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ABSTRACT

One defining feature of cancer cells is metabolic pathway dysregulation, which prevents
them from meeting their bioenergetic and biosynthetic demands. By comparing CERK
and SPHK1 gene expression in the local and TCGA cohorts, we were able to confirm
the aforementioned results and establish their clinical significance in breast cancer.
The importance of CERK and SPHK1 as biomarkers for diagnosis and prognosis in
breast cancer patients is further supported by their associations with metastatic
markers MMP-2 and MMP-9 as well as medication resistance marker genes ABCCI
and ABCG2. Finding clinically relevant biomarkers was a breeze with the help of
lipidomic investigations and multivariate analysis.
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INTRODUCTION

The purpose of this research was to catalog and evaluate lipid species in breast cancer
survivors. Finding clinically relevant biomarkers was a breeze with the help of
lipidomic investigations and multivariate analysis. To further support the potential of
lipids as biomarkers in breast cancer, we have evaluated the protein expression of the
representative genes and established their association with clinical features. Little is
known about the role of lipid metabolism in breast cancer, despite its importance in
other malignant tumors. We also need more information on the connection between
lipids and breast cancer, as well as the function of treatment resistance and metastatic
indicators.

Solubility in non-polar solvents and structure of long hydrocarbon chains are the
fundamental distinctions between lipids and other macromolecules such as
carbohydrates, proteins, and nucleic acids. Different classes, subgroups, and subsets of
eukaryotic and prokaryotic lipid molecules are found within each of the eight categories
that are based on physical and chemical features.

The functional aspects of lipids at several physiological levels, including metabolism,
signaling pathways, spatial control, and interactions with other "Omics," provide a
significant obstacle to system-scale lipid research. The goal of lipidomic mapping is to
provide a comprehensive picture of lipids in living systems, including all interactions
between lipids, metabolic pathways, and proteins. It enhances our comprehension of
system biology in health and illness by integrating proteomics, genomes, and
metabolomics.
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Because lipids are not part of the DNA code, it is difficult to determine how many
different types of chemicals make up the lipidome. Lipids typically consist of two main
building components, ketoacyl or isoprene subunits, which are combined during
condensation. Lipid biosynthesis and metabolism, on the other hand, are very diverse.
There are hundreds of different lipid species that may be produced by combining
different backbone, headgroup, and acyl chains in lipid biosynthesis.

Lipidomics is a rapidly evolving field that calls for improved analytical methods, as
well as strategic sample processing and integrated computing resources. Recent
technological advancements have made lipidomic research a promising new field for
the identification of biomarkers with potential applications in preventative and
predictive medicine. Focusing on lipid-protein interactions, this review examines
methods for studying lipids in both healthy and unhealthy states.

Because lipids are not part of the DNA code, it is difficult to determine how many
different types of chemicals make up the lipidome. Lipids typically consist of two main
building components, ketoacyl or isoprene subunits, which are combined during
condensation. Lipid biosynthesis and metabolism, on the other hand, are very diverse.
There are hundreds of different lipid species that may be produced by combining
different backbone, headgroup, and acyl chains in lipid biosynthesis. Better analytical
methods, tactical sample processing, and integrated computing tools are all necessary
due to the dynamic nature of lipidomics.

LITERATURE REVIEW

Zhiyong et.al (2024) Despite the prevalence of acute kidney damage (AKI), there is
currently no medication that targets this particular illness. The importance of changes
linked to lipids in AKI has been extensively studied. In order to keep the kidneys
healthy, lipid metabolism is crucial. Lipids do more than only provide energy; they also
help build the renal microenvironment and renal bio membranes. Signal transduction
is a key regulatory mechanism in many important biological processes, including cell
proliferation, differentiation, cell death, autophagy, and the epithelial-mesenchymal
transition; lipids and their metabolites play an active role in this process. This study
shifts the emphasis from chronic kidney disease to acute kidney injury (AKI) lipid
metabolic anomalies, as most prior research has concentrated on CKI.

