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Abstract— Breast cancers are the leading cause of deaths in women worldwide. Breast cancer majorly st ]
occurs in female while some male, about 1% are also affected with this disease. Breast cancers are categorzzed iﬁﬂ}-
into four major sub-groups based on the expression of the receptors i.e., Estrogen receptor(ER), Progesterone ':" ga a_ig' ﬂ
receptor(PR), and Human epidermal growth factor receptor(HER2) on their cell surface. Among all the sub—

03 .|
groups Triple Negative Breast Cancers are the most aggressive sub-type occurring in premenopausal young E vh..g
women usually below 40years of age. This study is focused on in silico analysis to understand the expression
of the genes, it is important to understand the promoter region which plays a key role and to understand the
contribution of theses genes in TNBC and the important promoter motifs. The significant promoter motifs
that control the transcription of these genes are enumerated below. Studying Single Nucleotide
Polymorphisms (SNPs) is critical in genetics for various reasons. SNPs are the most common type of genetic
variants in human genome, where a single nucleotide base is altered in the DNA sequence. These variations
can have significant impact on the human health, disease susceptibility, drug responses, and evolutionary
biology. SNPs or single nucleotide polymorphisms are the changes in the DNA sequences that can have an
important role in causing the disease. The SNPs are found in the promoter regions using the tool
PredictSNP, and few of them thus found were deleterious. The gene variants plays important role in cancer
tumorigenesis, so in this study we have screened promoter regions by using in silico tools to identify SNPs.

Keywords— Triple Negative Breast Cancer, Single Nucleotide Polymorphisms, DVL2, AXIN1,
TCF7, GSK3B.

L. INTRODUCTION A, Luminal B, HER2-positive, and TNBC. Of all the

Breast Cancers are the largest cause of deaths in
women worldwide. These cancers are categorised into
two types - Ductal Carcinomas and Lobular
Carcinomas. Breast cancers can be further divided into
4 sub-types based on the expression of the hormone
receptors, such as estrogen(ER), progesterone(PR),
human epidermal growth factor receptor(HER2). The
four most widely recognized sub-types are Luminal
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above mentioned sub-types TNBC is the most
aggressive type occurring in the young women and in
most of the women with BRCA1 gene mutations. The
incidence rates of Breast cancers more precisely the
percentage of TNBCs are alarming which calls for
early detection techniques, diagnostic markers, and
more efficient treatment therapies with less side
effects and targeted therapies. The genes considered
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for the study are DVL2, AXIN1, GSK3B, TCF7 which
are the most important genes in understanding the
pathophysiology of TNBC. All the mentioned genes
are in the WNT signalling pathway. Reading the
promoter regions of the genes is crucial for many
reasons, various genes are having SNPs that are linked
to different kinds of cancer. They effect gene
expression through a variety of ways. These pathways
are determined by the function of the genetic
components that contain the particular SNPs.

Studying single nucleotide polymorphisms (SNPs) is
critical in genetics for many reasons. SNPs are the
most common type of genetic variants in human
genome, where a single base is altered in the DNA
sequence. These variations can have significant
impact on the human health, disease susceptibility,
drug responses, and evolutionary biology. Some of
the SNPs in the promoter region are found using the
PredictSNP tool in the DVL2 gene are rs222850,
1s62059167, whereas in GSK3B rs334558, rs3755556,
rs186739572, rs58853520, and in TCF7 gene rs30491,
rs30492, rs43153, rs173424, rs187491297. Of these SNPs
rs222850, 1rs30491, rs30492, rs43153, rs3755556 &
rs186739572 were found to have deleterious effect
while the other SNPs have a neutral effect.

