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ABSTRACT

Background: Genetic alterations in the perilipin (PLIN) family genes (PLIN1 to PLIN5) were infrequent in breast
cancer (BC) where enhanced levels of PLIN1, PLIN3-5 were observed in the luminal A and luminal B subgroups,
whereas increased PLIN2 expression was observed in the HER2-enriched and basal-like subgroups. However, the
predictive value of PLIN1 for BC patient outcomes remains uncertain. In the present study, we aim to investigate
the diagnostic, prognostic and treatment response roles of the PLIN1 gene expression in BC.

Methods: We obtained microarray BC trancriptomic data of 320 tumor (T) and 62 normal (N) breast samples from
five GEO data-series; GSE7904 (38 T:7N), GSE42568 (101 T: 15 N), GSE26910 (6 T:6N), GSE45827 (144 T:7N),
and GSE10810 (31 T:27 N). The Welch t test was used to analyze the significant differences in gene expression
including PLIN1 with fold change > +2 and p-value < 0.05. The expression of PLINI was confirmed by RTqPCR
using clinical specimen samples from BC patients. The Kaplan-Meier Plotter was used to assess survival on large
independent dataset (31 dataset for relapse-free survival and 14 datasets for overall survival) and significance
was determined by calculating hazard ratios (>1) and log-rank p-values < 0.05. We also assessed the treatment
outcomes of endocrine therapy (tamoxifen and aromatase-inhibitors), anti-HER2 therapy (trastuzumab and
lapatinib), and chemotherapy (taxane, anthracycline, and ixabepilone) using robust statistical methods and
correlated with PLIN1 gene expression.

Results: We identified significantly reduced expression of PLIN1 (FC = —30.76, p value = 2.183e—24) in BC
samples compared with normal controls. Our qPCR result confirmed the microarray expression pattern of PLIN1
in BC. Survival analysis revealed PLIN1 to be a moderately important prognostic biomarker. Our findings
highlight the effectiveness of trastuzumab and anthracycline in classifying treatment responses, supported by
Mann-Whitney tests indicating statistical significance in gene expression differences between responders and
non-responders.

Conclusion: In conclusion, our findings indicate that PLINI is one of the most down-regulated genes and a
moderately important biomarker in BC for prognostic purposes. PLINI was a good indicator of trastuzumab and
anthracycline treatment responses in BC.

Abbreviations: PLIN1, Perilipin 1; BC, Breast cancer; DEGs, Differentially expressed genes; RTqQPCR, Real-time quantitative Polymerase chain reaction; GEO, Gene

Expression Omnibus; KM, Kaplan and Meier.
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1. Introduction

Breast cancer (BC) is most common among women, and its global
burden is on the rise (Ramaswamy et al., 2001; Karim et al., 2022), and
predicted to cross 3 million new cases with >1 million fatalities by the
year 2040 (Arnold et al., 2022; Sung et al., 2021). While the majority of
early-detected breast tumors are benign and treatable with surgery,
approximately 25% of BC tumors exhibit aggressive nature and rapid
spread (Cowin et al., 2005). So, it is essential to understand the under-
lying molecular mechanisms and discover new biomarkers and targets
for cancer diagnosis, prognosis and therapeutics (Igbal et al., 2023).

Hundreds of differentially expressed key genes such as BRCAI,
BRCA2, PTEN, P53, KRAS, and BRAF have been reported for BC, but
there are also few less explored genes detected in whole gene expression
analysis that play a significant role in BC. However, the prognostic value
of perilipin (PLIN) family members in BC patients remains uncertain.
The PLIN family genes (PLIN1-PLIN5) primarily involved in the forma-
tion and degradation of lipid droplets (LDs) but also play significant
roles in the development and progression of BC (Zhang et al., 2021). This
study aims to evaluate and validate the diagnostic, prognostic, and
therapeutic response importance of the PLIN1 gene in BC.

