Original article

Innov Biosyst Bioeng, 2023, vol. 7, no. 4, 36-47
doi: 10.20535/ibb.2023.7.4.288017

IN SILICO ANALYSIS OF ANTI-CERVICAL CANCER DRUG
OFF-TARGET EFFECTS ON DIVERSE PROTEIN ISOFORMS
FOR ENHANCED THERAPEUTIC STRATEGIES

A. Iqball, F. Alil, S. Choudharyl, A. Qayyuml, F. Arshadl, S. Ashrafl, M. Azizl, A.U. Shakill,

S.A. Sehgal’, M. Hussain®, M. Sajid"’

1Faculty of Life Sciences, Department of Biotechnology, University of Okara, Okara, Punjab, Pakistan
2Department of Bioinformatics, Islamia University Bahawalpur, Bahawalpur, Punjab, Pakistan

*Corresponding author: infobiotec@uo.edu.pk

Received 25 September 2023; Accepted 20 November 2023

Background. Cervical cancer is a serious medical condition that affects hundreds of thousands of individuals
worldwide annually. The selection and analysis of suitable gene targets in the early stages of drug design are
crucial for combating this disease. However, overlooking the presence of various protein isoforms may result
in unwanted therapeutic or harmful side effects.

Objective. This study aimed to provide a computational analysis of the interactions between cervical cancer
drugs and their targets, influenced by alternative splicing.

Methods. Using open-access databases, we targeted 45 FDA-approved cervical cancer drugs that target vari-
ous genes having more than two distinct protein-coding isoforms. To check the conservation of binding
pocket in isoforms of the genes, multiple sequence analysis was performed. To better understand the associa-
tions between proteins and FDA-approved drugs at the isoform level, we conducted molecular docking analysis.
Results. The study reveals that many drugs lack potential targets at the isoform level. Further examination of
various isoforms of the same gene revealed distinct ligand-binding pocket configurations, including differences
in size, shape, electrostatic characteristics, and structure.

Conclusions. This study highlights the potential risks of focusing solely on the canonical isoform, and ignor-
ing the impact of cervical cancer drugs on- and off-target effects at the isoform level. These findings em-
phasize the importance of considering interactions between drugs and their targets at the isoform level to

promote effective treatment outcomes.
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Introduction

In developing countries, cervical cancer is the
main cause of cancer-related deaths and loss of life
loss [1]. Several years earlier than the median age
at which breast, lung, and ovarian cancers are di-
agnosed, cervical cancer is commonly diagnosed in
the fifth decade of life [2]. Ninety percent of the
270,000 cervical cancer fatalities in 2015 occurred
in low- and middle-income countries (LMIC),
where mortality was 18 times higher than in deve-
loped nations [3]. Nearly all cervical cancers are
caused by high-risk subtypes of the human papi-
llomavirus (HPV), and screening and vaccination
programs are effective preventive measures against
HPV [4]. The two most prevalent histological sub-
types (squamous cell carcinoma, and adenocarci-
noma) account for 70% and 25% of all cervical
malignancies, respectively [5, 6]. The major de-
crease in cervical cancer mortality has been attri-
buted to the development and implementation of

screening programs [7]. Cervical cancer has a poor
prognosis following metastasis or recurrence, with
a 5-year overall survival (OS) rate of approximately
17% |[8]. To improve the efficacy of cervical cancer
treatment, it is crucial to identify novel therapeutic
targets and survival-associated biomarkers.

