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Abstract

Hypoxic zones exist in solid tumors, where oxygen levels are significantly lower than in normal tissues. Hypoxia makes
chemo-radiation therapeutics less effective and renders the metastatic potential more favorable. Emerging research
has found that the transcriptional expression of hypoxia-inducible factor-1alpha (HIF-1a) promotes the transcrip-

tion of vascular endothelial growth factor A (VEGF-A) and Hexokinase-I (HK-I), which are associated to cellular growth,
angiogenesis, and metastatic invasion in many malignancies. However, it is still unclear whether VEGFA and HK-|
expression has any influence on survival based on the intrinsic subtypes of breast cancer. Their prognostic significance
remains a debatable topic. In the present study, quantitative Real-time polymerase chain reaction (qRT-PCR) was
employed to check the relative expression of HIF-1a, VEGF-A and HK-I. The hazard ratios (HR) of breast cancer-specific
and overall mortality were calculated using Cox proportional hazards model, which were adjusted for demographic,
clinicopathological, and associated molecular variables, as well as the diagnosis year. The relative mRNA expression
levels of HIF-1a (p=0.0010) and VEGFA (p =0.0119) were significantly higher in tumor tissues. The expression of both
HIF-1a (p=0.0111) and VEGFA (p=0.0078) was higher in the TNBC group of breast cancers, while HK-I (p =0.0106)
was higher in ER/PR-positive, HER2-negative group. HIF-1a and HK-I overexpression were associated with a higher
likelihood of survival, while overexpression of VEGFA was associated with a low survival rate, although it was not statis-
tically significant.
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Introduction

Breast cancer is the most frequent malignancy in women.
According to H. Sung and etal., cancer incidence rate is
rising at an alarming rate, and one in every four individu-
als over 65 years will be a cancer survivor by 2040, mak-
ing cancer one of the leading causes across the globe. In
2020, around 2.3 million females (or 11.7 percent of all
cancer patients) were diagnosed with the disease world-
wide. The incidence of breast cancer has now overtaken
that of lung cancer. Breast cancer is the most frequent
malignancy in terms of incidence and the fifth leading
cause of cancer mortality, with 6,85,000 deaths glob-
ally, despite the fact that breast cancer may be effectively
treated if diagnosed and treated at an early stage. Breast
cancer is increasing at a rate of 3.1 percent every year.
The highest incidence rate is seen in developed countries,
whereas the lowest is found in developing and underde-
veloped countries [1]. In India, Breast Cancer accounts
for roughly a quarter of all female cancer cases. The total
178,361 new cases of breast cancer were found in 2020,
which accounts for 13.5% of all cancer cases recorded. In
India, about half of all breast cancer patients are under
the age of 50 [2]. Even after achieving breakthroughs in
diagnostics and therapeutics, it is the primary reason
for cancer-related mortality in females globally. It has
various subtypes that are linked with varying clinical out-
comes [3, 4]. Understanding this variation is critical for
developing personalized preventative and therapeutic
approaches. One of the characteristics of breast cancer is
metabolic reprogramming, which helps to maintain the
malignant phenotype in response to the tumor micro-
environment’s selective pressure [5]. Low intratumoral
oxygen levels (hypoxia) are linked to tumor aggressive-
ness, tumor invasion, and therapeutic resistance in breast
cancer [6]. Hypoxia-inducible factor (HIF) is responsible
for most transcriptional responses to hypoxia [7]. HIFs
consist of two subunits: one that is oxygen-dependent
(HIF-1a) and the other that is oxygen-independent
(HIF-1pB), with the former classified into three isoforms:
HIF-1a, HIF-2a and HIF-3a [8]. HIF-1a is post-transla-
tionally degraded by prolyl hydroxylases (PHDs) under
normoxia, but in hypoxic conditions, the o-subunit
avoids degradation by binding to the 3-subunit and form-
ing a heterodimer, allowing it to exert hypoxic responses
via binding to the RCGTG sequence, known as hypoxia
response element (HRE) [9].

