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Abstract: Breast and Cervical cancer are significant causes of morbidity and mortality among
women worldwide. Usually, conventional therapies and early detection has shown success in me-
tastasis and relapse rates and improved overall survival of the patients. The elimination of the effi-
cacy of chemotherapies and target therapies because cancer stem cells create resistance against
chemotherapy, metastasis, and relapse. Studies reveal that cancer stem cell markers are important
for improving efficiencies of targeted therapies. Our study aims to analyze the stem cell markers
and target the most significant stem cell marker by phytochemicals and their derivates. Through
the analysis, it was observed that CXCR4 and SOX-2, mir-1, mir-125, and mir-429 may have a crucial
role in stemness of breast and cervical cancer respectively, while BPMD & MD simulations revealed
Di-valinoyl curcumin as a potential compound for CXCR4 targeting.
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1. Introduction

Gynaecological cancers are significant causes of morbidity and mortality among
women worldwide . Even though a lot of advancements in therapies has been happening
continuously, cancer is still one of the deadliest diseases. Drug resistance is one of the
major problems in treatment of cancer. Cancer stem cells (CSCs) are majorly responsible
for drug resistance 2. Self-renewal is an unique properties of stem cells that makes them
immortal and certain transcription factors help stem cells to maintain their stemness like
ALDH1,CD24,CD133,CD49f and CK17. Cancer stem cells lead to uncontrolled prolifera-
tion of cells® and also admit quiescence 4 that can invade beyond normal tissue boundaries,
metastasize to distant organs, and increases the rate of relapse’. Cancer stem cells, identi-
fied in most types of cancer, contribute to tumor resistance, expansion, metastasis, and
recurrence after treatment2. CSCs are sub-population tumor cells creating a progeny of
cells constituting the bulk of tumors. Because CSCs are difficult to identify, there is a need
to identify stem cell markers. In this study, we selected the two most common types of
gynecological cancers affecting women worldwide; breast cancer, and cervical cancer to
analyze the stem cell markers, and target the most significant stem cell marker by novel
plant-based metabolites and their derivatives like hydroxyl-piperloungumines,
Coumaperine, annomontine, curcumin derivatives and 6,6'-Dihydroxythiobinupharidine
(DTBN)&-10,

Cancer of the uterine cervix is ranked 4t among cancer in women in the world, with
estimated 604,000 newly registered cases and 342,000 deaths in the year 2020". India dis-
proportionately shares more than a quarter of the global cervical cancer burden. The eti-
ology of cervical cancer stems from already existing non-invasive, pre-malignant lesions,
also referred as, squamous intraepithelial lesions (SILs), or cervical intraepithelial lesions
(CINs). Persistent infections linked to high risk subtypes of Human Papillomaviruses
(HPVs) are the causative agents for cervical cancer’?2. However, HPV infection itself is not
sufficient to induce malignant changes and there are so many other factors which play a
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crucial role in cervical cancer development. Studies revealed that there is a latent period
between infection and invasive cancer, and this phenomenon provides a crucial window
for cancer control. Therefore, it is necessary to screen out specific biomarker(s) which can
track the progression of disease. Though HPV vaccines are currently available, but their
limitation is that they do not protect against all subtypes of HPVs'314. Early detection as
well as attenuation of cervical cancer progression therefore requires additional highly spe-
cific biomarkers besides HPV and HPV vaccines. In cervical cancer, cancer stem cells are
known to play crucial role in chemoresistance and is considered to be a better therapeu-
tic target. Promising therapeutic strategies targeting on different cancer stem cells markers
eg, ALDH1, CD24, CD133, CD49f, CK17 and signaling pathways are needed to be devel-
oped.

The most commonly diagnosed cancer worldwide is breast cancer in females with
around 2.3 million new cancer cases (11.7%) and deaths around 6.9%!11.13, Incidence and
mortality of breast cancer is increasing globally. Conventional approach for breast cancer
is surgery followed by radiotherapy and chemotherapy which is continuously improving.
Despite all this, treatment fails in 30-40% of the cases. Relapse and metastasis of the dis-
ease is because of breast cancer stem cells (BCSCs)'>. BCSCs are a small population that is
resilient to standard therapies and treatments. They re-enter the proliferation phase which
leads to recurrence and metastasis of the disease'®.

