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Abstract

Background and purpose: Breast cancer (BC) is one of the major causes of female cancer-related death.
It has recently been demonstrated that metabolic reprogramming including alteration in lipid metabolism
is indicated in various types of cancer. The enzymes of the acyl-coenzyme A synthetase long-chain family
(ACSLs) are responsible for converting fatty acids to their corresponding fatty acyl-coenzyme A esters
which are essential for some lipid metabolism pathways. ACSL4 is one of the isoforms of ACSLs and has
a marked preference for arachidonic and eicosapentaenoic acids. The objective of this study was to evaluate
ACSL4 expression, its prognostic significance, and its correlation with p53 tumor suppressor in BC patients.
Experimental approach: In this study 55 pairs of fresh samples of BC and adjacent non-cancerous tissue
were used to analyze ACSL4 expression, using real-time polymerase chain reaction and
immunohistochemistry (IHC) staining. The expression of other studied variables was also examined using
the IHC technique.

Findings / Results. ACSL4 expression was significantly higher in BC tissues compared to the adjacent
normal tissue. This upregulation was negatively correlated with Ki-67 and age, and positively correlated
with p53 status. The correlation between ACSL4 and p53 may indicate the role of p53 in the regulation of
lipid metabolism in cancer cells, in addition to its role in the regulation of ferroptosis cell death.

Conclusion and implications. Our results indicated that the expression of ACSL4 may be considered as
a prognostic indicator and potential therapeutic target in BC. However, further studies are needed to confirm
the significance of these findings.
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INTRODUCTION maintenance in cancer cells (3,4). Alteration in
lipid metabolism is also indicated in cancer

Breast cancer (BC) is one of the major and is essential for the increase of

causes of female cancer-related death (1).
It is a global concern and each year nearly
440,000 patients die from BC. Also, it is
estimated that one in every nine females will
be affected once during their lifetime (2).
Various physiological conditions including
hypoxia, reactive oxygen species, and
metabolic  dysfunction promote cancer
progression (3). Metabolic reprogramming in
cancer cells leads to promoting growth,
survival,  proliferation, and long-term
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proliferation, progression, and metastasis (3).
Activation of fatty acids by esterification
with a molecule of coenzyme A (CoA) is pre-
requisite for the metabolism of fatty acids in a
number of lipid metabolism pathways
including lipogenesis, glycerolipid synthesis,
lipidation of proteins, and -oxidation (5,6).
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The enzymes responsible for the conversion
of fatty acids to fatty acyl-CoA esters are
a family of proteins known as fatty acyl-CoA
synthetases (ACS) (7). ACSs are classified
based upon the chain length of their preferred
substrates (short, medium, long, and very
long) (5,6). The Ilong-chain acyl-CoA
synthetase family (ACSLs) is active on
C12-C22 fatty acids. ACSLs contain
five isoforms, ACSL1, ACSL3, ACSL4,
ACSLS, and ACSL6 (6). These isoforms differ
in subcellular localization and substrate
specificity. For example, ACSL4 has a marked
preference for arachidonic acid (20:4)
and eicosapentaenoic acid (20:5) (5,7).
In addition, ACSL4 catalyzes the esterification
of  arachidonoyl and adrenoyl into
phosphatidylethanolamines,  thereby, has
a central role in lipid peroxidation in
ferroptosis related cell death (8).

Furthermore, it has been demonstrated
that ACSL4 is overexpressed in several cancer
cell lines including breast, prostate, colon,
gastric, and liver. Inasmuch as its inhibition
reduces cell invasion and migration
and induces apoptotic cell death, therefore
ACSL4 may be considered as an interesting
therapeutic target in cancer (9).

There is evidence to indicate that metabolic
alterations in cancer are promoted by
activation of oncogenes and loss of tumor
suppressors that leads to an increased nutrient
uptake to provide energetic and biosynthetic
pathways (10). For example, it has been
reported that p53 tumor  suppressor,
also dubbed as the “guardian of the genome",
regulates lipid metabolism through gene
expression or protein-protein interactions (11).
Some studies have also shown that p53,
through increased expression of miR-34
(a tumor suppressor miRNA family), leads to
inhibition of ACSL4 expression (12).

