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Abstract: Background: The Perilipin (PLIN) family of genes were previously shown to be involved in the formation and
degradation of Lipid Droplets (LDs). In addition, they may play important roles in the development and progression
of breast cancer. However, the prognostic value of PLIN family members in breast cancer patients remains unclear.
Methods: Mutations and copy number alterations of PLIN family genes in breast cancer were examined using the
cBioportal for Cancer Genomics. In addition, the expression patterns of PLIN family genes were explored using the
UCSC Xena online tool. Finally, the Kaplan-Meier Plotter was used to investigate the prognostic value of PLIN family
genes in breast cancer. Results: The findings revealed a low frequency of genetic alterations and amplification was
the most frequent change in the PLIN family genes. Additionally, there was an increase in the expression of Perilipin
3 (PLIN3) in breast cancer tissues compared to normal breast tissues. However, expression of the other genes in
the PLIN family was significantly lower in breast cancer tissues compared to normal breast tissues. Moreover, there
was an increase in the expression levels of Perilipin 1 (PLIN1), PLIN3, Perilipin 4 (PLIN4) and Perilipin 5 (PLIN5) in
the luminal A and luminal B subgroups. On the other hand, the expression of Perilipin 2 (PLIN2) was elevated in the
human epidermal growth factor receptor 2 (HER2) positive and basal-like subgroups. Furthermore, Kaplan-Meier
Plotter analysis demonstrated that high expression of PLIN1 might predict a longer Overall Survival (OS) in patients
with breast cancer while overexpression of PLIN2 indicated poor OS of breast cancer patients. Conclusion: The find-
ings from this study indicated that genes in the PLIN family were aberrantly expressed in breast cancer and may
serve as novel therapeutic targets as well as prognostic biomarkers for the disease.
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Introduction under normoxia and hypoxia [4, 5]. Moreover,

previous studies showed that the presence of

Initially, Lipid Droplets (LDs) were only consid-
ered to be storage organelles at the center of
lipid and energy homeostasis. However, many
studies over the recent years have shown that
LDs are complicated, dynamic and multifunc-
tional organelles that play an important role in
processes such as membrane transport, pro-
tein degradation, signal transduction and regu-
lation of gene expression [1].

In addition, cancer cells subjected to hypoxia or
nutrient starvation have an outstanding ability
to synthesize Fatty Acids (FAs) and have an
increased accumulation of Lipid Droplets (LD)
[2, 3]. This accumulation of LD in turn contrib-
utes to the growth and survival of cancer cells

abundant LDs is a distinctive mark of cancer
stem cells in colorectal cancer [6] and increased
pulmonary metastases in glioblastoma [7].

Members of the Perilipin (PLIN) family are the
most important LD associated proteins as they
are involved in the formation and degradation
of LDs. In addition, the PLIN family consists of 5
member proteins that share a conserved archi-
tecture and the ability to bind intracellular LDs
[8, 9]. The members include: Perilipin 1 (PLIN1),
Perilipin 2 (PLIN2/ADFP), Perilipin 3 (PLIN3/
Tip47), Perilipin 4 (PLIN4/S3-12) and Perilipin 5
(PLIN5//OXPAT/PAT1) [10]. Notably, PLIN2 and
PLIN3 are ubiquitously expressed while PLINZ,
PLIN4 and PLIN5 are mostly limited to adipo-
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cytes, skeletal muscle and cardiac muscle [11].
Moreover, recent studies demonstrated that
aberrant expression of genes in the PLIN family
may serve as a potential prognostic biomarker
in various types of cancer including sarcomas
[12], hepatocellular carcinoma [13], renal can-
cer [14] and breast cancer [15].

Breast cancer is the leading cause of cancer
related deaths among females worldwide [16].
In addition, dysregulation of fatty acid metabo-
lism has gained popularity as a warning sign of
malignant transformation to breast cancer.
Moreover, it was previously reported that accu-
mulation of LDs may be closely related to
increased aggressiveness in breast cancer
[17]. Accumulating evidence also shows that
genes in the PLIN family play a role in the inva-
sion and metastasis of breast cancer through
the regulation of lipid and energy metabolism.
Furthermore, recent studies indicated that the
PLIN family genes were strongly associated
with clinical outcomes in breast cancer [15,
18-21].