Major innovations in large-scale multi-omics
research provide a unique perspective for systems
biology analyses of the emergence and spread of can-
cers. HPV contributes to the development of cervical
cancer, which is considered to be a virus-driven ma-
lignancy. Early HPV infection may simply be a re-
sult of external causes, such as changes in the ge-
nome, eventually causing cervical epithelial cells to
become malignant (e.g., gene fusion, non-coding
RNAs, copy number variation, DNA methylation,
and somatic DNA mutations) [9—13]. Transcrip-
tomic and epigenetic modifications have been the
focus of several prospective studies. However, Al-
ternative splicing (AS) in cancer post-transcriptional
protein isoforms has not yet been thoroughly studied.
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In eukaryotes, a remarkable biological process
known as alternative splicing, which promotes pro-
teomic diversity, allows a single gene to express
several protein isomers. In humans, where more
than 94% of genes are alternatively spliced, the oc-
currence and properties of alternative splicing are
highly diverse [14—16]. This method enables can-
cer cells to generate abnormal proteins with altered
functional domains, which promotes carcinogenesis
[17—19]. In malignancies, these domain changes
can lead to complicated remodeling and protein-
protein interactions. Some essential oncogenic spli-
cing variations can control tumor epithelial-to-
mesenchymal transition and biological processes in
cancer stem cells [20]. Gene expression is properly
controlled in a context-specific manner, even if
gene isoforms appear to have different and some-
times even opposing functions.

Aberrant protein isoforms that cause diseases
have the potential to be effective drug targets in ad-
dition to serving as significant biomarkers [21, 22].
In this study, we examined the effectiveness of
FDA-approved drugs against various cervical can-
cer-related gene isoforms. Using structural analysis
and clinical data on the expression of these genes,
we curated the drug interaction data for various
isoforms of different genes implicated in cervical
cancer, and evaluated their effectiveness against
protein isoforms. In this study, we primarily fo-
cused on cervical cancer and examined whether the
drugs were effective against target gene isoforms.

Methods

Collection of genes and their protein isoforms

We identified genes associated with cervical
cancer using the COSMIC database [23], an online
resource for somatically acquired mutations reported
in human cancers. More than 30 genes may con-
tribute to cervical cancer (Supplementary File 1).
Based on the number of patient samples, the top
five genes out of 30 were selected and used for fur-
ther analysis. The Ensemble genome database [24]
was used to curate the gene isoforms and protein
sequences of these genes. Using the COSMIC
Mutation ID, mutations were identified in the
genes and matched with the variants of each gene
isoform using the Ensemble database.

Curation of drugs-target interaction data

Using the Drug Gene Interaction Database
(DGIdb) [25], we curated the FDA Approved
drugs for our genes. Using this database, more than
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40 drugs that received FDA approval were identi-
fied. These drugs were retrieved from the Drug
Bank [26] and cheMBL [27].

Sequence analysis of gene isoforms

To check the conservation of binding pocket
in isoforms of the genes, Binding Pockets of the
canonical proteins were predicted through the
COACH Server (https://zhanggroup.org/COACH/).
We identified domains from the EMBL-EBI In-
terPro database [28] and aligned them with the se-
quences of the canonical protein and its protein
isoforms. Using the Bioconductor program msa,
which offers a selection of alignment techniques
and produces alignment plots in LaTeX format, we
created numerous sequence alignments. Using the
Cluster Omega method in the msa package, we
aligned the binding site sequence with all isoforms
of the same gene.

Gene isoforms expression in normal and tu-
mors samples

We examined the clinical data offered by
UCSC Xena [29] for patients with cervical cancer,
which is an online resource for analyzing multi-
omics, clinical, and phenotypic data. We used
UCSC Xena to compare TCGA tumor samples
with normal GTEx samples to evaluate whether
protein-coding isoforms are upregulated or down-
regulated in cervical cancer. The expression of
gene isoforms was examined in normal patient
samples using GTEx and in tumor samples using
TCGA, both of which were drawn from 307 Cer-
vical Cancer Samples available in the UCSC Xena
database. We also visualized the exon structure of
the gene isoforms to better understand the pattern
of alternative splicing in various isoforms of the
genes.