Statistical analysis using popular student t-test faces limitation. It is
notably beneficial when comparing two samples with disparate vari-
ances and potentially varying sample sizes (Ruxton, 2006; Derrick &
White, 2016). It might yield biased results for groups having different
variances, because of its underlying assumptions of normality and ho-
moscedasticity (homogeneity of variance), which can lead to unsound
and unreliable mathematical inferences (Erceg-Hurn and Mirosevich,
2008). Assumptions of the student’s t-test require attention, checking
and correction when violated. We applied Welch’s t-test, due to its
robust capability (Baguley, 2012; Delacre et al., 2017). Additionally, a
Mann-Whitney U test was employed as an additional measure to cross-
validate the significant expression of the PLINI gene in breast cancer.
This non-parametric statistical test was chosen due to the data’s lack of
conformity to the assumptions of normality or homoscedasticity.

Survival analysis and prediction of prognosis is a key utility of
confirmed differentially expressed PLIN1gene in BC. The survival func-
tion (probability ranging from one to zero) represents the likelihood that
the patients will survive for a minimum specified duration, and it pro-
gressively decreases over time. Kaplan-Meier estimator (Kaplan-Meier
Plotter) is the most common survival technique for gene expression
among semi-parametric (Cox-proportional hazards method), parametric
(Weibull and exponential models method), and nonparametric (Kaplan
Meier product limit approach) (Emmert-Streib & Dehmer, 2019;
Lanczky & Gyorffy, 2021). In meta-analysis, data from various studies
were combined by robust statistical methods/algorithms (“wFisher,”
“Lancaster,” and “weighted z-method”) to derive a single p value by
combining p values of independent cohorts. Weights were assigned to
each individual p-value according to the sample size (wFisher method),
as per degrees of freedom (Lancaster method) and Z transformation
(Weighted Z-method) (Yoon et al., 2021).

Determining the predictive role of PNILI by anticipating the
response to specific anticancer treatments in BC holds significant
importance in tailoring systemic therapy or personalized medicine. It is
possible to make therapeutic decisions of selecting hormonal, targeted
or chemotherapy by the presence/absence of PLINI, predictive bio-
markers (Fekete & Gyorffy, 2019). The selection of therapy depends on
the tumor’s molecular/pathological characteristics and patient’s ex-
pected survival outcome (prognosis). We utilized the ROC Plotter online
tool (https://www.rocplot.com/) to comprehensively investigate the
correlation between the expression of the PLIN1 gene and assess the
response to different therapies including endocrine therapy (tamoxifen
and aromatase inhibitor), anti-HER2 therapy (trastuzumab and lapati-
nib), and chemotherapy (taxane, anthracycline, and ixabepilone) in BC
(Fekete & Gyorfty, 2019).
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2. Materials and methods
2.1. Gene expression microarray data

We retrieved raw gene expression data in dot CEL files format from
GEO (Gene Expression Omnibus) database at NCBI, a public repository
for microarray and next-generation sequencing data (https://www.ncbi.
nlm.nih.gov/geo/). A total of 320 BCE tumor samples and 62 control
samples were obtained from GSE7904, GSE42568, GSE26910,
GSE45827 and GSE10810 data series.

2.2. Identification of differentially expressed genes

2.2.1. Welch Satterthwaite t-test

We applied Welch Satterthwaite t-test using the formula below to
compare the mean and detect the significant difference between BC and
control

AX X —X
o) =~ =—F— M
SAX ‘X\ +SYZ
Si
§o = 2
VY @)

X;= i sample means.
s)—(i:i”‘ standard error, for a particular example size and standard
deviation

The Welch degrees of freedom w(v) was calculated by using the
Welch-Satterthwaite equation below:

2. 2\
TR
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Nio(v) + N o(v2)
If Ny=N,
o S4A?
o(v) = (€]

(1)(1/1 )71S4YI + (1)(1/2)713'4Y2
where w(r;) =N; —1 was the degree of freedom.

2.2.2. Mann-Whitney U test

It is a nonparametric test and was applied as an additional measure
for cross-validation: It has a null hypothesis: for randomly selected
values x and y from tumor and control samples respectively, the prob-
ability of x being greater than y is equal to the probability of y being
greater than x. p value of statistical significance was 0.05.