In this study, we analyzed the topmost markers of CSCs and BSCs & identified its
associated microRNAs and pathway analysis of topmost hub genes, SOX2 in the case of
cervical cancer and CXCR4 in the case of breast cancer by bioinformatic analysis and their
potential targeting using natural compound derivates.

A thorogh understanding of the stemness markers of CSCs and BCSCs will provide
new concepts for treatment of cervical and breast cancer and will also provide targets for
therapeutic drugs. Combination of therapeutic drugs (to target stem cell markers) and
chemotherapy drugs might be helpful in eliminating cervical and breast cancer, also re-
ducing recurrence, and metastasis of the disease thereby improving the overall survival
of the patients.

2. Results
Identification of hub genes as stemness markers in cervical and breast cancer metastasis

To construct a protein-protein interaction network between the stemness markers,
we used the STRING database’”. For accuracy of results, network was constructed using
confidence value of 0.7. The constructed network was exported to CytoHubba in cyto-
scape for identification of Hub-Genes. MCC algorithm was used to explore the important
nodes. The top 5 hub genes in breast cancer (CXCR4, ERBB2, PROM1, CD44 and PTEN)
and in cervical cancer (CD44, PROM1, POU5F1, NANOG, SOX2) as stemness markers
were selected (Figure 1).
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Breast Cancer

Cervical Cancer

Figure 1. (1a)Protein-Protein interaction of Breast Cancer Stem cell marker genes, (1b) Identified
Hub-gene network of Breast Cancer Stem cell marker genes (2a) Protein-Protein interaction of Cer-
vical Cancer Stem cell marker gene. (2b) Identified Hub-gene network of cervical cancer stem cell
marker genes.

Enrichment Analysis using DAVID and KEGG

To investigate the potential function of the predicted hub genes, DAVID tool was
used to perform Gene Ontology and encrichment analysis'®. The top significantly enriched
biological items for cellular component (CC), biological process (BP), and molecular func-
tions (MF) were identified and plotted. A p-value < 0.01 was considered statistically sig-
nificant.

KEGG?" pathway analysis revealed that the identified stem cell markers were signif-
icantly enriched in proteoglycans in cancer, signaling pathways regulating pluripotency
of stem cells, pathways in breast cancer, and prostate cancer, microRNA in cancer, path-
ways in cancer, and mTOR signaling pathways, these pathways are well established to
play a role in various cancer associated functions such as cellular proliferation, apoptosis
and invasion. (FIGURE 2-3).
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Figure 2. Functional Enrichment analysis of Breast Cancer stem cell related Hub-genes. (A) Cellu-
lar Component (B) Molecul-ar Function (C) Bio-logical Process, and (D) KEGG Bio-logical Path-

ways. P-Value <0.001.
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Figure 3. Functional Enrichment analysis of Cervical Cancer stem cell related Hub-genes. (A) Cellu-
lar Component (B) Molecu-lar Function (C) Bio-logical Process and, (D) KEGG Bio-logical Path-

ways. P-Value <0.001.

Differential expression of top 5 hub genes as stemness markers in cervical and breast cancer

We analysed the mRNA expression of each identified stem cell marker in breast and
cervical cancer patients’ sample in the TCGA-BRCA and TCGA-CACX cohort using the

UALCAN®,

We observed that amongst the top five hub genes in breast cancers, CXCR4 and
ERBB2 were up-regulated significantly in breast cancer tissues, while the expression of
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Transcript par milion

PTEN, CD44, and PROM1 were downregulated significantly (Figure 4), whereas in cervi-
cal cancer, only SOX2 was found to be significantly upregulated (Figure 5).
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Figure 4. mRNA expresssion validation of BRCA hubgenes (A) PTEN (B) CD44 (C) CXCR4 (D)
PROM1 (E) ERBB2. The Blue colored bars denote Normal patient samples, Red colored bars denote
patient samples.
Expression of CD44 in CESC based on Sample types Expression of PROM1 in CESC based on Sample types Expression of POUSFT in CESC based on Sample types

T J i i ——

- .
| i i i
! I | . _'-:_ |
TCGA sampiey TCGA samples. TOGA samples
(A) ®) (©)
Expression of $0X2 in CESC based on Sample types Expression of NANOG in CESC based on Sample types
| |
i | {... :
i g i
B G

(D) (E)

Figure 5. mRNA expresssion validation of CESC hubgenes (A) CD44 (B) PROM1 (C) POU5F1 (D)
SOX2 (E) NANOG. The Blue colored bars denote Normal patient samples, Red colored bars denote
patient samples.

