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The protumorigenic enzyme GPAT2 inhibits =
arachidonic acid-triggered apoptosis in breast
cancer
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Abstract

Background Cancer is a significant health challenge and the leading cause of mortality globally. Tumor cells use
multiple mechanisms to acquire their distinctive capacity for uncontrolled proliferation, one of which is the evasion
of apoptosis. It has been shown that in breast, colon, and liver cancer, evasion of apoptosis is associated with the
overexpression of enzymes that metabolize arachidonic acid (AA) because free AA is a strong inducer of apoptosis.
Glycerol—-3-phosphate acyltransferase 2 (GPAT2) is a key enzyme in AA metabolism and is highly expressed in breast
and colon cancer, where it promotes the development of essential tumor features.

Methods In this work, a model of GPAT2 silencing in the human breast cancer-derived cell line MDA-MB-231 was
used, and the cells were exposed to exogenous AA. The role of GPAT2 in AA-induced cell death was studied using
MTT and TUNEL assays and measurements of caspase activity. The underlying molecular mechanism of cell death was
assessed by gRT-PCR.

Results The results showed that AA reduced cell viability only in GPAT2-silenced cells, and that this cell death was
a consequence of an apoptotic process involving BNIP3 overexpression. Additionally, it was demonstrated that
GPAT2 silencing triggered a compensatory mechanism by overexpressing other genes involved in AA utilization for
eicosanoid biosynthesis.

Conclusions We concluded that GPAT2 expression is necessary to prevent AA-induced apoptotic cell death in
MDA-MB-231 cells and that the overexpression of other AA-metabolizing genes is not sufficient to compensate for
the lack of GPAT2 and prevent apoptosis.
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Introduction

The World Health Organization reports that breast can-
cer is the most common cancer worldwide and the pri-
mary cause of cancer-related deaths among women.
Prevention and early diagnosis are recognized as the
most effective strategies for cancer control. Conse-
quently, the study of new tumor markers has gained sig-
nificant attention. In our laboratory, we demonstrated
that GPAT?2 is highly expressed in several types of cancer,
including melanoma, lung, prostate and undifferentiated
breast carcinomas [1].

Glycerol-3-phosphate acyltransferase (GPAT) enzymes
catalyze the first step in the de novoglycerolipid synthesis
pathway, the acylation of glycerol-3-phosphate by long-
chain fatty acyl-CoA. Four isoforms of GPATs are known.
GPAT]1, 3 and 4 are expressed in lipogenic organs and use
saturated or monounsaturated acyl-CoAs as substrates.
GPAT2 is detected in normal male germline cells and
in several cancers and is the only isoform that uses the
polyunsaturated w-6 fatty acid arachidonic acid (AA) as
a substrate [1, 2]. Due to its particular expression pattern
GPAT2 has been classified as a member of the ‘cancer-
testis genes; a group of genes primarily expressed in sper-
matogenic cells, with minimal or no expression in normal
somatic tissues. At protein level GPAT?2 is expressed in
approximately 37% of human breast adenocarcinomas,
and we have already shown that cancer cells with reduced
GPAT2 expression show decreased proliferation, migra-
tion, and tumorigenic potential in mouse xenograft
models, as well as an increased sensitivity to staurospo-
rine-induced apoptosis [1].

AA and the eicosanoids generated as a result of AA
metabolism play crucial roles in cancer development.
Intracellular free AA is a potent inducer of apoptosis, and
metabolic pathways that decrease AA serve as preven-
tive mechanisms against cell death [3-6]. For this reason,
drugs [7] and natural products that inhibit the AA path-
way have been proposed as therapeutic agents for various
cancer types [8].

Cellular AA can be metabolized through two pathways.
The first involves the synthesis of eicosanoids, a process
catalyzed by enzymes belonging to the cyclooxygen-
ase (COX), lipoxygenase (LOX), and cytochrome P450
enzyme families. The second pathway leads to glycero-
lipid synthesis and involves enzymes from the long-chain
acyl-CoA synthetases (ACSL) family, GPAT2 and AGPAT
isoforms, and phospholipid remodeling enzymes [9].

