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14,15-epoxyeicosatrienoic acid drives intestinal adenoma
growth and its value as an early biomarker for intestinal

adenoma occurrence
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Intestinal adenomas are premalignant lesions that develop into colorectal cancer (CRC), yet the metabolic pathways underlying
their malignant transformation remain poorly characterized. Using targeted metabolomics via ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS), we found that serum levels of the bioactive lipid metabolite 14,15-
epoxyeicosatrienoic acid (14,15-EET) were dramatically elevated in Apc*™* adenoma model mice as early as pre-adenoma stages,
compared to C57BL/6 controls. The results were also consistent in adenomas and CRC patients. ELISA data and bioinformatics
analyses revealed both elevated serum 14,15-EET levels and upregulated cytochrome P450 2J2 (CYP2J2) expression in tumor.
Functional studies showed that 14,15-EET accelerates adenoma growth in vivo, and promotes proliferation, migration, and invasion
in vitro by activating AKT (Ser473)/ERK1/2 signaling and inducing epithelial-mesenchymal transition (EMT). Its early elevation in
premalignant lesions, and relative molecules 14,15-EET/CYP2J2 represents a novel strategy for disrupting adenoma-carcinoma

transition, and offering new biomarker for CRC prevention.
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INTRODUCTION

Colorectal cancer (CRC) is the third most prevalent gastrointestinal
malignancy and second leading cause of cancer mortality globally
[1]. It develops through multistep stages: intestinal epithelial
hyperplasia, adenoma formation, and ultimately evolving into CRC
[2, 3], driven by oncogene activation and tumor suppressor
inactivation/mutation. The adenomatous polyposis coli (APC) gene
is a tumor suppressor and inactivated in approximately 80% of
CRC cases at early stage [4]. Numerous studies highlight that
intestinal microenvironment alterations play a key role in CRC
development, including crosstalk between immunocytes, cyto-
kines and cancer cells, as well as intestinal microbiota dysbiosis
and dyslipidemia [5-9]. Current research focuses on how lipid
metabolites influence tumorigenesis and their underlying
mechanisms.

Eicosanoids are intracellular signaling molecules that play
important roles in inflammation, allergic reactions, cardiovascular
function, and tumorigenesis. Eicosanoids are enzymatic metabo-
lites of arachidonic acid, synthesized by cyclooxygenase (COX),
lipoxygenase (LOX) and cytochrome P450 (CYP) enzymes [10].
These enzymes are frequently overexpressed in various cancers,
where they promote cancer cell proliferation and inhibit
apoptosis. Previous studies have shown that increased COX-2
expression can induce APC gene instability, leading to imbalanced
intestinal epithelial cell differentiation, abnormal proliferation, and
an increased risk of CRC [10, 11]. Similarly, 5-LOX deficiency
inhibits intestinal adenoma cell proliferation and promotes

apoptosis [12], which suggests eicosanoids and their synthetic
enzymes may contribute to tumorigenesis and progression.

Epoxyeicosatrienoic acids (EETs), as eicosanoid metabolites, are
synthesized from arachidonic acid by CYP2Cs and CYP2Js. There
are four regioisomers of EETs: 5,6-EET, 8,9-EET, 11,12-EET and
14,15-EET [13]. Previous research has shown that EETs are involved
in a variety of physiological processes, including anti-inflamma-
tion, angiogenesis, proliferation, migration, neuroprotection,
cardiovascular protection and glucose regulation [14-18]. In
addition to these physiological roles, recent studies have also
implicated EETs in tumorigenesis, metastasis, and drug resistance
in several types of cancer [19-21]. Another study reported
upregulation of the CYP monooxygenase pathway in colon
cancer, and its inhibition via CYP inhibitors suppresses colon
tumorigenesis [22]. This indicates that CYP monooxygenase and
its products may contribute to the pathogenesis of colon cancer.
However, relatively few studies have explored the role of CYP
monooxygenase and its products, including EETs, in CRC. The
impact of 14,15-EET on CRC initiation and development, and its
potential mechanism, remains poorly understood.