However, no study exists on the expression pat-
terns and prognostic value of all the PLIN family
genes in breast cancer. Therefore, the present
study comprehensively explored the expression
patterns and prognostic significance of the five
PLIN family genes in breast cancer.

Material and methods

The study required neither ethical approval nor
consent from patients since this was an inte-
grative analysis of published data.

Mutations and copy number alterations in
PLIN family genes

The cBioPortal for Cancer Genomics (https://
www.chioportal.org/) is an open source online
tool that provides a visual analysis of multidi-
mensional cancer genomics data [22]. In this
study, mutations and copy number alterations
in PLIN family genes in breast cancer were
examined using TCGA data sets from the cBio-
portal for Cancer Genomics.

Expression profiles of PLIN family genes in
breast cancer

UCSC Xena is an open-access exploration tool
that allows researchers to analyze and visualize
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large-scale cancer genomics data sets, includ-
ing TCGA and other public cancer genomics
resources within the Xena Browser [23].
Therefore, the present study used UCSC Xena
to explore the relationship between the expres-
sion levels of PLIN family genes and clinical
data in breast cancer.

Analysis of the association between overall
survival (0S) and PLIN family genes in breast
cancer patients

The association between the mRNA expression
levels of individual PLIN family members and
Overall Survival (0OS) in breast cancer patients
was explored using the Kaplan-Meier Plotter
(www.kmplot.com) [24]. The study further per-
formed subgroup analyses of OS in breast can-
cer patients based on clinical pathological
parameters, such as Estrogen Receptor (ER)
status, Progesterone Receptor (PR) status,
HER?2 status, lymph node status, grade, molec-
ular subtypes, and TP53 status. Briefly, the five
PLIN family genes (PLIN4, PLIN2, PLIN3, PLIN4,
and PLIN5S) were respectively entered into the
database to get the Kaplan-Meier survival plots
based on the different clinical parameters. In
addition, the breast cancer patients were divid-
ed into the ‘low’ and ‘high’ expression groups
based on the mRNA expression levels of indi-
vidual PLIN family genes, using the median
value as the cutoff point. Thereafter, the
Kaplan-Meier method along with the Log-rank
test were used for univariate OS analysis. The
Hazard ratio (HR) with 95% Confidence Intervals
(Cl) and the log-rank p values were also esti-
mated. A p-value of <0.05 was considered to
be statistically significant.

Results

Genetic alterations in PLIN family genes in
breast cancer

Mutations and copy number alterations in PLIN
family genes in breast cancer were examined
by integrating 4 TCGA databases (TCGA, Cell
2015, TCGA Firehose Legacy, TCGA, Nature
2012, TCGA and PanCancer Atlas) from the
cBioPortal for Cancer Genomics. The oncoprint
in Supplementary Figure 1 presents the distri-
bution of alterations in PLIN family genes in
breast cancer. The results showed that the
frequency of genetic alterations was low
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(1.3%~3%) and amplification was the most
frequent change in the 5 genes from the PLIN
family.

Expression patterns of PLIN family genes in
breast cancer

The UCSC database was used to analyze the
MRNA expression levels of all the 5 PLIN family
genes in breast cancer and normal tissues. The
results indicated a decrease in the mRNA
expression levels of PLIN1, PLIN2, PLIN4 and
PLINS in breast cancer tissues compared to
normal tissues. However, there was an increa-
se in the mMRNA expression levels of PLIN3 in
breast cancer tissues compared to normal tis-
sues. Moreover, PLIN3 had the highest expres-
sion levels in breast cancer tissues among the
5 PLIN family genes while PLIN5 had the lowest
levels of expression. On the other hand, PLIN4
had the highest expression levels in normal
breast tissues while PLIN5 had the lowest lev-
els of expression (Figure 1).