Structure prediction of protein isoforms and
ligand docking

To better understand the associations between
proteins and their ligands (drugs), we predicted the
3D structures of protein isoforms using a number
of tools for structural level study of the different
isoforms of the proteins. Protein isoform structures
were predicted using the structure prediction tools
trRosetta [30], Robetta [31], Swiss-Model [32],
and I-TASSER [33]. Furthermore, the ERRAT
quality factor and the favored, allowed, and dis-
abled regions in the Ramachandran plot were used
to evaluate the predicted structures. After evalu-
ation, we used SiteMap53 [34] to determine the
drug target region in those protein isoforms’
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3D structures. The predicted 3D structures of the
protein isoforms were prepared for docking analysis
using Chimera 1.15 rc. We used Pyrex software to
perform ligand-protein docking analysis, and con-
sidered a number of drugs that have already been
approved for such proteins to check the effective-
ness of these drugs against various protein isoforms
that are affected by disease. Poses of the protein—
ligand complexes were captured to further analyze
the pocket sizes, shapes, and electrostatic surfaces
of the docked protein isoforms.

Interaction analysis

The Discovery Studio 2021 Client was used to
examine the protein-ligand complexes. We ex-
amined how the drug, which has high binding af-
finity for canonical proteins, interacts with differ-
ent protein isoforms. Furthermore, we examined
the interactions between the hydrophobic and hy-
drogen sites in different docked protein isoforms.

Results

Drugs Target Genes have multiple isoforms

More than 30 genes linked to cervical cancer
were identified to have missense mutations (Sup-
plementary File 1). Five genes were selected for
further analysis considering the number of patient
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samples. We identified FDA-approved drug inte-
ractions to analyze interactions between drugs and
their target protein isoforms. We retrieved more
than 145 entries belonging to five distinct Cervical
Cancer genes.

A partial list of the summary tables is pre-
sented in Table 1. We found that the bulk of the
candidate genes had two or more transcribed
spliced variants and protein isoforms (Fig. 1).

Our findings demonstrate that the majority of
cancer drug target genes undergo splicing and pro-
duce many gene isoforms that may be functionally
distinct and react with drugs in different ways, hig-
hlighting the significance of obtaining protein iso-
forms and alternative splicing in drug development.
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Figure 1: Number of transcript variants and protein-coding iso-
forms of canonical proteins: WM — transcripts variants, =1 —
protein isoforms

Table 1: FDA Approved Drugs against target genes and protein-coding isoforms

Number of Number
Genes Abbreviations FDA approved drugs . of protein References
transcript .
isoforms
Cetuximab, AZD-4785,
Kirsten rat Selumetinib, CC-223, _
KRAS  carcoma virus AZD-8835, PD-0325901, 14 9 [35-38]
Trametinib, Ridaforolimus
Lysine, Sapanisertib,
Mothers against Fluorouracil, Alectinib,
SMAD4  decapentaplegic Crizotinib, Cetuximab, 10 4 [39—42]
homolog 4 Gemcitabine, Irionotecan,
Carboplatin, Placlitaxel
Phosphatidylinositol-  Trastuzumab, Temsirolimus,
4,5-Bisphosphate Serabelisib, Taselisib,
PIK3CA  3TKinase Catalytic ~ CC-223, INK-1117, Alpelisib, 16 10 [43, 44]
Subunit Alpha Buparlisib, Capivasertib
Human epidermal Pertuzumab, Trastuzumab,
ERBB3  growth factor glM‘UL?\’;({?’ AMG'gg& 33 12 [45—47]
receptor 3 atritumab, Duligotuzumab,
Sapitinib, MM-111
Temsirolimus, Sirolimus,
F-Box and Regorafenib, Vorinostat
FBXW7 WD Repeat > 24 8 [35, 48, 49]

Domain Containing 7

Belinostat, Entinostat,
Docetaxel, Vorinostat, AR-42
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Difterences in binding pockets among protein and 205, were found to have identical sequences in
isoforms the predicted binding pocket. However, we found
variations in the C-terminal regions and domain
PF00454 of the protein isoforms PIK3CA-201 and
205 (Fig.2). We examined the C-terminal region

Using several sequence alignments, we identi-
fied the precise interaction residues in the drug-
binding region of each protein isoform. We per-

formed multiple sequence alignments between the of the canonical. protein, PIK3CA-201 & 205: aqd
Pfam functional domains, canonical proteins, pro- the Pfam domain PF00454 to further explain this

tein isoform sequences, and predicted protein-bin-  variation. In previous studies, we have found that
ding pockets. Here, we describe the sequence the C-terminal region is necessary for catalysis.
alignment plots of a few genes. This has been suggested to be a crucial PI3Ks re-

