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Abstract

Background: This study investigates the relative expression of the Na*, HCO,_
cotransport gene NBCn1, and caspase-3 within the tumor microenvironment of human
breast cancer, considering the in vivo microenvironment.

Method: In this experimental study, breast cancer MDA-MB-231 cells were
cultured under normoxia/hypoxia conditions for 24, 48, and 72 hours with varying
glucose concentrations (5.5, 11, and 25 mM). The mRNA expression of NBCn1 and
caspase-3 was evaluated using real-time polymerase chain reaction. The stability and
binding pocket of NBCn1 were assessed using DispHred and the Computed Atlas of
Surface Topography of proteins (CASTp) servers, respectively. The location prediction
of the protein was determined using the Transmembrane Helices; Hidden Markov
Model (TMHMM) server.

Results: Normoxia led to an increase in NBCnl expression during all three time
periods, displaying heterogeneity. The expression was particularly elevated at glucose
concentrations of 25 and 5.5 mM. In hypoxic conditions, gene expression was reduced;
however, an increase in glucose concentration enhanced SLC4A7 expression.
Specifically, a glucose concentration of 25 mM led to decreased caspase-3 expression
under hypoxic conditions. In silico studies revealed that SLC4A7 becomes disordered
when the pH falls below 7, with most amino acids in the binding pocket being nonpolar.

Conclusion: The heightened risk of breast cancer metastasis may be linked to the
upregulation of SLC4A7 and downregulation of caspase-3 expression, underscoring
their fundamental roles in cancer treatment and prevention. SLC4A7 is a transmembrane
protein, and its folding is pH-dependent.
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Introduction

Breast cancer is a highly occurring cancer,
and it is the primary cause of cancer deaths among
women all over the globe.! Breast cancer has
been considered a very heterogeneous group of
diseases differing in molecular and genetic traits,
pathogenesis characteristics, clinical period, and
response to treatment.? Efforts have been directed
towards developing and optimizing in vitro
systems closely mimicking the in vivo
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environment to understand intercellular
communication while permitting a simplified
approach. The tumor microenvironment (TME)
is intricate, including carcinoma cells co-existing
and evolving with host stroma.>* This stromal
part comprises fibroblasts, myofibroblasts,
endothelial cells, various immune parts, and an
extracellular matrix. The carcinoma-associated
fibroblasts (CAFs), contrary to non-activated and
normal fibroblasts, contribute to tumor initiation,

MDA-MB-231
8

Figure 1. This figure shows the in vitro effects of glucose concentration and hypoxia on MDA-MB-231 cell morphology. The series of
photomicrographs depict MDA-MB-231 cells after incubation periods of 24, 48, and 72 hours under varying glucose concentrations
(5.5, 11, and 25 mM) and oxygen conditions (normoxia and hypoxia). These images provide a visual representation of the cellular
morphological changes in response to the experimental conditions.??

Reprinted from “A mimic of the tumor microenvironment on GPR30 gene expression in breast cancer”, by Rasoulpoor, S, et al., Multidiscip Cancer Invest. 2022; volume 6,

number 2.
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progression, angiogenesis, invasion, metastasis,
and recurrence in various carcinomas, including
breast, prostate, lung, pancreas, skin, colon,
esophagus, and ovary.’> The disruption of pH in
the region of cancer cells is a critical step in the
development of the tumor to the metastasis stage.
Extracellular acidosis is typically found in solid
cancers. Pyruvate is converted to lactic acid by
lactate dehydrogenase under anaerobic conditions.
Furthermore, the Warburg effect, in which pyruvic
acid is converted to lactic acid under aerobic
conditions, occurs also in cancer cells.%7
Exceedingly production of lactic acid causes its
extracellular release and extracellular acidosis.?
The low pH of the tumorous region is related to
increased metastasis and proliferation by inducing
an abnormal phenotype and inhibiting immune
cell activity.”

Membrane acid-base transport is an essential
pathway for disposing of cellular acid and can
be mediated by different membrane proteins.
Based on studies in the human MCF-7 breast
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Figure 2. This figure presents the relative expression of the
SLC4A7 (NBCnl) gene in MDA-MB-231 cell lines following a
24-hour incubation period. The data are expressed as means + SD.
One-way ANOVA was utilized for the statistical analysis of the

results.
#P <0.05, **P <0.01, ***P < 0.001, and ****P < 0.0001

cancer cell line.!” Na* dependent HCO;- transport
has been suggested as a fundamental mechanism
for net acid extrusion in cancer cell lines.!!

