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FASN promotes lipid metabolism and progression in colorectal
cancer via the SP1/PLA2G4B axis
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Abnormal metabolic reprogramming is essential for tumorigenesis, metastasis, and the regulation of immune responses. Fatty acid
synthase (FASN), a key enzyme in lipid metabolism, plays a crucial role in these processes. However, the relationship between FASN-
mediated lipid reprogramming and the immune response in colorectal cancer (CRC) remains unclear. The present study demonstrated
that FASN expression is elevated in CRC tissues and is significantly associated with poor prognosis. Functional experiments revealed that
FASN promotes proliferation, migration, invasion, and phosphatidylcholine (PC) production in CRC cells. Additionally, in vivo experiments
revealed that FASN knockdown significantly inhibits tumor growth and the spread of CRC cells to the lungs. Mechanistically, FASN, which
is upregulated in CRC tissues, drives cancer cell proliferation, metastasis, and PC metabolism through the SP1/PLA2G4B axis,
subsequently suppressing the antitumor response of natural killer (NK) cells in a PC-dependent manner. These findings provide new
insights into lipid metabolism and the immunobiology of CRC, suggesting potential targets for the treatment and prevention of CRC.
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BACKGROUND
Colorectal cancer (CRC) ranks as the third most prevalent
malignancy and is the second leading cause of cancer-related
death globally [1, 2]. CRC pathogenesis is complex and involves
multiple factors, such as gene mutations, intestinal microbial
disorders, and metabolic disorders [3, 4]. Rapid tumor growth
often results in a nutrient-poor tumor microenvironment (TME),
compelling cancer cells to undergo metabolic reprogramming to
adapt to these energy constraints [5]. An increasing body of
evidence highlights that such aberrant metabolic reprogramming
is crucial for the initiation, growth, and metastasis of CRC [6].
Lipid metabolism, a key metabolic signature of cancer cells, has
been extensively implicated in cancer initiation, progression, and
drug resistance [7]. Many studies have revealed that dynamic
changes in lipids, such as triacylglycerol, glycerolipids, sphingoli-
pids, ceramides, and cholesterol, affect the occurrence and
progression of various cancers, including CRC [8-10]. Dysregula-
tion of lipid metabolic enzymes, such as fatty acid synthase (FASN)
and acyl-CoA oxidase 1, results in lipid metabolism reprogram-
ming in cancers [11]. FASN, a key enzyme in lipid metabolism,
catalyzes the de novo synthesis of fatty acids, which supports cell
growth and survival [12]. The oncogenic role of FASN in lipid
metabolism reprogramming has been well documented across
various tumors [13-15]. For example, FASN facilitates lymph node
metastasis in cervical cancer by modulating cholesterol repro-
gramming and then activating the lipid raft-related c-Src/AKT/FAK
signaling pathway [16]. FASN, stabilized by ACAT1-mediated
GNPAT acetylation, contributes to lipid metabolism reprogram-
ming and hepatocarcinogenesis [17]. However, little is known

about the mechanism of FASN in lipid metabolism reprogram-
ming in CRC.

Increasing evidence has indicated that lipid metabolism
dysregulation in the TME has the ability to modulate the immune
response [18, 19]. Yi et al. reported that polymerase 1 and
transcript release factor triggers a cytoplasmic phospholipase A2-
mediated phospholipid remodeling pathway, leading to the
promotion of tumor proliferation and the inhibition of immune
responses in glioblastoma [20]. Cook et al. reported that the
silencing of GRP78, an endoplasmic reticulum stress protein,
upregulates the intracellular concentrations of essential polyunsa-
turated fats, including linoleic acid, which further controls
tamoxifen sensitivity and antitumor immunity in breast cancer
[21]. However, the relationship between FASN-mediated lipid
metabolism reprogramming and the immune response in CRC
remains unknown.

In the present study, in vitro and in vivo experiments were
performed to investigate the roles and molecular mechanisms of
FASN in lipid metabolism reprogramming, tumor progression, and
the immune response in CRC.

RESULTS

Identification of differential lipids in CRC patients

Cancerous tissue (tumor tissue, T) and adjacent nontumor tissue
(normal tissue, N) were collected from 14 CRC patients to perform
targeted lipidomics with high coverage (Table S1). Principal
component analysis (PCA) revealed distinct lipidomic profiles
between the cancerous and nontumor tissues (Fig. 1A). A total of
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Fig. 1

Identification of differential lipids in CRC patients. A PCA revealed distinct lipidomic profiles between the cancerous and nontumor

tissues of CRC patients. B Volcano plot of differentially expressed lipids in cancerous tissues compared with adjacent nontumor tissues.
C KEGG pathway enrichment analysis of these differentially metabolized lipid concentration pathways. D Heatmaps of differential lipids
associated with TNM stage. E Expression of key enzyme-encoding genes, including FADS1, FASN, PCYT1A, LPCAT1, and PLD2, in patients with
CRC in the TCGA database. F Western blot analysis was used to measure FASN protein expression in NCM460, HCT-8, HCT-116, HT-29, RKO,
SW480, and SW620 cells. GAPDH was used as a loading control. The densities of Western blot bands were quantified using the ImageJ
program. G The mRNA expression level of FASN in NCM460, HCT-8, HCT-116, HT-29, RKO, SW480, and SW620 cells was detected by RT-qPCR.
The experiments were conducted in triplicate. Nonsignificant results are denoted as “ns’; while significance levels are shown as **P < 0.01 and

***P < 0.001.

547 differentially expressed lipids were identified, with 422
upregulated and 125 downregulated in the cancerous tissues
compared with the adjacent nontumor tissues (Fig. 1B, Table S2).
KEGG pathway enrichment analysis indicated that these differen-
tially metabolized lipids were predominantly involved in glycer-
ophospholipid metabolism and choline metabolism pathways
(Fig. 1C). On the basis of their TNM stage, CRC patients were
further categorized into phase 1 (stage I), phase 2 (stage ll), and
phase 3 (stage Ill + IV) groups. Differential lipids associated with
the TNM stage were identified, comprising the following 10 lipids:
7 cholesteryl esters, 2 phosphatidylcholines (PCs), and
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1 sphingomyelin (Fig. 1D). Further analyses focused on PCs, which
are involved in glycerophospholipid metabolism. We analyzed the
total PC level in samples from 14 CRC patients. Tumor tissues
exhibited a marked increase in PC levels compared to adjacent
normal tissues, and PC levels were positively correlated with TNM
stage (Fig. S1A, B). Next, the key enzymes affecting PC metabolism
in CRC were investigated. A review of the literature on PC
metabolism in various cancers revealed that FADS1 [22], FASN
[23-25], PCYT1A [26], LPCAT1 [27-29], and PLD2 [30-32] are
involved in PC metabolism in multiple cancers (Table S3). In The
Cancer Genome Atlas (TCGA) database, the expression of FASN
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was greater in CRC patients compared to other key enzyme-
encoding genes (Fig. 1E). In addition, the expression levels of
FASN in CRC cell lines HCT-8, HCT-116, HT-29, RKO, and SW620
were higher than those in NCM460 intestinal epithelial cell lines
(Fig. 1F). We observed that the expression levels of FASN mRNA in
CRC cell lines HCT-8, HCT-116, HT-29, RKO, SW480, and SW620
were higher than in normal intestinal epithelial cell lines NCM460
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(Fig. 1G). These findings suggest that FASN may be a key gene
that potentially regulates PC metabolism in CRC.