One of the key characteristics of tumor cells is their
ability to evade apoptosis, which is one of the hallmarks
of cancer [10]. Studies investigating the correlation
between these enzymes and cancer have revealed the
overexpression of COX and LOX enzymes in various
tumors, and researchers have been exploring inhibitors
of these pathways for their potential antitumor effects [6,

Page 2 of 10

11]. Furthermore, overexpression of ACSL4 (an isoform
specifically involved in AA activation) has been observed
in breast and colon cancer and is related to the protec-
tion of tumor cells from AA-induced apoptosis. [6, 12,
13]. These findings underscore the importance of regu-
lating intracellular free AA levels for cancer cell survival.
Given the involvement of GPAT2 in AA metabolism and
its particular pattern of expression, exploring the role of
GPAT?2 in tumor cells is crucial for comprehending the
molecular mechanisms that connect AA to the tumori-
genic process.

This work aimed to investigate the impact of GPAT2
on cell viability and apoptosis activation pathways trig-
gered by AA treatment. We hypothesize that GPAT2
expression in breast cancer cells is essential for prevent-
ing apoptosis induced by AA. Specifically, we propose
that silencing GPAT2 will lead to increased AA-induced
apoptosis through the upregulation of proapoptotic fac-
tors highlighting the critical role of GPAT2 in maintain-
ing cancer cell viability and contributing to tumorigenic
processes in breast cancer.

Methods

Material and reagents

All the chemicals were purchased from Sigma unless oth-
erwise indicated.

Cell lines and culture conditions

Human breast adenocarcinoma MDA-MB-231 cells
were purchased from the American Type Culture Col-
lection (ATCC, Manassas, VA, USA). The MDA-MB-231
cell line was selected because of its high GPAT2 expres-
sion. Cell lines stably expressing a small hairpin RNA
targeting GPAT2 mRNA (shRNA-GPAT2) (HuSH-29
plasmid, OriGene) or a non-silencing scrambled RNA
(shRNA-scr) were generated in our laboratory, as we
previously reported [1], to generate sh-MDA (reduced
GPAT?2 expression) and scr-MDA (retaining GPAT?2
expression) cell lines. The cells were grown at 37 °C in
a 5% CO2 atmosphere with 98% relative humidity and
were routinely cultured in Dulbecco’s modified Eagle’s
medium (DMEM, Gibco) supplemented with 10% FBS
(Natocor, Argentina), 100 U/ml penicillin and 100 pg/ml
streptomycin. GPAT2 knockdown was routinely assessed
by quantitative real-time PCR (QRT-PCR) with the most
recent validation shown in Fig. 1 of the Supplementary
Material.

Quantitative real-time PCR

Total RNA was isolated from cell lines using TRIzol (Life
Technologies) following the manufacturer’s instruc-
tions, and RNA quality was determined by gel electro-
phoresis and 260/230 and 260/280 nm OD ratios. One
microgram of RNA was used for cDNA synthesis via an
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iScript cDNA synthesis Kit (Bio-Rad). A 1:2 ¢cDNA dilu-
tion was used for qRT-PCR with iTaq Universal Sybr
Green SuperMix (Bio-Rad). The following primers were
designed for amplification:

AKR1C3

forward primer: GTACAAGCCTGTCTGCAACC.
reverse primer: AGACAAACGATGGGTGGACC.
ALOX5

forward primer: GGATGGACGCGCAAAGTTGG.
reverse primer: CCTTGTGGCATTTGGCATCG.
EPHX2

forward primer: TGCCCAGAGGACTTCTGAATG.
reverse primer: GCAGACTTTAGCGGTCTCGG.
PTGS2

forward primer: CGGTGAAACTCTGGCTAGACAG.
reverse primer: GCAAACCGTAGATGCTCAGGGA.
BNIP3

forward primer: CAGGGCTCCTGGGTAGAACT.
reverse primer: CTACTCCGTCCAGACTCATGC.
BNIP3L

forward primer: TTCTCACTGTGACAGCCCTT.
reverse primer: AGTCTGATACCCAGTCCGCA.
TNFRSF21

forward primer: GTGACTCTACATCCAGCGGC.
reverse primer: TCTTCAATCACCCGCAGCTC.