Prognosis value of hub genes in cervical and breast cancer

The expression level of top 5 hub genes (stemness markers) of cervical and breast
cancer associated with metastasis risk were validated using survival analysis performed
by using Kaplan-Meier method with Log-rank statistical test. We used information on
survival from KM Plotter database for performing survival analysis for 5 hub genes. The
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results revealed that patients in high risk group have significantly worse OS than patients
in low risk group (P<0.001). CXCR4 had shown highest significant value and PTEN
showed hazard ratio (HR) greater than 1 (Figure 6). Whereas in cervical cancer SOX2 were
found to show significant role in survival (Figure 7).
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Figure 6. Survival Analysis of BRCA hub genes.
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Figure 7. Survival Analysis of CESC hub genes.

Exploring pattern of CXCR4 expression using scRNAseq data

Tabula muris is an ideal platform to exploring CXCR4 expression pattern in the mam-
mary gland []. Expression of CXCR4 is specific to cell type, which displays high expression
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in the macrophages & B-cells and then in T-cells . Its expression is very low in luminal
epithelial cells of mammary glands and basal cells (FIGURE 8). Macrophages are immune
cells that play a crucial role in tumour microenvironment. Tumour associated macro-
phages (TAMs) promote survival of breast cancer stem cells (both directly & indirectly)
and infiltrating T-cells to act as a catalyst, for immune selection of BCSCs?'. The presence
of TAMs and T-cells may be essential for self-renewal of BCSCs, and maintenance through
growth,soluble and secreted factors. The effect of B-cells, and other immune cells has to
be carefully balanced to immune selection of BCSCs which are capable to tolerate conven-
tional therapies for breast cancer??. In future, the development of new agents and ap-
proaches targeting the stem cell markers in combination with components of immuniche
may provide more efficacious stem cell oriented therapies for the patients of breast cancer.
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Figure 8. Single-cell RN Aseq of CXCR4 expression of gene for all cell types —in mammary gland .A)
tSNE plot showing single cell CXCR4 expression of gene in mus musculus super-imposed on pre-
defined cell-clusters. B) tSNE plot showing cell-ontology of cell-clusters in a. C) Violin plot of
CXCR4 expression of gene in individual cells in the clusters shown in B. Gene expression normalised
to 10000 counts per-cell. Plots generated at https://tabula-muris.ds.czbiohub.org.

Construction of Gene-miRNA interaction network

For investigating the interaction between screened hub genes as stem cell markers,
and miRNA, we used the Network analyst tool?* which contains gene-miRNA interaction
data collected from TarBase v7.0%, determined the miRNAs that were predicted or vali-
dated to target the stem cell markers obtained after transcriptome analysis. In breast can-
cer, PTEN, CD44, and CXCR4 genes co-regulate expression of common miRNA, miR-1-
3p, and miR-429. In cervical cancer CD44, SOX2 and NANOG genes co-regulate the ex-
pression of a common miRNA, miR-145-5p (FIGURE 8).
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Figure 8. Gene miRNA co-regulatory network for (A) Stem cell markers for breast cancer (B) Stem
cell markers for cervical cancer.

Validation of microRNA expression

The expression validation of identified microRNAs from gene-miRNA co-regulatory
network was performed using dBDEMC database using GEO omnibus datasets and
TCGA datasets. All three microRNAs were found to be significantly differentially ex-
pressed in patient samples. hsa-mir-1 in breast cancer and hsa-mir-145-5p in cervical can-
cer patients were found to be significantly downregulated (p<0.01) while has-mir-429 in
breast cancer was found to be significantly upregulated (p<0.01) (figure 9)

hsa-miR-429 hsa-miR-1 hsa-miR-145-5p

Breast Cancer Normal Breast Cancer Normal Cervical Cancer MNormal

(A) (B)
Figure 9. microRNA expression validation using dBDEMC (A) Breast Cancer (B) Cervical Cancer.