The sodium bicarbonate co-transporter
NBCnl/Slc4a7 is involved in the uptake of Na*
and HCO,_into cells in an electroneutral manner.!2
The HCO,_ transport using NBCnl resulted in
intracellular pH (pHi) adjusting in various cell
types and facilitated the release of transepithelial
HCOj;_and absorption across epithelial cells.!?

This acidity distribution favors cancer growth
since a high pHi is vital for cancer cell
development and survival; on the contrary, a low
pHo is crucial for migration and invasiveness of
the cancer cells. Moreover, the microenvironment
in some cancers has been found to change the
protein expression and cell signaling in the tumor
cells, supporting their invasiveness and
suppressing apoptosis and immune response.!3
Ligands, binding partners, or solvent traits, such
as ion concentration or pH, are essential to folding
some proteins.!* Therefore, it is beneficial to
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Figure 3. This figure illustrates the relative expression levels of
the SLC4A7 (NBCnl) gene in MDA-MB-231 cell lines after a
48-hour incubation period. The data are represented as means +
SD. One-way ANOVA was employed to perform the statistical

analysis of the data.
*P <0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001

178

Middle East J Cancer 2024; 15(3): 176-188



Tumor Microenvironment's Influence on SLC4A7 (NBCn1) and Caspase-3 Genes in Breast Cancer, along with In Silico Characteristics of NBCn1

follow those effects in computational approaches.
Undoubtedly, it is clear that the C-H (Charge-
hydropathy) relationship of a given protein is
changeable since sequence-related factors can
affect both protein net charge and
hydrophobicity.!?

Caspase-3, a leading protein, is located at
crucial parts of signal pathways, and it takes part
in various activities such as regulating the cell
cycle and the invasion and metastatic, the immune
cell activity and cytokine production, two primary
components of the TME.!® Caspase-3 expression
has often been dysregulated by breast cancer,
leading to an imbalance between its apoptotic
and non-apoptotic functions within the tumor and
the surrounding milieu.

Thus, this study aimed to investigate the
impacts of different concentrations of glucose
and hypoxia on SLC4A7 (NBCnl) and caspase-
3 gene expression in MDA-MB-231 cell lines
and to evaluate some computational stability of
NBCnl in silico situations.
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Figure 4. This figure displays the relative expression of the SLC4A7
(NBCnl) gene in MDA-MB-231 cell lines after a 72-hour incubation

period. One-way ANOVA was utilized for the statistical analysis.
*P<0.05, **P <0.01, ***P <0.001, and ****P < 0.0001

Material and Methods
Cell culture

In this experimental study, the Pasteur Institute
of Iran provided MDA-MB-231 cells cultured in
Roswell Park Memorial Institute (RPMI) 1640
medium (Gibco, England). The culture medium
contained 10% fetal bovine serum (Gibco, South
America) and 1% penicillin/streptomycin
(Bioidea, Iran). The cells were incubated in a
humidified cell culture incubator at 37°C with
5% CO,. Generating these cancer cells closely
mimics the process in the human body.

To investigate their interaction with the
physiological environment, the cultured cells
were exposed to different glucose concentrations
(5.5, 11, and 25 mM) and varying oxygen levels
(hypoxia and normoxia). Hypoxic conditions
were induced using Cobalt(I) Chloride (CoCl,)
(Sigma Aldrich, Germany) at a concentration of
150 uM in the cell culture.

Since angiogenesis in tumor tissue differs from
normal tissue, and the vascular pores within tumor
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Figure 5. This figure depicts the relative expression of the caspase-
3 gene in MDA-MB-231 cell lines after a 24-hour incubation
period. The data are presented as mean + SD. One-way ANOVA
was employed for the statistical analysis.

