay

For the colony formation assay, 2 x 10* CRC cells were
seeded in six-well plates and cultured for 14 days. After
incubation, the colonies were fixed with paraformaldehyde
and stained with 0.1% crystal violet. The plates were then
washed with PBS, and colonies consisting of more than 50
cells were counted and photographed.

Scratch wound healing assay
CRC cells were seeded into 6-well plates and cultured over-

night to reach approximately 90% confluence in a monolayer.
A scratch wound was then created across the center of each

well using a 200-uL pipette tip. Subsequently, the culture
medium was replaced with one containing 1% FBS. Wound
closure was assessed, and images were captured under a
microscope at 0 and 48 h. The healing area was quantified
using ImageJ software.

Cell apoptosis assay

Prior to starting the experiments, a 24-well plate was seeded
with 1x 10° cancer cells. Cells were obtained by centrifu-
gation at 300 g for 5 min at 4 °C following digestion with
EDTA-free trypsin. Trypsin digestion was carefully regu-
lated to minimize excessive time in order to prevent false
positives. After that, the cells were centrifuged for five
minutes at 4 °C after being cleaned twice at 300 g using
pre-cooled PBS. After the PBS was removed, 100 pl of
1 x Binding Buffer was added to bring the cells back to sus-
pension. Next, 5 pl of Annexin V-FITC was added, and it
was gently mixed. The combination was exposed to light and
left to react for ten to fifteen minutes at room temperature.
Subsequently, 200 pl of 1 X Binding Buffer was introduced,
combined, and chilled. Ultimately, within one hour, sam-
ples were detected using fluorescence microscopy or flow
cytometry [18].

Pan-cancer expression analysis of LPIN3 and related
immune infiltration analysis

The TIMER website (https://cistrome.shinyapps.io/timer/)
and R package “TCGAplot” were used to analyze the LPIN3
expression among the 33 cancers. The TIMER website is
a web server designed for in-depth analysis of tumor-infil-
trating immune cells. Utilizing this database, researchers
investigated the correlation between LPIN3 expression and
various immune cell populations, including CD8% T cells,
neutrophils, and macrophages et al. Immune signaling set
analysis was performed by ssGSEA algorithm [19].

Mouse model and tumor studies

For the in vivo trials, male BALB/c or nude mice, aged
eight weeks, were randomly divided groups and each
group contained five mice. shCtrl and shLpin3 cells in the
logarithmic growth phase were digested and resuspended
in the PBS in a density of 1 X 107 cells per 1 ml. Next, a
100 pl cell solution was subcutaneously administered
into the right flanks of mice. Mice were housed in identi-
cal conditions, and the tumor growth was monitored every
three days. The tumor volume was calculated as follows:
Volume = length x widthA%x 1/2.
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Tumor-infiltrating CD8" T cell analysis

After the tumor tissue was cut into small pieces, it was put
through an enzymatic digestion procedure using 200 pg/
ml collagenase and 20 pg/ml DNase for 30 min at 37 °C.
Following digestion, the tumor tissue suspension was fil-
tered through a 0.45 pm filter, and the single-cell suspen-
sion that remained was collected. The obtained cells were
treated with Golgiplug protein transport inhibitor accord-
ing to the manufacturer’s instructions. After that, the cells
were stained with CD8 antibody, intracellular IFN-y, and
GZMB antibody for 30 min at 4 °C. Then, a flow cytom-
etry study was performed using the BD X20 cytometer
(BD Biosciences).

Statistical analysis

The mean + SD is used to display the data. The Student’s
t test was employed to compare the two groups. The one-
way ANOVA was employed to compare data among several
groups. For all statistical studies, GraphPad Prism version
9.5 was used. For nonparametric data, the Wilcoxon test was
used for comparisons of two independent samples, whereas
the Kruskal-Wallis test was used for multiple sample com-
parisons. A difference that was deemed statistically signifi-
cant was defined as P <0.05, and p-values <0.01 and <0.001
were denoted by ** and ***, respectively.