The relationship between PLIN family genes
and clinicopathological parameters in breast
cancer

The breast cancer patients were divided into
various subgroups based on their clinicopatho-
logic characteristics, including ER status, PR
status, HER2 status, molecular subtypes, path-
ological types and nodal status. Thereafter, the
UCSC Xena database was used to compare the
MRNA expression levels of PLIN family genes in
the different subgroups of breast cancer. The
results revealed a significant increase in the
MRNA expression levels of PLIN1, PLIN4 and
PLIN5 in the ER (+) and PR (+) subgroups com-
pared to the ER (-) and PR (-) categories. In con-
trast, expression of PLIN2 was negatively cor-
related with the ER and PR status in breast
cancer. Additionally, PLIN1, PLIN4 and PLIN5
were overexpressed in the HER2 (-) subgroups
compared to the HER2 (+) category. None-
theless, the expression levels of PLIN2 and
PLIN3 were not significantly correlated with the
HER2 status. Moreover, there was an in
increase in the expression levels of PLINZ,
PLIN3, PLIN4 and PLIN5 in the luminal A and
luminal B subgroups while the expression level
of PLIN2 was elevated in the HER (+) and basal-
like subgroups (Supplementary Figure 2). Fur-
thermore, there was a decrease in the expres-
sion levels of PLIN1, PLIN4 and PLINS in the
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Infiltrating Ductal Carcinoma (IDC) subgroup
compared to the Infiltrating Lobular Carcinoma
(ILC) category. However, there was a significant
increase in the expression of PLIN3 in the IDC
subgroup compared to the ILC category. With
regard to lymph node status, only PLIN2 was
overexpressed in the NO subgroup and there
was no significant difference in the expression
levels of the remaining genes between the NO
and N+ subgroups (Table 1).

The prognostic value of PLIN family genes in
breast cancer

The prognostic value of the 5 PLIN family genes
in breast cancer was examined using the
Kaplan-Meier Plotter, which is an online tool.
The Kaplan-Meier survival curves for breast
cancer patients showed that high expression of
PLIN1 mRNA was significantly correlated with a
better OS. (Figure 2A: HR = 0.68, 95% Cl: 0.55-
0.85, log-rank P = 0.00053). However, high
expression of PLIN2 had a significant associa-
tion with worse OS. (Figure 2B: HR = 1.26, 95%
Cl: 1.02-1.56, log-rank P = 0.035). Moreover,
there was no correlation between the mRNA
expression levels of the other PLIN family genes
(PLIN3, PLIN4 and PLIN5) and OS in breast can-
cer (Figure 2C-E).

The prognostic value of PLIN family genes in
breast cancer patients with different clinico-
pathological characteristics

In order to evaluate the association between
the expression levels of PLIN family genes and
OS in breast cancer patients with different clini-
copathological characteristics, subgroup analy-
sis was performed based on the ER status, PR
status, HER-2 status, lymph node status, grade
and TP53 status (Figure 3). The results showed
that high expression of PLIN1 was correlated
with a long OS in breast cancer patients who
were ER positive (Supplementary Figure 3A: HR
= 0.57, 95% Cl: 0.4-0.82, P = 0.0023), lymph
node negative (Supplementary Figure 3B: HR =
0.6, 95% Cl: 0.41-0.88, P = 0.0078) or in grade
| (Supplementary Figure 3C: HR = 0.52, 95% ClI:
0.31-0.89, P =0.015). Additionally, high expres-
sion of PLIN2 was significantly related to a
short OS in breast cancer patients with
(Supplementary Figure 3D: HR = 1.61, 95% CI:
1.11-2.34, P = 0.012) or without (Supplemen-
tary Figure 3E: HR = 1.57, 95% Cl: 1.29-1.92, P
= 6.3e-06) lymph node metastasis or those
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cohort: TCGA Breast Cancer (BRCA) (n=1247)

20
: -
= —
@
o
: 15 — —
2. _ |
g0 w,
385 T |
Soe
15g { — % ==
2 I
=54 g — sample_type
rz;i % %J' @ Primary Tumor
g = S 5 L @ Solid Tissue Normal
<8 E
zg°>
g g L

Q
0 —
P<0.001(f=258.0) P<0.001(f=254.5) P<0.001(f=17.87) P<0.001(f=57.55) P<0.001(f=66.49)
-5
PLIN1 PLIN2 PLIN3 PLIN4 PLINS
sample_type

Figure 1. Expression patterns of the PLIN family genes in breast cancer using the UCSC database.
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Table 1. The relationship between the expression levels of PLIN family genes and clinicopathological

features
. PLIN1 PLIN2 PLIN3 PLIN4 PLINS
Variables
No. mRNA  Pvalue mRNA  Pvalue mRNA  Pvalue mRNA  Pvalue mRNA  Pvalue