FASN promotes the proliferation, migration, and invasion of
CRC cells and the synthesis of PC

To gain a deeper understanding of the biological role of FASN in
CRC, FASN expression was suppressed in RKO and HCT-116 cells.

SPRINGER NATURE
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Fig.2 FASN knockdown inhibits the proliferation, migration, and invasion of CRC cells and synthesis of PC. A The protein expression of
FASN in HCT-116 and RKO cells was examined following transfection with si-FASN-1, si-FASN-2, or si-FASN-3. GAPDH was used as a loading
control. B FASN protein expression was examined in stable FASN-knockdown HCT-116 and RKO cells. GAPDH was used as a loading control.
C The proliferation of stable FASN-knockdown HCT-116 and RKO cells was assessed via a CCK-8 assay. D EdU analysis was performed to
measure the proliferative ability of stable FASN-knockdown HCT-116 and RKO cells. Representative images are presented. Scale bar, 100 pm.
The percentage of EdU-positive cells was statistically analyzed and is shown in the bar graph. E A colony formation assay was conducted to
evaluate the proliferative ability of stable FASN-knockdown HCT-116 and RKO cells. F Transwell migration and invasion assays were performed
to examine the migratory and invasive capacities of stable FASN-knockdown HCT-116 and RKO cells. G Representative images of intracellular
lipid droplets in stable FASN-knockdown HCT-116 and RKO cells stained with Oil Red O. H The expression levels of PC in the cell supernatants
of stable FASN-knockdown HCT-116 and RKO cells were quantified via ELISA. The experiments were conducted in triplicate. The data are
presented as the means with standard deviations (SDs), and statistical significance was assessed via Student’s t-test. Significance levels are

shown as *P < 0.05, **P < 0.01, and ***P < 0.001.
<

As shown in Figs. 2A and S2A, three small interfering RNAs
(siRNAs) targeting FASN (si-FASN-001, si-FASN -002, and si-FASN-
003) significantly reduced mRNA levels and protein expression of
FASN in HCT-116 and RKO cells. Because si-FASN-001 had the
greatest inhibitory effect on FASN expression in CRC cells, the
sequence of si-FASN-001 was used to generate a FASN shRNA (sh-
FASN) lentivirus and construct stable FASN-knockdown HCT-116
and RKO cells (Fig. 2B). We observed that si-FASN-001, si-FASN
-002 and sh-FASN significantly decreased the proliferation of HCT-
116 and RKO cells (Figs. 2C-E and S2B-D). Transwell assays
confirmed that FASN downregulation inhibited the migratory and
invasive capabilities of RKO and HCT-116 cells (Figs. 2F and S2E).
Given that PC is a quantitatively important component of lipid
droplets [33], Oil Red O staining was used to detect and visualize
the lipid droplet content in cells. FASN knockdown significantly
decreased the lipid droplet content in HCT-116 and RKO cells
(Figs. 2G and S2F). Moreover, Enzyme-linked immunosorbent
assay (ELISA) revealed a reduction in PC levels in the cell
supernatants of HCT-116 and RKO cells after FASN knockdown
(Figs. 2H and S2G).

Complementary loss-of-function studies were conducted to
investigate the biological significance of FASN in CRC cells. As
shown in Fig. 3A, the protein levels of FASN were significantly
increased in stable FASN-overexpressing HCT-116 and RKO cells.
The CCK-8, colony formation, and EdU assays demonstrated that
FASN overexpression significantly increased the proliferation rate
of HCT-116 and RKO cells (Fig. 3B-D). Additionally, FASN
overexpression enhanced the migration and invasion of HCT-116
and RKO cells (Fig. 3E), as well as significantly increased the levels
of lipid droplets and PCs in HCT-116 and RKO cells (Fig. 3F, G).

FASN promotes the growth and metastasis of CRC cells in vivo
A murine CRC tumor model was established via subcutaneous
implantation of FASN-deficient MC38 cells (Fig. 4A, B). Measure-
ment of tumor volume and weight revealed that FASN knockdown
inhibited tumor growth in vivo (Fig. 4C-E). Moreover, the
expression of Ki-67 was lower in the FASN knockdown group
than in the control group (Fig. 4F). Moreover, Oil Red O staining
showed that the levels of lipid droplets in the tumor tissues from
sh-FASN group were lower than those in the tumor tissues from
sh-NC group (Fig. 4G).

To explore the influence of FASN on CRC metastasis in vivo, a
mouse lung metastasis model was established (Fig. 4H). As shown
in Fig. 41-K, FASN knockdown significantly reduced the metastatic
potential of HCT-116 cells in the lungs of the mice.

FASN regulates malignant phenotypes and PC Metabolism
through PLA2G4B

To explore the mechanisms underlying the regulation of the
malignant phenotype and PC metabolism of CRC by FASN, RNA-
seq analysis was performed on sh-NC and sh-FASN RKO cells. The
RNA-seq results revealed 64 DEGs (Q value < 0.05 and |log2(fold-
change)| > 1) in FASN-deficient, including 37 upregulated genes
and 27 downregulated genes (Fig. 5A, Table S4). Among the
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downregulated DEGs, PLA2G4B is a key enzyme-encoding gene
involved in PC metabolism. Analysis of TCGA databased revealed
an inverse correlation between FASN and PLA2G4B mRNA
expression in CRC (Fig. S3). This negative association between
FASN and PLA2G4B was confirmed by Western blot analysis (Fig.
5B). These results suggested that FASN inhibits PLA2G4B
expression in CRC.

To explore whether FASN contributes to CRC cell malignant
phenotypes and PC metabolism via PLA2G4B, PLA2G4B expres-
sion was silenced in HCT-116 and RKO cells using three
commercial PLA2G4B siRNAs. si-PLA2G4B-003 had the highest
inhibitory effect (Fig. 5C). As shown in Fig. 5D, transfection with si-
PLA2G4B-003 reversed the ability of FASN knockdown to promote
PLA2G4B expression in CRC cells. Additionally, the deregulation of
PLA2G4B counteracted the effects of FASN knockdown on the
proliferation, migration, and invasion of RKO and HCT-116 cells
(Fig. 5E-H). Furthermore, transfection of sh-FASN cells with si-
PLA2G4B resulted in increased lipid droplet content and PC
production in CRC cells (Fig. 5I, J).