Therefore, we studied the expression of
ACSLA4 in pairs of BC and adjacent normal
tissues to investigate the correlation between
p53 (wild-type and mutant) status and ACSL4
expression to further the understanding of p53
influence in metabolic regulation of cancer.
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MATERIALSAND METHODS

Human breast cancer specimens

Fifty-five pairs of human BC and adjacent
normal  tissue  were  obtained  from
the Ordibehesht Hospital in Isfahan, LR.
Iran from patients undergoing surgical
resection during 2016 to 2017. After resection,
all the samples were frozen immediately in
liquid nitrogen and stored at -80 °C prior to
RNA extraction. The histological data of
tumors including histology, tumor size, grade,
and stage were confirmed by a pathologist.
This study was approved by the Ethics
Committee of Isfahan University of Medical
Sciences under the ethical code: 396510
and informed consent was obtained from all
patients.

Quantitative
reaction

Total RNA of fresh frozen samples was
extracted using the BioFACT™ Total RNA
Prep Kit (Ver.2.0, BioFACT, Daegjeon, Korea)
according to the manufacturer’s protocol.
Thereafter, the quality and quantity of mRNA
were confirmed by gel electrophoresis and
Nanodrop (ODs 260 and 280 nm),
respectively. At the reverse transcription step,
the RNA was used for cDNA synthesis using a
BioFact™ RT-Kit (BioFACT, Daejeon,
Korea) as directed by the manufacturer in a 20
pL reaction mixture including 1 pL oligo dt
primer, 1 pL random hexamer primer, 9 pL
RNA, and 9 pL. master mix, this mixture was
then incubated at 50 °C for 60 min and 95 °C
for 5 min. The generated cDNA was subjected
to SYBR green-based standard quantitative
real-time polymerase chain reaction (RT-PCR)
analysis (BioFACT™ 2X Real-Time PCR
master mix, For SYBR green [; BioFACT,
Daejeon, Korea) on an ABI StepOnePlus RT-
PCR system (Applied Biosystems, USA).
Beta-actin was used as an internal control to
normalize the RNA input. The sequences of
the primers used indicated in Table 1. Primers
were designed with Allele ID software version
7.6 (Premier Biosoft, USA) and NCBI BLAST
was used to check for Primer Specificity.

realtime polymerase chain
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Table 1. The sequences of the primers used in the study.

Genes Forward sequences Rever se sequences
ACSL4 5"-AGAATACCTGGACTGGGACCGAAG -3 5-TGCTGGACTGGTCAGAGAGTGTAA-3’
p-actin 5-GTTGTCGACGACGAGCG-3’ 5-GCACAGAGCCTCGCCTT-3"

The RT-PCR reaction was performed in
three steps. Step one included the activation of
the enzyme at 95 °C for 15 min. Step two
consisted of 40 cycles of denaturation at 95 °C
for 20 s, annealing at 60 °C for 30 s, and
extension at 72 °C for 30 s. The melting curve
was generated in step three and at the end of
each examination to confirm if a single
product was amplified and included the range
of 60 °C to 95 °C at 0.3 °C per 5 s increments.
All the examinations were carried out in
triplicate for every sample. The cycle
threshold value is determined as the cycle
number at which the fluorescence intensity
passes a fixed threshold above the background
fluorescence (13).

The gene expression was relatively
quantified by ACt method compared to
the expression of the internal control gene
p-ACTIN (ACt = Ct of target gene - Ct
of internal control). -ACt method was used for
calculating the Box plot and the fold change
was calculated using the 244t method
for comparison between tissues. Values
are reported as mean + standard error of
mean (SEM).

I mmunohistochemistry

Slices of 5 um thickness were cut
from paraffin-embedded tissue samples using
a microtome and placed on a slide coated with
poly-L-lysine. Slices were then dewaxed in
xylene, rehydrated in ethanol, and washed with
phosphate-buffered saline. After antigen
retrieval of sections in 10 mM citrate buffer in
a microwave oven, endogenous peroxidase
was blocked with H20:z. Tissue sections were,
then, stained with primary antibodies;
p53 antibody (DO-7; Diagnostic BioSystems,
Pleasanton, CA, USA); ACSL4 antibody
(sc-271800; Santa Cruz, USA) and incubated
with horseradish peroxidase-linked
secondary antibody. Finally, these sections
were visualized using chromogenic
3’-diaminobenzidine tetrahydrochloride (14),
as a substrate. The hematoxylin was used for
background staining. In this method, sections

50

with overexpression of ACSL4 exhibited
staining of brown. Image]J software
(version 1.52h) was used for the quantification
of photomicrographs taken by Olympus
light microscope with x40 amplification,
and results were reported as Pix/pm?.