ER

Positive 601 7.2 P<0.01 9.60 P<0.01 10.7 P=0.67 8.22 P<0.01 6.98 P<0.01

Negative 179 5418 (t=7.071) 10.8 (t=-13.08) 10.7 (t=-0.4287) 6.73 (t=15.888) 3.82 (t=15.60)
PR

Positive 522 718 P<0.01 9.62 P<0.01 10.7 P=0.39 8.21 P<0.01 712 P<0.01

Negative 255 5.64 (t=-5.412) 10.4 (t=9.118) 10.7 (t=-0.8663) 7.42 (t=-4.946) 4.43 (t=-13.86)
HER2

Positive 114 5.75 P<0.01 10.0 P>0.05 10.7 P=0.78 6.58 P<0.01 5.16 P<0.01

Negative 652 6.82 (t=2.883) 9.79 (t=-1.951) 10.7 (t=-0.2747) 8.03 (t=4.419) 6.45 (t=4.456)
Molecular Subtypes

Luminal A 231 775 P<0.01 9.52 P<0.01 10.8 P<0.01 8.77 P<0.01 7.16 P<0.01

Luminal B 127  6.36 (f=2711) 959 (f=49.40) 10.7 (f=7.025) 7.76 (f=20.20) 700 (F=73.93)

HER2+ 58 5.75 10.1 10.8 6.64 4.57

Basal-like 98 481 11.0 10.6 6.52 4.07
Tumor histology

IDC 882 6.92 P<0.01 10.0 P=0.052 10.9 P<0.01 8.21 P<0.01 6.47 P<0.01

ILC 210 9.29 (t=9.181) 9.91 (t=-1.948) 10.7 (t=4.812) 10.0 (t=8.048) 7.94 (t=10.73)
Nodal status

NO 385 6.45 P=0.92 9.84 P=0.03 10.7 P=0.24 791 P=0.64 6.27 P=0.64

N+ 406 671 (t=-0.0980) g7o (t=2144) 10.7 (t=-1.183) 788 (t=0.4650) 6.15 (t=0.4650)

who were in grade Il (Supplementary Figure 3F:
HR = 1.37, 95% Cl: 1.08-1.75, P = 0.0094).

However, the expression levels of PLIN3, PLIN4
and PLINS were not correlated with OS in all the
subgroups of breast cancer patients.

The prognostic value of PLIN family genes in
different molecular subtypes of breast cancer

The study further investigated the prognostic
value of PLIN family genes in different molecu-
lar subtypes of breast cancer, such as luminal
A, luminal B, HER2 positive and basal-like. The
results in Figure 4 show that high expression of
PLIN1 (Figure 4A: HR = 0.59, 95% CI: 0.41-
0.84, P = 0.0037) and PLIN5 (Figure 4B: HR =
0.54, 95% Cl: 0.32-0.91, P = 0.018) was relat-
ed to a longer OS in the luminal A type of breast
cancer. However, the mRNA expression levels
of PLIN2, PLIN3 and PLIN4 were not associated
with OS in the luminal A subtype of breast can-
cer (Supplementary Table 1). On the other
hand, high expression of PLIN2 (Figure 4C: HR
=1.57 95% CI: 1.08-2.3, P =0.018) and PLIN3
(Figure 4D: HR = 1.53, 95% Cl: 1.05-2.22, P =
0.025) was associated with worse OS in the
luminal B subtype of breast cancer although
high expression of PLIN4 (Figure 4E: HR = 0.48,
95% Cl: 0.24-0.98, P = 0.039) was related to a
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longer OS. Moreover, the mRNA expression lev-
els of PLIN1 and PLIN5 were not associated
with OS in the luminal the B subtype of breast
cancer (Supplementary Table 1). Nonetheless,
none of PLIN family genes was significantly cor-
related with OS in the HER2-positive and basal-
like subtypes of breast cancer (Supplementary
Table 1).

Discussion

This study comprehensively analyzed the
expression status and prognostic value of PLIN
family genes in breast cancer patients. The
findings suggested that the expression levels of
PLIN1, PLIN2, PLIN4 and PLIN5 were signifi-
cantly lower in breast cancer tissues than in
normal tissues. However, there was an increase
in the expression of PLIN3 in breast cancer tis-
sues compared to normal breast tissues. In
addition, the results from survival analysis indi-
cated that high expression of PLIN1 might pre-
dict longer OS in breast cancer patients
although high expression of PLIN2 was linked
to a worse OS in the cancer. Nonetheless,
PLIN3, PLIN4 and PLIN5 had no significant
effect on OS in breast cancer.