FASN Inhibits PLA2G4B Expression Through SP1

To examine the regulatory role of FASN in the regulation of
PLA2G4B expression in CRC cells, the JASPAR, TFDB, hTFTarget,
ALGGEN PROMO, and GTRD databases were used to predict
transcription factors that bind to the promoter region of PLA2G4B.
As shown in Fig. 6A, nine putative transcription factors, namely,
YY1, SP1, AR, ESR1, ELF1, TCF4, ETS1, CEBPB, and CEBPA, were
identified. RNA extraction and quantitative real-time PCR (gqRT-
PCR) and Western blot analysis revealed a negative correlation
between FASN and SP1 in both HCT-116 and RKO cells (Fig. 6B, C),
suggesting that FASN may modulate PLA2G4B expression via SP1.
The JASPAR website was used to predict the potential binding
sites of SP1 in the PLA2G4B promoter region, which revealed three
binding sites for SP1, namely, P1(—1174 to —1164 nt), P2(—582 to
—572nt), and P3(—1642 to —1632nt) (Fig. 6D, E). The cleavage
under targets and release using nuclease (Cut & Run) and
chromatin immunoprecipitation (ChIP) assay revealed that SP1
bound to the P1 site of the promoter region of PLA2G4B (Fig.
6F, G). Additionally, the luciferase reporter gene assay revealed
that FASN knockdown significantly increased the SP1 DNA-
binding activity on the PLA2G4B promoter. However, the SP1
inhibitor plicamycin reversed this effect (Fig. 6H). Furthermore, the
addition of plicamycin reversed the effect of FASN knockdown on
PLA2G4B expression in HCT-116 and RKO cells (Fig. 6l). These
results indicated that FASN suppresses PLA2G4B expression in CRC
cells by inhibiting SP1 expression.

FASN suppresses the killing ability of NK cells in a PC-
dependent manner

Increasing evidence has shown that PC plays a pivotal role in the
communication between cancer cells and immune cells within the
TME [34]. Additionally, the present results indicated the PC levels in
the cell supernatants of HCT-116 and RKO cells were decreased
by FASN knockdown but increased by FASN overexpression

Cell Death Discovery (2025)11:122
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(Figs. 2H and 3G). Thus, FASN may regulate the immune response in
the TME via PC. To verify this hypothesis, the correlation between
FASN expression and immune cell infiltration in CRC was assessed
via MCP-counter, which revealed a negative correlation between
high FASN expression and the natural killer (NK) immunocytotoxicity
score (Fig. 7A). To elucidate the effect of FASN on NK cell
cytotoxicity, NK92-Ml cells (Effector, E) were cocultured with HCT-

Cell Death Discovery (2025)11:122

0.0
OE-NCOE-FASN

116 and RKO cells (Target, T) at T/E ratios of 1:1, 1:5, 1:10, and 1:20.
As shown in Fig. 7B, the highest cytotoxic effect of NK92-MI cells on
HCT-116 or RKO cells was observed at a T/E ratio of 1:10. Therefore, a
T/E ratio of 1:10 was used to examine the effects of FASN on the
cytotoxicity of NK92-MI cells. Compared with that in the control
group, NK92-MI cell cytotoxicity was significantly increased in FASN-
deficient HCT-116 and RKO cells (Fig. 7C).
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Fig. 3 FASN overexpression promotes the proliferation, migration, and invasion of CRC cells and the synthesis of PC. A The protein
expression of FASN was examined in stable FASN-overexpressing HCT-116 and RKO cells. GAPDH was used as a loading control. B The
proliferation of stable FASN-overexpressing HCT-116 and RKO cells was assessed via a CCK-8 assay. C EdU analysis was performed to measure
the proliferative ability of stable FASN-overexpressing HCT-116 and RKO cells. Representative images are presented. Scale bar, 100 pm. The
percentage of EdU-positive cells was statistically analyzed and is shown in the bar graph. D A colony formation assay was conducted to
evaluate the proliferative ability of stable FASN-overexpressing HCT-116 and RKO cells. E Transwell migration and invasion assays were
performed to examine the migratory and invasive capacities of stable FASN-overexpressing HCT-116 and RKO cells. F Representative images
of intracellular lipid droplets in stable FASN-overexpressing HCT-116 and RKO cells stained with Oil Red O. G The expression level of PC in the
cell supernatants of stable FASN-overexpressing HCT-116 and RKO cells was quantified via ELISA. The experiments were conducted in
triplicate. The data are presented as the means with standard deviations (SDs), and statistical significance was assessed via Student'’s t-test.

Significance levels are shown as *P < 0.05, **P < 0.01, and ***P < 0.001.

To further elucidate whether PC is involved in FASN-mediated
inhibition of NK cell cytotoxicity, we transfected si-PLA2G4B-3 in
sh-FASN and treated CRC cells with exogenous PC (18:0/18:1),
respectively. As shown in Fig. 7D, transfection of si-PLA2G4B-3 or
treatment with PC (18:0[18:1) at a concentration of 5 pumol/L
abolished the effect of FASN knockdown in CRC cells on the
cytotoxicity of NK92-MI cells. These results suggest that FASN
inhibits the cytotoxic activity of NK cells against CRC cells via PC,
warranting further investigation into its underlying mechanism.
Additionally, we performed ELISA to quantify the secretion of
IFN-y and granzyme B by NK92mi cells exposed to different
treatment conditions (Fig. S4A). The data revealed a significant
increase in IFN-y and granzyme B secretion following FASN
knockdown. This increase was partially reversed by transfection
with si-PLA2G4B-3 or by the supplementation of exogenous PC
(18:0[18:1) (Fig. S4B, Q).

Several studies have previously emphasized the critical role
of the AKT signaling pathway in regulating NK cell function [35,
36]. Based on these findings, we hypothesized that FASN
knockdown might activate the AKT pathway, thereby enhan-
cing NK cell activation. To test this hypothesis, the expression
levels of phosphorylated AKT (p-AKT) and total AKT were
measured in NK92mi cells treated with conditioned media from
CRC cells. The results demonstrated that the AKT activation
induced by conditioned media from sh-FASN CRC cells was
reversed by conditioned media from FASN knockdown CRC
cells transfected with si-PLA2G4B-3 or treated with exogenous
PC (18:0]18:1) (Fig. S4D).

The impact of PC (18:0|18:1) was further confirmed in vivo (Fig.
7E). As shown in Fig. 7F-H, intraperitoneal injection of PC (18:0|
18:1) reversed the effect of FASN knockdown on MC38 xenograft
growth, as evidenced by the tumor image, tumor weight, and
tumor volume. Furthermore, the number of NK cells was
significantly higher in the tumor tissue from the FASN-deficient
group than in that from the control group (Fig. 71). Administration
of PC (18:0[18:1) abolished the influence of FASN knockdown on
the number of NK cells in the tumor tissue (Fig. 71, J). These results
indicated that FASN inhibits the ability of NK cells to kill CRC cells
via PC.