Evaluation of p53

In this study, p53 expression was grouped
into wild-type and mutant form using
immunohistochemistry (IHC) method in tissue
samples. This method is based on the stability
of p53 since wild-type p53 is an unstable
protein compared to the mutant p53 protein
that is more stable. Conformational changes in
mutant p53 leads to its stabilization and
accumulation in cancer cells that is detectable
by the THC method. Thus, p53-positive is
indicative of mutant p53, while p53-negative
indicates the wild-type.

Evaluation of ER, PR, and HER

The expression of ER, PR, and HER protein
was evaluated using IHC method in paraffin-
embedded tissue samples as describe above
using standard routine laboratory procedure.

Statistical analysis

Statistical analysis was performed using
the SPSS software (v.21, IBM Corporation).
Data are presented as mean + SEM.
For the gene expression studies the results
were analyzed using Student’s t-tests between
the tumor and control groups. Correlations
between ACSL4 expression, p53 status and Ki-
67 with clinicopathological parameters were
presented using multiple linear regression.

RESULTS

ACSL4 mRNA expression in breast cancer
and adjacent normal tissue

To assess the potential effect of ACSL4
mRNA expression on BC, the relative
transcription levels of ACSL4 gene were
evaluated in 55 paired human BC specimens
and adjacent normal tissue by RT-PCR.
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The data indicated that the expression of
ACSL4 in BC tissue was significantly higher in
comparison with adjacent normal tissue
(P < 0.001, Fig. 1A). The analyses of
the results by 22t method display that
the relative mRNA expression of ACSL4
was upregulated in 30 of 55 BC samples
at more than 1.13-fold change, in tumor tissues

ACSL4 protein  expression in BC
and adjacent normal tissue

To confirm the RT-PCR data, 20 pairs of
BC samples were randomly selected and
examined by IHC staining with a specific
antibody against ACSL4. Consistent with
the RT-PCR results, the positive ratio of

ACSL4 staining was significantly higher in

compared with adjacent normal tissues BC tissues compared to that in adjacent
(P <0.05, Fig. 1B and C). normal tissues (Fig. 2).
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Fig. 1. Expression of ACSL4 mRNA in breast cancer tissues and adjacent normal tissues. Real-time polymerase chain
reaction was performed to evaluate the expression level of ACSL4. The mRNA expression data were normalized to
the beta-actin (ACTB) signal and (A) the comparison of the mRNA expression of ACSL4 was shown as Box plot;
(B and C) the fold change of ACSL4 expression in each sample pair was calculated using 22T as columns,
mean = SEM. *P < 0.01 Indicates significant difference with normal group.
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Fig. 2. Photomicrograph images of immunohistochemistry staining of ACSL4 in sections of (A) breast tumor tissue
and (B) the adjacent normal breast tissue. Brown staining shows the expression of ACSL4 in breast tumor tissues.
The quantification of ACSL4 protein was evaluated using ImageJ (ver. 1.52h) software by Olympus light microscope
with x40 amplification (Pix/um?). *P < 0.05 Indicates significant difference with normal group.
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Table 2. Multiple linear regression between ACSL4 mRNA expression (dependent variable) and other variables.
The ACSL4 mRNA expression was measured based on ACTB in tumor and adjacent normal tissues with 244 from at
least 2 experiments. Estrogen and progesterone receptors and human epidermal growth factor receptor-2 expressions
were measured using immunohistochemistry (IHC) method, and the results are reported as expression of positive (+)
or negative (-). Ki-67 nuclear expression was measured using [HC method, and the results are reported as percent of
expression. p53 expression was measured based on IHC, and the results were reported as the mutant pS3 (+) and
wild-type p53 (-). * P < 0.05 indicate significant differences between variables and expression of ACSL4 group.
The following linear regression (backward) equation was used for calculating the mRNA expression of gene of interest;
ACSL4 mRNA expression = 0.386 p35 - 0.560 ki - 67 - 0.416 age

