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LPCAT3 regulates the proliferation and metastasis of serous ovarian cancer 
by modulating arachidonic acid
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A B S T R A C T

Background: Lysophosphatidylcholine acyltransferase 3 (LPCAT3) promotes ferroptosis through the incorporating 
polyunsaturated fatty acids into membrane phospholipids, however, its role in serous ovarian cancer remains 
unclear. Here explored cancer proliferation and metastasis after modulating LPCAP3.
Methods: LPCAT3 protein in ovarian cancer tissues was detected using bioinformatic and immunohistoche mical 
assays. Cell behaviors were observed after up- or down-regulating LPCAT3. Lipid metabolites were determined, 
and then the pathway enrichment analysis was performed.
Results: The expression level of LPCAT3 in serous ovarian cancer tissues was lower than that in other types of 
ovarian cancer, and high expression was associated with a longer survival time. Overexpressing LPCAT3 reduced 
cell proliferation, migration and invasion via enhancing ferroptosis and decreasing the survival signaling; these 
behaviors were enhanced in LPCAT3-downknocked cells, where a higher abundance of arachidonic acid was 
observed followed by up-regulation of the downstream survival signaling. In vivo, up-regulation of LPCAT3 
decreased tumor growth, but down-regulation enhanced tumor growth and metastasis.
Conclusions: LPCAT3 modulated metabolism of arachidonic acid, thereby regulating ferroptosis and the survival 
signaling to determine cancer growth and metastasis.

Introduction

Ovarian cancer is the leading cause of cancer-related death in 
women, with 57,090 newly diagnosed and 39,306 death cases in China 
in 2022 [1,2]. The 5-year survival rate has been approximately 30% over 
the past two decades despite the introduction of certain novel agents 
such as poly-ADP-ribose polymerase inhibitors, attributing to high 
recurrence and metastasis [3,4]. Therefore, underlying mechanisms 
need to be thoroughly explored.

Ferroptosis, as a form of programmed cell death, is initiated by lipid 
peroxidation (LPO) [5]. The central step of implementing ferroptosis is 
iron-dependent peroxidation of phospholipids [6]. Accumulation of 
phospholipid hydroperoxides (PLOOH) in cell membranes is a sign of 
ferroptosis [7]. Glutathion peroxidase 4 (GPX4) eliminates PLOOH. 
Inactivation of GPX4 causes accumulation of PLOOH, leading to fer
roptosis [8]. Ferroptosis is considered a protective mechanism, since 
inhibiting ferroptosis promotes cancer progression [9,10]. Multiple 

genes have been identified to regulate ferroptosis [11].
Lysophosphatidylcholine acyltransferase 3 (LPCAT3) is a critical 

regulator of polyunsaturated fatty acid containing phospholipid (PUFA- 
PL) [12,13]. LPCAT3 incorporates arachidonic acid (AA; 20:4) into PL to 
form PUFA-PL species such as phosphatidylethanolamine containing AA 
(PE-AA) [14]. The presence of oxidized PE-AA in cell membranes can 
trigger ferroptosis [15,16]. Cytosolic phospholipase A2 (cPLA2) releases 
AA from phospholipids in the nuclear and plasma membranes [17]. AA 
enhances the intestinal regeneration via activating WNT signaling, and 
induces migration of endothelial cells in prostate cancer by activating 
Rho signaling [18,19]. AA and its metabolites can modulate multiple 
signaling pathways such as mTORC1/VEGR, NF-κB, MAPK/JNK/p38, 
PI3K/Akt and epigenetic modifications, thereby inhibiting apoptosis 
and promoting survival, proliferation, invasion and metastasis of 
epithelial cancer cells [20,21]. These data indicate that the localization 
of AA and its metabolites determines the fate of cell survival. However, 
the role of LPCAT3 in ovarian cancer has been limitedly understood.
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The aim of this study was to explore the role of LPCAT3 in serious 
ovarian cancer. The LPCAT3 expression in cancer tissues was assayed, 
and then the biological functions were determined in vitro and in vivo. 
Preliminary data indicated that LPCAT3 modulated proliferation and 
metastasis of ovarian cancer, and that overexpressing LPCAT3 induced 
ferroptosis.