#P<0.05, ¥*P<0.01, ¥¥*P < 0.001, and *¥¥*¥P < 0.0001
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Table 1. The sequences of desired genes

Genes Forward primer Reverse primer

SLC4A7 5'-CCAGTCGGATTCCTCTTGTTCG-3' 5'-CAGACCTGTTCGCAAAGAGTGG-3'
Caspase-3 5'-GGAAGCGAATCAATGGACTCTG-3' 5'-GCATCGACATCTGTACCAGACC-3'
B-actin 5'-CACCATTGGCAATGAGCGGTTC-3 5'-AGGTCTTTGCGGATGTCCACGT-3'

tissue vary from normal tissue, oxygen, and
glucose levels within the tumor can be
heterogeneous. In specific regions of the tumor
tissue, oxygen and glucose levels have remained
at average physiological concentrations. Therefore,
a glucose concentration of 11 mM and an oxygen
level of 21% was maintained in the cell culture
for these regions. Conversely, in regions where
the exchange rates were elevated due to increased
angiogenesis and larger pores, 25 mM of glucose
was used; for regions with low angiogenesis, 5.5
mM glucose was employed. Hypoxic conditions
were simulated by reducing the oxygen
concentration to 1% in the cell culture.

This experimental approach allows us to study
how varying glucose and oxygen concentrations
influence the behavior of MDA-MB-231 cells,
shedding light on their responses in different
microenvironments.

Extraction of total RNA and complementary
synthesis of complementary DNA (cDNA)

The BioFACTTM Total RNA Prep Kit
(Biofact, Yuseong-Gu, Daejeon, South Korea)
was utilized to extract RNA from the cells.
Meticulously adhering to the protocol provided
with the kit ensured the successful extraction of
RNA.

The purity of the isolated RNA was quantified
using a NanoDrop device (Nano Mabna, Iran),
which measures the optical density.

Subsequently, the RNA extracted from the
MDA-MB-231 cell line was used for cDNA
synthesis. This process was carried out using the
Biofact Synthesis of cDNA Kit protocol. The
reaction mixture comprised 10 ng of total RNA,
1 uL of Random Hexamer Primers, 10 pL of 2X
RT pre-mix, and approximately 8 pL of RNase-
free water (Biofact, Yuseong-Gu, Daejeon, South
Korea). The synthesis was facilitated by a precise
thermal cycling program, which included an initial
step at room temperature for 5 minutes, a 30-

minute incubation at 50°C, and a final denaturation
step at 95°C for 5 minutes.

Primer design and real-time polymerase chain
reaction (PCR)

Primers were meticulously designed for the
NBCnl (SLC4A7), caspase-3, and Actin Beta
(ACTB) genes using resources from the National
Center for Biotechnology Information (NCBI)
and employing the Oligo analysis software,
version 7. The real-time PCR assays were
conducted in a 25 pL reaction volume. Each well
of the assay comprised the following components:
1 uL of cDNA, 10 pmol/uL of forward primer,
10 pmol/uL of reverse primer, 12.5 uL of Master
Mix SYBR Green (Biofact, Yuseong-Gu, Daegjeon,
South Korea), and 9.5 pL of RNase/DNase-free
water.
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Figure 6. This figure illustrates the relative expression levels of
the caspase-3 gene in MDA-MB-231 cell lines following a 48-
hour incubation period. The data are presented as mean £ SD.
One-way ANOVA was employed for the statistical analysis of the
data.

*P <0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001
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The thermal cycling conditions were
meticulously programmed as follows: an initial
denaturation at 95°C for 10 minutes, followed
by 40 cycles of denaturation at 95°C for 20
seconds, annealing at 61-63°C (temperature varied
depending on the specific gene) for 20 seconds,
and extension at 72°C for 30 seconds, with a
final extension at 72°C for 5 minutes. Roche,
Germany, provided the thermocycler used for the
process. Details of the primers used are listed in
table 1.

Bioinformatics studies
Prediction of transmembrane helices in proteins
using TMHMM server v. 2.0

TMHMM is a method for predicting membrane
protein topology based on a Markov model. This
server predicts transmembrane helices and
determines soluble and membrane proteins with
maximum accuracy. This server is dependent on
FASTA format sequences up to 4000 protein
sequences.!’

DispHred, protein disorder predictor over pH for
proteins

The DispHred web server is based on the
Django 3.0 framework working with Python 3.7,
and the matplotlib library creates figures. The
server is accessible and available for academic
aims.'8

This server uses the pH-dependent lipophilicity
score of Zamora and coworkers. Their solvation
calculation measures the hydrophobicity of a
given residue at the desired pH.!?