Results

The expression pattern and prognosis of LPIN3
in pan-cancers

The differential expression and paired differential expres-
sion analysis of LPIN3 in multiple cancers were performed
by TIMER2.0 (http://timer.cistrome.org/) and TCGA data,
respectively. Both the results supported that the mRNA
expression level of LPIN3 was upregulated in several can-
cer types compared with adjacent normal tissues, including
the bladder urothelial carcinoma (BLCA), kidney’s clear
cell carcinoma (KIRC), head and neck squamous cell car-
cinoma (HNSC), liver hepatocellular carcinoma (LIHC),
liver hepatocellular carcinoma (LUAD), liver hepatocellular
carcinoma (LUSC), stomach adenocarcinoma (STAD), and
colon adenocarcinoma (COAD) (Fig. 1A, B). Furthermore,
the high expression level of LPIN3 was significantly cor-
related with the poor prognosis of patients with pancreatic
cancer, ovarian cancer, and LIHC (Fig. 1C). These findings
indicated that the upregulation of LPIN3 in variety of cancer
types may play a crucial role in cancer progression.
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Tumor immune infiltration, immune-related
molecules analysis in pan-cancers based
on the expression of LPIN3

In order to ascertain the immunological function role
of LPIN3 in pan-cancers, the correlation between the
expression of LPIN3 and the immune cell infiltration was
examined. The ssGSEA analysis showed that LPIN3 was
negatively associated with the immunological score (Esti-
mateScore, ImmuneScore, StromalScore) in pan-cancers
but the lymphoid neoplasm diffuse large B-cell lymphoma
(DLBC), brain lower grade glioma (LGG) (Fig. 2A). And
the expression level of LPIN3 was correlated with multiple
immune-related inhibitory substances. The findings showed
that in some cancer types, such as COAD and BLCA, LPIN3
was substantial negatively associated with the expression
of many immune-related inhibitory molecules, including
CD244, CTLA-4, TGFBRI, TIGIT, and IL10 (Figs. 2B and
S1A). Additionally, it was shown that there was a strong
positive correlation between LPIN3 and the expression of
chemokines and chemokine receptors (Figure S1B). Addi-
tionally, LPIN3 was also tightly associated with the expres-
sion of several immunomodulatory molecules as well as
various immunological checkpoints (Fig. 2C). These results
suggested that there may be diametrically opposed effects of
LPIN3 on the immune microenvironment in different tumor

types.

LPIN3 promotes CRC growth in In vivo and in vitro

Due to the strong association between LPIN3 and immune
microenvironment in COAD, we further adopted another
independent cohort to investigate the expression pattern
of LPIN3 in COAD. The expression level of LPIN3 was
upregulated in tumor tissues compared with normal tissues
in TCGA-COAD dataset (https://ualcan.path.uab.edu/)
(Fig. 3A) and the GSE35579 cohort (Fig. 3B). Log-rank sur-
vival analysis based on OS, DSS, DFI, and PFI was carried
out to precisely ascertain the relationship between LPIN3
expression and the prognosis of patients in TCGA-COAD
cohort (Fig. 3C). The results showed that high expression of
LPIN3 in CRC indicated a poor prognosis (Figure S2A-C).
The expression of LPIN3 in different stages, histological
subtypes, nodal metastasis status, and TP53 mutation status
of CRC, was found to be considerably higher than those in
normal tissues (Figure S2D-G). Human CRC cells HCT116
and RKO were subjected to shRNA-mediated LPIN3 knock-
down to ascertain whether LPIN3 had an impact on CRC
growth. The mRNA and protein level of LPIN3 was sig-
nificantly reduced in HCT116 and RKO cells after knock-
down (Fig. 3D-G). The results of the cell proliferation assay
showed that the deficiency of LPIN3 substantially reduced
the cell growth of HCT116 and RKO cells in vitro (Fig. 3H,
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down (Fig. 3H, I). The clone formation experiments have