HIF-1a is anticipated to initiate a signal-transduction
network in the hypoxic zone in solid tumors, enabling
tumor cells to adapt to hypoxic circumstances and evolve
into an aggressive phenotype [10, 11]. HIF-1a increases
the expression of approximately 40 downstream pro-
teins that are required for survival under hypoxia. Inter-
estingly, one of the downstream proteins controlled by
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HIF-1a is vascular endothelial growth factor (VEGF),
which promotes the tumor angiogenesis when upregu-
lated [12]. Furthermore, solid tumors are subjected to
hypoxic pressure and HIF-la is implicated in tumor
angiogenesis [13-15]. Since HIF-1a has been shown to
play a crucial role in angiogenesis, blocking or silencing
this pathway may make it more challenging for cells to
form a robust vasculature and spread to other spots, even
when they have an invasive character [16].

Moreover, HIF is important in controlling metabolic
rewiring in cancers that rely on non-oxidative glucose
breakdown rather than regular oxidative phosphorylation
for energy production. Hexokinase-1 (HK-1) is one of
the main target enzymes of HIF-1 in the glycolytic path-
way. HIF-1a’s impact on glycolytic metabolism has been
extensively documented [17], HIF-1a stability drives the
glycolysis in tumors, irrespective of the hypoxic environ-
ment [18]. Furthermore, HIF-1a allows cells to adjust to
lower intracellular pH resulting from augmented anaero-
bic glycolysis and lactic acid production [19].

In the clinical settings, there has been no effective tar-
geting of HIF-1 and its subsequent inhibition in angio-
genesis and metabolism in the therapeutic context of

Table 1 The various characteristic features of breast cancer
patients

Patient characteristics Controls Cases p-Value
Age
<50 41 (73.21%) 31 (55.35%) 0.0486
>50 15 (26.79%) 25 (44.65%)
Gender
Male 7 (12.5%) 02 (3.57%) 0.8221
Female 49 (87.5%) 54 (96.43%)
Dwelling
Rural 40 (71.42%) 35(62.5%) 03151
Urban 16 (28.58%) 21(37.5%)
Life Style
Active 47 (83.92%) 42 (75%) 0.2421
Sedentary 09 (16.07%) 14 (25%)
Lymph Node Status
Positive - 33 (58.92%) -
Negative - 23 (41.07%)
Family History
With History - 06 (10.71%)
Without History - 50 (89.29%) -
Necrosis
Present - 26 (46.42%)
Absent - 30 (53.57%) -
Menopausal Status
Premenopausal 28 (57.1%) 24 (44.44%) 0.1979
Postmenopausal 21 (42.85%) 30 (55.55%)
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breast cancer. In the present study, we evaluated the
expression of hypoxia-associated metabolic and angio-
genesis markers like HIF-1a, VEGFA, and Hexokinase-
I in different sub groups of breast cancers with the
intent whether anti-HIF-1 could be employed as a thera-
peutic target to impede the role of VEGFA and HK-I in
tumor development and progression in different sub-
types of BC.

Materials and methods

Patients and samples

A total of 56 histopathologically confirmed breast can-
cer samples and 56 normal blood samples were taken
from the Department of Surgery & Surgical Oncology
SKIMS Srinagar from 2018-2021. The study was per-
formed in agreement with the principles of the Helsinki
Declaration, 1964, with proper approval of the study
from the Institutional Ethical Committee SKIMS (IEC
Protocol No. 07/2019). Written informed consent was
taken from the subjects in predesigned proforma. Only
those patients were included in the study that were his-
tologically and radiologically confirmed and were will-
ing to participate while as those patients were excluded
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which had prior history of any other malignancy or his-
tory of cardiovascular or any other serious disease. Those
patients were also excluded who had undergone chemo
or radiotherapy and were not willing to participate.

RT-PCR

Trizol method was used to extract total RNA from breast
tissues obtained after mastectomy or BCS and blood
samples obtained during surgery. The expression of
HIF-1a, VEGFA and Hexokinase-I mRNA was analyzed
by Real-time Polymerase Chain Reaction (RT-PCR). The
Revert Aid First Strand cDNA Synthesis Kit (ThermoSci-
entific) was used to reverse transcribe 1-2 ug of RNA in
a total reaction volume of 25 pL. The primer sequences of
HIF-1a, VEGFA, Hexokinase-I, GAPDH and [-Actin are
listed in Supplementary Table 1. The 2722¢T approach
was applied to compute the relative expression of the
different experimental sets, which was normalized to
B-ACTIN and GAPDH expression. PCR was performed
on Rotor-Gene Q (QIAGEN) by employing standard PCR
conditions. Electrophoresis in 2% agarose gels separated
the amplified fragments, which were then seen on gel doc
under UV after being stained with ethidium bromide.
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Fig. 1T mRNA expression of HIF-1a, VEGFA & HK-l in breast cancer and its subtypes. A Relative mRNA expression profile of HIF-1a, VEGFA & HK-