Our study revealed elevated serum 14,15-EET levels in pre-
adenoma stage Apc""™* mice and CRC patients. We demonstrated
that 14,15-EET potently drives adenoma-carcinoma progression by
activating AKT(Ser473)/ERK signaling and inducing EMT. Our
findings establish it as a critical mediator of CRC, highlighting its
potential as both a diagnostic biomarker for early-stage risk
stratification and a therapeutic target.
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RESULTS

Serum 14,15-EET levels are elevated in Apc
intestinal adenoma development

Previous studies have linked tumorigenesis to lipid metabolic
reprogramming and alterations in lipid metabolites [23, 24], but
whether serum lipid metabolites change prior to tumor initiation
remains unclear. Here, we analyzed serum lipid profiles via UPLC-
MS/MS-based targeted metabolomics in C57 mice and ApcM™*
mice at two time points: 7-week-old (pre-adenoma stage, no
intestinal glandular abnormalities or adenoma) and 24-week-old
(advanced adenoma stage) (Fig. 1A). Compared with 7-week-old
C57 mice, age-matched Apd"™* mice had 14 significantly
elevated lipid subtypes (e.g., triglycerides, eicosanoids) and
9 significantly reduced (e.g., phosphatidylcholines) (Fig. 1B).
Notably, eicosanoids dominated elevated lipids: serum 14,15-EET
levels were 6.63-fold higher in Apc™™* mice (Fi\% 10). These data
confirm serum lipid metabolites change in Apc™™* mice prior to
adenoma development, with 14,15-EET showing the most
prominent elevation. Elevated 14,15-EET was also observed in
24-week-old Apc™™* mice versus C57 controls. Additionally,
triglycerides, diglycerides, eicosanoids, and acylcarnitines were
significantly elevated, while ceramides, sphingomyelins, and
phosphatidylcholines were reduced (Fig. 1D).

Min/+ mice prior to

14, 15-EET is mainly produced by intestines

EETs are synthesized by CYP epoxygenases and are first identified
in endothelial cells [25]. Other EET-producing cell and tissues
include the small intestine, colon, liver, kidneys, and monocytic
leukocytes [26-28]. To identify the source of elevated serum
14,15-EET, we measured mRNA expression of 10 Cyp2c and 5 Cyp2j
genes (involved in 14,15-EET synthesis) in the intestine, kidney,
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liver, spleen, and blood cells of 7-week-old €57 and Apc™™* mice

(Fig. 2A). Cyp2c and Cyp2j expression was detected in the intestine,
kidney, and liver (Fig. 2B-D), but not in the spleen or blood cells,
which indicates 14,15-EET is not derived from splenic immune
cells or hemocytes. Notably, most Cyp2c and Cyp2j genes were
significantly upregulated in the intestinal tissue of Apc™™* mice
(Fig. 2B). Taken together, these results confirm that elevated
serum 14,15-EET in Apc™™* mice primarily originates from the
intestine.

14, 15-EET promotes the progression of intestinal adenomas
in Apc™™™* mice

Previous studies confirmed that 14,15-EET promotes pheochro-
mocytoma growth and EMT in breast cancer cells [21]. To
determine whether 14,15-EET has a similar role in intestinal
adenomas, we treated ApcM™* mice with PBS or 14,15-EET (Fig.
3A). Compared with the PBS control group, 14,15-EET treatment
significantly increased adenoma numbers in the jejunum and
ileum of Apc™™* mice, but not in the duodenum or colon (Fig. 3B,
Q). These findings indicate that 14,15-EET may promote intestinal
adenoma development in Apc"™* mice.

To further explore the effect of 14,15-EET on intestinal
adenomas, we performed intestinal histological analysis in PBS-
or 14,15-EET-treated Apc™™* mice. No significant differences in
gland area, circularity, or their variation coefficients were observed
in the duodenum between groups. However, the 14,15-EET group
showed increased gland area, decreased circularity, and elevated
circularity variation in the jejunum and ileum—changes indicating
significant glandular disorder and structural disruption (Figs. 3D,
S1A, B). Furthermore, CD45 staining revealed significantly
increased immune cell infiltration in the jejunum and ileum of
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14,15-EET-treated mice (Fig. S1C-E). Intestinal adenoma patholo-
gical scores were significantly higher in the 14,15-EET group than
the PBS control, especially in the jejunum, ileum, and colon (Fig.
3E). Consistent with pathological scores, Ki67 staining showed
increased expression in the jejunum and ileum of the 14,15-EET
group versus the PBS control (Fig. 3F-H). Collectively, these
findings suggest that 14,15-EET promotes intestinal adenoma
progression in Apc™™* mice by driving glandular hyperplasia,
disrupting epithelial structure, and promoting immune infiltration.