We also tested the effect of LPIN3 on colorectal cancer
cell migration and invasion. The results of scratch assay
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Fig.2 Tumor immune infiltration, immune-related molecules analy-
sis in pan-cancers based on the expression of LPIN3. A Correlation
between LPIN3 gene expression and stromal score, immune score,

the migration of cancer cells (Figure S3A-D). Transwell
assay showed that knockdown of LPIN3 significantly
reduced the invasion of cancer cells (Figure S3E, F). We
then also examined the effect of overexpression of LPIN3

@ Springer

Correlation

06
l 03

Correlation

I 04
0.0

L
2 .1
= .
*
o - w e mm W
28859893335 3E88B3:
2§ 22E£3385EEB°3

and estimate score. B Correlation between LPIN3 gene expression
and immune inhibitory molecules. C Correlation between LPIN3
gene expression and immune immunostimulatory molecules

on the phenotype of cancer cells. Cloning assay showed
that overexpression of LPIN3 promoted cell prolifera-
tion (Figure S3G, H), and similar results were obtained in
CCK-8 assay (Figure S3I). The in vivo trial also showed
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Fig.3 LPIN3 promotes CRC growth in vivo and in vitro. A LPIN3 gene
expression level was upregulated in TCGA-COAD datasets. B LPIN3
gene expression level was upregulated in GSE35579 datasets. C LPIN3
expression and corresponding survival analysis. D Relative LPIN3 mRNA
level was detected by gPCR in HCT116 cells. E Relative LPIN3 protein
level was detected by western blot in HCT116 cells. F Relative LPIN3
mRNA level was detected by qPCR in RKO cells. G Relative LPIN3 pro-
tein level was detected by western blot in RKO cells. H Effect of LPIN3
on the proliferation of HCT116 cells was assessed using a CCK-8 assay.

that the knockdown of LPIN3 suppressed tumor growth
volume and weight (Fig. 3N-P). These findings imply
that LPIN3 is involved in the initiation and progression
of CRC.

I Effect of LPIN3 on the proliferation of RKO cells was assessed using a
CCK-8 assay. J Focus formation by HCT116 (up) and RKO (down) cells
stably expressing the indicated vectors. K Colony numbers of HCT116
(left) and RKO (right) cells are shown in the bar graphs. L. Cell apopto-
sis was detected after LPIN3 knockdown. M Statistical graph of apopto-
sis experiments after LPIN3 knockdown. Subcutaneous tumorigenesis
in 8 week-old mice: 1x10° LPIN3-knockdown or control HCT116 cells
were implanted into the mice. N tumor image, O tumor volume, and P
tumor weight in mice were shown

LPIN3 promotes CRC growth through activating
B-catenin pathway

Mutational activation of the APC/WNT/p-catenin signal-
ing is pivotal during CRC development [20]; therefore, we
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Fig.4 LPIN3 promotes CRC growth through activating p-catenin
pathway. A KEGG analysis of upregulated genes based on LPIN3-
high versus LPIN3-low patients. B GSEA analysis shows that the
fB-catenin signaling was positive with high LPIN3 expression. C The
protein expression levels of p-catenin signaling pathway were ana-
lyzed by western blotting. D Cell proliferation assays of indicated

focused on this signaling pathway. GSEA analysis showed
a strong and positive correlation between LPIN3 expres-
sion and the Wnt-fB-catenin signaling pathway with the
TCGA-COAD data (Fig. 4A). The Wnt-p-catenin signaling
pathway was also found to be considerably enriched in the
LPIN3 high expression group by performing the differen-
tial expression and KEGG signaling pathway analysis with
the TCGA-COAD data (Fig. 4B). In order to confirm this
discovery, we knocked down the expression of LPIN3 in
HCT116 and RKO cells. The results showed that LPIN3
suppression markedly decreased Wnt-fB-catenin signaling
activity as well as the protein levels of downstream target
genes c-Myc and Cyclin D1 (Fig. 4C). Similarly, overexpres-
sion of LPIN3 significantly promoted this signaling pathway
(Figure S3J). We also rescued the f-catenin protein in the
shLPIN3 HCT116 and RKO cells for cell proliferation assay,
and result showed that rescuing f-catenin expression rescued
the cell growth disadvantage caused by LPIN3 knockdown,
which indicated that LPIN3 may promote the proliferation
of colorectal cancer through the activation of -catenin sign-
aling (Fig. 4D, E). The clone formation experiments have
also shown that rescuing f-catenin expression partly rescued
the cancer cell growth (Fig. 4F-H). These findings showed
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HCT116