The thermal profile was 95 °C for 1 min, followed by 40
cycles of 95 °C for 20 s, 61 °C for 50 s and 60 °C for 30 s
on a Stratagene Mx3000P apparatus. RNA expression
was quantified in triplicate using the AACt method and
normalized to that of TBP or B-actin housekeeping genes
using Qbase software.

Arachidonic acid treatment

AA stock solution (50 mM) was prepared using AA
(Sigma sodium salt) complexed with fatty acid-free BSA
at a 2:1 ratio and diluted with a routine medium at the
final concentration indicated in each experiment. A con-
trol was generated using fatty acid-free BSA diluted in
PBS under the same conditions. The culture medium was
changed every day.

Cell proliferation assay

Cell proliferation was assessed by reducing the MTT
(3-4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) reagent [14]. Fifteen thousand scr-MDA or sh-
MDA cells were seeded in 48-well plates and cultured
in routine medium supplemented with 50 or 100 puM
AA (Sigma sodium salt) or in PBS (control) for 24—48 h.
Viability was measured by adding 200 pL of 1/10 MTT
stock solution (5 mg/ml in PBS, pH 7.5) to each well at
the indicated time points and incubating for 4 h at 37 °C
in the dark. Then, 250 pL of solubilizing solution (0.04 M
HCI in isopropanol) was added to each well, and the
mixture was incubated for 20 min at room temperature.
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Finally, the absorbance of the plates was read at 560 nm
and 640 nm for background subtraction using a Beck-
man Coulter Multimode microplate reader (DTX-880).
Six wells per condition in three independent experiments
were analyzed.

Apoptosis detection TUNEL assay

Apoptotic DNA fragmentation was detected using a
TUNEL assay. Briefly, sh-MDA and scr-MDA cells were
seeded in triplicate on coverslips, placed in 6-well plates
and allowed to grow in a routine medium until the cell
density reached 70% confluence. Then, the cells were
treated with 100 uM AA (Sigma, sodium salt) or PBS
(control) for 48 h. A terminal deoxynucleotidyl transfer-
ase-mediated dUTP (29-deoxyuridine 59-triphosphate)-
digoxigenin nick end labeling (TUNEL) assay was
performed on cultured cells using an In Situ Cell Death
Detection Kit (Roche) according to the manufacturer’s
instructions. Finally, the coverslips were mounted on
slides and stained with hematoxylin. The percentage of
apoptotic cells was determined by counting the number
of apoptotic (TUNEL-positive) and nonapoptotic cells
across thirty 40X randomly selected fields using an opti-
cal microscope (Nikon, E100).

Caspase activity assay

Caspase activity in cell culture was measured using the
Caspase Substrate Colorimetric Kit (Abcam ab102486).
sh-MDA cells were grown in 100 mm plates in a routine
medium supplemented with 100 pM AA (Sigma sodium
salt) or PBS (control) for 48 h, after which caspase 1,
2, 3, 5, 6, 8, and 9 activities were measured via a Beck-
man Coulter Multimode microplate reader (DTX—-880)
according to the manufacturer’s instructions at 405 nm.
Staurosporine (1 uM, 0.01% final concentration of
DMSO) was used as a positive control for caspase-3
activity and was added to the culture medium for 16 h.
Three independent experiments were analyzed.

Statistical analysis

Differences between the control and silenced cells were
analyzed by Student’s t-test or ANOVA test. Results were
considered significant at the 5% level. All the statisti-
cal analysis and the graphs presented were done using
GraphPad Prism software ((Windows version 7.01).