Identification of Small Molecule requlating microRNAs

To identify the small molecules regulating the expression of microRNAs using PSRR:
Prediction of SM-miRNA Regulation pairs by random forest. It was found that hsa-mir-
429 may be downregulated using the small molecule Goserelinacetate, while has-mir-1-
3p may be upregulated using Gemcitabine. Similarly, Azacitidine may regulate hsa-mir-
145-5p. The suggestion rate for all the predictions was found to be >0.9 (Figure 10).
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Figure 10. Predicted small molecules regulating expression of microRNAs against (A) mir-1-3p and
mir-429 in Breast Cancer and (B) mir-145-5p in Cervical Cancer.

Homology Modeling of CXCR4

The CXCR4 structure was modeled by employing homology modeling approach.
The model generated was further validated with the help of Expasy Structure assessment.
Using a MolProbity Score of 1.86 indicated that the generated model is of good quality.
Further generated model assessed using Ramachandran Plot shows that 96.2% of the core
residues are within the favored region with 0% of residues found in the outliner region.
Also ERRAT score of 95.9 corroborated with the quality of the model? (Figure 11).

Figure 11. Ramachandran Plot Assesment of Homology modelled CXCR4.

Molecular Docking and MM-GBSA refinement

Molecular docking was conducted on CXCR4 and SOX2 protein against plant sec-
ondary metabolite Annomontine, Curcumin, Coumaperine, Piperlougumines, 6,6'-Dihy-
droxythiobinupharidine (DTBN) and their derivates making library of 115 compounds.
After docking docked pose were optimized using MM-GBSA refinement and binding free
energies were calculated.

Molecular Docking of CXCR4

CXCR4 structure consists of 7 a-helices. Extracellular interface of CXCR4 is made up
of 34 N-terminal residues, whereas ECL1 (100-104) (extracellular loop-I) links a-helices II
& III while ECL2 (174-192) links links a-helices IV & V and ECL3 (267-273) links a-helices
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VI & VII. Two disulphide bonds on extracellular side of CXCR4 are reported to be crucial
for ligand binding and play a role in ECL2 constraining and N-terminal segment of
CRCX4 that shapes its ligand binding pocket???. At the active site it was observed that
Curcumin derivates; di-valinoyl curcumin, mono-methacryloyl-curcumin, and curcumin
diglucoside were among the top 3 docked poses with binding free energy of -80.41
Kcal/mol, -80.20 Kcal/mol, and -74.05 Kcal/mol, respectively. Di-valinoyl curcumin at the
active site of CXCR4 (-80.41 Kcal/mol) was found to be stabilized by 8 H-bond interactions
and 2 aromatic H-bonds. Hydrogen Bond interactions were found with Tyr45, Asn97,
Argl88, Asp262, His281 and Ser285. Whereas 2 aromatic bonds were formed with GIn200,
and Ser285 respectively (Figure 12)‘

Figure 12. Di-valinoyl curcumin at the active site of CXCR4.

Similarly, mono-methacryloyl-curcumin at the active site was stabilized by three H-
bonds and two aromatic H-bond (-80.20 Kcal/mol). Futher single parallel 7.... 7t stacking
interaction was observed. Interaction of Hydrogen bond was observed with amino acid
residue Tyr45, Asn97, and Argl88. The aromatic H-bonds were formed with Tyr188 and
GIn288. Whereas Trp94 pf CXCR4 formed parallel 7.... 7 stacking interaction. Curcumin
diglucoside (-74.05 Kcal/mol) at the active site was stabilized by four Hydrogen bonds and
two aromatic bonds. The H-bond interactions were formed between GIn32, Asn97,
Tyr190, and Pro191, whereas aromatic H-bond Try116 and cys186.

Molecular Docking of SOX-2

The crystal structure of SOX-2 consists of 3 a-helices connected via loops. Due to non-
availabilty of binding site literature, active site predictions were made using SiteMap
module of schrodinger. The predicted active site was found to be located between the
helics I (10-24) and Helics-III (residue 50 — 66) covered by the loop (residuel-8) with
sitescore and Druggability score of 0.816 and 0.80. The predicted site was used for docking
of ligand library. It was observed that 4-(4-hydroxybenzylidene) curcumin, curcumin di-
glucoside, and N-phenylpyrazole curcumin were among the top 3 docked poses with
binding free energy of -92.22 Kcal/mol, -76.80 Kcal/mol, and -75.92 Kcal/mol, respectively.