Materials and methods

Bioinformatics analyses of gene expression

STAR-counts data and associated clinical information for ovarian 
tumors were downloaded from the TCGA database (https://portal.gdc. 
cancer.gov), then extracted in TPM format and performed normaliza
tion using the log2(TPM+1) transformation. After retaining samples that 
included both RNAseq data and clinical information, 376 samples were 
selected for further analysis ultimately. Ferroptosis-related genes were 
based on the data of Liu et al. [22]. Microarray data (GSE63885 and 
GSE26193) were downloaded from the Gene Expression Omnibus (GEO) 
(http://www.ncbi.nih.gov/geo). The relationship between LPCAT3 
expression and survival in patients with serous ovarian cancer was 
analyzed using the Kaplan-Meier plotter (http://kmplot.com/analysis 
/index.php?p=service&cancer=ovar). The matrix of expression of 
LPCAT3 mRNA in ovarian cancer cell lines was acquired from the CCLE 
dataset (https://portals.broadinstitute.org/ccle).

Patients and tissue samples

A total of 158 cases of ovarian cancer (01/2013–03/2021) were 
collected from the Second Affiliated Hospital, Chongqing Medical Uni
versity (Chongqing, China). Cancer tissues were sampled, and the sur
vival time was noted. The use of human tissues was authorized by the 
Institutional Review Board.

Immunohistochemistry (IHC)

LPCAT3 protein in cancer tissues was detected with an IHC assay, 
using a streptavidin-biotin–peroxidase complex kit (Boster Bio., Wuhan, 
China). Images were analyzed using the software Image J (NIH, 
Bethesda, MD). The expression level of LPCAT3 was determined using 
the IHC profiler: negative (1+), low positive (2+), positive (3+) and 
high positive (4+) [23]. To evaluate the relationship between the 
expression level and overall survival (OS), high positive and positive 
were classified as high expression, while low positive and negative were 
as low expression.

Cells

Human ovarian cancer cell lines SKOV3 (RRID:CVCL_0C84) (iden
tified by STR; Cell Bank, Type Culture Collect, Chinese Academy of 
Sciences, Shanghai, China) and OVCAR3 (RRID:CVCL_0465) (identified 
by STR; Xiamen Yimo Biotechnology Co., Xiamen, China) were cultured 
in RPMI 1640 medium (Gibco, Beijing, China) supplemented with 10% 
fetal bovine serum (Biol. Ind., Kibbutz, Beit Haemek, Israel), at 5% CO2 
and 37 ◦C. All experiments were performed with mycoplasma-free cells.

Cell transfection

LPCAT3-overexpressed (LPCAT3 OE) and control (LPCAT3 OE Ctrl), 
and LPCAT3-downknocked (shLPCAT3) and control (shNC) lentivirus 
vectors, were obtained from Gene Tech (Shanghai, China). Over
expression was conducted in SKOV3 and OVCAR3 cells, while knock
down was performed in OVCAR3 cells. Vectors were transfected into 
cells using HiTransG P reagent (Gene Tech). 2.5 μg/mL puromycin 
(Beyotime, Shanghai, China) was added to the medium to remove un
infected cells. Reverse transcription–quantitative polymerase chain 

reaction (RT–qPCR) and western blot were used to verify transfection 
(Fig S1).

Colony formation assay

The colony formation assay was performed on a 6-well plate. 200 
cells were seeded and the number of clones was counted after 14 days.

Cell proliferation assay with EdU staining

An EdU kit (Beyotime) was used to assay cell proliferation. Cells (5 ×
103) were seeded on a 96-well plate, and proliferation was assessed after 
24 h

Wound healing assay

A wound healing assay was used to determine the impact of LPCAT3 
on cell migration. Cells were seeded into a 6-well plate. A linear scratch 
wound was created using a 10-μL pipette tip when the cell confluence 
reached about 95%. Cells were rinsed with phosphate buffer saline to 
eliminate those floating cells, and then cultured 24 h The scratch area 
was measured at the start (0 h) and end (24 h) of the experiment. The 
rate of cell migration was calculated: [(gap at 0 h – gap at 24 h) / gap at 
0 h] × 100%.

Invasion assay

A 8.0-μm pore size transwell insert (Corning Costar, Corning, NY) 
was used. The upper chamber was coated with matrigel (50 μL), and 
incubated at 37 ◦C overnight. Cells (5.0 × 104) were seeded into the 
upper chamber, while the lower chamber contained 600 μL complete 
medium. After 24 h, cells in the lower chamber were fixed with 4% 
paraformaldehyde, stained with methylene blue, and then counted.