Cellular functions essential for cancer deve- gulating component [51]. The Pfam domain is a
lopment’ such as cell growth, proliferation, moti- domain of the plOO(l Catalytic subunit of PIK3CA.
lity, survival, and metabolism, are regulated by However, in USPI3-PIK3CA, the entire C-ter-
Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Ca- minal region was replaced by USPI3, which af-
talytic Subunit Alpha (PIK3CA) [50]. PIK3CA has fected its catalytic activity. Since PIK3CA-201 and
four protein isoforms (PIK3CA-201, PIK3CA-203, PIK3CA-205 have the same upstream regions, the
PIK3CA-204, and PIK3CA-205). Protein isoforms fusion proteins produced by the two protein iso-
PIK3CA-203 & 204 have 21 and 118 residues, re- forms should ideally have the same structure. Ad-
spectively. Comparison with the predicted pocket ditionally, we aligned two other USP13-PIK3CA
binding of the canonical protein. It was found that Pprotein sequences in the FusionGDB database to
these residues lack residues in the binding pocket, support this claim, and all sequences had overlap-
which indicates that these residues completely lack  Pping interference residues with the predicted pocket
the predicted pocket binding (Fig.2). The cano- binding (Supplementary File 2). These sequence-
nical proteins and protein isoforms, PIK3CA-201 level data indicate that the drug may target all
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Figure 2: Sequence alignments of predicted pocket binding residues of PIK3CA isoforms. The predicted binding pocket residues;
aligned Pfam domains; and PIK3CA-201, PIK3CA-203, PIK3CA-204, and PIK3CA-205 are shown from top to bottom. Each line
included the sequence logo of the consensus sequences at the top. Residues in the sequence that coincided with anticipated binding
residues are shown in blue. Purple color suggests that this residue is conserved in approximately 50% of all sequences. Similar amino
acids are shown under the pink shading
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USP13-PIK3CA fusion protein splice-variant pro-
tein isoforms. As a result, splice-variation within
the PIK3CA gene does not influence binding to its
targets in protein isoforms PIK3CA-201 and 205,
whereas it may affect PIK3CA-203 and 204, which
do not have a predicted binding pocket.

In 285 cervical cancers, PIK3CA 16 targetable
oncogenic mutations were found to be the most
common oncogenic mutation, with KRAS muta-
tion coming in second. However, despite signifi-
cant efforts, cancers with KRAS mutations remain
challenging to treat because of the plasticity of tu-
mor cells and acquisition of additional mutations.
Multiple sequence alignments of KRAS protein
isoforms (KRAS-201, 202, 205, 203, 204, 210, and
214) indicated that isoforms 201, 202, 205, and
203 have binding residues and are thus likely tar-
gets of drugs, while isoforms 204 and 207 lack
binding pockets and are not predicted to be targets
of KRAS-targeting drugs, as shown in Fig. 3. Fur-
ther investigation revealed variations in KRAS iso-
forms 202, 205, 203, and 204 at the C terminal
compared to KRAS isoform 201. These findings
suggest that further efforts are required to specifi-
cally target KRAS protein isoforms.

High gene isoforms expression in tumor tissues

Using clinical information from the UCSC
Xena, which is accessible through several projects
(TCGA, GTEx, and TARGET), we were able to

determine the expression of gene isoforms. We ob-
served the expression of PIK3CA and KRAS gene
isoforms in TCGA samples of cervical and breast
cancers, as shown in Fig. 4A. The expression of the
gene isoforms was nearly the same in both the
cancer types. The gene isoform (PIK3CA-204/
ENSTO00000477735.1) is not expressed in tumor
and normal samples, and is thus ignored. The gene
isoform (PIK3CA-203/ENST00000468036.1) was
highly expressed in TCGA tumor samples, in con-
trast to normal GTEx samples. Although we pre-
viously found that gene isoform-203 does not have
a predicted binding pocket, we observed that tumor
cells expressed it. This should be included in future
studies to examine the on- and off-target effects of
these drugs.