II. DATA RETRIEVAL

The eukaryotic promoter sequences are retrieved from
the National Council for Biotechnological Information
(NCBI). The curated high-throughput experimentally
validated and analyzed promoter sequences
harboring promoter motifs of the genes DVL2, AXIN1,
TCF7, and GSK3B are identified using Homo sapiens
Database  (hsEPDnew)
(https:/ /epd.expasy.org/epd/human/human_datab

Eukaryotic =~ Promoter

ase.php?db=human). Retrieving of the promoter

sequence is important to understand the gene
regulation, gene expression and it's function. It is
important to study the promoter regions as they
contain the binding sites for the transcription factors,
since these transcription factors are responsive to the
external stimuli. These regions also contain
regulatory elements like enhancers, silencers, and
insulators which control gene activation and

repression.
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IDENTIFICATION OF PROMOTER MOTIES:

Identifying the promoter motifs is a crucial for the
study as these motifs are the small stretch of the DNA
sequences that are present within the promoter
sequence and are the specific regions that are
identified by the transcription factors and regulatory
elements[2]. Promoter motifs of promoter regions
recruit transcription factors and play a crucial role in
regulating gene expression. TATA-box, CCAAT-box,
and GC-box are the most common promoter motifs
located upstream of the initiator site. TATA-box is
located upstream of 25 - 30 base pairs (bp) and
recognized by TATA-binding protein (TBP), a
component of transcription factor II D complex.
Additionally, the consensus pentanucleotide CCAAT-
box located upstream of 75 - 80 bp serve as an
enhancer in gene expression. They act as a binding site
for CCAAT  binding  transcription  factor
(CBF)[12,21,22] that plays a crucial role in the
assembly of the transcription machinery. Moreover,
the housekeeping genes have GC-rich regions which
serve as a binding factor for transcription factor
Sp1[2,13,17].

PRIMER DESIGNING AND IN SILICO PCR:

The regulatory regions of 1200bp harboring all the
experimentally validated promoter motifs of the
aforementioned genes DVL2, AXIN1, TCF7, and
GSK3B were considered for designing primers using
Primer3[23-25]. The product size range was defined to
be 851 - 1000 bp. Moreover, the primer sets were
analyzed for self-dimer or cross-dimer formation
using a Multiple Primer Analyzer (Thermofisher
Scientific). Furthermore, the specificity of the primers
was cross-checked by performing in silico PCR using
the UCSC genome browser against the Homo sapiens
GRCh38 genome assembly.

SINGLE NUCLEOTIDE
ANALYSIS:

POLYMORPHISM

SNP analysis in the present study is important to look
for the association with biological traits, phenotypes,
and in various diseases. SNPs are among the most
common types of genetic variation and play a crucial
role in understanding genetic influences on biological
functions. The analysis of the SNPs become even more
important when they are present in and around the
promoter regions because the variations present in
these regions effect the gene regulation and gene
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expression. The Single Nucleotide Polymorphisms
(SNPs) in the specific promoter sequence (1200 bp)
with global mutation allele frequency (gMAF) > 0.02
were retrieved from dbSNP[10,11,18,19] database of
NCBI. Further, the identified SNPs' nature was
classified wusing the consensus classifier tool
PredictSNP[17,18]. PredictSNP predicts the functional
impact of the SNPs on the protein. It accumulates the
results from multiple prediction algorithms,
providing the a confidence score and the consensus
sequence to evaluate whether the found SNP has a
deleterious effect or a neutral effect[18].

EFFECT OF SNPs ON TRANSCRIPTION FACTOR
BINDING SITE:

Gene regulation may be significantly impacted by
single nucleotide polymorphisms (SNPs) in or close to
transcription factor binding sites (TFBS)[1,16,18].
Even a single nucleotide alteration in these DNA
patterns can affect the capacity of transcription factors
(TFs) to bind, as TFs use these motifs to control gene
expression, it is important to find out the SNPs using
bioinformatic tools to confirm the SNPs found in the
biological tissues.

The effect of SNPs on the transcription factor binding
site was analyzed by using SNP2TFBS[14,15,16,18,19].
The associated consensus sequence, class, and family
of identified transcription factors were validated by
the JASPAR 2024 database.