2.3. Real-time quantitative PCR

We used RTqPCR assay with Applied Biosystems StepOnePlus Real-
Time PCR instrument (ThermoFisher Scientific, USA) to validate the
expression of PLINI gene. PowerUp™ SYBR™ Green Master Mix with
reference (GAPDH1 was used for Quantification. Comparative Ct (AACt)
method was used for quantitative gene expression based on initial Ct
values calculated by DataAssist™ Software. Additionally, RNA-seq re-
sults at UALCAN portal (https://ualcan.path.uab.edu/index.html) were
used to confirm the expression pattern of PLIN1 at an independent
bigger cohort of TCGA dataset.

2.4. Survival study

It was used to assess time-to-event data, such as the time until death
or the amount of time needed for a particular event to occur. Survival
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analysis was conducted by determining the association between gene
expression data and patient survival or the development of a disease. It
provides insightful information behind the advancement of BC patients
and their outcomes (prognosis), and statistical model for diagnostic and
therapeutic strategies.

2.4.1. Hazard function and hazard ratio

The hazard function, which represents the instantaneous death rate,
was defined as the likelihood that a person will pass away at a specific
moment, presuming that person has survived up to that point. The
survival function can be shown as

Pldeath(t,t + At
h(t) = limw. 5)
At—0 At

where death (x,y) refers to a person’s passing between the ages of x and y
within that time period.

H(t) = —log,s(t)

HR=1 (no risk difference between the groups); and HR>1 indicating
some risk.

2.4.2. Kaplan-Meier method

This method determines the probability of passing away at a speci-
fied moment, assuming the person has so far survived using following
mathematical formulation of the KM estimator (Kaplan and Meier,
1958):

SF(Survival Function)art = H
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When two events occur, the survival curve does not change, in t; and
ti+1.
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“Kaplan-Meier Plotter” was used (https://kmplot.com/analysis/) for
survival analysis (Emmert-Streib & Dehmer, 2019; Lanczky & Gyorffy,
2021)

2.5. Response to therapy

To rigorously assess the connection between gene expression and
therapy response, we employed robust statistical methods: receiver
operating characteristics (ROC) analysis and Mann-Whitney tests. The
online platform ROC plotter (https://www.rocplot.com/) was used to
validate the relationship between PLIN1 gene expression and the
response to various therapies typically used in breast cancer including
endocrine therapy drugs (tamoxifen and aromatase-inhibitors), anti-
HER2 therapy drugs (trastuzumab and lapatinib), and chemotherapy
drugs (taxane, anthracycline, and ixabepilone).

2.5.1. Receiver operating characteristics (ROC), area under curve (AUC)
analysis

The ROC curve was the plot of the true positive rate against the false
positive rate at each threshold setting, while AUC showed how well the
test separated the two groups. A large area under the ROC curve pre-
dicted better treatment response. AUC values above 0.6 was acceptable,
AUC values between 0.6 and 0.7 indicated clinically potential cancer
biomarker, AUC values between 0.7 and 0.8 indicated high quality
cancer biomarker, and AUC values above 0.8 referred to blockbuster
biomarker.

2.5.2. Mann-Whitney U Test for response to therapy
The Mann-Whitney U test was a rank-based non-parametric test used
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here to determine if there are differences between two groups. Charac-
teristics of the groups are usually presented by employing a box-and-
whisker plot and p-value < 0.05 was considered significant (Fekete &
Gyo6rffy, 2019).

3. Results
3.1. Microarray data and samples

We retrieved expression data from five datasets: GSE7904,
GSE42568, GSE26910, GSE45827, and GSE10810, to analyze the
expression of PLIN1 in breast cancer. A total of 320 tumor samples and
62 control samples were obtained from GSE7904 (38 tumor samples and
7 control samples), GSE42568 (101 tumor samples and 15 control
samples), GSE26910 (6 tumor samples and 6 control samples),
GSE45827 (144 tumor samples and 7 control samples), and GSE10810
(31 tumor samples and 27 control samples).