Lipidomic analyses using liquid chromatography tandem mass 
spectrometry (LC–MS)

LPCAT3-overexpressed and -downknocked OVCAR3 cells (1.0 × 107 

cells) were stored at − 80 ◦C until LC–MS analyses. Samples were 
transferred to a glass vial for lipid extraction using dichloromethane/ 
methanol (3:1), and cells were ultrasonically ruptured in an ice bath. 
Extracts were kept at − 20 ◦C overnight, centrifuged (4 ◦C, 25,000 g for 
15 min), and then lyophilized. Samples were reconstituted in 120 µL of 
reconstitution solution (isopropanol : acetonitrile : water = 2 : 1 : 1) 
before LC–MS.

Lipid metabolites were detected using an ACQUITY UPLC I-class plus 
(Waters, Framingham, MA) tandem Q-Exactive high resolution mass 
spectrometer (Thermo Fisher Scientific, Waltham, MA) system. A CSH 
C18 column (1.7 μm, 2.1 × 100 mm; Waters) was used. Mobile phase A 
was 60% acetonitrile in 10 mM ammonium formate, with 0.1% formic 
acid; mobile phase B was 90% isopropanol and 10% acetonitrile in 10 
mM ammonium formate, with 0.1% formic acid. The gradient was: 
40–43 % B at 0–2 min, 43–50 % B at 2–2.1 min, 50–54 % B at 2.1–7 min, 
54–70 % B at 7–7.1 min, 70–99 % B at 7.1–13 min, 99–40 % B at 13–13.1 
min, and 40% B at 13.1–15 min.

The conditions for MS were: the spray voltage was 3.8 kV for positive 
mode and 3.2 kV for negative mode, the capillary temperature was 320 
◦C, the rate of sheath gas flow was 40 arb units, the rate of auxiliary gas 
flow was 10 arb units, the mass range (m/z) was 200–2000, the full MS 
resolution was 70,000, the MS/MS resolution was 17,500, the top N 
value was 3, and the stepped normalized collision energy was sequen
tially set to 15, 30 and 45 eV The duty cycle for the analysis was 1.2 s.

Metabolites data were processed with the software LipidSearch v.4.1 
(Thermo Fisher Scientific), and statistical analyses were performed 
using the software metaX (http://metax.genomics.cn) [24]. Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway analysis was used 
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to identify pathways; p < 0.05 was set as significance, and the top 10 
metabolic pathways with the most metabolites were drawn.

Detection of intracellular iron

Intracellular Fe2+ was determined with a colorimetric assay (Elabs
cience, Wuhan, China) after 24 h, and was normalized to the protein 
concentration.

Intracellular reactive oxygen species (ROS)

Intracellular ROS was detected with a dihydroethidium assay 
(BestBio, Shanghai, China) after 24 h

Malondialdehyde measurement (MDA)

Intracellular MDA was measured (Beyotime), and was normalized to 
the protein concentration.

Cell survival after inhibiting apoptosis or ferroptosis

The apoptosis inhibitor Z-VAD-fmk (Z-VAD; 10 μM; Beyotime), or 
ferroptosis inhibitor ferrostatin-1 (Fer; 2 μM; MedChemExpress, 
Shanghai, China) was added to medium. Cell viability was determined 
after 24 h using a CCK8 assay (Glpbio, Montclair, CA).

Determination of prostaglandin E2 (PGE2)

Intracellular PGE2 was detected using an enzyme-linked immuno
sorbent assay (Meike, Yancheng, China).

RT–qPCR

Expression levels of LPCAT3, and secreted, cytosolic and calcium- 
independent phospholipase A2 (sPLA2, cPLA2 and iPLA2) were quan
tified using RT-qPCR. Total RNA was extracted (TRIzol reagent; Glpbio), 
cDNA was synthesized (PrimeScript RT Master Mix; Takara Bio., Shiga, 
Japan), and then qPCR was performed (TB Green Premix Ex Taq II; 
Takara). GAPDH was the reference. The primer sequences were listed in 
Table S3.

Western blotting

LPCAT3, GPX4, epidermal growth factor receptor (EGFR), mecha
nistic target of rapamycin (mTOR), phosphorylated mTOR (p-mTOR), 
serine/threonine kinase (Akt) and phosphorylated Akt (p-Akt) proteins 
were detected with western blot, using rabbit antibodies (Cell Signal. 
Technol., Danvers, MA; Table S4). Bands were analyzed with the soft
ware Image Lab (Bio-Rad Lab., Hercules, CA).