PLIN1 which is predominantly expressed in
White Adipose Tissues (WAT), is located on the

Am J Transl Res 2021;13(5):4450-4463
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Figure 2. Prognostic value of the PLIN family genes in breast cancer patients using the Kaplan-Meier Plotter online database.
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Figure 3. A Forest plot of the association between PLIN family genes and OS in breast cancer patients with different clinicopathological features.
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surface of LDs and involved in hormone-
induced lipolysis as well as the formation of
large LDs [25]. A recent study reported that
PLIN1 was highly expressed in liposarcoma but
was absent in non-lipomatous sarcomas [12].
In addition, a previous report showed that
expression of PLIN1 was markedly downregu-
lated in breast cancer [15]. Similarly, the results
from the present study showed that expression
of PLIN1 was lower in breast cancer tissues
comparedtonormal breasttissues. Additionally,
Kim et al. observed that expression of the
PLIN1 protein was highest in HER2 (+) tumors
and lowest in the Triple Begative Breast Cancer
(TNBC) subtype [26]. However, the current
study showed that the mRNA expression levels
of PLIN1 were highest in the luminal A subtype
and lowest in the basal-like subtype. This incon-
sistency in findings may be attributed to the
small sample size and differences in unconfor-
mity between mRNA and proteins. The results
from this study also showed that the mRNA
expression levels of PLIN1 were higher in the
ER (+) and PR (+) subgroups compared to the
ER(-) and PR (-) subgroups of breast cancer.
Notably, a recent study showed that estrogen
could regulate the levels of PLIN1 and the
Adipose Triglyceride Lipase (ATGL), controlling
the size of LD and lipid accumulation by inter-
acting with the estrogen receptor [27].

Few studies have reported on the correlation
between PLIN1 and prognosis in breast cancer.
In addition, the studies were conducted with
relatively small sample sizes. For instance,
Zhou et al. found that low expression of PLIN1
predicted a poorer overall metastatic relapse-
free survival and PLIN1 was an independent
predictor of OS in the ER positive and luminal A
subtypes of breast cancer [15]. However, Jung
et al. reported that high expression of PLIN1
was related to a shorter OS in metastatic breast
cancer [20]. In the present study, the findings
revealed that increased expression of PLIN1
predicted a longer OS in breast cancer patients.
Similar to previous studies, the results also
showed that high expression of PLIN1 was cor-
related with better OS in the luminal A and ER
(+) subtypes of breast cancer. In addition, the
present study showed that high expression of
PLIN1 was associated with better OS in breast
cancer patients with grade | and those who
were lymph node negative. However, further
studies are needed to validate these results.
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On the other hand, PLIN2 is mainly expressed
in the liver although it is also ubiquitously
expressed [28]. Previous studies showed that
PLIN2 regulates adipocyte differentiation and
cellular LD accumulation under the control of
the Peroxisome Proliferator-activated Rece-
ptors (PPARs) and the Retinoid X Receptor
(RXR) [29, 30]. Additionally, recent studies sug-
gested that PLIN2 was overexpressed in a vari-
ety of tumors, including Burkitt Lymphoma [31],
malignant melanoma [32], renal cell carcinoma
[14] and lung adenocarcinoma [33]. PLIN2 was
also shown to not only be expressed in breast
cancer tissues but also in the non-neoplastic
mammary ducts [21]. Herein, the results sug-
gested that PLIN2 was expressed in breast can-
cer and normal breast tissues although its
expression significantly decreased in tumor tis-
sues compared to normal tissues. On the con-
trary, a previous study reported that expression
of the PLIN2 protein was significantly increased
in carcinoma tissues compared to non-tumor
breast tissues [21]. This discrepancy may be
attributed to differences in gene and protein
expression or the statistical methods used.