Cell viability

HCT116

treatment in HCT116 cells. E Cell proliferation assays of indicated
treatment in RKO cells. F Focus formation by HCT116 (up) and
RKO (down) cells stably expressing the indicated vectors. G Colony
numbers of HCT116 cells are shown in the bar graphs. H Colony
numbers of HCT116 cells are shown in the bar graphs

that LPIN3 may stimulate f-catenin signaling, which may
contribute to the growth of CRC.

LPIN3 inhibits tumor antigen presentation
and the CD8" T cell killing signals

The major histocompatibility class I (MHC-I) functions as
the antigen presentation refers to the “eating me” signaling,
which was get scanned by T cell receptors (TCR) and rec-
ognized by CD8" T lymphocytes thereby destroying tumor
cells. Consequently, we examined the relationship between
the expression of LPIN3 and tumor mutational load (TMB)
and microsatellite instability (MSI) with the TCGA-COAD
data. TMB and MSI, at least in COAD, demonstrated a nega-
tive connection with one another (Figure S4A). After that, we
also found that those genes that down-regulated in the high
LPIN3 expression patients were enriched in the antigen pro-
cessing and presentation by the KEGG enrichment with the
TCGA-COAD data (Fig. 5A). The GSEA analysis showed
that high LPIN3 expression significantly correlated with the
decreased antigen processing and presentation signaling and
interferon gamma response (Figs. 5B and S4B). The corre-
lation analysis with the TCGA-COAD data suggested that
LPIN3 expression was negatively correlated with the several
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Fig.5 LPIN3 inhibits tumor antigen presentation and the CD8* T
cell killing signals. A KEGG analysis of down-regulated genes based
on LPIN3-high versus LPIN3-low patients. B GSEA analysis shows
that the antigen processing and presentation signaling was positive
with high LPIN3 expression. C Correlation between LPIN3 gene

MHC-I molecules such as B2M, BATF3 et al. (Fig. 5C). To
further validate these biological phenomenon, we knocked
down the expression of LPIN3 in CT26 tumor cell line to

expression and some antigen processing and presentation-related
molecules. D LPIN3 knockdown increased tumor antigen presenta-
tion. E Heatmap map showed LPIN3 gene expression and several T
cell-related signaling. F Several immune responsive signaling-based
LPIN3 gene expression

examine the expression of MHC-I molecules. The results
revealed that knockdown of LPIN3 significantly upregulated
the expression of H2-Kb/Dd and B2M molecules (Fig. 5D). It
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anti-PD-1 resistance (IPRES), PD-1 response signature, and  or immune response (Fig. 5F). Meanwhile, ssGSEA analy-
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low LPIN3 expression had higher levels of signals, includ-
ing CD8* T cell infiltration, HLA molecules, and interferon
response (Fig. 6A). And patients with decreased expression of
LPIN3 had higher levels of immune cell infiltration, including
activated CD8* T cells (Fig. 6B). We also calculated the can-
cer-immunity cycle and the tumor microenvironment scores,
which showed tumor samples with low LPIN3 expression
had higher tumor immunity-related scores (Fig. 6C). Taken
together, these data indicate that LPIN3 could inhibit MHC-I
presentation and CD8" T cell effector function signal.