FASN expression negatively correlates with PLA2G4B in CRC
patients

To study the expression of FASN and PLA2G4B, as well as their
clinical significance in CRC patients, immunohistochemistry (IHC)
was performed, and clinicopathological data were statistically
analyzed. Compared with that in normal colon tissues, FASN
protein expression was significantly increased in CRC tissues,
whereas PLA2G4B expression was significantly decreased in CRC
tissues (Fig. 8A, B). Moreover, there was a negative correlation
between FASN and PLA2G4B expression in CRC tissues (Fig. 8C). To
investigate the clinicopathological characteristics of FASN expres-
sion in CRC tissues, CRC patients were divided into a group with
high FASN expression (IHC score > 6) and a group with low FASN
expression (IHC score <6). FASN expression was significantly
correlated with tumor differentiation and survival (Table S5).

SPRINGER NATURE

Moreover, high FASN expression in CRC patients was associated
with poorer overall survival (Fig. 8D). In addition, according to
PLA2G4B expression in CRC tissues, CRC patients were divided
into a PLA2G4B high-expression group (IHC score>2) and a
PLA2G4B low-expression group (IHC score < 2). PLA2G4B expres-
sion was significantly correlated with tumor differentiation and
survival (Table S6). K-M analysis revealed that CRC patients
expressing high levels of PLA2G4B had higher overall survival (Fig.
8E). Further, the overall survival rate of CRC patients with low FASN
expression and high PLA2G4B expression was significantly better
than that of patients in the other groups (Fig. 8F). Multivariate Cox
regression analysis revealed that TNM stage, high FASN expres-
sion, and low PLA2G4B expression were important risk factors for
the overall survival of CRC patients (Fig. 8G).

DISCUSSION

Lipid metabolism reprogramming is a well-documented phenom-
enon with great significance in the development and progression
of various cancers [11, 37]. With the development of high-
throughput lipidomics, specific lipid profiles are increasingly
recognized as potential biomarkers for the diagnosis, prognosis,
and prediction of diseases [38]. A lipidomic study involving three
independent CRC cohorts has revealed alterations in sphingolipid
and glycolipid levels, alongside increased expression of lipases in
CRC patients [8]. The present study employed LC/MS-based
targeted lipidomics using CRC tissue samples, which identified
547 differentially expressed lipids in CRC cancerous tissues. PC, a
glycerophospholipid integral to cell membranes and involved in
intercellular signaling, has been identified as an early diagnostic
marker for several cancers [39, 40]. Lipid mediators derived from
PCs, such as prostaglandin E2, platelet-activating factor, and
lysophosphatidic acid, are produced by cancer cells and
participate in multiple biological processes of cancers [41]. The
present study demonstrated that PC was positively associated
with the TNM stage in CRC patients, implying that alterations in PC
metabolism are associated with CRC progression. Although the
diagnostic value and biological functions of lipid mediators
derived from PCs in CRC were not explored in the present study,
these mediators may be important for CRC diagnosis and
progression. Thus, further investigations are needed.

To reveal which key enzymes modulate PC metabolism in CRC,
the literature on PC metabolism in various cancers was reviewed,
which revealed that FADS1 [22], FASN [23-25], PCYT1A [26],
LPCAT1 [27-29], and PLD2 [30-32] regulate PC metabolism in
multiple cancers. Among these enzymes, FASN was expressed at
the highest level in CRC patients in the TCGA database, suggesting
that FASN plays a crucial role in the regulation of PC metabolism
in CRC. FASN is a key enzyme in the de novo synthesis of fatty
acids and is involved in energy storage, membrane biosynthesis,
and the generation of signaling mediators, which are critical for
cancer development during tumorigenesis [42]. For example,
FASN, which is upregulated in cervical cancer samples, promotes
lymph node metastasis via cholesterol reprogramming and
lymphangiogenesis [16]. Wu et al. reported that FASN silencing
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Fig. 4 FASN promotes the growth and metastasis of CRC cells in vivo. A FASN protein expression was examined in stable FASN knockdown
MC38 cells. B Schematic diagram of the mouse xenograft tumor model. C The image displayed is representative of subcutaneous xenografts from
the sh-NC (n = 3) and sh-FASN groups (n = 3). D The weights of subcutaneous xenografts from the sh-NC and sh-FASN groups. E The volumes of
subcutaneous xenografts from the sh-NC and sh-FASN groups. F Representative IHC images of Ki-67 in tumor tissues from the sh-NC and sh-FASN
groups. G Representative images of intracellular lipid droplets in tumor tissues from the sh-NC and sh-FASN groups. H Schematic diagram of the
mouse lung metastasis model. I, J The effects of FASN knockdown on the metastasis of HCT-116 cells in vivo. Representative images of Lungs were
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deviations (SDs), and statistical significance was assessed via Student’s t-test. Significance levels are shown as **P < 0.01, and ***P < 0.001.

reduces the anoikis resistance of CRC cells and inhibits CRC liver overexpression. Moreover, FASN silencing reduced tumor growth
metastases through the ERK1/2 pathway [43]. In the present study, and lung metastasis in vivo. These results confirmed that FASN
CRC cell proliferation, migration, invasion, and PC metabolism acts as a key regulator of cancer cell proliferation, metastasis, and
were suppressed by FASN knockdown but enhanced by FASN PC metabolism in CRC.
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PLA2G4B, a member of the A2 family of cell membrane lipid mediators and slowing the progression of tumors [45]. In the
phospholipases, selectively hydrolyzes glycerophospholipids at present study, RNA sequencing demonstrated that PLA2G4B was
the Sn-2 position and preferentially targets arachidonic acid acyl significantly upregulated in FASN-deficient CRC cells. Moreover,

phospholipids [44]. PLA2G4B has been reported to inhibit the PLA2G4B depletion abolished the effects of FASN silencing on
breakdown of PC, thereby reducing the production of its derived CRC cell proliferation, metastasis, and PC metabolism. In addition,
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Fig. 5 FASN regulates malignant phenotypes and PC metabolism through PLA2G4B. A Volcano plot of differentially expressed genes
(DEGS) in RKO cells and FASN-knockdown RKO cells. B The protein levels of PLA2G4B were measured in stable FASN-knockdown HCT-116 and
RKO cells. GAPDH was used as a loading control. C The protein expression of PLA2G4B in HCT-116 and RKO cells transfected with si-PLA2G4B-
1, si-PLA2G4B-2, or si-PLA2G4B-3 was examined. GAPDH was used as a loading control. D The protein levels of PLA2G4B were assessed in
stable FASN-knockdown HCT-116 and RKO cells treated with si-PLA2G4B-3. GAPDH was used as a loading control. E The proliferation of stable
FASN knockdown HCT-116 and RKO cells treated with si-PLA2G4B-3 was evaluated via a CCK-8 assay. F EdU analysis was conducted on stable
FASN-knockdown HCT-116 and RKO cells treated with si-PLA2G4B-3. G Colony formation assays were conducted to evaluate the proliferative
ability of stable FASN-knockdown HCT-116 and RKO cells treated with si-PLA2G4B-3. H Transwell migration and invasion assays were
performed to examine the migratory and invasive capacities of stable FASN-knockdown HCT-116 and RKO cells treated with si-PLA2G4B-3.
| Representative images of intracellular lipid droplets in stable FASN-knockdown HCT-116 and RKO cells treated with si-PLA2G4B-3 and stained
with Qil Red O. J The expression levels of PC in the cell supernatants of stable FASN-knockdown HCT-116 and RKO cells treated with si-
PLA2G4B-3 were quantified via ELISA. The experiments were conducted in triplicate. The data are presented as the means with standard
deviations (SDs), and statistical significance was assessed via Student’s t-test. Significance levels are shown as *P < 0.05, **P < 0.01, and