4-(4-hydroxybenzylidene) curcumin (-92.22 Kcal/mol) at the active site was found to
be stabilized by Four Hydrogen bonds and three aromatic hydrogen bonds. Interactins of
Hydrogen bond were observed with amino-acid Serl, Arg6, and Glu56. Additionally, ar-
omatic Hydrogen bond interactions were observed with amino acid with Val4, Arg6, and
Glu56 (Figure 13).
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Figure 13. 4-(4-hydroxy benzylidene) curcumin at the active site of SOX-2.

Similarly, curcumin di-glucoside was stabilized by four hydrogen bonds and a single
aromatic hydrogen bond. Hydrogen bond interactions were observed with amino acid
residues Arg6, Glu56, and Arg59. While an aromatic hydrogen bond was observed with
Argb.

N-phenylpyrazole curcumin (-75.92 Kcal/mol) at the active site was observed to be
stabilized by a single Hydrogen-Bond and four aromatic Hydrogen bonds. The Hydrogen
bond interaction was found with Arg6, whereas aromatic h-bonds were observed with
amino acid residues Serl, Val4, Arg6, and Arglé. In addition, m-cation interaction was
also observed with Arg20.

Binding Pose Metadynamics

Binding Pose Metadynamics simulation is used to reliably differentiate between the
correct binding pose and other alternative poses generated during docking. Throughout
the simulation, the ligands are forced to move inside their binding pocket?. After the sim-
ulations, the results of ligand stability are measured by (1) Pose Score (2) Persistence Score,
and (3) Composite Score?.

BPMD of CXCR4 suggests that di-valinoyl curcumin is the most stable pose com-
pared to the mono-methacryloyl-curcumin and curcumin di-glucoside with PerScore and
PoseScore of 0.234 and 2.394, respectively. The BPMD analysis of curcumin di-glucoside
is least stable with a Pose Score of 4.508 and PerScore of 0 suggesting that curcumin di-
glucoside doesn’t maintain any interaction compared to the initial frame of interaction,
with increased CV RMSD value of >4 Angstrom. Similarly, the BPMD of SOX-2 reveal that
none of the docked poses are stable compared to the initial frame with CV RMSD value
for N-phenylpyrazole curcumin being > 7 Angstrom, pose score of 7.359 and PerScore of
0, while the best pose 4-(4-hydroxy benzylidene) curcumin has a PoseScore and PersScore
of 4.194 and 0.091, respectively (Figure 14)
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Figure 14. Binding Pose metadynamic Simulation for top 3 docked poses of (A) CXCR4 and (B) SOX-
2.

Molecular Dynamics Studies

Molecular Dynamics is a crucial step for the development of Computer Assisted
Drugs and their designing, providing validation of docked complexes and their stability.
The Top pose of CXCR4 and SOX-2 from BPMD analysis were further validated using
100ns unbiased molecular dynamic studies. The results of simulations were analysed by
using RMSD, RMSF, and the number, and type of interactions. The protein RMSD values
for CXCR4 complex and SOX-2 complex were found to be 2.1 Angstrom and 8.3 Ang-
strom, respectively and Ligand RMSD values for the CXCR4 complex and SOX-2 complex
were found to be 3.1 Angstrom and 15.2 Angstroms, respectively (Figure 15) suggesting
that the SOX-2 complex is highly unstable under the molecular dynamic system. In terms
of RMSF, only regions from residue 8 to 23 in SOX-2 were found to be within the fluctua-
tion range of 3.5 Angstrom rest of each residue had RMSF value >3.5 Angstrom. In CXCR4,
only few residues Asp181, His228, Ser229, and Lys230 were found to have RMSF values
higher than 3.5 angstroms. In terms of RMSD values, results suggest that the SOX-2 com-
plex is highly unstable and unlikely to interact efficiently with its bound ligand. The Lig-
and protein contacts reveal that Di-valinoyl curcumin was able to interact with CXCR4 by
forming 3 Hydrogen bonds of strength >50% with amino acid residues Asp262, Tyr255,
His113 throughout the simulation. Further, 2 water bridge interactions were formed be-
tween Trp94 and Asp171 with a bond strength of 32% and 40%, respectively. Additionally,
Di-valinoyl curcumin was stabilized by m-cation interaction with Arg188 with a strength
of 68%. In contrast to CXCR4, SOX-2 being highly unstable resulted in only single Hy-
drogen bond interaction with Glu56 with bond strength of 38%.
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Figure 15. Molecular Docking simulation RMSD results (A) CXCR4 complex and (B) SOX-2 Com-
plex.