Using transcriptome expression data from
TCGA repository, it was possible to compare the
expression of KRAS gene isoforms

KRAS-202/ENST00000311936.7,

KRAS-203/ENST00000556131.1,

and KRAS-204/ENST00000557334.5)
in cervical and breast samples (Fig. 4B). Compared
to normal samples, tumor samples were shown to
have higher levels of KRAS-203 expression. Se-
quence analysis of FBXW7, ERBB3, and SMAD4
is shown in Supplementary File 3. Future studies
analyzing the on- and off-target effects of drugs
should consider these gene isoforms, as they are
expressed in tumors.
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Figure 3: Sequence alignments of the predicted pocket-binding residues of various KRAS protein isoforms. Using Bioconductor
software msa, Cluster Omega was used to align the binding residues with the protein isoform sequences. The predicted binding
pocket residues, aligned Pfam domains, and KRAS protein isoforms are shown from top to bottom. Each line included the sequence
logo of the consensus sequences at the top. Residues in the sequence that coincided with anticipated binding residues are shown in
blue. Purple color suggests that this residue is conserved in approximately 50% of all sequences. Similar amino acids are shown

under the pink shading
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Figure 4: PIK3CA isoform expression and exon structure (A) and KRAS isoform expression and exon structure (B). Green density
represents log2(TPM) from normal GTEx samples, whereas purple density represents those from (a) TCGA Cervical Cancer sam-
ples and (b) TCGA Breast Cancer samples. Density plots and c) exon-structure plots following the same sequence. Each plot was

generated using the UCSC Xena browser [52]

Interactions of drugs on structural level

Although we have shown changes in binding
pockets across gene isoforms at the sequence level,
structural-level research is the only way to gain
more solid proof that drugs bind to their target
protein isoforms in distinct ways. We studied the
KRAS gene, which has seven distinct protein iso-
forms, together with known drugs that target them,
to understand how a certain drug molecule inte-
racts with several isoforms of a protein.

The three-dimensional (3D) structure of each
protein isoform was predicted using various databa-
ses. The best predicted structures were projected to
have ERRAT scores greater than 94. The structures
with poor ERRAT values were further improved.

Next, using Pyrex, we conducted docking
analysis while considering the selection of drugs
that have been identified to target this disease pro-
tein target. After analyzing the docked positions,
we observed that, although some drugs bind simi-
larly to protein isoforms, others bind extremely dif-
ferently. For instance, protein isoformsKRAS-203,

204, and 207 showed low binding affinity with
FDA Approved drugs (Table 2). This finding sup-
ports our previous finding that these protein iso-
forms have very small sequences and do not have a
predicted binding pocket. All the other protein iso-
forms of KRAS (KRAS-201, 202, 205, 210, 213,
and 214) have high binding affinities. AZD-4785
had good KRAS-201, 202, 205, and 214 scores, re-
spectively. These six protein isoforms had strong
binding affinities for Trametinib, although KRAS-
202 had a low binding affinity. All protein isoforms
showed good binding affinity with ridoforolimus.
While the remaining drugs showed good binding
affinities with these protein isoforms, certain pro-
tein isoforms displayed lower affinities.

In the case of PIK3CA, the protein isoforms
PIK3CA-203 and 204 showed low binding affinity
for approved FDA Drugs, as these protein isoforms
have short sequences and do not have a predicted
binding pocket (Table 3). PIK3CA-201 & 205 sho-
wed the best binding affinity for drugs. Temsiroli-
mus showed good binding affinity with all protein
isoforms.