**%P < 0.001.
<

there was a negative correlation between FASN and PLA2G4B in
CRC tissue specimens, and CRC patients with low FASN
expression and high PLA2G4B expression had a better prognosis.
These data suggested that PLA2G4B is involved in FASN-
mediated modulation of CRC cell proliferation, metastasis, and
PC metabolism.

To investigate how FASN regulates PLA2G4B expression in CRC
cells, online databases were used to predict transcription factors that
regulate PLA2G4B expression. gRT-PCR analysis revealed a negative
correlation between FASN and SP1 expression in CRC cells. SP1 is a
transcription factor known for its interaction with GC-rich promoter
sequences, and it acts as a sequence-specific DNA-binding protein
[16, 46] In the present study, Cut & Run and ChIP analyses
demonstrated that SP1 could bind to the promoter of PLA2G4B.
Moreover, the addition of an SP1 inhibitor abolished the effects of
FASN on PLA2G4B expression in CRC cells, as confirmed by luciferase
activity assays and Western blot analysis. These findings suggested
that FASN regulates PLA2G4B expression in CRC cells through the
inhibition of SP1. However, further molecular mechanisms under-
lying FASN-mediated SP1 modulation deserve extensive study.

Increasing evidence has indicated that tumor cells harness lipid
metabolism to influence the activity of stromal and immune cells
to their advantage, resist therapy, and promote relapse [6, 47].
Among lipids, PC and its metabolites also play crucial roles in
cellular communication between tumor cells and immune cells
within the TME [34]. The present study demonstrated that FASN
modulated PC metabolism in CRC cells. To investigate whether
and how FASN induces an immune response in the TME of CRC via
PC, the MCP-counter algorithm was utilized, which revealed that
NK cell infiltration was significantly decreased in CRC tissues with
high FASN expression, suggesting that FASN may modulate NK
cell activity and infiltration in CRC. As cytotoxic lymphocytes, NK
cells are involved in viral infection and cancer immunity by killing
target cells and producing cytokines [48]. However, the function of
tumor-infiltrating NK cells is usually impaired in the immunosup-
pressive TME [49]. For example, global or myeloid STING knockout
leads to a decrease in intrahepatic infiltration and impaired
antitumor function of NK cells, exacerbating CRC liver metastasis
[50]. In this study, FASN knockdown in CRC cells was found to
enhance the cytotoxicity of NK92-MI cells through the activation
of the AKT pathway. Furthermore, the effects of FASN knockdown
on NK cell cytotoxicity were reversed upon the knockdown of
PLA2G4B or the addition of exogenous PC. In vivo experiments
also revealed that FASN knockdown increased NK cell infiltration
in MC38 xenografts, and the addition of exogenous PC reversed
the impact of FASN knockdown on NK cell cytotoxicity and
infiltration. These findings suggested that in the TME of CRC, FASN
promotes PC metabolism in CRC cells and impairs the cytotoxicity
and infiltration of NK cells via PC. Because PC influences other
immune cells, including T cells and macrophages [51, 52], FASN-
mediated PC metabolism may induce an immune response in CRC
through other immune cells.

Cell Death Discovery (2025)11:122

CONCLUSION

In summary, the present study demonstrated that FASN, which is
increased in the cancer tissues of CRC patients, promotes cancer
cell proliferation, metastasis, and PC metabolism via the SP1/
PLA2G4B axis, subsequently suppressing the antitumor response
of NK cells in a PC-dependent manner (Graphical Abstract). The
present findings not only provide insights into the lipid
metabolism and immunobiology of CRC but also highlight
promising targets for CRC therapy and prevention.

MATERIALS AND METHODS

Lipidomic analysis

Fourteen pairs of CRC tissues and corresponding paracancerous tissues
were collected from patients who underwent surgery at the First Affiliated
Hospital of Soochow University (Suzhou, China). The patient characteristics
are comprehensively outlined in Table S1. The experimental protocol was
approved by the Ethics Committee of the First Affiliated Hospital of
Soochow University (No. 2024385). Written informed consent was obtained
from each patient.

Lipidomic analysis of CRC tissue samples was performed at Shanghai
Lumin Biological Technology (Shanghai, China). Briefly, fresh tissue
samples were extracted and separated via liquid extraction technology
to remove interfering substances. Next, the lipid molecules in the sample
were separated via liquid chromatography (LC). The separated lipids were
separated by liquid-phase chromatography and subsequently analyzed via
a QTRAP® 6500+ tandem mass spectrometer (Sciex, USA) in negative/
positive-ion working mode with a time-scheduled multiple reaction
monitoring (MRM) method. Finally, the data were analyzed to determine
the changes in and correlations among lipid molecules. The lipid internal
label information is shown in Table S7.

The raw data files were processed and annotated via MRMPROBS software
designed by Tsugawa [53]. PCA and differential lipid analysis were performed
using R software (R Foundation for Statistical Computing, Vienna, Austria).

Cell culture

Human CRC cell lines (NCM460, RKO, HCT-116, HCT-8, HT-29, SW480, and
SW620) and mouse MC38 cells (Chinese Academy of Science Cell Bank,
Shanghai, China) were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM, EallBio, Beijing, China) supplemented with 10% fetal bovine serum
(FBS, Gibco, California, USA) and 1% penicillin—streptomycin-amphotericin
solution (NCM Biotech, Suzhou, China). NK92-MI cells (American Type
Culture Collection, ATCC, USA) were cultured in MEM-a medium (EallBio)
supplemented with 12.5% FBS, 1% penicillin-streptomycin (NCM Biotech),
folic acid (Beyotime, Shanghai, China), B-mercaptoethanol (Sigma-Aldrich,
St. Louis, USA), inositol (Beyotime), and L-glutamine (Gibco). These cells
were maintained in a humidified incubator at 37 °C with 5% CO, (Thermo
Fisher Scientific, Waltham, USA).