The results were averaged to calculate the
mean hydrophobicity of the sequence at the given
pH. Protein net charge per residue (NCPR) is
calculated using the Henderson-Hasselbalch
equation to determine the partial charge of each
ionizable residue at the given pH. Then, total
NCPR is measured as the sum of all partial
charges. The residues that are in the given window
and their length are essential for calculating NCPR
and then DispH Score.2°
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Figure 7. The analysis from the TMHMM server indicates that NBCnl functions as a transmembrane protein. This protein spans a
length of 1093 amino acids and is characterized by the presence of 11 TMHs. These structural details are graphically represented and

accompanied by the sequence information in the corresponding figure.
TMHMM: Transmembrane Helices; Hidden; Markov; Model; TMHs: Transmembran helixes
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Evaluation of protein stability and aliphatic
indices

Protein sequence analysis can be conducted
using various computational tools, among which
the ProtParam tool on the ExPASy Proteomics
Server is notably utilized. A critical metric derived
from this analysis is the instability index (II),
which indicates protein stability. According to
the ProtParam guidelines, a protein is stable if
the instability index is below 40. Conversely, a
value above this threshold suggests the protein
is inherently unstable, implying a shorter half-
life in vivo. The analysis conducted via the
ProtParam server revealed an instability index of
49.92 for the protein under study, categorizing it
as unstable.

Identification of binding site using CASTp 3.0

Geometric and topological characteristics of
protein structures, involving surface pockets,
inner cavities, and channels, are of radical
importance for proteins to perform their functions.
Computed Atlas of Surface Topography of proteins
(CASTp) is a web server that supplies online
services for locating, determining, and measuring
topological properties of proteins.?!

Results

Analysis of cell morphology in MDA-MB-231

cells under normoxia and hypoxia conditions

Cell morphology remodels in MDAMB-231 cells
Figure 1 illustrates the morphological

Input summary.
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Figure 8. DispHred web server results. DispHred is a protein disorder predictor over pH for proteins. This server tracks disorder in pHs.
The table shows the DispHred, hydrophobicity, and NCPR in a given pH. A figure represents the DispH average score for each pH, and
the score above the red dashed line shows the predicted order. Folded, unfolded, and conditionally unfolded compartments are exhibited
in sequence in green, red, and blue, respectively. Positive and negative amounts of DispH are various colors. Proteins with NCPR below
a threshold value of 0.25 are equal with compact globular and stable conformations, whereas sequences above this threshold show well-

solvated and disordered enlarged coils.
NCPR: Net charge per residue
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alterations in MDA-MB-231 cells subjected to
varying oxygen tensions (hypoxia at 1% O, and
normoxia at 20% O,) and glucose concentrations
(5.5, 11, and 25 mM) over time intervals of 24,
48, and 72 hours.?2 The observations highlighted
a pronounced proliferation and robust growth of
MDA-MB-231 cells in normoxic conditions
compared with those in hypoxic environments.
Under hypoxic stress; however, the cells exhibited
notable resilience and managed to maintain their
morphological characteristics, especially after 72
hours, indicating an adaptation and maximal
compatibility with the hypoxic conditions.
Temporal dynamics of SLC4A7 (NBCnl) gene
expression in MDA-MB-231 cells

The expression levels of the SLC4A7 gene in
MDA-MB-231 cells across various time points
were quantitatively assessed using the real-time
PCR technique. Total RNA was extracted, and

the relative expression of the SLC4A7 gene was
normalized against the B-Actin gene as a control.
The analysis revealed that under normoxic
conditions, there was a heterogeneous yet
progressive increase in SLC4A7 gene expression
at 24, 48, and 72 hours within the MDA-MB-
231 cell line. This upward trend in gene expression
was particularly notable at two specific glucose
concentrations.

Conversely, in hypoxic conditions, SLC4A7
expression was generally subdued. Nevertheless,
elevated glucose levels were observed to induce
the expression of the SLC4A7 gene. Notably,
after 72 hours, the expression levels of SLC4A7
converged, hinting at the cell line's adaptive
response to hypoxia and its potential role in
regulating acidic metabolite production (refer to
figures 2-4 for detailed expression profiles).

Sequence @
Chain A
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Figure 9. The result from the CASTp 3.0 server. The result from the CASTp 3.0 server showed that the binding pocket is located on both
subunits. Lys102, Pro103, Tyr104, Val105, Thr107, Leu343, and Pro344 from A chain make binding pockets. Phe89, Lys102, Pro103,
Tyr104, Val105, Ala106, Thr107, and Leu343 from the B chain are involved in making binding pockets.