14, 15-EET contributes to proliferation of colorectal cancer
in vitro
Previous reports indicated that 95% of familial adenomatous
polyposis (FAP) patients with APC mutations may progress to CRC
[29], prompting us to investigate 14,15-EET's effect on intestinal
adenoma and CRC cells in vitro. Due to unavailability of intestinal
adenoma cells despite efforts, we used CRC cell lines (CT26 and
M(C38) instead. To investigate the role of 14,15-EET in CRC
tumorigenesis, we evaluated CRC cell viability and colony-forming
ability. 14,15-EET enhanced CRC cell viability (Fig. 4A, B) and
colony-forming capacity (Fig. 4C-E) in a concentration-dependent
manner, confirming its promotion of CRC cell proliferation in vitro.
Similar results were observed in human CRC cells (Fig. S2A, B).
CYPs (mainly CYP2C55, CYP2C70, CYP2J5, CYP2J13 in mice, and
CYP2J2 in humans) are potential enzymes for 14,15-EET synthesis.
We next knocked down CYPs (RT-gPCR-verified efficiency; Figs.
S2C, S3A-B) and evaluated their effects on CRC cell proliferation.
CCK-8 assays showed CYP knockdown significantly inhibited
proliferation (P <0.001), particularly in shCYP2J13-CT26 and
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shCYP2J13-MC38 (P < 0.0001; Fig. 4F, G). Consistently, CYP knock-
down markedly reduced colony formation (Fig. 4H-J), suggesting
CYP deficiency partially suppresses CRC proliferation.

To confirm if CYP knockdown inhibits proliferation by reducing
14,15-EET synthesis, we performed rescue experiments with
shCYP2J13. Compared to PBS, exogenous 14,15-EET markedly
enhanced colony formation in shNC-transfected MC38 cells (Fig.
S3C, D). Conversely, CYP2J13 knockdown reduced colony num-
bers. Notably, this reduction was partially reversed by 14,15-EET
supplementation in shCYP2J13-transfected cells. Similar effects
were observed in HT-29 cells (Fig. S2D, E). These findings indicate
that CYP knockdown inhibits CRC cell proliferation partly by
reducing 14,15-EET biosynthesis, consistent with the pro-
proliferative effect of 14,15-EET in CRC.

14, 15-EET promotes EMT and activates PI3K/AKT and MAPK/
ERK signaling in vitro

To investigate 14,15-EET’s role in CRC progression, we examined
its effects on migration and invasion. Wound healing assays
showed 14,15-EET concentration-dependently promoted wound
closure in CRC cells (Figs. 5A, B; S2F, G). Transwell assays confirmed
that 14,15-EET significantly enhanced both migration and invasion
(Fig. 5C, D), indicating it promotes these aggressive phenotypes in
CRC cells.

To explore the mechanism of 14,15-EET-induced migration and
invasion, we analyzed EMT-related protein levels in CRC cells
treated with PBS or 14,15-EET. 14,15-EET downregulated
E-cadherin and upregulated N-cadherin and Vimentin (Figs. 5E-
G, S2H, 1), suggesting it induces EMT in CRC cells. Given prior
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mice. F Ki67 immunohistochemical staining, G Ki67 positive cells and H Relative AOD of Ki67 staining of
mice. The results are presented as mean + SEM (n = 4 per group; ns P a 0.05, * P < 0.05, ** P < 0.01, *** P < 0.001;
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reports that EETs induce EMT via PI3K/AKT and MAPK/ERK
pathways [30], we verified this in CRC cells. Compared with the
PBS group, 14,15-EET did not alter total AKT/ERK levels but
markedly increased phosphorylation of AKT (Ser473) and ERK
(Thr202/Tyr204) (Figs. 5H-J, S2J, K), suggesting that activation of
these pathways contributes to 14,15-EET-induced EMT.

As a lipid signaling molecule, 14,15-EET may exert additional
CRC-promoting effects. RNA-seq comparing PBS- and 14,15-EET-
treated CT26 cells (Fig. S4A) identified 794 upregulated and 596
downregulated differentially expressed genes (DEGs) (|FC|> 2,
P < 0.05; Fig. S4B, C). KEGG and GO enrichment analyses revealed
that upregulated DEGs were enriched in ribosome biogenesis and
function (Fig. S4D, E), whereas downregulated DEGs were
associated with DNA damage repair (nucleotide excision repair,
mismatch repair, base excision repair) and radiation response (Fig.
S4F, G). gRT-PCR confirmed upregulated expression of ribosomal
protein (RP)-related genes in 14,15-EET-treated CRC cells and
ApcM™* mice (Fig. S4H-J), indicating 14,15-EET enhances ribosome
biogenesis and suppresses DNA repair.