Results

Arachidonic acid reduces cell viability and triggers
apoptosis exclusively in cells in which GPAT2 is silenced
The regulation of cellular AA levels plays a critical role
in the survival and proliferation of mammalian cells.
This is because elevated levels of AA increase apoptosis,
whereas metabolic pathways that decrease the concentra-
tion of unesterified AA have the potential to inhibit this
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Fig. 1 Concentration-dependent induction of AA-related cell death in GPAT2-silenced cells. scr-MDA and sh-MDA cells were grown in 10% FBS DMEM
supplemented with 50 or 100 uM AA for 24-48 h before the cell proliferation rate was measured via an MTT proliferation assay. The values represent the

means+SDs of 3 independent experiments (***P<0.001, **P<0.01)
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Fig. 2 AA induces apoptosis only in GPAT2-silenced cells. scr-MDA and
sh-MDA cells were treated with 100 pM AA for 48 h, and the percentage
of apoptotic cells was determined by counting the number of apop-
totic and nonapoptotic cells via a TUNEL assay and hematoxylin staining
(***P<0.001)

process. To determine the role of GPAT2 in AA-induced
cell death, scr-MDA and sh-MDA cells were treated
with 50 or 100 uM AA for 24—48 h, and cell viability was
assessed using the MTT assay. In a concentration-depen-
dent manner, AA significantly decreased cell survival
only in the GPAT2-knockdown cells (sh-MDA; Fig. 1), in
which the percentage of viable cells decreased to 52.9%
after incubation with 100 uM AA for 48 h.

To determine whether sh-MDA cell death occurred
through apoptosis both, scr-MDA and sh-MDA cells
were treated with 100 uM AA for 48 h and the percent-
age of apoptotic cells was quantified using a TUNEL
assay (Fig. 2). The results showed that in sh-MDA cells,
the percentage of apoptotic cells increased 4-fold after
AA treatment, whereas no difference was found in the
percentage of GPAT2-expressing cells (scr-MDA).

Considering that AA triggers apoptosis in MDA-
MB-231 cells only in the absence of GPAT2, we ques-
tioned which apoptotic pathway was activated by AA in
sh-MDA cells and whether other enzymes able to convert
AA into proapoptotic products were expressed in sh-
MDA cells.

In sh-MDA cells, AA-induced apoptosis involves BNIP3
overexpression

Caspase activation plays a central role in the execution of
apoptotic cell death, and the TUNEL assay determined
that only GPAT2-silenced cells were affected by AA.
To evaluate the apoptotic pathway, sh-MDA cells were
treated with 100 pM AA for 48 h and caspase activities
were measured using a colorimetric assay. The results
showed that AA significantly increased the activity of
all caspases evaluated (Fig. 3), including those related to
apoptosis (caspases 2, 8, 9, 3, and 6) and those involved
in inflammatory processes (caspases 1 and 5). Consider-
ing the results for caspase—3, AA exerted a more potent
effect than staurosporine.

It has already been reported that AA can promote
apoptosis in cancer models through a number of dif-
ferent mechanisms, such as activating caspases and
other proapoptotic enzymes, increasing the production
of potentially cytotoxic lipid peroxides and interact-
ing with proapoptotic proteins of the Bcl-2 family, and
altering mitochondrial permeability [3, 15]. In particu-
lar, the expression levels of the proapoptotic Bcl-2 fam-
ily member BNIP3, its functional homolog BNIP3L and
the cell death surface receptor TNFRSF21 were assessed.
Treatment of sh-MDA cells with 100 uM AA for 48 h
significantly increased only BNIP3mRNA levels, which
is consistent with our previous finding that AA induces
apoptosis in these cells (Fig. 4).
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Fig. 3 AAincreases the activity of several caspases in GPAT2-silenced cells. sh-MDA cells were treated with 100 uM AA for 48 h, and the activity of cas-
pases 1,2, 3,5,6,8and 9 was quantified using the colorimetric assay kit described in the Materials and Methods section. Staurosporine (ST) was used as
a positive control for caspase-3 activation. The results are expressed as the mean +SD of 3 independent experiments (***P<0.001)
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Fig.4 Arachidonic acid increases the mRNA expression of the proapoptotic gene BNIP3. sh-MDA cells were treated with 100 uM AA for 48 h, after which
BNIP3, BNIP3L and TNFRSF21 mRNA levels were analyzed via gRT-PCR. The values represent the means + SDs of 3 independent experiments (***P<0.001)
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GPAT2 silencing changes AA metabolism-related gene
expression