Subcutaneous tumors in nude mice

All animal procedures received the ethical approval from the Insti
tutional Review Board (IACUC–CQMU-2023–0013). Female BALB/c 
nude mice, aged 4–6 weeks and weighed 15–16 g, were randomly 
divided into 4 groups with 5 mice per group: LPCAT3 OE Ctrl, LPCAT3 
OE, shNC and shLPCAT3. Lentivirus-transfected OVCAR3 cells (2.0 ×
106) were subcutaneously injected into the right axilla. Body mass and 
tumor volume (length × width2/2) were followed, and mice were 
euthanized after 6 weeks. LPCAT3 and Ki67 in tumor tissues were 
detected using IHC.

Peritoneal metastasis in nude mice

shNC- or shLPCAT3-transfected OVCAR3 cells (1 × 107) were 
intraperitoneally injected into female BALB/c nude mice (3 mice per 

group). Live imaging was acquired when the tumor was palpable. Mice 
were euthanized after 7 weeks, and intraperitoneal tumor and metas
tasis were observed.

Statistical analyses

The statistics software GraphPad Prism (GraphPad Software, San 
Diego, CA) and SPSS (SPSS Inc., Chicago, IL) were used. Student’s t-test 
and analysis of variance were used for normal-distributed quantitative 
data, while the rank sum test was adopted for nonnormal data. Quali
tative data were analyzed using the chi-square test. Survival curves were 
analyzed with the Kaplan-Meier method; p value and hazard ratio (HR) 
with 95% confidence intervals (CI) were generated using the log-rank 
test and univariate Cox proportional hazards model. The critical value 
was set p < 0.05.

Results

High LPCAT3 level in serous cancer tissues indicated a longer survival time

Bioinformatic data indicated that the mRNA level of LPCAT3 was 
positively correlated with the expression level of ferroptosis-related 
genes and prognosis (Fig. 1A). Analyses on the GSE63885 and 
GSE26193 datasets indicated that the expression level of LPCAT3 in 
serous ovarian cancer was lower than that in other types of epithelial 
ovarian cancer; KM analysis showed that serous ovarian cancer patients 
with a low expression level of LPCAT3 gene in cancer tissues had a 
shorter OS in comparison with those with a high expression level (p =
0.0470, 0.0410) (Figure S1).

LPCAT3 protein in ovarian cancer tissues was assayed. The majority 
of patients were with stage III and IV diseases (127/158), with the 
predominant histological type being serous (114/158). The expression 
level of LPCAT3 correlated with pathological type (p < 0.0001) and 
FIGO stage (p < 0.0001) (Table S1, S2). The percentage of low LPCAT3 
expression was 80.7% in serous cancer, and was 25.0% in other 
epithelial cancers (p < 0.0001) (Fig. 1B, C). In serous cancer, patients 
with low LPCAT3 expression in cancer tissues had a shorter OS 
compared to those with high expression (33 [95% CI, 30.26–37.56] vs. 
47 [95% CI, 40.56–54.40] months; p = 0.0100) (Fig. 1D). These data 
indicated that the LPCAT3 level in serous cancer tissues impacted on the 
survival.

Overexpressing LPCAT3 decreased cell proliferation, migration and 
invasion

The basal expression level of LPCAT3 was low in SKOV3 cells and 
was moderate in OVCAR3 cells. Thus, overexpression was induced in 
both SKOV3 and OVCAR3 cells, and knockdown was induced in 
OVCAR3 cells, which was verified by RT− qPCR and western blot 
(Figure S2, S3). Overexpressing LPCAT3 reduced clone formation, pro
liferation, migration and invasion in SKOV3 (p = 0.0001–0.0074) and 
OVCAR3 cells (p = <0.0001 to 0.0154) (Fig. 2). These data showed that 
overexpressing LPCAT3 decreased proliferation and invasion of ovarian 
cancer cells.