in breast cancer tissues. B HIF-1a mRNA expression in breast cancer subtypes correlated with normal tissue. C VEGFA mRNA expression in breast
cancer subtypes correlated with normal tissues. D HK-I mRNA expression in breast cancer subtypes correlated with normal tissues. - -- represents
TNBC.+ + + represents Estrogen, Progesterone & Her2 positive. 4 + - represents Estrogen, Progesterone positive & Her2 negative. - - +represents
Estrogen, Progesterone negative & Her2 positive
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Fig. 2 Immunohistochemical expression of hypoxia-inducible factor-1 alpha (HIF-1a) with increasing grade in Breast Carcinoma. The expression of
HIF-1a was mostly nuclear, but in some cells, cytoplasmic positivity was also observed. A Normal tissue (10X), B Normal tissue (40X), C Grade I(10X),
D Grade 1(40X), E Grade 1I(10X), F Grade 11(40X), G Grade l[(10X), H Grade ll1(40X)
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Fig. 3 Immunohistochemical expression of VEGFA with increasing grade in breast carcinoma. The expression of VEGFA was mostly cytoplasmic. A
Normal tissue (10X), B Normal tissue (40X), C Grade 1(10X), D Grade 1(40X), E Grade 11(10X), F Grade 11(40X), G Grade Ill (10X), H Grade lIl (40X)



(2023) 8:2

Farooq et al. Translational Medicine Communications

Normal_Low Power (HK-1) Normal_High Power (HK-1)

Grade-II_Low Power (HK-1)

Grade-11_High Power (HK-1)

10X 5 - ‘—'"; ~

Grade-1II_Low Power (HK-1)

Page 5 of 13

Grade-1_Low Power (HK-1)

() LU0 Wi J |

Grade -111 _High Power (HK-1)

Fig. 4 Immunohistochemical expression of HK-l with increasing grade in breast carcinoma. The expression of HK-l was mostly cytoplasmic. A
Normal tissue (10X), B Normal tissue (40X), C Grade 1(10X), D Grade 1(40X), E Grade I1(10X), F Grade 11(40X), G Grade IlI(10X), H Grade IIl (40X)

Immunohistochemistry (IHC)

Tissue samples obtained from subjects were processed
for IHC to analyze the microscopic changes at the sub-
cellular level. Briefly, paraffin-embedded tissue blocks
were sliced into 3-5 pum thick sections and were put on
charged slides. After de-paraffinization of tissue sections,
slides were processed for hydration by successive etha-
nol treatment with decreasing concentrations. Antigen
retrieval of tissue sections was performed in an auto-
clave at 95 °C for 25 min in a citrate-buffered solution
(0.01 M, pH 6.0). Immunostaining was used to deter-
mine the expression and localization of HIF-1a (1:100)
(GTX127309, Gene Tex) VEGF-A (1:100) (GTX102643,
Gene Tex) and HK-1(1:200) (#8337 C35C4, CST) using
commercially available antibodies. A horseradish peroxi-
dase (HRP) labeled secondary antibody was used to visu-
alize the antigen—antibody complex.

Statistical analysis

The findings in this study were analyzed to evaluate the
association between VEGF-A, HIF-1a and HK-1 expres-
sion and known histopathologic risk factors in breast
cancer, as well as the prognostic importance of their
expression. The x2 test was used to examine the asso-
ciations between VEGF-A, HIF-1a and HK-1 expression
and stage, cancer type, tumor size, histological grade,

and lymph node metastasis. A log-rank test was used to
assess overall survival curves based on whether VEGF-A,
HIF-1a and HK-1 were expressed. The Cox proportional
hazards regression model was employed to undertake a
multivariate analysis of the prognostic impact of all of
these covariates. In this investigation, p value less than
0.05 (p<0.05) was considered statistically significant. Sta-
tistical analysis was performed using GraphPad Prism 5
Application (Version 5.0.0.288).