14, 15-EET and its synthetic enzyme CYP2J2 increased in
colorectal cancer patients

Our study confirmed elevated serum 14,15-EET in Apc mice.
To extend these findings to human CRC, we measured 14,15-EET
by ELISA in CRC cell lines (intracellular and supernatant levels) and
serum from patients with intestinal adenomas, non-metastatic
CRC (nmCRC), metastatic CRC (mCRC), and healthy controls (HC).

In vitro, CRC cells (DLD-1, LoVo, HCT116, HCT-15, HT-29)
exhibited significantly higher intracellular 14,15-EET than normal
intestinal epithelial NCM460 cells (Fig. 6A). Consistently, 14,15-EET
secretion in CRC cell supernatants was markedly increased (Fig.
6B), recapitulating the elevation in the mouse model. In clinical
samples, serum 14,15-EET differed significantly among the four
groups (Fig. 6C): intestinal adenoma patients had the highest level
(108.33 pg/mL), significantly higher than those in nmCRC
(55.16 pg/mL), mCRC (37.85 pg/mL), and HC (3.49 pg/mL). Collec-
tively, these results demonstrate that 14,15-EET elevation is an
early event in colorectal carcinogenesis, beginning at the
precancerous adenoma stage and remaining elevated throughout
CRC progression.

CYP2J2 is the primary synthetic enzyme for 14,15-EET in
humans, and sEH (EPHX2) hydrolyzes EETs to DHETs [31]. GEPIA2
analysis revealed significantly upregulated Cyp2j2 (Fig. 6D) and a
downward trend in Ephx2 (Fig. 6E) in colon (COAD) and rectal
(READ) adenocarcinomas versus normal tissues. TNMplot database
also confirmed these findings (Fig. 6F, G).

We further analyzed associations between Cyp2j2/Ephx2 expres-
sion, pathological stage, and overall survival (OS) in CRC patients.
Cyp2j2 levels were not stage-dependent in COAD/READ (Fig. S5A),
but low Cyp2j2 predicted poorer OS (GEPIA2, TCGA RNA-seq; Fig.
S5B). Notably, lower Ephx2 correlated with advanced stage and
worse OS in COAD/READ (Fig. S5C, D). These data suggest that
high Cyp2j2 and low Ephx2 may contribute to CRC progression.

Min/+

DISCUSSION

Intestinal adenomas are premalignant lesions that develop into
CRC, occurring in approximately 95% of FAP patients with APC
mutations [29]. Despite metabolic reprogramming occurs at the
adenoma stage being critical for tumor initiation [32], the specific
lipid metabolites driving adenoma progression—especially at the
pre-adenoma stage—remain poorly defined. Here, we first found
that serum 14,15-EET was significantly elevated in Apc™™* mice at
pre-adenoma stages. It functionally promotes adenoma growth,
proliferation, and migration by inducing EMT and activating AKT
and ERK1/2 signaling. Importantly, our findings are corroborated
in human clinical settings. We found that this elevation of 14,15-
EET is not merely a murine phenomenon but is profoundly
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relevant to human carcinogenesis. Strikingly, in our clinical cohort,
intestinal adenoma patients showed the highest serum levels of
14,15-EET, significantly exceeding levels in both healthy controls
and patients with established cancer. We identify 14,15-EET as an
early driver in the human adenoma-to-carcinoma sequence.

Previous studies reported elevated serum eicosanoids (EETs,
HETEs) in individuals with enteritis or CRC versus healthy
individuals [33], but the metabolic signature of intestinal
adenomas—particularly at the pre-adenoma stage—has not been
fully elucidated. Our study addresses this gap by demonstrating
that 14,15-EET is elevated as early as the pre-adenoma stage in
ApcM™* mice, persisting throughout adenoma development. This
is consistent with findings in MMTV-PyMT breast cancer mice,
where HETEs increased during established tumor growth [34].