III. RESULTS AND DISCUSSION

Eukaryotic Promoter Sequences:

The eukaryotic promoter sequences were retrieved
from the NCBI and the specific regions harboring
promoter motifs were validated by the Eukaryotic
Promoter Database (hsEPDnew)[20-22](Table 1). This
tool gives us the comprehensive information about the
experimentally validated promoters in Eukaryotic
genome.lt is widely used in the molecular biology,
genomics, and bioinformatics for studying and
understanding of the gene regulation and the
structure of the promoter region. A region of 1200 bp
from the reference promoter sequence harboring the
promoter motifs (Figure 1la - 1d) was considered for
further analysis. Additionally, we have predicted the
promoter motifs (TATA-box, CCAAT-box, and GC-
box) located upstream of the start site by using the
hsEPDnew prediction tools (Figure 2a - 2d).

Table 1: Reference Sequence ID of Promoters and their Consensus Sequence harboring Promoter Motifs

Gene Promoter ID (region) | Consensus Sequence Harboring PMs’ No. of
Symbol PMs'E
DVL2 NM_004422 chr17:7233949-7235077 2
AXIN1 NM_181050 chr16:351853-352882 3
TCF7 NM_201634 chr5:134114692-134115675 2
GSK3B NM_001146156 chr3:120093558-120094704 3

PMs’ - Promoter Motifs

PMs’E- Experimentally validated Promoter Motifs

Scale 288 bases}|

| hass

ernr17: | 7,234, 208] 7.234,258| 7,234,388| 7,234 ,358| 7,234, 408| 7,234, 458] 7,234 ,508] 7.234,550| 7,234, 600|
Human promoters from EFOnew version 806
ovL2_2 e ]
ovLE_ 1 [ e
Human ncRNA promoters from EPDNewNC versioh 81
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ovL2 |
(a)DVL2
Fcale 288 bases} | he3s
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TCF7_2 -
Human ncRNA promoters from EFDneuNC version @81
GENCODE v4g {TB_FiHTems filtered out)
CF7

scale 1 kb} { hg3s

chrs: | 134,113, 588| 134,114, o8| 134,114,588| 134,115, 888| 134,115,508| 134,116, saal 134,116,508|
Human promoters from EFDnew version @88
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GSK3B_3 <]
GSK3B_1
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oo

(d)GSK3B
Fig.1a - 1d: Representative structures illustrating Consensus Promoter Sequence harboring promoter Motifs.
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Fig.2a - 2d: Representative structures illustrating the initiator site, TATA-box, GC-box and CCAAT-box in the consensus

Promoter Motif sequence.
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Primer Designing and In Silico PCR:

As mentioned before the region of 1200 bp from the

promoter sequence was used for designing primers.

The details of the primers along with the melting

temperature, GC concentration, and amplicon size are

given Table 2. Further, these primers are validated for
self-dimer and cross-dimer formation (Table 3). The
primers without any dimerization were validated for
their specificity by performing in silico PCR against
GRCh38 genome assembly.

Table 2: Detuails of the Forward and Reverse Primers along with amplicon size, melting temperature, and GC concentration.