LPCAT3 altered the lipid profile

Given the role of LPCAT3 in lipid metabolism, lipid metabolites were 
determined in LPCAT3-overexpressed and -downknocked OVCAR3 
cells. Of those identified 959 metabolites, the top two abundant me
tabolites were phosphatidylcholine (PC) and PE; the content of total 
lipids in downknocked cells was lower than that in overexpressed cells 
(PC: LPCAT3 OE Ctrl vs. LPCAT3 OE, p = 0.0077; LPCAT3 OE vs. 
shLPCAT3, p = 0.0060. PE: LPCAT3 OE Ctrl vs. LPCAT3 OE, p = 0.0007, 
LPCAT3 OE vs. shLPCAT3, p = 0.0030. Total: LPCAT3 OE Ctrl vs. 
LPCAT3 OE, p = 0.0040, LPCAT3 OE vs. shLPCAT3, p = 0.0010) 
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(Fig. 3A–D). There were 635 differentially expressed metabolites (fold- 
change ≥1.2 or ≤0.83, p < 0.05) between overexpressed and down
knocked cells, where 332 items were up-regulated and 303 items were 
down-regulated (Fig. 3E). KEGG analyses showed that AA metabolism 
was the first-ranked pathway (Fig. 3F). These data indicated that 
LPCAT3 can modulate the profile of lipid metabolites.

Overexpressing LPCAT3 induced ferroptosis and down-regulated the 
survival signaling

PE-AA was analyzed considering its role in ferroptosis [25]. Over
expression of LPCAT3 increased the abundances of PE-AA (p < 0.0100) 
(Fig. 4A). Levels of Fe2+, ROS and MDA were increased in overexpressed 
cells (SKOV3: p =<0.0001 to 0.0249; OVCAR3: p =<0.0001 to 0.0021), 
but that of GPX4 was decreased (SKOV3: p = 0.0249; OVCAR3: p =
0.0036) (Fig. 4B–F). The decrease in cell-survival due to LPCAT3 over
expression was alleviated by Fer, but this effect was not detected after 
using Z-VAD (SKOV3: p = 0.0003; OVCAR3: p < 0.0001) (Fig. 4G).

cPLA2 released AA from cell membranes; cPLA2-mediated signals 
were involved in communication between cancer and endothelial cells 
via the AA-cascade signaling pathway, thereby regulating multiple as
pects of cancer progression including survival, proliferation, apoptosis 
and metastasis [26,27]. PGE2 derived from AA, and promoted cancer 
proliferation and metastasis [28]. The level of cPLA2 was decreased in 
LPCAT3-overexpressed cells (SKOV3: p = 0.0187; OVCAR3: p =

0.0036), and those of AA and PGE2 were decreased (AA: p < 0.0001 for 
each. PGE2: LPCAT3 OE Ctrl vs. LPCAT3 OE, p < 0.0001 for each; shNC 
vs. shLPCAT3, p = 0.0003) (Fig. 5A–D). Western blot indicated that 
levels of p-Akt, p-mOTR and EFGR were decreased after overexpressing 
LPCAT3 (SKOV3: p = <0.0001 to 0.0054; OVCAR3: p = <0.0001 to 
0.0002) (Fig. 5E–G). These data indicated that overexpressing LPCAT3 
increased the amount of PE-AA and down-regulated the survival 
signaling, thereby inducing ferroptosis and reducing cell proliferation.

Downknocking LPCAT3 promoted cell proliferation and invasion via 
activating AKT/mTOR signaling

Downknocking LPCAT3 promoted clone formation, proliferation, 
migration and invasion in OVCAR3 cells (p = 0.0003–0.0057) (Fig. 2). 
The abundance of PE-AA was decreased (p < 0.0001 for each) (Fig. 4A). 
However, no alterations were detected in levels of Fe2+, MDA and GPX4 
(p = 0.0532–0.1005) (Figure 4B− F).

The level of cPLA2 was increased in LPCAT3-downregulated cells (p 
= 0.0017), and those of AA and PGE2 were increased (p < 0.0001 for 
each) (Fig. 5A–D). AA-induced cell migration and invasion was medi
ated by Akt/PI3K and EGFR pathways [29]. Levels of p-mTOR, p-Akt 
and EGFR proteins were increased in LPCAT3-downknocked cells (p =
<0.0001 to 0.0048) (Fig. 5E, F). These data indicated that down
regulating LPCAT3 upregulated the metabolism of AA to increase PGE2, 
thereby activating the survival signaling to promote cell proliferation, 