In breast cancer, AA-derived eicosanoids and their down-
stream pathways have been implicated in cell growth
control and apoptotic pathways [13]. To understand the
relationship between GPAT2 expression and AA-induced
apoptosis in sh-MDA cells the mRNA expression levels
of genes involved in arachidonic acid utilization and eico-
sanoid biosynthesis, such as AKRIC3 (encoding pros-
taglandin F synthase), ALOXS (encoding arachidonate
5-lipoxygenase), EPHX2 (encoding epoxide hydrolase
2) and PTGS2 (prostaglandin-Endoperoxide Synthase
2), were measured. We selected these genes taking into
account our previous result from a microarray assay
conducted on sh-MDA and scr-MDA cell lines, which
showed differential expression of them [32]. Quantita-
tive PCR results showed that sh-MDA cells significantly
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overexpressed the ALOXS, EPHX2 and AKRIC3 genes,
while the PTGS2 gene expression decreased significantly,
which could increase the vulnerability of sh-MDA cells to
the action of these gene products (Fig. 5).

This observation suggested that GPAT2 expression is
not only pivotal for preventing apoptosis triggered by
free AA but also influences the expression of other AA-
metabolizing genes.

Although mRNA levels do not always correlate with
the amount of synthesized protein this measurement
serves as an initial approach to understanding the poten-
tial effects of GPAT?2 silencing on the expression of genes
involved in eicosanoid biosynthesis.

On the other hand, AA exposure did not affect the
expression levels of these genes in GPAT2 expressing
cells, (Supplementary Material Fig. 2)

Arachidonic acid metabolism gene expression
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Fig. 5 GPAT2 silencing alters the mRNA expression of genes involved in arachidonic acid metabolism. Total RNA was extracted from scr-MDA and sh-
MDA cells, subjected to cDNA synthesis, and amplified via gRT-PCR with primers for human PTGS2, ALOX5, AKR1C3 and EPHX2. The values represent the
means+SDs of 3 independent experiments (***P<0.001, **P<0.01)
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Discussion

The primary finding of the present study was that
GPAT?2 enables breast cancer cells to evade AA-induced
apoptosis.

Avoiding cell death by apoptosis is one of the hallmarks
of cancer proposed by Douglas Hanahan in 2000 [10].
These original hallmarks of cancer have been reviewed
and currently include several advantageous biological
features acquired by cancer cells during the multistep
development of human tumors [16, 17].

The relationship between AA and apoptosis is complex,
and AA is reported to be either a proapoptotic or anti-
apoptotic signal, depending on the context and the spe-
cific signaling pathways involved. AA promotes apoptosis
by activating certain enzymes, such as caspases, which
are apoptotic effectors [3] or by inducing mitochondrial
permeability transition [18]. Additionally, AA enables the
production of reactive oxygen species, inducing apopto-
sis by damaging cellular components [19]. Conversely,
AA also exerts antiapoptotic effects by triggering spe-
cific survival signaling pathways, such as the PI3K/Akt
pathway [20, 21]. Additionally, AA can be converted into
other bioactive lipids, such as prostaglandins and leu-
kotrienes, which can have both pro- and antiapoptotic
effects depending on their specific cellular targets and
downstream signaling pathways [22].

However, there are certain types of tumors, such as
breast and colon adenocarcinomas, in which it is well-
known that exogenous AA induces apoptosis. These
tumors overexpress the AA-utilizing enzymes ACSL4
and PTGS2. Because a high cellular level of unesterified
AA is a general mechanism by which apoptosis is acti-
vated, the overexpression of these enzymes promotes
carcinogenesis by lowering the level of this fatty acid [3,
13]. Moreover, GPAT?2 is overexpressed in breast (MDA-
MB-231) and colon (HCT-116) cancer cell lines and, at
the protein level, in human mammary adenocarcinomas
of a higher histological grade [1]. Additionally, in a physi-
ological context, GPAT?2 is highly expressed in pachytene
spermatocytes, and silencing Gpat2 in the mouse testis
leads to reduced fertility and the overexpression of sev-
eral genes involved in apoptotic pathways [23]. Because
some of the overexpressed genes belonged to the BLC2
family or membrane receptor family, the expression
levels of BNIP3, BNIP3L and TNFRSF21 were studied.
As previously mentioned, AA treatment significantly
increased BNIP3 mRNA levels. BNIP3 (BCL2/adenovi-
rus E1B 19 kDa protein-interacting protein 3) belongs
to the proapoptotic subfamily of proteins and is able to
target mitochondria and cause apoptotic changes, such
as a decrease in the membrane potential and the release
of cytochrome c. The release of cytochrome ¢ from mito-
chondria is one of the key events in apoptosis because
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cytochrome c can activate procaspase 9 and downstream
caspases that amplify the death process [24-26].