CASTp 3.0: Computed atlas of surface topography of proteins
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Temporal dynamics of caspase-3 gene expression
in MDA-MB-231 cells

Similar to the previous analysis, the expression
levels of the caspase-3 gene in MDA-MB-231
cells were assessed using the real-time PCR
technique. The total RNA was extracted, and the
expression of the caspase-3 gene was normalized
against the B-Actin gene. The findings indicated
a negative correlation between glucose
concentration and caspase-3 expression in a
hypoxic environment, with the influence being
markedly pronounced at a concentration of 25
mM. Parallel observations were recorded under
normoxic conditions, where an increase in glucose
concentration corresponded to a decrease in
caspase-3 expression. However, due to extensive
cell death at the 72-hour mark, gene expression
data could not be reliably presented for this time
point (Figures 5 and 6).

In silico analysis results

1. Results from TMHMM server: According
to the TMHMM server analysis, NBCnl is
identified as a transmembrane protein, with a
length of 1093 amino acids and comprising 11
transmembrane helices (TMHs). The detailed
structure and sequence are visualized in figure 7.

2. Results from DisPhred server: The DisPhred
server evaluates protein disorder across pH values,
providing results in JSON or ZIP formats,
including DisPhred calculations and graphical
representations. The accompanying table
summarizes the DisPhred scores, hydrophobicity,
and Net Charge Per Residue (NCPR) at specified
pH levels. A graph highlights the average DisPhred
score per pH, with scores above the red dashed
line indicating predicted order. Regions of the
protein sequence are color-coded to represent
folded (green), disordered (red), and conditionally
disordered (blue) segments. Notably, proteins
with an NCPR below 0.25 are associated with
compact globular structures, whereas values above
this threshold indicate expanded, well-solvated
coils (Figure 8).

3. Results from CASTp 3.0 server: Analysis
by the CASTp 3.0 server reveals the cooperative
interaction of two chains in forming a cavity and
binding pockets. Specifically, residues Lys102,

Pro103, Tyr104, Vall05, Thr107, Leu343, and
Pro344 from Chain A, and residues Phe&9,
Lys102, Pro103, Tyr104, Val105, Ala106, Thr107,
and Leu343 from Chain B contribute to the
formation of these structural features (Figure 9).

4. ViewerLite software output: The ViewerLite
software provides a detailed mapping of the amino
acids constituting the binding pocket, clearly
delineated in figure 10.

Discussion

This study's findings indicate that high glucose
concentrations induce the upregulation of SLC4A7
and the downregulation of caspase-3 expression
under hypoxic conditions. The in silico analysis
revealed that the SLC4A7 protein is a
transmembrane entity, predominantly composed
of nonpolar amino acids contributing to its
topology and the formation of the NBCn1 binding
pocket. The DisPhred server's analysis suggested

Figure 10. The amino acids are involved in making the binding

pocket. Alys1020 Apro103 Atyrionr Avalosr AThr107 ALeusss Aprozas

Bphesor Brysio2: Bro10s» Bryrioa> Bvaiios» Batatoss Bririo7 30d Breyaas
are involved in making binding pocket.
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a significant retention of the protein's sequence
integrity across unfavorable pH levels,
highlighting its structural stability.

Hypoxia, a characteristic TME feature in most
solid tumors, alters cellular metabolism. Without
oxygen, cells shift their metabolic reliance from
oxidative phosphorylation to alternative pathways,
such as lactate dehydrogenase, leading to lactic
acid production.?

The SLC4A7 protein (NBCnl), functioning
as an electroneutral Na®, HCO,_ co-transporter,
plays a pivotal role in regulating intracellular pH
(pHi) by facilitating net acid extrusion in various
cell lines,?*28 including the human MCF-7 breast
cancer cell line. Overexpression of NBCnl is
thought to contribute to maintaining a high pHi,
fostering an environment conducive to cancer
cell proliferation and survival, while
simultaneously promoting a low extracellular pH
(pHo), favorable for cancer cell migration and
invasiveness.?’

It has been reported that expression of the Na™,
HCO,_ cotransporter NBCnl is high in human
primary breast carcinomas and metastases
compared with normal breast tissue.3?