LPIN3 inhibition suppresses tumor growth
by promoting CD8"* T cell infiltration

Our further analysis revealed that the expression of LPIN3
was significantly negatively correlated with the expression
of several effector molecules of CD8* T cells (Figures S4C
and S5), suggesting that LPIN3 may inhibit the effector
function of CD8" T cells in tumors. To investigate the role
of LPIN3 in tumor immune evasion, we knocked down
LPIN3 in CT26 cells (Fig. 7A). Because it has been previ-
ously reported in the literature that the p-catenin/TCF/LEF
complex to the promoter region of the CD274 gene induces
PD-L1 expression [21], we then speculated whether LPIN3
could promote PD-L1 expression. Western blot showed that
knockdown of LPIN3 also significantly reduced PD-L1
expression (Fig. 7A), and the reduced PD-L1 expression
may be associated with T cell activation. Flow cytometry
also showed that knockdown of LPIN3 also significantly
reduced PD-L1 expression (Fig. 7B, C). In subcutaneous
tumorigenic experiment, the results showed that knock-
down of LPIN3 significantly decreased tumor volume and
tumor weight (Fig. 7D-F). Flow cytometric analysis of the
aforementioned tumor tissues revealed that knockdown of
LPIN3 could significantly promote the CD8" T cell infil-
tration (Fig. 7G, H). The T cell exhaustion marker PD-1
and TOX was also examined by flow cytometry, display-
ing that knockdown of LPIN3 decreased these molecules
expression (Figs. 71, J, 8A, B). Flow cytometry was further
used to analyze the role of LPIN3 in cytokines secreted by
CD8* T cells. It was found that the knockdown of LPIN3
in CT26 cells markedly increased the abundance of IFN-y,
TNF-a, and IL-2 secreted by CD8" T cells (Fig. 8C-H).
Taken together, these results revealed that LPIN3 inhibition
may promote CD8* T cell infiltration and effect function in
CRC mouse model.

Discussion

Immunotherapy is one of the most important therapeutic
methods for cancers, especially the anti-PD-1 or anti-PD-L1
treatment. Revolutionary progress in anti-PD-1 treatment

brings the curative hope of metastatic colorectal cancer [22,
23]. However, due to tumor heterogeneity, the potent of anti-
PD-1 treatment in proficient mismatch repair (pMMR) CRC
is still limited. Specifically, the abundance of CD8*T cells in
cancers almost determines the efficacy of immunotherapy.
Studies demonstrated that the level of CD8*T cell infiltra-
tion in deficient mismatch repair (AMMR) is much higher
than that in pMMR CRC [24]. Therefore, strategies that
improve the CD8*T cell infiltration may be the pivotal treat-
ment approaches for CRC. In the present study, we found
that LPIN3 was highly expressed in BLCA, KIRC, HNSC,
LIHC, LUAD, LUSC, STAD, and COAD through differen-
tial expression analysis in pan-cancers. KM analysis showed
that high expression of LPIN3 was associated with a worse
prognosis in CRC, pancreatic adenocarcinoma, breast car-
cinoma and LIHC. These results suggested that LPIN3 may
play a significant role in tumor progression. To this end, we
constructed the LPIN3 inhibition CRC cells, the knockdown
of LPIN3 inhibited the proliferation of CRC cell lines, which
was proved in xenograft experiments. Meanwhile, inhibition
of LPIN3 in CRC cells promoted apoptosis. To our knowl-
edge, the role of LPIN3 was merely reported in the lipid
metabolism [9]. Therefore, our results may provide a novel
target for CRC treatment.

To disclose the underlying mechanism of LPIN3 in CRC,
we performed the KEEG pathway analysis, indicating that
high LPIN3 expression is mainly enriched in the Wnt/p-
catenin signaling pathway. Subsequent experiments con-
firmed that LPIN3 contributed to the proliferation of CRC
and may activate the Wnt/p-catenin signaling pathway. The
Whnt/p-catenin signaling pathway also named the canonical
Wht signaling pathway played a pivotal role in the apoptosis,
proliferation, and metabolism of CRC [25]. To date, small
molecular inhibitors or phytochemicals for the Wnt pathway
of CRC treatment have been developed, such as Pimozide
and DK419 [26]. Therefore, our results may contribute to the
regulation of the Wnt/p-catenin signaling pathway, provid-
ing a new target for combination therapy of CRC.