BNIP3 plays a significant role in the regulation of cell
death in many cancers, and its overexpression can be
induced by various stimuli, including hypoxia and cer-
tain signaling pathways [26-28]. When BNIP3 is overex-
pressed or induced by stress stimuli, it localizes to the
mitochondrial membrane through its transmembrane
domain, leading to an increase in ROS, the opening of the
mitochondrial permeability transition pore, and the loss
of mitochondrial membrane potential. BNIP3 expression
has also been associated with the response to chemother-
apy in glioma cells [29] and leukemic cells [28]. Several
studies have proposed that restoring BNIP3 expression
could increase the sensitivity of different tumor cells to
chemical treatment [28]. However, regarding the par-
ticular effect of fatty acids on BNIP3 expression, only a
limited number of studies have been performed, and the
results are dependent on the fatty acid studied and the
cell type. For instance, in PC12 rat pheochromocytoma
cells and in rat cortical cells, palmitic acid treatment
increased BNIP3 expression and apoptosis, while DHA
alone did not alter BNIP3 mRNA levels [30, 31].

In this study, AA treatment significantly increased
BNIP3 expression (2.6-fold) in sh-MDA cells, potentially
leading to an increase in caspase activity and explaining
the proapoptotic effects of AA in GPAT2-silenced cells.

AA plays important roles in cell metabolism and is rap-
idly incorporated into the cell membrane phospholipids
of mammalian cells or used as an eicosanoid precur-
sor. Due to the potent biological actions of eicosanoids,
cells maintain very low levels of AA by promoting their
esterification into cell lipids. In a previous study of our
group, sh-MDA cells exposed to 50 pM AA for 3 days
were shown to overexpress AGPAT11 (the product of the
LPCAT?2 gene), another AA-metabolizing acyltransfer-
ase [32]. In this study, considering the results observed
for cell viability, the expression levels of 4 genes encoding
eicosanoid-producing enzymes were evaluated: PTGS2
(prostaglandin-Endoperoxide Synthase 2, or COX-2),
ALOX5 (arachidonate 5-lipoxygenase), AKR1C3 (aldo-
keto reductase family 1 member C3), and EPHX2 (epox-
ide hydrolase 2).

Eicosanoids comprise several hundred individual mol-
ecules, and their role in the regulation of apoptosis has
been extensively studied in the context of tumorigenesis
and cancer as well as in noncancerous tissues [33]. Eico-
sanoids can induce apoptosis through both extrinsic and
intrinsic pathways [33], and variations in the levels and
activity of enzymes that convert AA may lead to differ-
ences in the cellular concentrations of eicosanoids [34].
Accordingly, ACSL4 was shown to regulate the breast
cancer cell phenotype through the products of ALOX5
and PTGS2 in the MDA-MB-231 and MCF-7 cell lines
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[13]. In a colon cancer model, overexpression of both
ACSL4 and PTGS2 led to a synergistic antiapoptotic
effect [3], whereas hypoxia-related PTGS2 upregula-
tion was associated with an increase in prostaglandin
E2 levels [35]. In our GPAT2-silencing model, AA treat-
ment significantly increased the activity of caspases in
both the intrinsic and extrinsic pathways, as well as those
associated with inflammatory processes. In addition, in
sh-MDA cells, PTGS2 expression decreased 1.8-fold,
ALOX5 expression increased 47-fold, AKR1C3 expres-
sion increased 4.9-fold and EPHX2 expression increased
14-fold. Although additional experiments are needed to
determine the contribution of eicosanoids to the apop-
totic process, changes in the expression levels of these
AA-metabolizing enzymes may also explain the observed
differences in cell survival in our sh-MDA cell model.
(Additional information about the expression of these
enzymes in breast cancer is included in the Supplemen-
tary Material).