Fig. 1. Expression of LPCAT3 in serous ovarian cancer. (A) Expression pattern of ferroptosis-related genes in ovarian cancer: a red dot indicated a positive corre
lation, while a blue dot showed a negative correlation (a larger size represented a lower p value for prognosis); data indicated that LPCAT3 was correlated with 
ferroptosis. (B) Representative images of LPCAT3 staining in ovarian cancer tissues: the scale bar was 10 μm. (C) Expression level of LPCAT3: the percentage of low 
expression in serous cancer was higher than that in other cancer type. (D) Correlation between the LPCAT3 expression level and survival in patients with serous 
cancer: patients with high expression in cancer tissues (n = 22) had a longer survival time compared with those with low expression (n = 92).
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Fig. 2. LPCAT3 regulated cellular proliferation, migration and invasion. (A, B) Clone formation: overexpression decreased clone formation but knockdown increased 
clone formation. (C, D) Cell proliferation, (E, F) migration, and (G, H) invasion: these behaviors were increased in LPCAT3-downknocked cells, but were decreased in 
-overexpressed cells. Data were mean ± standard deviation for 3 independent trials. *: p < 0.05.
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migration and invasion.

LPCAT3 impacted cancer growth and metastasis in vivo

In the subcutaneous tumors, the tumor volume was reduced in group 
LPCAT3 OE in comparison with group LPCAT3 OE Ctrl, and the volume 
in group shLPCAT3 was larger than that in group shNC (p < 0.0010 for 
each). Tumor mass displayed the same trend (p = 0.0085–0.0290) 
(Fig. 6A–C). LPCAT3 and Ki67 in tumor tissues were assayed. The 
LPCAT3 level was increased in group LPCAT3 OE, but the Ki67 level was 
decreased (p = 0.0115, 0.0010); opposite effects were detected after 
downknocking LPCAT3, i.e., a lower LPCAT3 with a higher Ki67 levels 
(p = 0.0096, <0.0001) (Fig. 6D–G).

In the peritoneal metastasis model, more metastatic foci were 
observed in group shLPCAT3 compared to group shNC (p = 0.0158) 

(Fig. 6H–J). These data indicated that downregulating LPCAT3 pro
moted cancer growth and metastasis, but that overexpressing LPCAT3 
reduced cancer growth.

Discussion

Ferroptosis can cause cell death and enhance chemotherapy, thereby 
being a strategy to combat cancers including chemoresistant ones 
[30–32]. Here demonstrated that serious ovarian cancer patients with 
high LPCAT3 expression in cancer tissues had a longer survival time, and 
that up-regulating LPCAT3 induced ferroptosis to decrease cell prolif
eration, migration and invasion. Therefore, LPCAT3 played a part in 
cancer progression.

Integration of PUFA into membrane PL was necessary for LPO to 
induce ferroptosis. PUFA-PL reacted with Fe2+, increasing the amount of 

Fig. 3. Lipid profiles in LPCAT3-overexpressed and -downknocked OVCAR3 cells. (A) Classification of lipid metabolites. (B, C) Intensities of PC and PE: both were 
increased in overexpressed cells. (D) Total lipids: the content was increased in overexpressed cells. (E) Volcano plot of differential metabolites. (F) Metabolic pathway 
enrichment: AA metabolism ranked the first. *: p < 0.05.
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PUFA-PL-OOH to enhance LPO [33]. Fe2+ and H2O2 generated hydroxyl 
radicals (⋅OH) and superoxide radicals (⋅O2) i.e., the Fenton reaction, 
and those ROS caused LPO [34]. Here LPCAT3 altered the lipidomic 
profile in ovarian cancer cells. LPCAT3 involved in acylation of AA to 
membrane PL [35,36]. Lipidomics indicated that overexpressing 
LPCAT3 increased the amount of PE-AA, being consistent with data of 
Conrad et al. [37]. PE-AA was oxidized under Fe2+, thereby triggering 
ferroptosis [38]. GPX4 can scavenge lipid ROS; thus a decrease favored 
ferroptosis [39]. MDA was the product of PUFA peroxidation. Increases 
in levels of Fe2+, ROS and MDA, and a decrease in GPX4 demonstrated 
ferroptosis in LPCAT3-overexpressed cells. Occurrence of ferroprosis 

was confirmed by Fer increasing the cell-survival percentage. cPLA2 
released AA from membrane PL [40,41]. Overexpressing LPCAT3 
down-regulated cPLA2, thereby reducing amounts of free AA and PUFA. 
This was consistent with data of Koundouros et al. [26]. These effects 
eventually increased the accumulation of oxidized PE-AA in cell mem
branes to initiate ferroptosis, and ferroptosis was amplified by higher 
levels of Fe2+ and ROS and a low level of GPX4. Levels of EGFR, p-Akt 
and p-mTOR were decreased in overexpressed cells. EGFR/AKT/mTOR 
was the survival signaling [42]. AA was the precursor for synthesizing 
PGE2, the reduction in AA decreased the PGE2 level, and 
EGFR/AKT/mTOR was the downstream signal pathway of PGE2. Thus, 