Manju et.al (2023) A diverse class of substances insoluble in water but soluble in
organic solvents are known as lipids. In addition to their role in nutrition, lipids serve
several additional purposes. Getting the proper kinds of lipids in your diet is crucial,
since there is a wide variety of lipids found in nature. A number of biomolecules are
essential to cellular structure and function, including lipids. The seeds and fruits of
some plants are the primary places to get dietary lipids since that's where they are
usually kept. Researching lipid metabolism and variety is crucial. This chapter
provides a concise overview of lipids, including their many structures and activities, as
well as the nomenclature and categorization of fatty acids. The processes, enzyme
functions, and organelles that make up lipid metabolism are all covered in this chapter.
Since fatty seeds mostly store as oils, studying their catabolism is important for
understanding how they germinate. The stored lipids in fatty seeds do not serve as an
immediate energy source.
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Erich et.al (2022) An annual oilseed plant, camelina is becoming more popular as a
cover crop for biofuels. Lipid metabolism and other plant metabolic processes can only
be understood with a firm grasp of gene regulatory networks (GRNs). In this work, we
use an expanding number of gene expression datasets to identify TFs involved in the
regulation of Camelina lipid metabolism. Our research has uncovered around 350
transcription factors that are strongly associated with genes linked to lipids (LRGs).
The MYB, AP2/ERF, bZIP, and bHLH families include several members of these
transcription factors, including numerous homologs of renowned Arabidopsis lipid and
seed developmental regulators. We used DNA aftinity purification sequencing (DAP-
seq) to find DNA-binding sites and predicted target genes for 16 of the 22 tested
transcription factors after we prioritized the top 22 for further confirmation.

Dr Sumanta et.al (2019) Saturated lipid oxidation, ketogenesis, production of fatty
acids and lipids, cholesterol metabolism, and hormonal control of lipid metabolism are
all aspects of lipid metabolism. Atherosclerosis, fatty liver, and hypercholesterolemia
are all symptoms of improper lipid metabolism. Because they are not soluble in water,
lipids are often found in compartmentalized forms within cells, such as adipocyte
membrane-associated lipids or triacylglycerol droplets, or they are transported in
plasma in conjunction with proteins, such as albumin or lipoprotein particles. Nonpolar
solvents can be used to extract lipids from tissues. The hydrophobic barrier is provided
by lipids, which also serve as the body's primary energy source.

Renqiang et.al (2022) coronary artery disease (CAD) is induced in part by
hyperlipidaemia. Coronary artery disease patients' lipid metabolic patterns as well as
pertinent clinical and molecular characteristics were the focus of this investigation.
Methods The present investigation utilized information obtained from the Gene
Expression Omnibus (GEO) database to create a novel CAD classification according to
the gene expression profile of genes involved in lipid metabolism. Nonnegative matrix
factorization clustering was used for this purpose. The research also used
bioinformatics to delve into the subgroups' inherent biological and clinical traits. Final
Product the Gene Expression Omnibus database was queried for data pertaining to 615
samples, which were then linked to relevant clinical information.

RESEARCH METHODOLOGY

Patients with breast cancer who had surgical resection at the Department of Surgery
Dept, SAMC & PGI, Indore, had their tumors and surrounding normal tissues removed.
With the approval of the Institutional Ethics Committee at SAMC and PGI in Indore,
as well as the informed permission of the participants, the samples were collected. Both
the local cohort and the publicly accessible cancer genome atlas (TCGA) were used in
the investigation Using ice-cold PBS as a flush, the breast tissues were dissected and
then fixed in 10% neutral buffered formalin. Sections of Sum thickness were cut from
the paraffin-embedded tissue using a microtome. the mixture was incubated at
48°Cover the night. To break down glycerophospholipids, 75 ul of a solution of 1 M
KOH in CH30OH was added after cooling, and the mixture was then placed in a shaking
incubator at 37°C for 2 hours.

DATA ANALYSIS
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A subfamily of transporters known as ATP-binding cassette transporters (ABC
transporters) facilitates the cellular release of lipids and other medicines. In both the
local and TCGA cohorts, we examined the expression of two important drug
transporters, ABCC1 and ABCG2, in tumor and surrounding normal breast tissues
(n=31). Figure 1 A shows that there was a statistically significant increase in ABCC1
levels in tumor tissue compared to neighboring normal tissue in the local cohort
(*p=0.035). A notable increase in the expression of ABCC1 in tumor tissue was also
shown by TCGA data (***p<0.0001), as seen in Figure 1 C. Figure 1 B shows that in
the local cohort, there was no statistically significant difference in the levels of ABCG2
between tumor and nearby normal tissue. In contrast, Figure 1 D shows that in the
TCGA cohort, normal tissue levels were considerably higher than tumor levels.