Gene Product Tm (SZ:(l)fsﬁ
Primers Size GC% . In Silico PCR
Symbol (bp) (°C) Dimer
formation
LP: GACAGCCTGCGIGTIGTAAA | 59.06 | 50 o chr17:7234011-7235077
RP: TGTCGCCCAATCCACTCTAG 59.18 | 55 1067bp
LP: ATIGTATTTGGCCCTCCCCA | o 5899 | 50 oo chr17:7233978-7234878
RP: CAGTGTGGCCCAAAGTAGAC 5848 | 55 901bp
byla | P TTTCCCACCCCAAGACAAGT | 59.07 | 50 o chr17:7233949-7234917
RP: AATCTGCTCCACCATAGGCC 5952 | 55 969bp
LP: ACCCACGTCTCAAAGICCAA | o - 5917 | 50 o chr17:7234020-7234962
RP: ATCCACTCTAGCAAAGCCCC 5945 | 55 943bp
LP: TCCCCACTCGAGICTAGGAA | 59.00 | 55 oo chr17:7233965-7234864
RP: GGCCAGAAAATCCCAGTGTG 5911 | 55 900bp
LP: CCCCACGCTCCTCACTTTAT 5046 | 55
RP: CCACACCCAAGAGAAAGACC | 2°¢ 58.10 | 55 No chr16:351917-352882 966bp
LP: CACACCCTTTACCTCGTCCC 60.04 | 60
RP: CAGTGCAGCTCTGGTTTCAC | 27 5041 | 55 No chr16:351853-352821 969bp
AXIN1 | LP: CCTCACTTTATCCTCGCGCT 5090 | 55
RP: 953 wssr | oo No chr16:351921-352873 953bp
ACCCAAGAGAAAGACCAGTGT
LP: CACTTTATCCTCGCGCTTTCA 59.00 | 47.62
RP: GGCTAAATTCCAAAGTGCGG | 0 57.72 | 50.00 Yes chr16:351876-352870 995bp
LP: GCCTTTGATGTTCCGACCC 054 58.82 | 57.89 o chr5:134114695+134115648
RP: GGCGGATTAGTCAGTCACCT 59.18 | 55.00 954bp
LP: GGCGCCTTTGATGTTCCG 081 5951 | 61.11 o chr5:134114692+134115672
RP: TGGCCAATTCTGTCTCCTGA 58.64 | 50.00 981bp
TCF7 [ LP: CTTIGATGTTCCGACCCGEC | 61.64 | 60.00 o chr5:134114697+134115675
RP: CCTTGGCCAATTCTGTCTCC 5853 | 55.00 979bp
LP: GCTCGGAGGTTCGGACTC
b 057 5951 | 66.67 o chr5:134114807+134115763
GCCAAGTTTTAGGGGAAGGAC 58.83 | 5238 957bp
LP: TGGITICTCAGGCTGATCGG | | 59.75 | 55 Yos chr3:120093624-120094704
RP: TCCTTCAAGACAGATCGGCA 58.73 | 50 1081bp
LP: AAGGAGGTGGAGGACGAGTA | 5930 | 55 . chr3:120093562-120094522
RP: TCGTCCTCTTGGCTTTTCAC 5812 | 50 961bp
coxap | P AGGTGGAGGACGAGTAGGAG | 50.74 | 60 o chr3:120093565-120094518
RP: TCCTCTTGGCTTTTCACTCCT 5894 | 47.62 954bp
LP: GGAGGAGCCGCAAACAAAC | 5971 | 57.89 o chr3:120093691-120094675
RP: TCTTTCCCCTCCCTTTCCTG 58.63 | 55.00 985bp
LP: AGGAGIGGGGAAGIGCAAG | o 5924 | 57.89 o chr3:120093558-120094490
RP: GACTTCGTCCTCTTGGCTTT 57.83 | 50 933bp

FP - Forward Primer; RP - Reverse Primer and Tm - Melting temperature.
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Table 3: The details of the self-dimer and cross-dimer formation.

RP: TCCTTCAAGACAGATCGGCA

<-

Gene Primers Self-dimers Cross-dimers
Symbol
5-attgtatttggccctcecca->
FP: ATTGTATTTGGCCCTCCCCA
DVL2 No RN
RP: CAGTGTGGCCCAAAGTAGAC
<-cagatgaaacccggtgtgac-5
5-tccccactcgagtctaggaa->
FP: TCCCCACTCGAGTCTAGGAA N SRR
o}
RP: GGCCAGAAAATCCCAGTGTG
<-gtgtgaccctaaaagaccgg-5
5-cactttatcctcgegctttca->
FP: CACTTTATCCTCGCGCTTTCA RERERN
AXIN1 No
RP: GGCTAAATTCCAAAGTGCGG <-
ggcgtgaaaccttaaatcgg-5
5-gctccteactttatcctcge->
FP: GCTCCTCACTTTATCCTCGC
TCF7 No LEEEEEEETE
RP: TAAATTCCAAAGTGCGGGGC
<-cggggcgtgaaaccttaaat-5
1 dimer for FP:
5-tggtttctcaggctgategg- | O-tggtttctcaggetgategg->
FP: TGGTTTCTCAGGCTGATCGG > EEEREN
GSK3B