Cell transfection and lentiviral infection

Three siRNAs targeting mouse FASN (si-FASN-001, si-FASN-002, and si-
FASN-003), along with their corresponding negative control (NC) RNAs,
were obtained from Suzhou GenePharma (Suzhou, China). Three siRNAs
targeting human FASN (si-FASN-001, si-FASN-002, and si-FASN-003) and
three siRNAs targeting human PLA2G4B (si-PLA2G4B-001, si-PLA2G4B-002,
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FASN inhibits PLA2G4B expression via SP1. A Intersection of PLA2G4B transcription factors was predicted by five databases (JASPAR,

TFDB, hTFTarget, ALGGEN PROMO, and GTRD databases). B The expression of YY1, SP1, AR, ESR1, ELF1, TCF4, ETS1, CEBPB, and CEBPA was
analyzed via gRT-PCR in stable FASN-knockdown HCT-116 and RKO cells. C Western blot analysis was performed to evaluate the expression of
SP1 in stable FASN-knockdown CRC cells. GAPDH was used as the control D, E The potential binding sites of SP1 in the PLA2G4B promoter
region were predicted via the JASPAR website, which revealed three binding sites for SP1, namely, P1, P2, and P3. Cut & Run (F) and ChlIP (G)
analyses were conducted to assess the binding of SP1 to the PLA2G4B promoter in HCT-116 cells. H Luciferase activity, which is responsive to
SP1, was measured in FASN-knockdown CRC cells treated with plicamycin. | Western blot analysis was performed to evaluate the expression of
PLA2G4B and SP1 in stable FASN-knockdown CRC cells treated with plicamycin. GAPDH was used as the control. The experiments were
conducted in triplicate. The data are presented as the means with standard deviations (SDs), and statistical significance was assessed via
Student’s t-test. Nonsignificant results are denoted as “ns’ while significance levels are shown as *P < 0.05, **P <0.01, and ***P < 0.001.

and si-PLA2G4B-003), along with their corresponding NC RNAs, were
obtained from RiboBio (Guangdong, China). The sequences of the above
siRNAs are shown in Table S8. FASN and SP1 overexpression plasmids, as
well as their respective control plasmids, were acquired from Wuhan
Miaoling Biotechnology Company (Wuhan, China). siRNAs or plasmids
were transfected via Lipo8000™ Transfection Reagent (Beyotime) accord-
ing to the manufacturer’s instructions.

SPRINGER NATURE

The lentiviruses, including one with a short hairpin RNA (shRNA)
targeting human FASN using the human si-FASN-001 sequence and one
with a shRNA targeting mouse FASN using the mouse si-FASN-003
sequence, were purchased from GenePharma. MC38, HCT-116, and RKO
cells were cultured until an exponential growth phase was reached at 40%
confluence and were infected with the lentiviral particles at a multiplicity
of infection (MOI) of 40.
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RNA extraction and quantitative real-time PCR (qRT-PCR)

Following the manufacturer’s instructions, total RNA was extracted from cells
via an RNA-Quick Purification Kit (Yishan, Shanghai, China). One microgram
of total RNA from each sample was then used for cDNA synthesis with the
HiScript Ill RT SuperMix Kit (Vazyme, Nanjing, China). Polymerase chain
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reaction (PCR) assays were conducted on a CFX96 Touch Real-Time PCR
system (Bio-Rad, California, USA) under the following conditions: initial
denaturation at 95 °C for 5 min, followed by 40 cycles of 95 °C for 10s and
60°C for 30s. The results were analyzed via the 2-22“* method. The primer
sequences designed by GENEWIZ (Suzhou, China) are listed in Table S9.
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Fig. 7 FASN suppresses the killing ability of NK cells in a PC-dependent manner. A The distribution of various immune cells in FASN-low
and FASN-high CRC tissues. Clinical information for patients with GC was obtained from the TCGA dataset. B The cytotoxicity of NK92-Ml cells
to CRC cells (HCT-116 and RKO cells) at T/E ratios of 1:1, 1:5, 1:10, and 1:20 was evaluated via a CCK-8 assay. C The cytotoxicity of NK92-Ml cells
to FASN-knockdown HCT-116 or RKO cells at T/E ratios of 1:10 was evaluated via a CCK-8 assay. D The cytotoxicity of NK92-Ml cells to FASN-
knockdown HCT-116 or RKO cells transferred with si-PLA2G4B-3 or treated with PC (18:0|18:1) at a concentration of 5 umol/L was evaluated via
a CCK-8 assay. E Schematic diagram of C57BL/6J mice bearing established sh-NC, sh-FASN, or sh-FASN tumors injected with PC (18:0[18:1) at
2.5 mg/kg intratumorally at a given time. The representative tumor images (F), tumor weights (G), and tumor volumes (H) of mice harboring
sh-NC-, sh-FASN-, or sh-FASN tumors were injected with PC (18:0[18:1). I, J Effect of PC administration (18:0[18:1) on the number of NK cells in
tumor tissues with FASN knockdown. The experiments were conducted in triplicate. The data are presented as the means with standard
deviations (SDs), and statistical significance was assessed via Student’s t-test. Nonsignificant results are denoted as “ns; while significance

levels are shown as *P < 0.05, **P < 0.01, and ***P < 0.001.

Protein extraction and Western blot analysis

Western blot analysis was used to assess protein expression. The cells were
lysed via sodium dodecyl sulfate (SDS) lysis buffer (Beyotime) with an
ultrasonic cell disruptor on ice at 20% amplitude for 1 min. Total protein
concentrations were determined via an Enhanced BCA Protein Assay Kit
(Beyotime). Protein samples were then separated on 7.5% SDS-
polyacrylamide gels (NCM Biotech) and transferred onto PVDF membranes
(GE Healthcare Life Sciences, Pittsburgh, USA). After being blocked with 5%
skim milk at room temperature for 1 h, the membranes were incubated with
the appropriate primary antibodies at 4 °C overnight. The primary antibodies
utilized included an anti-FASN antibody (Proteintech, Wuhan, China), anti-
PLA2G4B antibody (Proteintech), anti-SP1 antibody (Proteintech), anti-AKT
antibody (Cell Signaling Technology, Danvers, Massachusetts, USA), anti-p-
AKT antibody (Cell Signaling Technology), and anti-GAPDH antibody
(Proteintech). Horseradish peroxidase (HRP)-conjugated secondary antibodies
were subsequently applied for 1h at room temperature. Bands were
visualized via an enhanced chemiluminescence (ECL) reagent (NCM Biotech)
and imaged with a ChemiDoc™ MP Imaging System (Bio-Rad).

CCK-8 assay

Cell proliferation was assessed via a Cell Counting Kit-8 (CCK-8; NCM
Biotech). CRC cells were seeded in a 96-well plate at a density of 2000 cells
per well. Then, CCK-8 reagent (10 uL) was added to each well at 0, 24, 48,
and 72 h. After the plates were incubated at 37 °C for 2 h, the absorbance
(OD value) was measured at a wavelength of 450 nm.