Results

Clinical data

A total of 56 breast cancer patients were studied over four
years, from 2018 to 2021. Out of 56 patients, 31 (55.35%)
were under 50 and 25 (44.65%) were over 50 years old.
The average age of patients was 51.6+12.62 (Range
32-80yrs). Most patients had an active lifestyle, account-
ing for 42 (75%) of the total number of patients, whereas
14 (25%) had a sedentary lifestyle. Out of all patients, 06
(10.7%) had a family history of either breast cancer or
other solid malignancy and 50 (89.3%) patients had no
family history of any malignancy. Most of the patients
had normal body mass 42 (75%), except a few patients
who were lean 05 (8.93%) and obese 09 (16.07%). Only 21
(37.5%) of the patients were from Kashmir’s urban dis-
tricts, while 35 (62.5%) were from rural areas (Table 1).
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HIF-1a, VEGFA and HK-I expression in BC

HIF-la (p=0.0010) and VEGFA (p=0.0119) tran-
scriptional expression was found to be higher in tumor
tissues and blood of the patients than in surrounding
normal/peritumor tissues and normal blood samples,
respectively, whereas HK-I1 (p=0.9842) was also higher
in tumor tissues but not statistically significant. HIF-1a
(p=0.0111) and VEGFA (p=0.0078) relative mRNA
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expression were greater in TNBC and Her2+ breast
tumors (Fig. 1).

The HIF-1a expression in the BC subgroups was sig-
nificantly higher (p=0.0176), with the TNBC group
having the highest expression and the ER+ /PR + group
having expression value between TNBC and HER2+4-.
The expression of VEGFA was also found to be higher in
TNBC (p=0.0119) and HER2 + (p=0.0078) sub-group.
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Fig.5 Spearman correlation coefficients: Correlation coefficients between (A) Hypoxia-inducible factor-1 alpha (HIF-1a) and vascular endothelial

growth factor-A (VEGFA) expression (B) HIF-1a and HK-I (C) VEGFA and HK-I
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While as the expression of HK-I was significantly higher
in ER/PR+, HER2- group (p=0.0106) than other sub
groups of BC respectively (Fig. 1).

HIF-1a, VEGFA and HK-l immunoexpression in breast
carcinoma cases

Positive HIF-la immuno-expression was observed in
33 (62.26%) of the 53 samples, whereas positive VEGFA
expression was found in 38 (71.69%) of the samples, and
this was perceived to be statistically linked with higher
histopathological grade (p=0.0006) and positive lymph
node metastasis (p=0.031). The HK-1 immuno-expres-
sion was positive in 27 (50.9%) of the 53 samples. HIF-1a
immuno-expression was predominantly found in the
nucleus. However, it was also seen in cytoplasm, where
it may operate as a transcription factor, VEGFA and HK-I
were mostly found in the cytoplasm (Figs. 2, 3 and 4).

Association between HIF-1a, VEGF-A and HK-I expression
and clinicopathological variables

The increased expression of HIF-la is known to
increase the expression of VEGFA and HK-I. Results
of the Spearman correlation indicated that there is a
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non-significant yet positive relationship between HIF-1a
and VEGFA, (r=0.208, p=0.186) HIF-la and HK-I
(r=0.121, p=0.447) and a non-significant, negative rela-
tionship between HK-I and VEGFA (r=10.039, p =0.806)
(Fig. 5).

Thus, without reaching any conclusive statistical sig-
nificance, the mRNA expression of HIF-1a was evalu-
ated, and it was found to be higher in the lower age group
(<50 years), moreover the mRNA expression of VEGFA
and HK-I was found to be statistically significant in the
higher age group (>50 years) (Fig. 6A). The expression
of HIF-1a was also statistically higher in pre-menopau-
sal women, whereas VEGFA expression was higher in
post-menopausal women and HK-I was slightly higher
in pre-menopausal group without reaching any statistical
significance (Fig. 6B). The transcriptional expression lev-
els of HIF-1a, VEGFA and HK-I were found to be higher
with increasing grade (Grade II & III) (Fig. 6C).