<-

acggctagacagaacttect-5

ggctagtcggactctttggt-5

SNPs in Specific Promoter Regions:

The SNPs with MAF > 0.02 in the aforementioned
specific promoter regions were identified from the
(Table 4).
PredictSNP has classified seven of them as deleterious
(Table 4). In DVL2, one SNP rs62059167 of the two was

1000genomes

database

Further,

found to be affecting the transcription factor binding
site (TFBS) of KIf1 and Kfl4. In the case of TCF7, of the
five SNPs, only one was found to be affecting TFBS of

the KLF5, SP1, and MZF1. Similarly, GSK3B also has one

SNP rs3755556[5,4,9] that was found to be affecting
NF-[1B (Table 5).

Table 4: The details of Single Nucleotide Polymorphisms along with their nature in the Specific Promoter Sequences.

Gene dbSNP ID Location Class Frequency Nature of SNP
DVL2 1rs222850 17:7234631 upstream_variant G=0.296377 Deleterious
rs62059167 17:7234768 upstream_variant A=0.101655 Neutral
TCF7 rs30491 5:134115522 upstream_variant G=0.064803 Deleterious
rs30492 5:134114887 upstream_variant T=0.038257 Deleterious
rs43153 5:134115448 upstream_variant C=0.038101 Deleterious
rs173424 5:134114806 upstream_variant A=0.25843 Neutral
rs187491297 5:134115098 upstream_variant T=0.021081 Neutral
GSK3B rs334558 3:120094435 upstream_variant A=0.399282 Deleterious
Int. J. Med. Phar. Drug Re., 9(1), 2025
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rs3755556 3:120094637 upstream_variant A=0.031855 Deleterious
rs186739572 3:120094598 upstream_variant T=0.021081 Deleterious
rs58853520 3:120093962 upstream_variant / Del | -=0.074016 -

Table 5: Transcription factor binding sites (Class, family and consensus sequence) effected by the SNPs (dbSNP ID).

Effected
Gene dbSNP ID TF;cS € Class Family Consensus Sequence
Three-
rs62059167 | KIfl o Zine | A€ ,
DVL2 Fi Fact finger =
inger Factors
& kruppel C A A
related : /\’“TC < N I
Three-
zinc
C2H2 Zinc | .
Klf4 ) finger
Finger Factors
kruppel - g C
related £ C Tx:»,-
Three-
. zinc
C2H2 Zinc |
TCF7 1530491 Kif5 ) finger :
Finger Factors
kruppel =
related .- 2 L AN
Three-
CH2  Zine | 2€
SP1 . finger s
Finger Factors C C
kruppel
related =5 R £ & T/‘\.Q
More
than
hree-
CH2  Zinc | LC
MZF1 . zinc
Finger Factors |
finger
kruppel o ==t
related '
Heteromeric
rs3755556 CCAAT CCAAT |
GSK3B NF-YB o binding =
binding factors % C
factors = - /\A =
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Iv. CONCLUSION

This paper provides an excellent grasp of the genetic
variants present in the promoter regions of the genes
DVL2, AXIN1, GSK3B & TCF7. Though these genetic
variants are involved in various diseases like
Alzheimers, depressive disorders and some other
cancers. The overall results imply that discovered
consensus sequences, frequent candidate motifs and
the transcription factors by bioinformatics technique
are likely predicted to provide for a better
understanding of gene expression in the present study
on Triple Negative Breast Cancers. Some of the SNPs
in the promoter region are found using the
PredictSNP tool in the DVL2 gene are rs222850,
1s62059167, whereas in GSK3B rs334558, rs3755556,
rs186739572, rs58853520, and in TCF7 gene rs30491,
rs30492, rs43153, rs173424, rs187491297. Of these
SNPs, rs222850, rs30491, rs30492, rs43153, rs334558,
rs3755556 & 15186739572 were known to have
deleterious effect while the other SNPs have a neutral
effect.
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