The metabolic differences between tumor and non-
tumor cells represent attractive targets for antican-
cer therapy. Our results, as well as those reported from
other research groups, support the idea that alterations
in the expression levels of enzymes involved in AA meta-
bolic pathways impact cell survival [3, 13]. In this work,
the effect of AA treatment on cell survival was studied
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in different GPAT2 expression contexts. It is proposed
that, similar to other overexpressed enzymes involved
in AA metabolism in tumors, GPAT2 is necessary to
evade apoptosis induced by free AA. In cells express-
ing GPAT2 (scr-MDA), most of the AA is esterified into
triacylglycerols, decreasing the level of this pro-apoptotic
agent. While when GPAT2 expression is silenced, MDA-
MB-231 cells compensate for its absence by overexpress-
ing other enzymes capable of utilizing AA as a substrate,
such as AGPAT11, ALOX5, AKR1C3, and EPHX2. This
leads to metabolic reprogramming that allows cells
to survive when AA levels are lower (routine culture
medium). However, under conditions of high concentra-
tions of AA, these enzymes cannot fully compensate for
the absence of GPAT?2; and as a result, the eicosanoids
produced, the overexpression of BNIP3, or both leads to
apoptosis in sh-MDA cells (Fig. 6).

Study strengths and limitations

The greatest strength of this study is the assessment of
the role of GPAT2 in AA metabolism in triple negative
breast cancer. The use of the well-characterized MDA-
MB-231 breast cancer cell line, which enabled precise
manipulation of GPAT2 expression, allowed a detailed
examination of its role in AA-induced apoptosis. The
employment of diverse and complementary assays,
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Fig. 6 Schematic model of arachidonic acid-induced apoptosis in GPAT2-silenced cells. The cellular level of unesterified arachidonic acid is a general
mechanism by which apoptosis is regulated, and GPAT2 promotes carcinogenesis by decreasing this level. In scr-MDA cells, GPAT2 esterifies arachidonoyl-
CoA to glycerol—-3-phosphate, allowing these cells to survive AA treatment. Instead, sh-MDA cells overexpress eicosanoid-producing enzymes, and AA
increases BNIP3 expression, which leads to apoptosis in GPAT2-silenced cells. (cyt. C: cytochrome C, AA: arachidonic acid)
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such as MTT, TUNEL, and caspase activity measure-
ments, provided robust and comprehensive data. Fur-
thermore, the exploration of molecular mechanisms
through qRT-PCR analysis enriched the understanding of
GPAT?2’s function in apoptotic pathways. In breast can-
cer research, it is common to use more than one cell line
model, and another frequently used model is the MCF7
cell line. Although MCEF7 cells do not express GPAT2
[1], they also lack caspase-3 [36], one of the key caspases
involved in AA-induced apoptosis [3, 5, 18]. For this rea-
son, we did not consider this cell line appropriate for our
studies.

The study also has some limitations. The in vitro nature
of the experiments may not fully replicate the complex-
ity of the tumor microenvironment in vivo, which could
affect the cells’ behavior and treatment responses. Future
studies involving animal models and a protein expression
rescue assay are necessary to validate and extend these
findings.

Conclusion

The present study indicates that breast cancer cells lack-
ing GPAT2 expression are more sensitive to AA-induced
apoptosis, suggesting that AA could be considered as
part of the treatment regimen for GPAT2-negative breast
cancers. This finding is particularly relevant given that
approximately 63% of breast adenocarcinomas do not
express GPAT2, and supports our previous results that
implicate GPAT?2 in the regulation of apoptotic pathways
and the development of a tumorigenic phenotype. Uti-
lizing AA in combination with other treatments might
enhance the effectiveness of therapies aimed at inducing
apoptotic cell death in these specific breast cancer sub-
types. Future research should focus on validating this
approach in vivo and exploring its clinical implications to
improve treatment outcomes for patients with GPAT2-
negative breast cancers.

Abbreviations
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