Fig. 4. LPCAT3 induced ferroptosis via AA pathway. (A) Intensities of PE‒AA: the intensity was increased in overexpressed cells. (B‒‒D) Intracellular levels of ROS, 
Fe2+ and MDA: higher levels were detected in overexpressed cells. (E, F) GPX4: the expression level was reduced in overexpressed cells. (G) Cell-survival percentages 
after adding Fer or Z-VAD: Fer increased the survival percentage in LPCAT3-overexpressed cells. Data were mean ± standard deviation for 3 independent trials. *: p 
< 0.05.
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overexpressing LPCAT3 enhanced ferroptosis and decreased survival 
signaling, thereby suppressing cell proliferation and invasion.

The level of PE-AA was decreased in LPCAT3-downknockded cells. In 
vitro cell proliferation, migration and invasion were promoted. How
ever, features of Fe2+, ROS, MDA and GPX4 did not support a reduction 
on ferroptosis. Therefore, enhancement of these invasive behaviors was 
due to other mechanisms. The cPLA2 level was decreased in LPCAT3- 
downknockded cells, which increased the level of free AA. More AA 
increased the level of PGE2. PGE2 can activate the survival signal 

pathway EGFR/Akt/mTOR to favor cell proliferation and invasion [28,
43]. These were consistent with the present data that levels of AA, PGE2, 
EGFR, p-Akt and p-mTOR were up-regulated in downknocked cells.

In vivo data confirmed the role of LPCAT3 in ovarian cancer. Over
expressing LPCAT3 reduced the tumor volume/mass, but suppressing 
LPCAT3 increased the tumor burden. The Ki67 level in tumor tissues 
that reflected cell proliferation was inversely correlated with that of 
LPCAT3. In the peritoneal metastasis model, downknocking LPCAT3 
enhanced metastasis, being consistent with enhanced cell migration and 

Fig. 5. Downknocking LPCAT3 promoted proliferation and metastasis of serous ovarian cancer via activating the AKT/mTOR signaling pathway. (A, B) cPLA2: the 
expression level was decreased in LPCAT3-overexpressed cells, but was increased in -downknocked cells. (C) PUFA: intensities of certain items were decreased in 
overexpressed cells, but were increased in downknocked cells. (D) PGE2 level: a lower level was noted in overexpressed cells, but a higher level was detected in 
downknocked cells. (E‒‒G) Expression of EGFR, Akt, and mTOR: downknocking LPCAT3 activated EGFR/Akt/mTOR pathway, but overexpressing LPCAT3 led to 
opposite effects. Data were mean ± standard deviation for 3 independent trials. *: p < 0.05.
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invasion in vitro; a decrease on body mass was observed in group 
shLPCAT3, which was mainly due to more rapid growth and spread of 
tumors.

Conclusions

LPCAT3 impacted on the behaviors of serous ovarian cancer; patients 
with high expression in cancer tissues had a longer survival time. 
LPCAT3 modulated AA metabolism. Overexpression favored the for
mation of PE-AA in cell membrane to induce ferroptosis and decreased 
EGFR/Akt/mTOR signaling, thereby suppressing cell proliferation, 

migration and invasion. Downkncoking LPCAT3 increased the PGE2 
level, activated EGFR/Akt/mTOR signaling, and eventually promoted 
cell proliferation, migration and invasion. Therefore, LPCAT3 was a 
target for treatment of serious ovarian cancer.
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Fig. 6. LPCAT3 regulated cancer proliferation and metastasis in vivo. (A–C) Subcutaneous tumors in mice: tumor growth was reduced in group LPCAT3 OE, but was 
enhanced in group shLPCAT3. (D–G) Expression of LPCAT3 and Ki67 in tumor tissues: the level of Ki67 was inversely correlated with that of LPCAT3. (H–J) 
Intraperitoneal metastasis: more foci were noted in group shLPCAT3; pathological examinations confirmed liver and intestinal metastasis; a decrease on body mass 
was observed in group shLPCAT3. Data were mean ± standard deviation. *: p < 0.05.
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