3.2. Expression profiling and statistical tests

We found notably down expression of PLIN1 gene in individual data
series with fold change (FC) of —6.91, —53.93, —2.17, —35.46 and
—24.63 for GSE7904, GSE42568, GSE26910, GSE45827, GSE10810
respectively, and FC = —30.76 for combined data of 320 tumors and 62
control samples. The Tukey Fence method used for outlier detection,
suggested that the tumor dataset contains 11 (3.44%) potential outliers,
while the control dataset contains 10 (16.13%) potential outliers. The
Shapiro-Wilk test yielded W= 0.89 with p-value of 8.611e-14 for the
tumor dataset, and W= 0.74 with p-value of 5.958e-09 for the control
dataset, indicating significant deviation from a normal distribution. The
Kolmogorov-Smirnov test resulted in D =1 with p-values of 2.2e-16 for
the tumor dataset and D =1 with p-values of 7.772e-16 for the control
dataset, demonstrating significant deviations from the theoretical dis-
tribution under test, such as a normal distribution. Histograms and QQ
plots validated the normality in our tumor and control datasets
(Fig. 1A). These visualizations indicated that the tumor sample was
somewhat close to a normal distribution. Due to the non-normality
observed, we applied the Mann-Whitney U test (a non-parametric test)
along with the Welch t-test (a parametric test) using WRS2 library in R.
Here, Welch t-test, t-value = —15.63 with p-value of 2.183e-24, felled
outside the region of acceptance (+1.99) at a 95% confidence level, and
the null hypothesis (Ho) was rejected.

3.3. Validation by RTqPCR

Validation of differentially expressed gene was performed by qPCR.
PLIN1 was significantly under-expressed (Rq = 0.03, FC= — 29.22, p-
value 1.55667E-1%) and qPCR confirmed the microarray expression data
in BC. Additionally, RNA-seq results also confirmed the significant
under-expression of PLINI (transcript per million 2.267 and p value
1.1102E'% on a bigger cohort (Fig. 1B and 1C).

3.4. Prognostic importance of PLIN1 gene in breast cancer

We conducted a Kaplan-Meier analysis for prognostic purposes to
assess the impact of PLIN1 expression on the survival outcomes of BC
patients, including relapse-free survival (RFS), overall survival (OS),
distant metastasis-free survival (DMFS), and progression-free survival
(PFS). The study unveiled PLIN1 as a potential and significant biomarker
with therapeutic and prognostic using Benjamini-Hochberg technique
and the log-rank p-value with 75% relevance (Table 1 and Fig. 2A).

We evaluated the impact of PLIN1 gene expression RFS within
various BC subtypes including ER array, ER IHC, PR, Lymph node status,
HER2 status, luminal androgen receptor, Pietenpol subtypes (basal-like
1 & 2), immunomodulatory, StGallen subtypes (basal-like, HER2+,
luminal A, and luminal B) mesenchymal, and mesenchymal stem-like,
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Fig. 1. A. Normality check fr the assumption of Welch t-test for the tumor and control dataset using Histogram and QQ (Quantile-Quantile) plots, B. RTQPCR result
showing down-expression of PLIN1 in breast cancer, C. RNA-Seq results from TCGA database at UALCAN portal also showing under-expression of PLINI in

breast cancer.