Correlations between HIF-la, VEGF-A, HK-I, and
clinicopathological data were examined using x2 test to
calculate the clinical prominence in BC. Relatively high
continuous mRNA expression levels of VEGFA and
HIF-1a were not linked to any of the clinicopathologi-
cal parameters, while HK-I expression was significantly

Table 2 Correlation coefficients between HIF-1a, VEGF-A and HK-l expression and clinicopathological parameters in breast carcinoma

Patient HIF-1a p-value VEGFA p-value HK1 p-value
characteristics — -
Low High Low High Low High

Age <50 1 20 0.343 8 23 0.608 13 18 0.295
>50 12 13 5 20 14 11

Histological Subtype Ductal 16 24 0.276 13 27 0.559 17 23 0.954
Lobular 2 2 1 3 2 2
Others 2 10 2 10 5 7

Family History Yes 1 5 0.344 2 4 0.534 3 3 0.852
No 18 32 M 39 23 27

Lymph Node Positive 10 23 0311 9 24 0.921 15 18 0415
Negative 10 13 6 17 13 10

Grade | 2 5 0.834 2 5 0.159 5 2 0.296
Il 1 17 1 17 12 16
Ll 7 14 3 18 8 13

Subtypes ER, PR Her2 +++ 6 2 0.097 3 5 0.259 5 3 0.036
+ +- 12 13 1 14 16 9

3 2 10 2 10

--- 3 2 9 4 7

Menopausal No 10 14 0.528 8 16 0.266 10 14 0.393
Yes 10 20 6 24 16 14

Necrosis Absent 12 18 0.861 7 23 0.351 18 12 0.029
Present 1 15 9 17 8 18

Stage | 3 4 0.631 2 5 0933 5 2 0.406
Il 9 21 8 22 13 17
1] 8 1 6 13 9 10
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related to different subtypes of BC (p =0.036) and necro-
sis of tumor tissue (p=0.029) & in Table 2.

Prognostic value of HIF-1a, VEGFA and HK-I

The survival analysis was performed by using Kaplan—
Meier approach to assess the relationship between
overall survival rates and mRNA expression of HIF-1q,
VEGFA and HK-I. The overall survival rates for high
and low expression of HIF-1a, VEGFA and HK-I were
71.1% & 64%, 65.71% & 84%, and 70.74% & 62.5%
respectively. The cox-regression hazard model was

used to identify independent prognostic determinants.
High levels of VEGFA were also linked to poor prog-
nosis for BC (HR=1.88). While HIF-1a (HR =0.808)
and HK-I (0.7884) levels were not linked with the
prognosis. The study found that high VEGFA expres-
sion, lymph node involvement, TNBC type, advanced
grade and stage (II & III) are independent prognostic
variables for BC (Fig. 7).

During the survival analysis, it was observed that
patients with HIF-la and HK-I overexpression
had favorable prognosis and patients with VEGFA
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overexpression had a worse prognosis. In oncologi-
cal research, a lot of work is being put into targeting
metabolic pathways that are active in cancerous cells.
Hypoxia is a well-recognised process to accelerate gly-
colysis and promotes the expression of various metab-
olism-related genes; therefore specifically targeting
biochemical pathways might kill hypoxic cells or make
them more sensitive to conventional chemotherapy or
a specialized targeted treatment. This may pave theway
towards personalized medicine.

Heat map plot analysis also represented the differ-
ential expression of the HIF-la, VEGFA, and HK-I
along with the classification based on the ER, PR and
Her2. Columns of the plot represent the genes and
the rows represent samples (Fig. 8A-E). Moreover, the
gene—gene interaction analysis of HIF-1a, VEGFA, and
HK-I revealed that EPAS,CUL2,SLC2A1, FLT1, ARNT,
HIFIAN and VHL showed maximum interaction
(Fig. 9). These genes might play a role in BC progres-
sion and could be explored for future studies.
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Discussion

The present study explored the expression pattern of
HIF-1a, VEGFA, and HK-I in BC patients, to evaluate if
they had any prognostic or predictive capabilities and
whether there were any correlations with clinical and
immunohistochemical markers.