Additionally, previous studies showed that
expression of PLIN2 had a significant correla-
tion with histological grade and HER2 status
but was negatively associated with the ER sta-
tus in breast cancer [21]. In this study, the
results showed that PLIN2 expression was
higher in the ER and PR negative subgroups
compared to ER and PR positive subgroups.
Moreover, previous studies suggested that the
expression levels of PLIN family members in
breast cancer were regulated by estrogen.
Additionally, Pawlik et al. suggested that anties-
trogen treatment resulted to an increase in the
expression levels of PLIN2 in ER-positive breast
cancer cells [34]. Furthermore, a previous study
reported that there was in increase in the
expression of PLIN2 in the HER2 positive and
TNBC subtypes compared to the luminal sub-
types [21]. The results in this study corroborat-
ed with those obtained previously since the
expression of PLIN2 was significantly higher in
the HER2 (+) and basal-like subtypes of breast
cancer compared to the luminal A and luminal
B subtypes.

To the best of our knowledge, no report exists
on the relationship between PLIN2 expression
and OS in breast patients. Previous studies
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suggested that PLIN2 might serve as an inde-
pendent favorable prognostic factor for OS in
clear cell renal cell carcinoma [14, 35]. However,
the present study showed that high expression
of PLIN2 was a poor prognostic factor for OS in
breast cancer. Moreover, existing evidence
shows that PLIN2 is associated with more
aggressive biological phenotypes in breast can-
cer [21]. Similar to this study, a previous study
on lung adenocarcinoma also showed that
overexpression of PLIN2 was associated with a
shorter disease-free and OS. These results
therefore indicate that PLIN2 has different
tumor-specific roles in various types of cancer.

PLIN3 (also called TIP47) and PLIN2 have simi-
lar amino acid sequences and PLIN3 is also
ubiquitously distributed among tissues [36].
Previous studies suggested that PLIN3 is
involved in the transportation of lysosomal
enzymes and plays a crucial role in the forma-
tion of LD and generation of Prostaglandin E2
(PGE2) [11]. PLIN3 was also reported to be
widely expressed in various malignancies,
including hepatocellular carcinoma, breast can-
cer, colon cancer and lung cancer [37].
Additionally, it was previously reported that the
expression of PLIN3 was elevated in clear cell
renal cell carcinoma (RCC) [38], cervical carci-
noma [39] and liposarcoma [40]. Similarly, the
present study revealed a significant increase in
the expression of PLIN3 in breast cancer tis-
sues compared to normal tissues. However,
unlike in PLIN2, the results revealed that
expression of PLIN3 was markedly lower in the
basal-like breast cancer subtypes than in the
other subtypes. The reason behind these differ-
ences is however currently unclear. Existing evi-
dence shows that elevated levels of PLIN3 pre-
dicted poor DFS and OS in patients with RCC.
However, the present study showed no correla-
tion between PLIN3 and OS in patients with
breast cancer. Nonetheless, this conclusion
needs to be validated further.

PLINA is selectively expressed in WAT and is
also present in skeletal muscles and human
Mesenchymal Stem Cells (hMSCs) [41, 42].
Although little is known on the biological func-
tions of PLIN4, increasing evidence suggests
that it may play a role in adipocyte differentia-
tion. In addition, genomic variants can result in
genomic instability leading to carcinogenesis.
Notably, mutations in the PLIN4 gene have pre-
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viously been reported in several primary tumors
in humans, including gastric cancer [43] and
lung cancer [44]. Additionally, a previous study
showed that PLIN4 was expressed in some lipo-
sarcomas although it was absent in non-lipo-
matous sarcomas [40]. Moreover, repro-
grammed lipid metabolism and accumulation
of LDs were observed in TNBC resistant cells
and clinically chemoresistant breast cancer.
Interestingly, PLIN4, which coated the LDs was
expressed in this resistant phenotype [19].
Similarly, the present study showed that there
was a decrease in the expression levels of
PLIN4A in the basal-like subtype of breast
cancetr.

PLIN5, also known as the Myocardial LD Protein
(MLDP), was shown to be highly expressed in
heart tissues, pancreatic islet B-cells and
hepatic stellate cells [45, 46]. PLINS may also
have a role in stabilizing lipid homeostasis and
providing fatty acids to the mitochondria [47,
48]. According to a previous study, PLIN5 was
significantly upregulated in the tumoral area of
Hepatocellular Carcinoma (HCC) compared to
the adjacent normal tissues, indicating a pos-
sible direct effect of PLINS in promoting tumor
development [13]. Additionally, Burlaka et al.
reported that expression of PLINS was higher in
gastric cancer patients with distant metastasis
compared to those without distant metastases
[49]. In this study, there was a decrease in the
MRNA expression levels of PLIN5 in breast can-
cer tissues compared to normal tissues. More-
over, a recent bioinformatics study revealed
that high expression of PLINS was associated
with better prognosis in lung adenocarcinoma
[50]. However, the present study found no cor-
relation between the expression of PLINS and
OS in breast cancer.