EdU incorporation assay

The cells were cultured in a 24-well plate overnight to prepare for the EdU
incorporation experiment. Next, the cells were incubated with medium
containing EdU working solution (10 upM, Beyotime) at 37 °C for 2 h. Then,
the cells were fixed with 4% paraformaldehyde (Beyotime) and permea-
bilized with 0.3% Triton X-100 solution. Following permeabilization, the
Click Additive Solution was applied, and the cell nuclei were subsequently
stained with Hoechst 33342 (Beyotime). EdU-positive cells were quantified
via fluorescence microscopy.

Colony formation assay
CRC cells were seeded in a 12-well plate at a density of 1000 cells per well
and cultured for 14 days. The culture supernatant was then removed, and
the cells were fixed with 4% paraformaldehyde. The fixed cells were then
stained with crystal violet solution (Beyotime), and images were acquired
via an inverted microscope.

Transwell migration and invasion assays

For the migration assay, 400 pL of serum-free culture medium containing
4x10* CRC cells was added to the upper chamber of a Transwell
apparatus with an 8 um membrane (Corning). The lower chamber was
filled with 400 pL of culture medium supplemented with 20% serum. For
the invasion assay, the upper chamber membrane was coated with
Matrigel (diluted 1:30; Corning). After incubation at 37 °C for 24-48 h, the
cells that had migrated through or invaded the membrane were fixed with
4% paraformaldehyde and stained with crystal violet (Beyotime). Images
were then acquired via an inverted microscope.

Oil Red O staining

Oil Red O staining was performed via an Oil Red O kit according to the
manufacturer’s protocol (Solarbio Life Sciences, Beijing, China). In brief, CRC
cells were seeded on 14-mm circular coverslips in 24-well plates. After 24 h,
the cells were washed twice with PBS and fixed with fixation buffer for
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30 min. Then, the cells were washed twice with distilled water and incubated
in 60% isopropyl alcohol for 5 min. The cells were incubated with Oil Red O
solution for 20 min. After staining, the cells were washed with 60%
isopropanol, washed with deionized water, and stained with haematoxylin
for 2 min. Excess dye was discarded, and the cells were washed three times.
Images were obtained by scanning oil red O-stained cell smears via an Aperio
ImageScope (Leica Biosystems Imaging, California, USA). Lipid accumulation
was quantified via the amount of oil-stained area via ImageJ, and the results
were normalized to the average of the control [54].

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of human PC in the supernatants of HCT-116 and RKO
cells were measured with ELISA kits (Tongwei, Shanghai, China) according to
the manufacturer’s instructions. The cells were seeded into 6-well plates, and
the supernatant was collected 24 h later and added to microplates precoated
with PC-specific antibodies. Next, the samples, standard solutions, and HRP-
labeled detection antibodies were added. The plates were then incubated
and thoroughly washed. Color development was achieved via the use of a
TMB substrate, which converts from blue to yellow by peroxidase under
acidic conditions. The intensity of the yellow color is directly proportional to
the PC concentration in the sample. The absorbance (OD value) was
measured at a wavelength of 450 nm via an enzyme-labeled instrument, and
the concentration of each sample was calculated.

The concentrations of human IFN-y and granzyme B in the supernatant
of NK92mi cells were determined by ELISA kit (#EHC102, #EHC117,
Neobioscience, Shenzhen, China) according to the manufacturer's
instructions. Absorbance (OD value) was measured at a wavelength of
450 nm using an enzyme-linked immunosorbent assay reader, and the
concentration of each analyte was calculated based on a standard curve.

RNA sequencing and bioinformatic analysis

Total RNA was extracted from FASN knockdown RKO cells and control cells
via Total RNA Extraction Reagent (Vazyme). RNA sequencing (RNA-Seq) was
conducted by Shanghai Biotechnology (Shanghai, China). Differential gene
expression was evaluated according to the criteria of foldchange >2 and Q
value < 0.05. Volcano plots, Gene Ontology (GO) enrichment analysis, and
sum count analysis were performed via the ggplot2, enrichGO, and
ggrepel R packages. Differentially expressed genes (DEGs) were identified,
and their correlations are detailed in Table S4.

Promoter prediction analysis

The promoter sequence of the PLA2G4B gene was obtained from the
GRCh38/hg38 human genome assembly via the University of California,
Santa Cruz (UCSC) Genome Browser at the UCSC. JASPAR, TFDB, hTFTarget,
ALGGEN PROMO, and GTRD databases were utilized to predict potential
transcription factors and their binding sites. The intersections among these
five datasets were visualized via Jvenn, a Venn diagram viewer, with
overlaps depicted as circles. The full length of the promoter region
sequence was listed in Supplementary Materials. Information on the
predicted binding sites can be obtained from the official JASPAR website
at https:/jaspar.genereg.net/.

Cleavage under targets and release using nuclease (Cut

& Run)

The Cut&Run kit was purchased from Vazyme. Briefly, 1 million HCT-116
cells were captured with BioMag Plus Concanavalin A beads and incubated
with anti-SP1 antibody (Proteintech) or control IgG (Beyotime) for 24 h at
4°C. The cells were washed twice and incubated with pA/G-MNase at a
1:10,000 dilution in DIG wash buffer for 1h at 4°C. The cells were then
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Fig. 8 FASN expression is negatively correlated with PLA2G4B in CRC patients. Eighty CRC samples and normal adjacent tissues were
subjected to IHC analysis to assess the expression of FASN (A) and PLA2G4B (B). Representative IHC images showing FASN (A) and PLA2G4B (B)
staining in CRC sections. Scale bar, 100 pm. C The correlation between FASN expression and PLA2G4B expression in CRC patients was
analyzed. D CRC patients with high FASN expression had a significantly poorer prognosis than patients with low FASN expression. E CRC
patients with high PLA2G4B expression had a significantly better prognosis than patients with low PLA2G4B expression. F Kaplan-Meier
curves for the overall survival of CRC patients according to the expression of FASN and PLA2G4B in the four patient subtypes. G Multivariate
Cox regression analysis was conducted to evaluate the association between FASN expression and overall survival, as depicted in the forest
plots. Statistical significance was assessed via Student’s t-test. Significance levels are shown as ***P < 0.001.

washed twice and resuspended in calcium buffer to activate MNase.
Following a 1.5 h incubation on ice, stop solution was added, and the cells
were incubated for 30 min in a 37 °C incubator to release cleaved chromatin
fragments. The supernatants were collected by centrifugation, and the DNA
was extracted. Finally, quantitative detection was performed via PCR.

The search for candidate SP1-binding sites within the PLA2G4B
promoter region was performed via the JASPAR database. The primers
used for CUT&RUN are shown in Table S9.