42

Innov Biosyst Bioeng, 2023, vol. 7, no. 4

Table 2: Binding Affinity Values of the KRAS-Canonical protein and its protein isoforms

Drugs KRAS-  KRAS- KRAS- KRAS- KRAS- KRAS- KRAS- KRAS- KRAS-

Canonical 201 202 205 214 213 210 203 204
AZD-4785 6.9 73 12 7 72 64  -79 57 4
AZD-8835 83 82 82 -87 -19 -17 -85 63 4.9
cc-223 72 77 715 15 17 -13 171 6.1 45
PD-0325901 77 73 69 -69 -74 -63  -68 54 43
Ridaforolimus 101 -102 -97  -96 -106 -107  -9.6 88 53
Selumetinib -7.2 -7.2 -7.6 1.7 -7.1 -6.6 -7.4 -5.9 -4.8
Trametinib 8.2 9 79  -96 -9 86 -89 6.9 55

Table 3: Binding affinity values of the PIK3CA-Canonical, PIK3CA-201, 205, 203, and 204

Drugs g;}fgﬁ’;‘ PIK3CA-201  PIK3CA-205 PIK3CA-203 PIK3CA-204
CC-223 8.6 83 -8 6.4 6.4
ALPELISIB 8.9 8.8 95 75 7.7
BUPARLISIB 8.6 8.2 8.1 6.2 6.4
CAPIVASERTIB 95 9.6 8.9 6.6 6.6
INK-1117 9 9 9 6.8 6.8
SERABELISIB 8.9 9.1 9 6.8 6.8
TASELISIB 9.7 9.7 8.2 72 6.9
TEMSIROLIMUS 95 ~11.6 -10.2 9 9
TRASTUZUMAB -10.5 9.6 9.6 6.8 77

Table 4: Hydrogen and Hydrophobic interactions of the docked protein isoforms with drugs

Protein Hydrogen Interactions Hydrophobic Interactions
PIK3CA-Canonical GLU, ASN, ASP, ASP, TYR THR
PIK3CA-201 ASP, ASN, LYS, SER LYS, ASP, ASN, PRO, GLN
PIK3CA-205 ARG, ASP, ASP, LYS, PHE GLU, TYR, LYS
PIK3CA-203 SER,THR ARG, GLU

To explain how different pocket sizes, shapes,
and electrostatic potential surfaces may create an
illusion similar to the binding mode even when the
scores are the same in some instances. Here, we
examined the temsirolimus binding mode in all
four protein isoforms and discovered that while the
binding scores were similar, the binding patterns
varied greatly, as shown in (Fig. 5). The molecular
docking results for FBXW7, ERBB3, and SMAD4
are shown in Supplementary File 4. These results
led us to hypothesize that, despite the identity of
the ligand-binding residues, the binding pocket
structures change in size, form, and dynamic prop-
erties, resulting in different binding patterns for a
single drug in several protein isoforms with various
binding affinity values.

Interaction analysis of the target protein iso-
forms was performed to determine the type and
number of interactions between the docked tesmi-
lorous and PIK3CA protein isoforms. When a com-
plex has a significant number of hydrogen bonds
together with a small number of salt bridges, hydro-
phobic contacts, and n—n= interactions, it is said to
be strong. To determine the number of interactions
generated by each molecule, we tested each docked
drug differently (Fig. 6). According to the interac-
tion study, complexes with strong binding affinities
produced the most hydrogen bonds (Table 4).

PIK3CA-Canonical and protein isoforms 201
and 205 were shown to have strong interactions,
whereas the docked PIK3CA-203 complex was
found to have weak interactions.
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Figure 5: Ligand-binding pocket of PIK3CA protein isoforms: (A) Canonical Protein, (B) PIK3CA-201, (C) PIK3CA-205, and
(D) PIK3CA-202 with the drug temsirolimus
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Discussion

Although current target prediction methods
have shown the accuracy of genomic, chemical,
and pharmacological data in drug target interaction
prediction, these methods frequently concentrate
only on the canonical protein while disregarding
the on- or even off-target isoform-level interactions
that are linked to the action of the chemical [53].
Previous studies have related cancer-specific aber-
rant splicing to drug resistance. However, little is
known about the therapeutic effects of this drug on
specific tissues and its side effects on other tissues.
Gene isoforms produced by alternative splicing can
be expressed at different levels and exhibit various,
perhaps conflicting, activities in various tissues
and/or organs [54, 55]. We postulated that various
protein isoforms formed by alternative splicing
might develop into candidates for off-target or
non-target drug interactions due to the presence or
lack of target binding sequences in different alter-
native splicing of genes specifically involved in cer-
vical cancer. Our findings show that most small-
molecule therapeutic targets have a variety of pro-
tein isoforms. Therefore, it is feasible that most
pharmacologically targeting gene isoforms have
functional differences and show isoform-level
changes in their interactions with the drug.