Hypoxia is a common hallmark of poor-prognosis
tumors [20]; thus, identifying common in-vivo hypoxia-
related genes is important for patient prognostic clas-
sification and the development of new therapeutics.
Although prognostic indicators for hypoxia have been
established and there are differences across research,
necessitating the application of strong tools in large
meta-analyses to create broadly applicable signatures.
As it is well acknowledged that HIF-1 and VEGF are
significant regulators of angiogenesis, [21]. HIF-1« is
a master regulator of hypoxia that is hydroxylated by
Prolyl hydroxylases (PHD) under normoxic circum-
stances, which guides it to post-translational ubiquit-
ination and subsequently to proteasomal degradation,
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but in hypoxic conditions, HIF-1a gets stabilized and
binds to HIF-1p resulting in the formation of a heter-
odimer that passages to nucleus and binds to Hypoxia
Response Element (HRE) to initiate target gene tran-
scription [22]. This complex facilitates tumor develop-
ment and metastasis by activating genes implicated in
cell proliferation, angiogenesis, and survival [21, 23]
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(Fig. 10). In addition, HIFla frequently regulates HK
as a target molecule to maintain elevated metabolic
needs. Identifying new potential anti-HIF-1« targets in
BC is quiet attractive, particularly for malignancies like
TNBC, for which there is currently no targeted therapy.
As a result, we looked at the relative mRNA expres-
sion, protein localization, and expression profiling of
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Fig. 10 Schematic representation of HIF-1a mediated regulation of VEGFA and HK-1 in breast cancer under normoxic and hypoxic conditions
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HIF-1a and other angiogenesis/metabolic factors in
subtypes of breast cancer mentioned above. Our find-
ings demonstrated that HER2-positive tumors differed
marginally from the other categories with statistically
insignificant to non-existent differences. Moreover,
TNBC shows increased expression levels across the
investigated variables.

The elevated levels of HIF-1a in inherited BRCA1 mutant
cancers in 90% of cases led to the anticipation of HIF-1a
amplification in TNBC [24]. Knowing that BRCA1-coupled
BC commonly corresponds to the TNBC type and each
generally displays the indications of hypoxic morphology
might be the reason to anticipate an increased expression
of HIF-1a in TNBC [25, 26]. HIF-1a seems to work in con-
junction with HER2 in HER2+enhanced tumors where
hypoxia is not a significant histological attribute, adding
to aggressive tumour development and metabolism [27].
Overexpression of HER2, a transmembrane tyrosine kinase
receptor, is essential for tumor development and metasta-
sis in breast cancer [28]. Under normoxic circumstances,
HER?2 seems to activate tyrosine kinase receptors, stabiliz-
ing HIF-1a and stimulating VEGFA expression [29]. It has
been recently demonstrated that HIF-1a has a part to play
in HER2 upregulation and tumorigenesis by controlling
anoikis [30]. As a result, the increased expression of HIF-1«
and HER2 overexpression may be complementary instead
of the result of hypoxia. Regardless of the mechanism
behind HIF-1a elevated expression, its presence appears to
aid in the aggressiveness of tumor behavior.

It’s also remarkable that in the present study, there was
no significant difference between ER +and TNBC group;
when compared to TNBC and HER2- enhanced breast
carcinomas, ER+ /PR + /HER2- breast cancers are less
aggressive [31]. Even though ER expression encourages
breast cancer development, it is mostly a sign of better
differentiation, which renders a tumor more susceptible
to anti-ER treatment [32]. HIF-1a seems to downregulate
ERa in this situation, adding to Tamoxifen resistance and
deteriorating prognosis.

In conclusion, the present study explored HIF-1q,
VEGEF-A, and HK-I expression patterns in BC patients.
Our findings demonstrated that HER2-positive tumors
differed marginally from the other categories with sta-
tistically insignificant to non-existent difference. More-
over TNBC shows increased expression levels across
the investigated variables. Overall, our study success-
fully addressed the association of HIF-1a, VEGEF-A, and
HK-I with various clinicopathological parameters in our
patients. Despite the availability of treatment options,
chemoresistance to the Rx'd drugs are the major deter-
rent in the better prognosis of breast cancer. Thus, the
chance of relapse of cancer continues to be a challenge
and therefore paves the quest to identify cellular pathways
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and pinpoint novel therapeutic targets. Although, HIFs
and the downstream metabolic and angiogenic changes
despite playing a significant role in the development,
severity and therapeutic resistance to breast cancer, prove
to be tough targets in the clinical set-up. This study may
help in the identification of novel targets for combina-
torial therapeutic modalities of BC further providing a
rationale for improving existing cancer therapies. Thus
a combinatorial approach of innovative anti-angiogenic
(VEGFA) and metabolic partners (HK1) with standard
treatments together with non-pharmaceutical strategies
seems the potentially viable approach. Together, these
findings may pave the way for developing newer potential
drugable targets and their application in early non-inva-
sive diagnostic modality thus enhancing the overall prog-
nosis in BC patients. However, the small sample size is the
limitation of this study.
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