Previous studies implicated EETs in promoting tumorigenesis—
including proliferation, metastasis, angiogenesis, and drug resis-
tance—in multiple cancers [19, 35]. However, their role in the
adenoma-carcinoma transition was unclear. Our study demon-
strated that 14,15-EET increases adenoma burden and accelerates
pathological progression in Apc™™* mice, evidenced by segment-
specific glandular abnormalities (e.g., increased area, decreased
circularity) and enhanced inflammatory infiltration (elevated
CDA45-positive cells). In vitro experiments demonstrated that
14,15-EET promotes proliferation, migration, and invasion in CRC
cell lines. Our study extends these observations by investigating
the cellular functions of CYP2C and CYP2J, the primary synthases
for 14,15-EET. Silencing either synthase in CRC cells abrogated
14,15-EET's effects on proliferation and metastasis. Notably, a
rescue experiment further validated the mechanistic link between
CYP and 14,15-EET: exogenous 14,15-EET partially reversed the
clonogenic defect caused by CYP2J13 knockdown in MC38 cells
and CYP2J2 knockdown in HT-29 cells. This reversal supports that
CYP regulates CRC cell proliferation, at least in part, via 14,15-EET
synthesis. Prior research reported that deleting the key EET
synthase CYP2C suppresses CRC development in the azoxy-
methane/dextran sodium sulfate (AOM/DSS) model—which
mimics colon-specific tumorigenesis [22]. Furthermore, AOM/
DSS-induced CRC models exhibit upregulated CYP2J (key EET-
synthesizing synthases) expression and elevated 14,15-EET levels,
with CYP2J2 contributing to tumor progression via EMT [36, 37].
Analysis of clinical databases confirms that CYP2J2, the key EET-
synthesizing enzyme, is upregulated in CRC tissues. These findings
confirm that the CYP2C/CYP2J-14,15-EET axis is not unique to the
ApcM™* model but represents a mechanism in various CRC
models, despite differences in tumor location.

A recent study demonstrated that upregulated CYP monoox-
ygenases and their product 12,13-EpOME promote CRC [38]. While
CYP expression is species-specific (human colorectal tissues
express CYP2J2), the core CYP-mediated bioactive epoxy lipid
mechanism is conserved. Our study identifies 14,15-EET as a
distinct CYP-derived mediator: 12,13-EpOME promotes late-stage
invasion, whereas 14,15-EET is elevated in pre-adenoma Apc™™*
mice to drive early tumorigenesis.

The PI3K/AKT and ERK/MAPK pathways, key regulators of cell
proliferation, differentiation, and survival, are commonly dysregu-
lated in cancer. Our study shows that 14,15-EET induces EMT by
upregulating mesenchymal markers (N-cadherin, Vimentin) and
downregulating epithelial marker E-cadherin. We further found
14,15-EET increases AKT (Ser473) and ERK1/2 (Thr202/Tyr204)
phosphorylation in CRC cells, consistent with reports that EETs/
CYP2J2 activate these pathways [39]. Our findings extend previous
knowledge by establishing 14,15-EET’s role in promoting both
proliferative signaling and metastatic potential via EMT.

Our transcriptomic analysis identified novel functions of 14,15-
EET: activating ribosome biogenesis yet suppressing DNA damage
repair. As core ribosomal components, ribosomal proteins (RPs)
not only mediate ribosome biogenesis and protein translation, but
also participate in cell migration and tumor transformation [40].
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Fig. 6 14, 15-EET and its synthetic enzyme CYP2J2 increased in adenoma and CRC patients. A, B Intracellular and supernatant 14,15-EET
level in CRC cell lines (DLD-1, LoVo, HCT116, HCT-15, and HT-29). C Serum 14,15-EET level in intestinal adenoma (n = 12), non-metastatic CRC
(nmCRC, n = 10), metastatic CRC (mCRC, n = 22) patients and healthy donors (n = 24). The results are presented as mean + SEM (** P < 0.01, ***
P <0.001). Human Cyp2j2 and Ephx2 gene expression in COAD and READ were analyzed (D, E) using GEPIA2 (match TCGA normal and GTEx
data); F, G using TNMplot (from GEO, GTex, TCGA, and TARGET databases). Log, (TPM + 1) was used for the log scale in GEPIA2.
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Previous studies showed distinct regulation patterns of RPs in CRC
and intestinal adenomas versus normal mucosa, with RPs
dysregulation affecting key CRC processes: proliferation, stemness,
differentiation, autophagy, progression, and metastasis [41-43].
Moreover, 14,15-EET suppresses DNA damage repair pathways
(e.g., nucleotide excision repair, mismatch repair, base excision
repair) and the cellular response to radiation. Such suppression
may induce genomic instability and promote radiotherapy
resistance—consistent with emerging evidence that genomic
instability drives colorectal carcinogenesis [44, 45]. These changes
suggest 14,15-EET enhances proliferation while enabling mutation
accumulation. However, we have not yet determined if genetic
CYP2J2 inhibition or pharmacological 14,15-EET blockade reverses
ribosome biogenesis upregulation and restores DNA repair
function. Additional uncertainty is whether these effects on
ribosome biogenesis and DNA repair are direct (mediated by
14,15-EET itself) or indirect (driven by AKT/ERK activation).
Clinically, the correlation between CYP2J2 expression and ribo-
some biogenesis-related signatures or DNA damage repair
deficiency in CRC remains undetermined.