We found that KRAS-203 is highly expressed
in tumor samples. Sequence alignment and data
analysis of the gene expression patterns in the
TCGA and GTEx datasets uncovered significant
data, such as medicines that skip alternative gene
isoforms that are also expressed in cancer but per-
haps are not targeted, while the drugs that might
possibly target alternative protein isoforms that are
variously expressed across many normal tissues and
are involved in the process of cancer development.
Furthermore, the ability of the same medication to
bind to several structurally related protein isoforms
with various affinities was verified using a drug
docking study and structural analysis of KRAS and
PIK3CA proteins. These findings are basically two
processes in which both could possibly lead to far-
off impacts that could result in drug resistance.

In comparison to the canonical isoform, we
observed low KRAS isoform expression in TCGA
samples. We observed, via structural docking, that
various medicines can interact with all protein iso-
forms in various ways. It remains unknown wheth-
er the secondary protein isoforms behave similarly
to or differently from the downregulated primary
isoform, carcinogenic, or overexpressed. In con-
trast, the different protein isoforms, with the ex-
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ception of KRAS-204, which was not expressed in
normal or tumor samples, showed variable and
greater expression in healthy tissues than in tumor
tissues. These protein isoforms can act as tumor
suppressors or regulators, counteracting the func-
tions of carcinogenic protein isoforms. The imme-
diate inhibition of these protein isoforms may be
undesirable under these conditions. Although the
precise roles of these protein isoforms are still un-
known, separating sites from non-targets at the
splice level is a crucial step in the early stages of
drug discovery.

Owing to restrictions on the availability of da-
ta, we were challenged by several limitations in the
current study. The first is the lack of mapping of
gene isoforms between public online databases and
older studies. For example, differences in exon
numbers are frequently reported between these two
sources. Public databases such as Ensemble do not
contain many gene isoforms previously described
in the literature. This makes it extremely challeng-
ing to annotate these gene and protein isoforms
both structurally and functionally. Therefore, the
major aspects of our study are that the overexpres-
sion of protein isoforms that are more advanta-
geous for the development of cancer should be
suppressed, and the main aims for suppression
should be the gene isoforms that are upregulated in
cancer. This is obviously a restriction because these
two hypotheses might be incorrect; however, we do
not currently have any better methods for evaluat-
ing the roles of these unidentified protein isoforms.
Furthermore, the inclusion of the actual gene-level
expression of these gene isoforms will strengthen
this claim. To our knowledge, there is currently no
comprehensive database that includes the expres-
sion of all the protein isoforms on a complete
proteome scale. In our opinion, the importance of
identifying pharmacological targets at the protein
isoform level should be emphasized. However, our
results add to those of a recent study that identified
mean mMRNA expression across tissues and va-
riance in expression across tissues as the two key
characteristics that separate effective medications
from ineffective ones [56].

Conclusions

This study highlights the potential risks of fo-
cusing solely on the canonical isoform, and ignor-
ing the impact of cervical cancer drugs on- and
off-target effects at the isoform level. Identifying
additional cancer biomarkers at the isoform level
and connecting them to treatment sensitivity using
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computational methods is crucial. Our findings in-
dicate that the protein isoforms have distinct bind-
ing pocket confirmations, which indicate the po-
tential variations in drug binding and efficacy.
Some isoforms completely lack the binding pocket,
which highlights the importance of considering the
drugs effectiveness across the isoforms. Some iso-
forms were found to be upregulated in tumor sam-
ples, suggesting them as potential therapeutic tar-
gets. Molecular docking analysis revealed that pro-
tein isoforms have varying binding affinity with
FDA approved drugs, which is essential to predict
the drug response and effectiveness. We expect that
our findings will encourage further investigation into
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the possibility of designing protein isoform-level
medication. Sufficient structural and functional
knowledge of these isoforms is necessary to achieve
this goal.
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AHANI3 IN SILICO HELINbOBOI Ali NIKIB MPOTU PAKY LLMAKN MATKU HA PI3BHOMAHITHI I300OPMU BINKA
Ans PO3LUMPEHUX TEPAMEBTUYHUX CTPATENN