3. Discussion

Tumors consist of multiple clones of different tumor cells population that differ in
morphology, function, and molecular structure due to molecular alteration during the
course of development and growth. Moreover, tumor cells that are similar at the genetic
level have different modes of epigenetic regulation®. Small populations of tumor cells are
capable of self-renewal and due to their capability of initiating tumor growth, they have
been named as cancer stem cells (CSCs). CSCs play a crucial role in the recurrence of dis-
ease after treatment and they are important to develop targeted therapies. They are iden-
tified by stemness-related biomarkers®.

BCSCs are responsible for breast cancer development, tumor recurrence, metastasis,
and drug resistance. It is difficult to identify the population of BCSCs and understand
their molecular mechanism for developing therapeutic targets®. In this study, we try to
find out the top hub genes and associated microRNas as stemness biomarkers in breast
and cervical cancer stem cells and potential natural compound derivates for their target-
ing.

Among the top stem cell markers of breast cancer cells, CXCR4 had shown highly
significant expression as compared to normal and the overall survival in the high-risk
group is low as compared to normal. Recent studies revealed that CXCR4 plays a crucial
role in breast cancer metastasis. The upregulation of CXCR4 expression has prognostic
significance due to the increased number of receptors and their signals. Hence, it is essen-
tial to find out the mechanism which plays a crucial role in the upregulation of CXCR4
expression. The promoter region of CXCR4 contains nuclear receptor-1 (NRF-1) and Ying
Yang-1 (YY-1) was found to be responsible for the upregulation, and downregulation of
CXCR4 in breast cancer stem cells []. CXCR4 is present in various cell types including
macrophages, T-cells and breast cancer cells and cancer associated fibroblasts (CAF) ef-
fectively attract monocytes through the CXCR4 pathway and promote formation of cancer
stem cells. Therefore, our findings have the potential to lead to novel therapy for breast
cancer cells to target CXCR4 mediated tumor associated microenvironment (TAM).

In the case of cervical cancer, SOX2 is the most significant among top stem cell mark-
ers. SOX2 is a transcription factor which are known to play an important role in embryonic
development and it is expressed in undifferentiated embryonic stem cells. SOX2 is de-
tected in several tumors, indicating its role in tumor development. Several studies re-
ported increased expression of nuclear SOX2 as compared to normal in cervical cancer®.
These remarkable expressions of SOX2 indicate that it may play an pivitol role in the plu-
ripotency of cells in differentiation, and self-renewal.

In the present study, functional enrichment analysis of CSCs markers in breast, and
cervical cancer indicated the enrichment of pathways in cancer, mi-RNAs in cancer, and
signaling pathways in regulating the pluripotency of stem cells.
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Correlation analysis was conducted to understand the relationship between the
miRNAs, and CSCs marker of breast, and cervical cancer®. The miR-145-5p is the common
target of SOX2, NANOG, and CD44 (CCSCs markers) and it has been reported as a tumor
suppressor®. Although in the case of breast cancer, miR- 429 is the common target of
CD44, CXCR4, and PTEN, (BCSCs markers) and they have been reported as oncogene
while miR-1 also have similar targets and it is downregulated hence it is reported as a
tumor suppressor.

The Molecular docking, Binding Pose Metadynamics, and Molecular Dynamics anal-
ysis found that Di-valinoyl curcumin is most suitable among the in-house library to target
CXCR4. It was also found that targeting SOX-2 remains a challenge, due largely to its
“undruggable” nature®. The undruggable nature can be explained through the large ex-
tent of fluctuation and deviation observed during the course of simulation resulting in the
pushing out of the ligand from its binding pocket (supplementary video 1), suggesting
the exploration of non-reversible drugs targeting SOX-2.

Results from the present studies suggest that CXCR4 and SOX2, while miRNAs miR-
429, miR-1, and miR-145 may be used as important stem cell markers in the diagnosis of
breast, and cervical cancer; and also act as potential therapeutic target molecules for our
novel therapeutic drugs. Further, Di-valinoyl curcumin targeted against CXCR4 needs to
be validated in an in-vitro setup.