Chromatin immunoprecipitation (ChIP) assay
The ChIP assay was conducted via a BeyoChIP™ ChiIP assay kit (Beyotime)
following the manufacturer’s instructions. Briefly, to induce crosslinking of the
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chromatin, the cells were treated with 37% formaldehyde for 10 min. The
chromatin was then sonicated to fragment DNA, followed by incubation with
either anti-SP1 antibody (Cell Signalling Technology) or control IgG at 4 °C
overnight. The immunoprecipitated DNA was then purified and used for PCR.
The primer sequences are listed in Supplementary Table S9.

Dual-luciferase reporter assay

The Dual-Luciferase Reporter Assay System (Yeasen, Shanghai, China) was
used to assess the luciferase activity of the PLA2G4B promoter. FASN-
deficient HCT-116 and RKO cells were transfected with the PLA2G4B
luciferase reporter vector via Lipo8000™ Transfection Reagent and treated
with plicamycin, an SP1 inhibitor (MedChemExpress, New Jersey, USA).
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After incubation for 48 h, the cells were lysed with PLB lysis solution, and
the firefly and renilla luciferase activities were measured via a BioTek
luminometer. The relative luciferase activity was calculated by dividing the
firefly luciferase activity by the renilla luciferase activity, and it was
normalized to the relative luciferase activity of sh-NC.

Immune correlation and immune score in CRC patients
RNA-seq data and corresponding clinical information for CRC patients were
obtained from the TCGA database (https://portal.gdc.cancer.gov/). The
MCP-counter R package algorithm was used to analyze the expression
distribution of various immune cells in FSN-low and FSN-high CRC tissues.
Visualizations of the above results were generated via the ggplot2, ggpubr,
and ggsci R packages.

Cytotoxicity assay

CRC cells (Target, T) were pretreated with mitomycin C (10 pg/mL, Med
Chem Express, USA) for 2 h. Subsequently, CRC cells and NK92-MI cells
(Effector, E) were cocultured in 96-well plates at T/E ratios of 1:1, 1:5, 1:10,
and 1:20 for 12 h. After incubation, the culture medium and suspended
NK92-MI cells were removed from each well. Fresh medium (100 uL) and
10uL of CCK-8 solution were then added to each well. After a 2h
incubation, the optical density (OD) at 450nm was measured. The
cytotoxicity of NK92-MI cells against CRC cells was calculated via the
following formula: cytotoxicity (%) = 100 x [1—(OD of CRC cells cocultured
with NK92-MI cells—OD of medium)/(OD of CRC cells—OD of medium)].

In vivo mouse experiments

All animal experiments were conducted in accordance with the Institu-
tional Guidelines of the Soochow Animal Care and Use Committee (No.
202407A0365). Six-week-old female BALB/c nude mice were obtained from
the Shanghai Laboratory Animal Centre (Shanghai, China). The mice were
randomly assigned to two groups, namely, sh-NC and sh-FASN (n =6 per
group). A mixture of HCT-116-shNC and HCT-116-shFASN cells in PBS was
injected into the tail vein of each mouse at a dose of 2 x 10° cells/100 pL
per mouse. After 6 weeks, the mice were euthanized, and their lung tissues
were collected for HE staining.

Six-week-old female C57BL/6J mice from the Shanghai Laboratory Animal
Centre were divided into the following three groups: MC38-shNC (n =6),
MC38-shFASN (n = 6), and MC38-shFASN + PC (n = 6). Each mouse received
a subcutaneous injection of 1 x 106 MC38 cells in 100 uL of PBS. After 5 days,
the mice in the MC38-shFASN + PC group (n=26) were intraperitoneally
injected with PC (18:0[18:1) (Merck Company, Darmstadt, Germany) at a dose
of 2.5 mg/kg for 7 consecutive days. The other groups were injected with an
equal volume of normal saline. The volume of the transplanted tumors was
measured every 2 days via Vernier calipers. The tumor volume was calculated
via the following formula: volume (mm?) = 0.5 x L (mm) x $? (mm?); where S
and L represent the minimum and maximum diameters of the tumor,
respectively. On the 14th day of the experiment, the mice were euthanized,
and the tumor tissues were excised and weighed.

Multiplex immunohistochemistry (mIHC)

Multiplex immunohistochemistry (mIHC) was performed via a four-label five-
color multiple fluorescence staining kit (AiFang Biological, Changsha, China).
In brief, xenograft tissue sections were deparaffinized, rehydrated, and
treated with citrate antigen repair buffer (pH 6.0). Following incubation with
1% hydrogen peroxide to inhibit endogenous peroxidases, the slides were
blocked with 3% bovine serum albumin (BSA) for 30 min and stained with
primary antibody overnight at 4 °C. After washing with PBS, the xenograft
tissue sections were incubated with a secondary antibody at room
temperature for 50 min, followed by incubation with tyramide signal
amplification dye at room temperature for 10 min. Serial staining cycles were
repeated until the identification of interesting targets. Finally, the slides were
stained with DAPI and sealed with a coverslip. Multispectral images were
obtained via a Vectra 3 automated quantitative pathology imaging system
(Akoya Biosciences, Marlborough, USA). The following primary and
secondary antibodies were used: anti-FASN antibody (Proteintech), anti-
PLA2G4B antibody (Proteintech), anti-NK1.1 antibody (Cell Signaling
Technology), and anti-rat/rabbit Polymer-HRP (Aifang Biotechnology).

CRC clinical specimens and immunohistochemistry
The CRC tissue microarrays (TMAs; Aifang Biotechnology) contained 80 CRC
tissue samples and 80 normal adjacent tissue (NAT) samples, along with
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corresponding follow-up data. Detailed clinicopathologic information for
each patient is provided in Tables S5-S6. IHC experiments were performed
according to previously described methods. The TMAs were deparaffinized,
rehydrated, and stained with specific primary antibodies at 4 °C overnight.
Then, the TMAs were incubated with a secondary antibody labeled with HRP
at 37 °Cfor 1 h, followed by staining with 3,3’-diaminobenzidine (DAB). All the
tissue sections were analyzed in a blinded manner by two experienced
pathologists. The IHC score was calculated by multiplying the intensity of
staining (negative, 0; mild, 1; moderate, 2; and severe, 3) by the area of
staining (0, £25%; 1, >25% and <50%; 2, >50% and <75%; 3, >75%) [20].

Statistical analysis

Statistical analysis was conducted via GraphPad Prism 8.0. Differences
between the two groups were compared via Student’s t-test. One-way
analysis of variance was used to compare three or more independent
conditions or groups. The chi-square test was used to examine the
correlation of FASN and PLA2G4B expression with the clinicopathological
features of CRC patients. Survival analysis was performed via the
Kaplan-Meier method with the log-rank test. All values are expressed as
the mean * standard deviation (SD), and the data represent the results of
at least three independent experiments. Statistical significance was
determined as a P value of <0.05.

DATA AVAILABILITY

The authors declare that all data generated or analyzed during this study are
included in this published article. The data presented in this study are available on
request from the corresponding authors.
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