Additionally, we discovered that LPIN3 is playing an
increasingly important role in tumor immune evasion,
emphasizing its roles in immune checkpoint control,
immune cell recruitment, and tumor microenvironment
metabolic reprogramming. An analysis of the relationship
between LPIN3 expression and immune system activation in
colon cancer tissues revealed a negative correlation between
LPIN3 expression and tumor antigen presentation, CD8" T
cell infiltration, and the expression of T cell effector mol-
ecules like IFN-y and GAMB. We also used flow cytometry
to confirm these intriguing results. IFN-y that mediates the
antitumor immunity is mainly secreted by CD8* T cells in
cancers [27]. Cancer cells could adopt strategies such as
inhibiting the CD8* T cell tumor trafficking, survival, and
function to decrease the secretion of IFN-y [28]. On the
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Fig.7 LPIN3 inhibition suppresses tumor growth by promot-
ing CD8* T cell infiltration. A PD-L1 abundance was detected by
Western bolt based on LPIN3 knockdown. B PD-L1 abundance was
detected by flow cytometry based on LPIN3 knockdown. C Statistical
graph of B experiments. Subcutaneous tumorigenesis in 8-week-old
mice: 1x10° LPIN3-knockdown or control CT26 cells were
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implanted into the mice. Detection of tumor image (D), tumor volume
(E) and tumor weight (F) in mice. G Representative flow staining of
CD8™* T cells frequency in the indicated groups. H Statistical graph
of G experiments. I Representative flow staining of PD-1* CD8* T
cells frequency in the indicated groups. J Statistical graph of I experi-
ments
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Fig.8 LPIN3 inhibition enhancing tumor-infiltrating CD8* T cell
function. A Representative TOX* CD8" T flow staining of indicated
cells in tumor xenograft of indicated groups. B Statistical graph of
A experiments. C Representative IFN-y* CD8" T flow staining and
frequency of indicated cells in tumor xenograft of indicated groups. D
Statistical graph of C experiments. E Representative TNF-a* CD8* T

flow staining and frequency of indicated cells in tumor xenograft of
indicated groups. F Statistical graph of E experiments. G Representa-
tive IL-2¥ CD8" T flow staining and frequency of indicated cells in
tumor xenograft of indicated groups. H Statistical graph of G experi-

ments
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contrary, strategies that are applied to tumor treatments aim
to activate the CD8™ T cell thereby promoting the secretion
of IFN-vy. For example, the downregulation of ER stress sen-
sor X-box binding protein 1 decreased the metabolism in
CD8* T cells, thus restoring the antitumor activity [29]. To
this end, we can make the TME more inclined to promote
the secretion of IFN-y. In our study, we inhibited the expres-
sion of LPIN3 and observed that LPIN3 inhibition impeded
the tumor growth and markedly promoted the proportion of
IFN-y+/CD8 +T cells in the tumor microenvironment in a
subcutaneous transplantation model of colon cancer in mice.
The results of the experiment match those of the TCGA
correlation study, indicating that LPIN3 suppresses the T
cell-mediated tumor immune response, thereby promoting
the progression of colon cancer. On the other hand, MHC-
I complex could regulate the antitumor immunity due to
the antigens presentation [30]. Similarly, cancers avoided
immune surveillance by downregulating the expression of
the MHC- I complex, such as B2M, the light chain of the
MHC- I complex [31]. And strategies that promoted the
expression of B2M also enhanced the antitumor activity
[32]. In our study, we observed and validated that LPIN3
was negatively associated with B2M, highlighting the role
of LPIN3 inhibition in the antitumor activity.

In conclusion, the present study’s findings indicate that
LPIN3 can stimulate the -catenin signaling pathway, which
in turn can increase colon cancer immune evasion. Addition-
ally, it can block CD8* T cells by suppressing tumor antigen
presentation. Therefore, our research offers a mechanistic
understanding as well as a possible therapeutic approach,
namely that targeting LPIN3 may improve the effectiveness
of anti-PD-1 in the treatment of human malignancies.
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