Mpobnemartnka. Pak WMAKM MaTKN € CEPNO3HMM 3axXBOPIOBaHHAM, SKE LLOPIYHO BpaXKae COTHI TMCAY Moden y BCbOMy CBITi. Bubip i
aHani3 BiANoBiAHUX reHiB-MilLeHeN Ha paHHiX cTagisix po3pobku NikiB € Bkpan BaXnmMeuM Ans 60poTebu 3 uieto xopoboto. OgHak SKLLo
3arnnLWNTM HasIBHICTb Pi3HKX i30hopM Ginka nosa yBaroto, TO MOXYTb BUHUKHYTU HeGaxkaHi TepaneBTUYHi abo Wwkianmei nobivHi ecpekTu.
Mera. NpoBecTn obuncnoBanbHWn aHania B3aeMOoAii MiX Nikamy NpoTU paky LUMIAKK MaTKW Ta iXHIMW MilleHAMK, Ha SKi BNvBae anb-
TEpPHaTUBHWUIA CNMANCKHT.

MeToauka peanisauii. BukopuctoBytoun 6a3u gaHux BigKpuToro 4ocTyny, My Hauinunucs Ha 45 cxeaneHux FDA nikiB Big paky wuinku
MaTKu, SKi CMIPSIMOBaHI Ha Pi3Hi reHu, Wwo MatTb Binblue ABOX pi3HMX i30dopM, SKi koaytoTb binok. LLlo6 nepeBiputn 36epexeHHs KULLEHi
3B’I3yBaHHSA B i3000pMax reHiB, MU BMKOHanM MHOXWHHUIA aHani3 nocnigosHocTen. o6 kpalie 3po3yMiTn 3B’A30k Mix Binkamu Ta
cxBaneHumn FDA npenapaTtamu Ha piBHi i3000pM, M1 MPOBENN MOMEKYNAPHUIA AOKIHM-aHani3.

PesynbTatu. [locnigkeHHs nokasye, wo baraTbom npenapaTtam Gpakye MOTEeHUiiHMX MilleHen Ha piBHi i3odopm. Mopanblie gocni-
[PKEeHHS pi3HUX i30pOpPM TOrO CaMoro reHa BUSIBMIO Pi3Hi KOHirypauii KuleHb, WO 3B’A3y0Tb firaHd, BKIYaloyM BiAMIHHOCTI B poO3-
Mipi, OpMi, eNneKkTpocTaTUYHUX XapaKTepUCTUKax i CTPYKTYpi.

BucHoBku. Lle gocnigXeHHst nigkpecnioe NOTEHLiAHI PU3UKM 30CEpPeKEHHST BUKIMIOYHO HA KaHOHIYHIN i30000pMi 1 iIrHOpyBaHHS LLiNbOBO-
ro Ta HeuinboBOro BNAMBY MiKiB MPOTW paky LUMNKA MaTKU Ha piBHi is3odopM. Lli pesynbTaTi NigKpecnoTb BaXUBICTL po3rnsay B3ae-
Mogji M nikamu Ta iXHIMK MiLLeHsIMM Ha piBHi i30hopM ANs CNpUsHHSA ehEeKTUBHOMY FliKyBaHHIO.

KnroyoBi crnoBa: pak WK1 MaTkK; i30hopMuY; MOMEKYNSIPHUIA AOKIHT; aHani3 B3aemogii; 6ioiHdopMaLiiiHi nigxoau.