Local Cohort
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TCGA Cohort
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Figure 1 Evaluation of breast cancer patients' gene expression profiles related to
drug transporters.

The local cohort has A. ABCC1, B. ABCG2, and C. ABCC1, D. ABCG2; the TCGA
cohort has the same.

Using ROC curve analysis, we found out how well ABCC1 and ABCG2 could
distinguish tumors from nearby normal tissue. There is strong evidence that ABCC1
might be used as a diagnostic tool for breast cancer patients, according to the AUC
values from both the local cohort (Figure 2 A) and the TCGA cohort (Figure 2 C). In
the local cohort, there was no significant AUC value for ABCG2 expression (Figure 2
B). In contrast, ABCG2 showed a very significant result and an excellent AUC value
in the TCGA cohort (Figure 2 D). further shows that ABCG2 may have great promise
as a breast tumor tissue discriminator, according to its excellent sensitivity and
specificity values.
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Figure 2 Results from the ROC analysis for A. ABCC1, B. ABCG?2 in the local
cohort and C. ABCC1, D. ABCG2 in the TCGA cohort

Table 1 Sensitivity and specificity of drug resistance genes

Cohort Genes AUC (95% CI) Sensitivity Specificity
UBCCI 0.652 (0.513-0.774)  B9.29% 89.29%
Local Cohort
UBCG2 0.529 (0.391-0.664)  160.71% 64.29%
UBCCI 0.795 (0.760- 0.827) [80.91% 67.21%
TCGA Cohort HBCG2 0.907 (0.880-0.929) [83.74% 88.52%

The current research found that ABCCI1 levels were considerably increased in nodal
positive (*p=0.02), late-stage (*p=0.034) (Figure 3 E) and Ki67 (*p=0.034) (Figure 3
F) patients. Nevertheless, there was no discernible variation in ABCG2 expression
across different clinical groupings (Figure 3).
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Figure 3 Expression of the ABCC1 gene in breast tumor tissues and its
association with many clinicopathological variables.

Section A: Age B: Endocrinological Status C: Grade D: pN Stage E: pTNM Stage F:
Ki67 correlation
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Figure 4 Expression of the ABCG2 gene in breast tumor tissues and its
association with many clinicopathological variables.

A. Years Lived B. Emergency Room Present Condition C. Academic Level The
association between Ki67 and stages D, E, and F of Ptnm

Figure 5 B shows that the expression of ABCG2 was not significantly different between
the tumor and the neighboring normal tissue. In addition, no correlation was seen
between ABCG2 expression and any of the clinicopathological variables (Figure 5).
There was a statistically significant increase in ABCC1 levels in tumor tissue compared
to normal tissue that was nearby (**p=0.0012) (Figure 5 C). Figure 5 shows that there
was no statistically significant association between ABCC1 and any of the clinical
variables tested.
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Figure 5 Breast cancer patients' ABCG2 and ABCC1 protein expression.

A. Spots that represent B. ABCG2 density-metric analysis and C. ABCC1 levels in
neighboring tumor and normal tissues
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Figure 6 Various clinicopathological categories' ABCG2 levels compared using
densitometry between tumors.

A. Years Lived B. Emergency Room Present Condition C. Academic Level Stages D
and E of pTNM
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Figure 7 Various clinicopathological categories' ABCC1 levels compared using
densitometry between tumors.

A. Years Lived B. Emergency Room Present Condition C. Academic Level Stages D
and E of pTNM

CONCLUSION

Studying the expression of drug transporter genes. In order to assess the possible
diagnoses. Clinicopathological features and drug transporter gene correlation.
Pharmacological transporter protein expression in breast cancer patients. After breast
cancer patients had their tumors surgically removed, the surrounding normal tissues
and tumors were gathered to help achieve these goals. Tissues from breast tumors have
far higher levels of ABCC1 mRNA expression compared to normal tissues nearby.
Nodal positivity, advanced pTNM stage, and a high Ki67 index were additional
characteristics associated with breast cancer patients with high ABCC1 levels. Patients
with breast cancer who had surgical resection at the Department of Surgery Dept,
SAMC & PGI, Indore, had their tumors and surrounding normal tissues removed.
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