Recently, it has been demonstrated that breast
cancerbicarbonate transporters, such as the
electroneutral Na*, HCO,_cotransporter (SLC4A7,
NBCnl), are upregulated and play central roles
in pH regulation.3! Regarding tissue samples from
women of European race, it has been shown that
the plasma membrane expression of SLC4A7 is
upregulated in human primary breast carcinomas
and metastases in comparison with normal breast
tissue.32-33 Caspase-8 is a vital protein involved
in cell cycle, apoptosis, invasive and metastatic
behaviors, immune cell homeostasis, and cytokine
production.? When caspase-8 is downregulated,
gynecological cancers such as breast and ovarian
cancers seem to be more aggressive.!3-34
Dysregulated caspase expression causes an
imbalance between the apoptotic and non-
apoptotic functions in the primary tumor and the
TME. Therefore, caspase-3 may be the link in
the crosstalk between the tumor and the TME.33-37

The results of this study revealed that normoxia
resulted in an increase in SLC4A7 expression as

heterogenic in 24h, 48h, and 72h in the MDA-
MB-231 cell line.

When the time went on, the gene expression
increased in two concentrations. The gene
expression was low in the hypoxia situation, yet
high glucose concentration triggered the
expression of SLC4A7. The level of SLC4A7
expression was closed together after 72 h, which
may be an index of cell compatibility with a
hypoxic atmosphere and production of acidic
metabolites (Figures 2-4). Furthermore, the results
revealed that an increase in glucose concentration
led to a decrease in the expression of caspase-3
in hypoxic situations. The effect of 25mM was
significant. The same results for caspase-3
expression with increased glucose concentration
were found in normoxia. It is safe to conclude
that an increase in glucose concentration leads
to a decrease in agents involved in apoptosis
(Figures 5 and 6).

In silico results showed that SLC4A7 is a
transmembrane protein (Figure 7) and it is an
unstable protein according to the instability index
and ProtProm server (instability index =49, index
more than 40 is a criterion for protein instability,
the results were not showed). The structures of
proteins depend on their microenvironments.
Binding agents to protein, organic molecules, or
solutes can alter the protein's entirety, such as
aggregation or order-disorder conformation. Many
studies do not view the bioinformatics effect of
pH on protein net charge and hydrophobicity.
Pursuing the effect of pH on protein net charge,
hydrophobicity might allow us to anticipate pH-
dependent stability or conditional disorder of
protein.

DispHred server showed that folding some
sequences of SLC4A7 is strongly related to pH
alteration, while the huge sequence remains intact
in undesirable pH amounts (Figure 8). All DispH
amounts were positive, indices of the folded status
of the protein. The hydrophobicity of protein was
unchanged in the pH range between 6.9-7.4. One
of the great forces triggering the folding of proteins
1s hydrophobicity. Generally, hydrophobic residues
direct preferentially in the interior part of the
protein, whereas polar residues are located at the
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exterior part of a folded protein.38: 3 Polypeptides
with large NCPR values can be viewed as "poly-
electrolytes" and NCPR is close to zero and
behaves as disordered globules directed by
attractive interactions; in this study, NCPR value
for pH6.9 was in the minimum range that is
criteria of protein instability in this pH amount.
The CASTp 3.0 server showed that nonpolar
amino acids are predominant in topology and the
formation of the binding pocket of NBCnl.

ALyleZ’ APr0103’ ATyr104’ AVallOS’ AThr107’ ALeu343

Apro344> Bphesor Brysion BPr01Q3’ BTyrmz}’ BVall.OS’
B 11060 Briy1o7> @nd By 343 are involved in making

binding pocket (Figure 9).

Considering the number of carbon atoms in
the substrate of NBCn1, the optimization of the
substrate and study of protein-ligand interaction
was impossible, which was the main obstacle for
the authors of this study. Another issue is the
impossibility of choosing 2.5mM glucose due to
cellular death after 24 h; therefore, extracting real
RNA was impossible.

Conclusion

Alterations in glucose concentration and
hypoxic conditions were observed to modulate
cancer cells' expression profiles significantly.
Notably, the study documented the upregulation
of SLC4A7 and the downregulation of caspase-
3 under these conditions, linking these expression
patterns to an increased risk of breast cancer
metastasis. This underscores the pivotal roles of
these genes in the mechanisms underlying cancer
progression and highlights their potential as critical
targets in cancer therapy and prevention strategies.
Additionally, in silico analyses corroborated that
the SLC4A7 protein is a transmembrane entity,
with nonpolar amino acids predominantly
influencing its topology and the formation of the
NBCnl binding pocket, further enriching the
understanding of its structural and functional
dynamics.
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