Table 1

Survival analysis (nRNA-gene chip) using Kaplan—Meier plotter for RFS, OS, DMFS and PPS for the PLIN1 gene without any restriction to subtypes. Hazard ratio with
95% confidence intervals, log rank p value and adjusted p value (Benjamini-Hochberg method) was deciding the significance.

mRNA (gene chip): PLIN1 Probes ID:205913 without restriction to subtype

Survival HR CI Log rank p Rank  Adjusted significance level (rank/m)*o Log rank p value less than adjusted significance ~ Decision
Type* value (0.05) level

RFS 0.78 0.7—0.86  0.000001 1 0.013 TRUE Significant
0s 0.76  0.63-0.92 0.0042 2 0.025 TRUE Significant
DMFS 0.73  0.63-0.86 0.000076 3 0.038 TRUE Significant
PPS 0.83  0.66-1.05 0.1243 4 0.05 FALSE Insignificant

Survival types: relapse free survival (RFS), overall survival (OS), distant metastasis free survival (DMFS) and progression free survival (PPS).
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Fig. 2. A. Kaplan-Meier (mRNA-gene chip) RFS, OS, DMFS and PPS for the PLINI gene without any restriction to subtypes, B. Kaplan-Meier (mnRNA-gene chip)

relapse-free survival for ER array and IHC ER status for the PLINI gene.

and observed four out of twenty cases exhibited significant associations,
indicating moderate importance of the PLINI gene in BC (Supple Table 1
and Fig. 2B). In Fig. 2B, we have shown only the RFS ER status, indi-
cating Array ER positivity and negativity, as well as RFS ER status
determined through IHC positive and negative cases. We conducted
prognostic survival analysis for OS under various BC subtypes and
observed five out of the twenty samples exhibited significant results,
indicating moderate importance of the PLIN1 gene in BC (Supple Table 1
and Fig. 3A). In Fig. 3A, we have shown only the OS ER status, indicating
Array ER positivity and negativity, as well as OS ER status determined
through IHC positive and negative cases. Moreover, we conducted
additional assessments of the PLIN1 gene’s impact on RFS using 31 in-
dependent GEO series and OS using 14 independent GEO series in BC,
and observed 2 out of 31 GEO series exhibited significant associations
with RFS (Supple Table 2 and Fig. 3B) and 1 out of 14 GEO series
exhibited significant associations with OS (Supple Table 2 and Fig. 4A),
confirming the significant and moderately predictive relevance of the
PLIN1 gene in BC. In Fig. 3B, only RFS for the independent data series
GSE1456, GSE2034, GSE2603, and GSE2990 are presented. In Fig. 4A,
only OS for the independent data series GSE1456, GSE3494, GSE7390,
and GSE16446 are shown. We utilized p-value integration techniques
(wFisher, Lancaster, and Weighted Z-Methods) within the R library
(metapro) to combine the individual p-values from 31 independent co-
horts of RFS. The combined p-values were 0.0045 for Weighted Z-
method, 0.0011 for Lancaster method and 0.00049 for wFisher method,
strongly indicated a significant influence of PLINI gene expression on
the survival of BC patients. Similarly, the meta-analysis conducted OS
data from 14 independent cohorts, showed combined p- value of 0.0024
for the Weighted Z-method, 0.00209 for Lancaster method, and 0.0015

for the wFisher method, strongly indicated a significant influence of
PLIN1 gene expression on the OS of BC patients. mRNA expression of the
PLIN1 gene (RNA-seq) was used to conduct an evaluation of OS for BC
subtypes and observed four out of thirteen cases exhibited significant
associations, indicated moderate prognostic importance of the PLINI
gene in BC (Supple Table 3 and Fig. 4B). In Fig. 4B, OS for only lymph
node status for mRNA (RNA Seq) were shown, with positive and nega-
tive cases, as well as HER2 status for mRNA (RNA Seq), highlighting
both positive and negative instances.