: Unstandar dized Standardized
ACSL4 mRNA expression coefficients coefficients P values
Models Variables B Beta
Constant 1.796 0.001
age -0.012 -0.410 0.019"
grade 0.111 0.186 0.308
stage -0.014 -0.020 0.912
1 tumor size 0.000 0.000 0.998
Estrogen receptors 0.012 0.013 0.962
Progesterone receptors -0.040 -0.049 0.837
human epidermal growth factor 0.030 0.097 0.583
Ki67 -0.017 -0.679 0.003"
pS3 0.252 0.343 0.056
Constant 1.945 0.000
6 age -0.012 -0.416 0.006"
Ki67 -0.014 -0.560 0.001"
pS3 0.284 0.386 0.014"
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Fig. 3. Relationship between p53 and clinicopathological variables of breast cancer. Results are according to chi-square
test. Marked groups have significant association with p53 status, *P < 0.05. p53 positive was considered as mutant and p53
negative as wild-type. ER, Estrogen receptor; PR, progesterone receptor; HER, human epidermal growth factor receptor-2.

The relationship between expression of
ACSL4  mRNA, p53, Ki-67  and
clinicopathological characteristics of BC

The association between expression of
ACSL4 mRNA, p53, Ki-67, and
the clinicopathological characteristics in
BC patients is shown in Table 2, Figs. 3 and 4.
We used backward stepwise regression for
evaluation relationship between ACSL4 with
the other variables. It is a stepwise regression
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approach that begins with a full (saturated)
model and at each step gradually eliminates
variables from the regression model to find a
reduced model that best explains the data. This
is also known as backward elimination
regression. Table 2 shows the first step and
final step of multiple linear regressions.

These analyses showed that by adjusting
other wvariables in the model, ACSL4
expression in p53 positive patients was



on an average 0.386 fold higher in comparison
to individuals of p53 negative. Conversely,
ACSL4 mRNA expression showed negative
correlations with Ki-67 (-0.560) and age
(-0.416), P <0.05.

The expression of p53 protein  was
positively  associated  with  tumor  size
(P =0.007), pathology grade (P = 0.041), tumor
stage (P = 0.010), and Ki-67 (P = 0.002, Fig. 3).
In addition, the proliferation index expression,
Ki-67, was positively associated with pathology
grade (P =0.001), and negatively correlated with
estrogen receptor (ER) and progesterone
receptor (PR) expression (P = 0.011, P = 0.016,
respectively; Fig. 4).

DISCUSSION

Dysregulation in fatty acid metabolism has
been indicated in several types of cancers
including breast cancer (3,15), and suggests
that increased fatty acid metabolism promotes
tumor progression in various types of
cancers (3). ACSL enzymes family catalyze
the activation of long-chain fatty acids to
the corresponding acyl-CoA esters, which
is pre-requisite for the synthesis of
triacylglycerols and phospholipids, or entering
the B oxidation pathway (5). It has been shown
that ACSL4, as one of the isoforms of ACSLs,
overexpressed in various types of cancer (16).
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In this study, we demonstrated that ACSL4
expression was enhanced in BC tumor tissue
compared to the adjacent normal tissue.
In agreement with our result, Chiyen et al
have reported high ACSL4 expression in
breast cancer cell lines (17). In addition, the
data presented in Table 2 showed that
the expression of ACSL4 was negatively
correlated with Ki-67 and age, and positively
correlated with p53 status. Meanwhile, ACSL4
expression was not associated  with
the expression of ER, PR, human epidermal
growth factor receptor-2 (HER2/neu) and
other clinicopathological parameters in BC.

The expression of ER, PR, and HER2/neu
is routinely assessed in BC patients as
prognostic and predictive biomarkers in breast
carcinoma (18). BC patients with tumor
positive ER and/or PR have a reduction in
the risk of mortality (19). While tumors with
HER2/neu overexpression are more aggressive
and have poor prognosis (18,20). Monaco
and Chiyen et al. by analysis of the published
expression databases, have reported that high
expression of ACSL4 is negatively correlated
with sex steroid (androgen and estrogen)
receptors status in both BC and prostate
cancers (17,21). Since estrogen regulates
ER and PR, the correlation between ACSL4
and age may be modulated by estrogen levels.
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Fig. 4. Relationship between Ki-67 and clinicopathological variables of breast cancer. Results are according to chi-square
test. Marked groups have significant association with ki-67 expression. *P < 0.05. Ki-67 is reported as percent of
expression. ER, Estrogen receptor; PR, progesterone receptor; HER, human epidermal growth factor receptor-2.