The above findings therefore suggest that
genes in the PLIN family may be involved in
tumor development and are associated with
prognosis in breast cancer. Although several
mechanisms have been proposed, the exact
mechanisms are still unclear. It was previously
reported that fatty acids might exert various
effects on cancer. For instance, fatty acids may
function as signaling molecules, energy sourc-
es and necessary substrates for membrane
synthesis during tumorigenesis and cancer
progression [51]. In addition, recent studies
showed that the PLIN family genes played
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essential roles in breast cancer by regulating
lipid metabolism. Moreover, KEGG pathway
analysis showed that the PLIN family genes
were downstream targets for the PPARy path-
way. Notably, PPARy is a member of the PPAR
family and plays essential roles in adipocyte
differentiation, formation of lipid droplets and
lipid metabolism [52]. Furthermore, recent
studies showed that PPARy was down-regulat-
ed in breast cancer and inhibited breast cancer
cell growth by regulating lipid metabolism [53-
56]. Additionally, accumulating evidence indi-
cates that genes in the PLIN family regulate the
formation of lipid droplets by activating the
PPARYy signaling pathway [57, 58]. A previous
study also showed that estradiol signals regu-
late the expression of PLINZ, controlling lipid
droplet metabolism through the estrogen
receptor in adipose tissues [27].

Conclusion

The present study comprehensively evaluated
the expression profiles and prognostic value of
PLIN family genes in breast cancer. The findings
revealed that the PLIN family members were
aberrantly expressed in breast cancer tissues,
suggesting that they may play important roles
in the progression of breast cancer by affecting
the metabolism of LDs in the regulation of
estrogen. In addition, survival analysis showed
that PLIN1 could be a favorable prognostic
marker for breast cancer although overexpres-
sion of PLIN2 was associated with poor progno-
sis. Allin all, genes in the PLIN family may serve
as novel therapeutic targets and prognostic
biomarkers for breast cancer. However, further
research is required to confirm the above
results.
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Supplementary Figure 3. The prognostic value of PLIN family genes in breast cancer patients with different clinicopathological characteristics using the Kaplan-
Meier Plotter online database. A. Survival curves of PLIN1 (ER positive). B. Survival curves of PLIN1 (lymph node negative). C. Survival curves of PLIN1 (grade I). D.
Survival curves of PLIN1 (lymph node positive). E. Survival curves of PLIN1 (lymph node negative). F. Survival curves of PLIN1 (grade II).
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Supplementary Table 1. Correlation of PLIN family genes
with OS in breast cancer patients with different molecu-
lar subtypes

Gene  Molecular Cases(n) o oco on puaie
Subtypes Low high
PLINL LuminalA 306 305 0.59(0.41-0.84) 0.0037
Luminal B 216 217 0.74(0.51-1.07) 0.1
HER2+ 59 58 1.11(0.582.12) 0.75
Basalike 120 121 1.03(0.63-1.69) 0.9
PLIN2  LuminalA 306 305 1.14(0.81-1.63) 0.45
Luminal B 216 217 1.57(1.082.3) 0.018
HER2+ 58 59 0.8(0.41-1.54) 05

Basal-like 120 121 1.15(0.7-1.87) 0.59

PLIN3 LuminalA° 307 304 1.03(0.73-1.46 0.87
LuminalB 216 217 1.53(1.05-2.22) 0.025

HER2+ 58 59 0.88(0.46-1.67 0.69

Basal-like 120 121 1.19(0.73-1.95 0.49

PLIN4 LuminalA 136 135 1.08(0.65-1.78 0.76

)
)
)
)
)
LuminalB 64 65 0.48(0.24-0.98) 0.039
)
)
)
)

HER2+ 36 37 0.71(0.32-1.57 0.39

Basal-like 76 77  1.43(0.75-2.72 0.27

PLINS LuminalA 136 135 0.54(0.32-0.91) 0.018
0.82

HER2+ 36 37 2.01(0.86-4.67) 0.099

(
LuminalB 64 65 1.08(0.55-2.13

(
Basal-like 76 77 1.02(0.54-1.94) 0.95