3.5. Treatment response to various therapies

We examined the relationship between PLIN1 gene expression and
the response to various therapies in BC. Our investigation encompasses a
wide spectrum of systematic therapies typically used in BC treatment
such as tamoxifen and aromatase-inhibitors under endocrine therapy,
trastuzumab and lapatinib under targeted anti-HER2 therapy, and tax-
ane, anthracycline, and ixabepilone as chemotherapy. We employed two
robust statistical methods: ROC analysis and Mann-Whitney tests and
constructed box plots to illustrate the distinction between responders
and non-responders across all the therapy types under investigation
(Fig. 5). The key quantitative results of AUC, ROC, and Mann-Whitney
test for PLIN1 gene had been recorded as treatment response outcomes
(Tables 2). Here, anti-HER2 therapy with trastuzumab and chemo-
therapy with anthracycline exhibited exceptional efficacy in terms of the
gene’s ability to classify treatment responses, suggesting potential
clinical utility for BC. Mann-Whitney U test had also revealed that the
differences in PLINI gene expression between responders and non-
responders in these two treatment groups were statistically significant
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Fig. 5. A. Visual representation of response to therapies (endocrine therapy by tamoxifen, aromatase inhibitor, and anti-HER2 therapy by trastuzumab and lapatinib)
for number of responders, number of non-responders, AUC value, ROC p-value and Mann-Whitney test p-value, B. Visual representation of response to chemo-
therapies (Taxane, Anthracycline and Ixabepilone) for number of responders, number of non-responders, AUC value, ROC p-value and Mann-Whitney test p-value.

Table 2

Response to therapies for endocrine therapy, anti-HER2 therapy and chemotherapy for number of responders, number of non-responders, AUC value, p-value for ROC

and Mann-Whitney test.

Inputs parameters Endocrine therapy Anti-HER2 therapy Chemotherapy

Tamoxifen Aromatase inhibitor Trastuzumab Lapatinib Taxane Ixabepilone Anthracycline
Number of responders 5 40 87 21 371 105 528
Number of non-responders 2 18 2 44 842 31 1098
AUC pathological response 0.5 0.569 0.59 0.586 0.505 0.558 0.531
ROC p-value 0.5 0.22 0.016 0.14 0.39 0.15 0.022
Mann-Whitney test p-value 1 0.41 0.034 0.27 0.79 0.33 0.044
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(p-values <0.05), established significant association between PLINI
gene expression and the effectiveness of these specific treatments.

4. Discussion

The PLIN1 gene, primarily expressed in white adipose tissues, plays a
role in hormone-induced lipolysis and large lipid droplets formation
(Sztalryd & Kimmel, 2014). Studies have highlighted elevated PLIN1
expression in liposarcoma (a cancerous tumor of lipoblast) and its
absence in lipoma (benign soft tissue lump) (Straub et al., 2019). The
role of PLIN1 expression in BC is variable and under-investigation. The
present study extensively examined the expression patterns and prog-
nostic implications of the PLIN1 gene in BC.

Applying a trustworthy and accurate statistical approach for identi-
fying substantially expressed genes is a crucial component of high-
throughput microarray data processing. The variances of two sets of
data cannot be expected to be homogenous with standard deviation ratio
of 1:1 in statistical testing under actual conditions (Erceg-Hurn and
Mirosevich, 2008). Variance ratios might range between 1.1 and 1.2 in
the majority of studies, and their reasons are still not fully understood.
We, therefore, used Welch’s t-test to measure the expression of the PLIN1
gene in BC because it does not require to meet homoscedasticity
requirement. Our results revealed significantly lower expression of
PLIN1 (FC —30.76 and p value 2.15848E 1) in BC tissues compared to
normal. Earlier studies have also reported low expression of PLIN1 in BC
on sample size supporting out result (Karim et al., 2023; Zhou et al.,
2016; Kim et al., 2015). Survival analysis indicated that PLINI expres-
sion was associated with relapse free survival (RFS) and overall survival
(0S) in BC patients. Lower expression of PLIN1 indicated poor prognosis
while high expression was associated with longer survival of BC patients
(Zhang et al., 2021; Zhou et al., 2016). Conversely, Jung et al. linked
high PLIN1 expression to shorter overall survival in metastatic breast
cancer (Jung et al., 2015). Notably, Zhou et al. observed low PLIN1
expression predicting poorer metastatic relapse-free survival in ER-
enriched and luminal-A subtypes (Zhou et al., 2016). Nevertheless,
further studies are necessary to validate existing results (Zhou et al.,
2016; Jung et al., 2015).