53



Dinarvand et al. / RPS 2020; 15(1): 48-56

The nuclear protein Ki-67, as a marker of
cellular proliferation, is one of the main
characteristics of cancer. According to several
studies, high Ki-67 expression is significantly
associated with poor prognosis, higher risk of
recurrence, and lower survival rate (22).
The negative correlation of Ki-67 with PR and
ER, and its positive correlation with tumor
grade (as poor prognostic index) (23) observed
in this study confirm previous reports
regarding the association of Ki-67 with poor
prognosis in BC. Although, the mechanism of
association of ACSL4 with Ki-67 is unknown,
these data may suggest that ACSL4 may be
a useful prognostic indicator in BC.

The p53 tumor suppressor status was
evaluated in the study samples using
IHC staining and samples were divided into
mutant and wild-type groups. The mutant p53
is stable and is detectable by IHC, while
the wild-type is unstable and degrades quickly,
thus, not detectable by IHC (24,25).
Our results showed that 54.5% of the study
patients were p53 mutant and the remaining
wild-type. The p53  expression  has
a significant association with the tumor size,
stage, pathology grade, and Ki-67. Therefore,
it may be considered as a biomarker of
prognostic in BC patients. Accordingly, some
studies have considered it as an independent
predictor of survival (26) and a favorable
prognostic indicator (27). On the other hand,
other studies have considered p53 as a poor
prognosis in triple-negative breast cancer (28).
Therefore, further studies are needed
to confirm the prognostic significance of
p53 status in BC.

In addition to the ability of p53 in inducing
senescence and apoptosis, it is widely believed
that p53 regulation of lipid metabolism is via
transcriptional control or protein-protein
interaction. Therefore, p53 wild-type increases
fatty acid oxidation while inhibiting
glycolysis. This appears to play a key role in
its underlying tumor suppressor functions. p53
can also inhibit fatty acid synthesis.
Conversely, many p53 mutant cells have a
different impact upon lipid metabolism and
enhance fatty acid synthesis, via their gain-of-
function activities (29,30).
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Several mechanisms may contribute to
the correlation between p53 and ACSLA4.
For example, miR-34, a tumor suppressor
miRNA, is activated by p53 transcriptionally.
In  turn, overexpression of miR34
down-regulates ACSL4 expression (31,32).
In this study, we have shown a positive
association between p53 and ACSL4, which is
in accordance with this mechanism and further
confirming the role of p53 in the regulation of
lipid metabolism.

Furthermore, some studies have indicated
that mutant p53 sensitizes cells to ferroptosis,
a form of regulated cell death, more than
wild-type p53 in cancer cells (8,11).
Since ACSL4 is an essential component for
ferroptosis  execution (33), the positive
correlation observed between the mutant
p53 and ACSL4 in our study may represent
an increased tendency to ferroptosis
in these samples. This function of ACSL4
can support the role of tumor-suppressive of
ACSL4 that has been reported in gastric
cancer (16), and also may confirm the results
of a Kaplan-Meier plotter database that
indicated a significant positive correlation
between high ACSL4 expression and the
patients' survival rate in BC (3). Although,
there are reports to indicate that ACSL4
expression may be associated with aggressive
BC type (34), nevertheless, evidence regarding
the role of tumor-suppressive of ACSL4 seems
more convincing. It may be speculated that
the increase of ACSL4 in p53 mutant tumors
can be considered as the defense mechanisms
of the body which has been created as

a result of wild-type p53 elimination,
as a tumor suppressor.
CONCLUSION
In conclusion, ACSL4 expression is

upregulated in BC tumor tissue samples
compared to the adjacent normal tissue in
an Iranian population. The positive correlation
observed between ACSL4 expression and
mutant p53 status, on one hand, may provide
evidence for the effect of p53 on
the metabolism of lipids in tumors and on
the other hand suggests the role of mutant p53
and ACSL4 in the onset of ferroptosis.



Therefore, this finding along with
a negative significant association of ACSL4
with ki-67 suggests that the expression of
ACSL4 may be considered as a prognostic
indicator and as a tumor suppressor for
BC patients. Therefore, it may be considered
as a  potential  therapeutic  target.
However, further studies are needed to
confirm the significance of these findings.
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