Although tumors in Apc™™* mice arise primarily in the small
intestine, this model is well-validated for APC-driven tumorigen-
esis and recapitulates key molecular events like Wnt/B-catenin
dysregulation [46]. Thus, the observed metabolic reprogramming
likely reflects early events in human CRC. Notably, our study
focuses on the pre-adenoma stage—when metabolic changes are
driven by initiating genetic events (e.g., APC mutation) in epithelial
cells, unconfounded by complex stromal interactions in advanced
disease. Whether APC mutation increases 14,15-EET levels remains
unclear. Future studies will explore if 14,15-EET sih%niﬁcantly
promotes intestinal adenomas and CRC using Apc™™* mice
lacking CYP2C/J. To better recapitulate human colonic tumorigen-
esis, 14,15-EET's role will be further validated in colon-specific CRC
models (e.g, AOM/DSS-induced, colon-specific Apc conditional
knockout). Additionally, patient-derived organoids (PDOs) will
explore its clinical relevance and translational value in CRC, and
the therapeutic potential of the 14,15-EET antagonist 14,15-EEZE
in vitro and in vivo models will also be evaluated.

In summary, 14,15-EET as a key metabolite markedly elevated at
the pre-adenoma stage. 14,15-EET drives CRC progression by
activating not only AKT/ERK signaling but also ribosome biogenesis,
while suppressing DNA damage repair. Our study highlights 14,15-
EET's potential as an early diagnostic biomarker and therapeutic
target for intestinal adenomas and subsequent CRC progression.

MATERIALS AND METHODS

Mice

Although the Apc™* model primarily develops small intestinal (rather
than colonic) tumors, unlike human CRC, it is well-established for studying
APC-driven intestinal tumorigenesis and Wnt/B-catenin signaling. There-
fore, we utilized it for in vivo experiments.

Five-week-old male/female C57BL/6J (RRID:IMSR_JAX:000664) mice
were from Guangdong Medical Animal Experiment Center. Male Apc™i™/*
mice mice (C57BL/6J background) were from Cyagen Biosciences, mated
with 6-8-week-old female wild-type C57 mice. Apc mutation was
confirmed by PCR (primers: F: 5-TTCTGAGAAAGACAGAAGTTA-3', R: 5'-
TTCCACTTTGGCATAAGGC-3'). All animal procedures were approved by
Guangdong Pharmaceutical University’'s UCUCA, with housing adhering to
ethical regulations, and all methods were performed in accordance with
the relevant guidelines and regulations.

UPLC-MS/MS analysis

Serum lipid profiles of C57 and Apc mice (7 and 24 weeks, n=5/
group) were analyzed by ultra performance liquid chromatography-
tandem mass spectrometry (UPLC-MS/MS). Differential lipids were
identified with P<0.05 and [fold change (FC)| =1.2. Volcano plots,
heatmaps, and FC analyses were generated using OmicStudio tools
(https://www.omicstudio.cn/tool).

Min/+
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EET-treatment

Female Apc™™* mice were randomly divided into two groups (n =4/
group). From 6 to 18 weeks of age, mice received intraperitoneal (i.p.)
injections of 14,15-EET (30 ug/kg) or equal-volume normal saline, three
times weekly, and were sacrificed at indicated time points.

Analysis of intestinal tumors

After sacrifice, the entire intestinal tract of Apc mice was excised and
divided into duodenum, jejunum, ileum, and colon. Each segment was
longitudinally opened, tiled on filter paper, fixed in 4% paraformaldehyde
(PFA), and stained with 1% methylene blue. To better compare the tumor
growth in two groups, all intestinal segments from each mouse were
pooled, and macroscopic tumors (blue lesions) were counted per segment.

Min/+

Histological analysis

After tumor counting, intestinal tissues were fixed in 4% PFA, paraffin-
embedded, and sectioned at 3 pm. For histopathology, three non-serial
sections were H&E-stained and examined by light microscopy.

Morphometry of intestinal glands was performed on H&E sections using
ImageJ software (RRID:SCR_003070). Five random 40x fields per section
were analyzed for the mean gland area (umz), coefficient of variation (CV)
of gland area (calculated as standard deviation/mean x 100%), circularity
(4mxarea/perimeter?, values closer to 1.0 indicating more circular), and the
CV of circularity.