Survival analysis and predicting prognosis with PLIN1 expression
was another dimension of this study. Unfortunately, censoring where
patients either die from a disease other than the disease of interest or are
lost to follow-up, can affect the survival curves if many people are
censored at one time point (Leung et al., 1997). Usually, the average or
median times (follow-up) approach was applied to address censoring
issue (Machin et al. 2007). For survival analysis either a non-parametric
approach where no assumptions are required on the hazard/survival
rate or a parametric techniques for determining the variables effect on
hazard/survival rate, such as demographic parameters, illness type, and
therapy received are used such as Kaplan-Meier (KM) plotter and the
Cox-proportional hazards model (CPHM) (Tseng et al., 2012; Evangelou
& loannidis, 2013). CPHM is preferred to handle variable effects while
KM plotter is preferred while analyzing time-to-event data in the field of
cancer to estimate curves, and other crucial tables like overall com-
parisons (Etikan, 2017). We employed the KM plot as a confirmatory
test, considering the positive or negative status of patient’s ER, PR, and
LN to give the investigation a novel perspective.

Meta-analysis on several independent cohorts is done by statistical
methods using “metapro” package of R to boost statistical power (Yoon
et al., 2021; Whitlock, 2005). The weighted version of the Fisher’s
approach (wFisher) has stronger power as it assign specific weight to
specific experimental circumstances or genetic differences used
frequently in analyzing high-throughput microarray and RNA-seq data
(Yoon et al., 2021).

Here wFisher, Lancaster, and Weighted Z-method were used for
meta-analysis, and our findings clearly suggest the PLINI expression
considerably impacted on BC patient’s survival.

The primary challenge in BC management is selection of drug(s),
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initiation of treatment and predicting therapeutic outcome, and this
clinical decision is a crucial turning point that heavily depends on ac-
curate and timely diagnosis. Presently, a fusion approach using con-
ventional clinicopathological factors and molecular biomarkers,
encompassing single-gene tests (ER, PR, HER2) and/or specialized gene
signatures are used to improve diagnosis accuracy (Igbal et al., 2023;
Mirza et al., 2023; Karim et al, 2016; Merdad et al, 2015; Merdad et al,
2014).

Receiver operating characteristics (ROC) plotter and Mann-Whitney
tests was used to extensively explore the response of various therapies in
BC in relation to PLINI expression (Fekete & Gyo6rffy, 2019). We found
two drugs i.e trastuzumab and anthracycline exhibiting exceptional ef-
ficacy in terms of the PLIN1 gene’s ability to classify treatment responses
when investigated a wide spectrum of BC therapies including endocrine
therapy with tamoxifen and aromatase inhibitors, anti-HER2 therapy
with trastuzumab and lapatinib, and chemotherapy with taxane,
anthracycline, and ixabepilone. Additionally, Mann-Whitney U test has
revealed statistically significant differences in gene expression between
responders and non-responders in trastuzumab and anthracycline
treatment groups. Consequently, it can be inferred that the PLIN1 gene
holds potential biomarker of intermediate significance in terms of BC.

Further, a breast cancer diagnosis, treatments and symptom man-
agement exerts a profound and enduring psychological impact on in-
dividuals. A follow-up of elevated rates of depression and anxiety
persisting up to five years post-diagnosis is recommended to manage the
emotional strain in BC patients (Blaes et al., 2023). The psychological
effects on cancer patients vary throughout the diagnostic and treatment
phases. Following a breast cancer diagnosis, individuals typically un-
dergo elevated negative emotions, psychological distress, anxiety,
depression, shock, denial, and subsequent stress and worry (Fortin et al.,
2021; Compas & Luecken, 2002; Martino et al., 2021; Yang et al., 2017).
Ignoring this aspect risks crucial elements influencing both the mental
and physical well-being of BC patients.

5. Conclusion

The PLIN1 gene had significantly lower expression in BC tissues
compared to normal. Survival analysis revealed the moderate impor-
tance of PLIN1 in predicting prognosis. Response to trastuzumab and
anthracycline treatment showed an intermediate significance of PLIN1
in BC.
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