4. Computational Methodology
Identification of stem cell markers

Stem cell markers of breast cancer and cervical cancer were retrieved from the liter-
ature database using the search Keywords “ Breast Cancer” or “ Cervical Cancer” AND “
Stem Cell Markers, shortlisted Stem Cell markers were further analyzed.

Protein-Protein Interaction and Hub-Gene Identification

To understand the interaction among the stem cell markers, ppi network was con-
structed using STRING Database (https://string-db.org/), with interaction score of 0.700
(high confidence). The interaction includes both direct (physical) and indirect (functional)
associations. The constructed network was exported to Cytoscape 3.8 for Hub-Gene iden-
tification in cytoHubba using the MCC scoring method.

Identification of Hub-Gene- co requlated MicroRNAs

Hub-Gene-regulated microRNAs for Breast and Cervical stem cell marker related
were identified using network analyst (https://www.networkanalyst.ca/) using the Tar-
Base v7.0 database.

mi-RNA expression validation

microRNA expression of Breast Cancer and Cervical Cancer stem cell associated hub-
genes was done using the dbDMEC database (https://www.biosino.org/dbDEMC/search)
using Geo dataset GSE38167 for Breast Cancer and TCGA Dataset for Cervical Cancer.

Identification of Small molecules for mi-RNA Regulation

Identification small molecules that can regulate the mi-RNA expression was per-
formed using the PSRR: Prediction of SM-miRNA Regulation pairs by random forest
(https://rnadrug.shinyapps.io/PSRR/)%*.

TCGA Expression Validation of Hub-Genes

mRNA expression of identified hub genes was validated in breast cancer, and cervi-
cal cancer patients’ samples in the TCGA-BRCA and TCGA-CACX cohort with the help
of UALCAN (http://ualcan.path.uab.edu/).
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Survival Analysis

The assessment of prognostic value was conducted by employing Kaplan-Meier
curve and Long-rank method for each differentially expressed stem cell marker by em-
ploying KM Plotter (https://kmplot.com)

Molecular Docking and MM-GBSA Refinement

Docking studies on SOX-2 (PDB Id: 2LE4) and Homology Modelled CXCR4 was per-
formed . The generated model was validated using Swiss-Model structure assessment.
The plant secondary metabolite Annomontine, Curcumin, Coumaperine, Piper-
lougumines , 6,6'-Dihydroxythiobinupharidine (DTBN) and their derivates were used to
generate secondary plant metabolite library of 115 molecules. Molecular docking was per-
formed using Schrodinger (Schrodinger LLC, New York, NY, USA).

Binding Pose Metadynamics

The top 3 docked poses of CXCR4 and SOX-2 were subjected to Binding Pose
Metadynamics. Each pose was subjected to 5 independent metadynamics simulations
10ns. The binding pose metadynamics was performed using Schrodingers Binding Pose
Metadynamics module (Schrodinger LLC, New York, NY, USA).

Molecular Dynamic Simulation

Molecular dynamics simulations for 100ns of best docked pose complexes was con-
ducted by employing DESMOND module of Schrodinger (Schrodinger, LLC, New York,
NY, USA). The complexes were fully immersed inside an ortho-rhombic box of SPC sol-
vent model. The

System was neutralized prior to simulation by introduction of counter ions , and
NaCl of 0.15M concentration at 300 K temperature and 1.013 bar atmospheric pressure

5. Conclusion

Evidence from earlier studies suggest that cancer cells grow and metastasize due to
the dysregulation of multiple pathways. Cancer cells have small population of stem cells
(CSCs) which are responsible for recurrence, and resistance of the disease. Hence, com-
pounds would be required that block the pathways of CSCs self-renewal and resistance.
Two most common gynaecological cancers; breast, and cervical cancer stem cells self re-
newal, and resistance pathways can be modulated by novel plant-based metabolites like
hydroxypiperloungumines, Coumaperine, annomontine, curcumin derivatives and 6,6'-
Dihydroxythiobinupharidine (DTBN). CXCR4 and SOX2, while miRNAs miR-429, miR-
1, and miR-145 may be used as important stem cell markers in the diagnosis of breast, and
cervical cancer; and may act as potential therapeutic target molecules for novel therapeu-
tic drugs. Further validation is necessary to validate Di-valinoyl curcumin targeted
against CXCR4.
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