Pathological grading of intestinal lesions was based on: inflammatory
cell infiltration (scored 0-2), glandular hyperplasia (0-2), glandular structural
disorder (0-2), and adenoma invasion (2: <50% mucosal involvement, 3:
nearly entire mucosal without basement membrane penetration, 4:
basement membrane penetration). The total score represented the sum
of individual scores. All assessments were performed blindly by two
researchers, with mean values used for statistical analysis.

Immunohistochemical assay

Tissue sections underwent high-pressure antigen retrieval with citric acid
buffer (pH 6.0) for 10 min and were incubated with 3% hydrogen peroxide
to block endogenous peroxidase activity. After blocking with 1% bovine
serum albumin (BSA), sections were incubated with primary antibodies
against Ki67 and CD45, and goat anti-rabbit secondary antibody.
Immunostaining was performed using DAB (Cell Signaling Technology)
with hematoxylin counterstaining, and slides were examined under a light
microscope (Olympus DP27, Japan). Antibody details are provided in
Supplementary Table 1.

Cell line and culture

Human intestinal adenoma cells were initially planned for in vitro
experiments (consistent with the study focus on intestinal adenoma
progression); however, these cells were unavailable from commercial cell
banks or collaborators. Thus, CRC cell lines served as alternatives for
subsequent in vitro assays.

CT26 (Cat# CRL-2638, RRID:CVCL_7256) cells were purchased from the
American Type Culture Collection (ATCC). MC38, NCM460, DLD-1, LoVo,
HCT116, HCT-15 and HT-29 cells were obtained from Sun Yat-sen
University Cancer Center and The Sixth Affiliated Hospital of Sun Yat-sen
University. Cells were cultured in RPMI 1640 or DMEM (Gibco), respectively,
supplemented with 10% fetal bovine serum (FBS, ExCell Bio) and 1%
penicillin-streptomycin (PS). All cells tested negative for mycoplasma
contamination.

RNA interference

Short hairpin RNA (shRNA) sequences targeting CYP2C55, CYP2C70,
CYP2J5 and CYP2J13 were obtained from the Genetic Perturbation
Platform (GPP, broadinstitute.org). Small interfering RNA (siRNA) oligonu-
cleotides targeted specifically for CYP2J2 downregulated EETs levels in
human CRC cells. siRNA was designed and provided by Shanghai
GenePharma Co., Ltd. Oligo sequences are listed in Supplementary Tables
2 and 3. Transfections were performed using Lipofectamine 3000
(Invitrogen) per manufacturer’s instructions, and efficiency was assessed
by RT-qPCR 48 h post-transfection.

CCK-8 assay
CT26 and MC38 cells were cultured in at 1x 10* cells/well. Following 12 h
culture in 10% FBS medium, cells were treated with different
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concentrations of 14,15-EET (0, 12.5, 25, 50, 100, 200nM) for 24 h.
Subsequently, cells were cultured in 100 uL complete medium containing
10 uL CCK-8 reagent/well for 3 h at 37 °C. The absorbance values of each
well were measured with a microplate spectrophotometer (Molecular
Devices, USA) at 450 nm. Furthermore, cells infected with shNC or shCYPs
for 48, absorbance at 450 nm was detected for 6 days. All proliferation
assays were repeated as independent experiments three times.

Colony formation assay

CRC cells were cultured in 6-well plates at a density of 500 cells/well. Post-
adherence, cells were refed with 5% FBS medium containing different
concentrations (as previously described) of 14,15-EET for 10 days. For
shNC- or shCYPs-transfected cells, cells were seeded at 1000 cells/well in
6-well plates and then incubated in 10% FBS medium for 10 days. For
14,15-EET rescue experiments in CYP-knockdown cells: cells were first
transfected with shCYP2J13 or siCYP2J2. At 48 h post-transfection, cells
were seeded in 6-well plates at 1000 cells/well. Cells were cultured in 10%
FBS medium supplemented with 100 nM 14,15-EET or PBS. Finally, the cells
were fixed with 4% PFA and stained with 0.1% crystal violet. Colony
numbers were counted when colonies contained >50 cells. All experiments
were performed in triplicate.

Wound healing assay

CRC cells were seeded in 6-well plates at 5 x 10* cells/well. Upon reaching
80% confluency, a sterile 200 pL pipette tip scratched the monolayer.
Detached cells were removed via PBS washes. The remaining cells were
treated with different concentrations (as previously described) of 14,15-EET
for 12 h. Five random scratched fields were imaged at 0 and 12 h. The area
of wound closure was used to assess cell migration, and images were
analyzed by Image) software. The wound healing rate was calculated as
follows: [(area of scratch at 0 h) — (area of scratch at 12 h)]/ (area of scratch
at 0 h) x 100.

Transwell assay

The migration and invasion assays of CT26 and MC38 cells were conducted
using Transwell chambers (8 um; Millipore) pre-coated without or with
Matrigel (BD Biosciences). Cells (5 x 10% or 1x10°) suspended in 200 pL
serum-free medium (with/without 100 nM 14,15-EET) were seeded into the
upper chamber. The lower chamber contained 600 uL 10% FBS medium.
After 18 h, migrated/invaded cells on the lower membrane were fixed with
4% PFA, stained with 0.1% crystal violet, and counted via microscopy (8
random fields/well).

Western blot

Protein extracts were separated by 8-10% SDS-PAGE, transferred to PVDF
membranes, then incubated with primary antibodies at 4°C overnight.
Primary antibodies included: AKT, Phospho-AKT (Ser473), p44/42 MAPK
(Erk1/2), Phospho-p44/42 MAPK (P-Erk1/2) (Thr202/Tyr204), E-cadherin, N-
cadherin, Vimentin, and GAPDH. Peroxidase-conjugated anti-rabbit/anti-
mouse antibodies were used as secondary antibodies. Antibody details are
provided in Supplementary Table 1. Protein bands were visualized using an
enhanced chemiluminescence. Band intensity was quantified via Image)
software.

RNA extraction and quantitative real-time PCR

Total RNA was extracted with TRIzol reagent (Invitrogen), and cDNA
synthesized with the cDNA Reverse Transcription Kit (Accurate Biotechnol-
ogy). qRT-PCR was performed using 2xSYBR Green PCR Master Mix
(Accurate Biotechnology) to quantify relative mRNA expression. GAPDH as
the endogenous control. Specific primer sequences are provided in
Supplementary Tables 4. Data were analyzed on a LightCycler 480
instrument (Roche, RRID:SCR_018626), and relative gene expression was
calculated via the 2724 method.

RNA-seq analysis

Total RNA was isolated with TRIzol reagent from CT26 cells treated with/
without 100 nM 14,15-EET for 24 h. All samples underwent RNA quality
control, and RNA-seq was performed by Shanghai Yuanxin Biomedical
Technology Co., Ltd. Differentially expressed genes (DEGs) were filtered by
llog, fold change (FC)| > 1 and P < 0.05. Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Gene Ontology (GO) enrichment analyses were
ranked based on enrichment factor. Volcano plots, heatmaps, and KEGG/
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GO enrichment results were generated via OmicStudio tools (https://
www.omicstudio.cn/tool).

14,15-EET ELISA assay

Cell culture supernatants and pellets were collected from NCM460, DLD-1,
LoVo, HCT116, HCT-15, and HT-29 cells. Peripheral blood was from 12
intestinal adenoma, 10 non-metastatic CRC (nmCRC), 22 metastatic CRC
(mCRCQ) patients (30-75 years; exclusion: no other malignancies, hyperli-
pidemia, hypertension) and 24 healthy donors (30-60 years). 14,15-EET
levels were quantified via ELISA kit (ab175812, Abcam). Serum samples
were from The Second Affiliated Hospital of Guangzhou Medical University
(volunteer details: Supplementary Table 5). The study was approved by the
Health Research Ethics Board with informed consent from all participants,
and all related methods were performed in accordance with the relevant
guidelines and regulations.

Bioinformatics analysis

The gene expression, pathological stage and overall survival (OS) of Cyp2j2
and Ephx2 in adenocarcinoma (COAD) and rectum adenocarcinoma (READ)
were analyzed using Gene Expression Profiling Interactive Analysis 2
(GEPIA 2, https://GEPIA2.cancerpku.cn/) or TNMplot (https://tnmplot.com/
analysis/).

Statistical analysis

SPSS 19.0 (SPSS, RRID:SCR_002865) and GraphPad Prism 8.0.2
(RRID:SCR_002798) software were used for statistical analyses. After
assessing data distribution, two-tailed unpaired t-test was applied for
normally distributed data; non-parametric Mann-Whitney U test was used
for heteroscedastic data. All data were uniformly presented as mean+
standard error of the mean (SEM). P-value<0.05 was considered
statistically significant. All experiments were repeated at least three times
with independent samples.

DATA AVAILABILITY

All experimental data are included in this article and its supplementary information
files. All raw omics data are available from the corresponding author upon reasonable
request.
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