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Abstract

HIF-1a (hypoxia inducible factor 1 alpha) is a protein that controls cell growth and differentiation and has been
linked to cancer in humans. In cancer cells, HIF-1 triggers the carcinogenesis cascade function. The HIF-1
receptor is thought to be the initiator of signaling and its “over expression has been linked to a variety of human
cancers, including breast cancer, lung cancer, and colon cancer. As a result, HIF-1 becomes a possible
therapeutic target in the development of HIF-1 inhibitors. The aim of this study is to look into natural potential
inhibitors. To accomplish this, the chemical structures of all substances were downloaded from the PubChem
database. PyRx was used to conduct the docking and Pymol was used to evaluate the resulting binding modes.
Berberine, a natural compound demonstrated the strongest binding modes as compared to other inhibitors, with
the lowest binding energies (-8.6 kcal/mol). This study indicates that Berberine interacts favorably with the
necessary amino acid residues at HIF-1's catalytic site. Present findings of the molecular docking analysis may
be useful as a compound model for further in vitro and in vivo research.
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1. Introduction

For decades, hypoxia has been extensively studied
within the tumor microenvironment, where it has a
variety of effects on malignant cells (1, 2).
Although the O supply in normal tissues meets the
requirement for cell growth, the diffusion of 02
from a blood capillary into a tumor mass of 1-2
mm?® is limited due to structural and functional
defects in the newly developed tumor vessels,
resulting in the formation of hypoxic area within
the tumor mass (3).

Breast cancer is the most commonly diagnosed
cancer in women worldwide and a leading cause of
death (4, 5). About 25%-40% of invasive breast
cancers have hypoxic areas (6). The median partial
pressure of oxygen (pO2) in normal human breast
tissue has been determined to be 65 mmHg (1
mmHg=133.3 Pa) by polarographic electrode
studies. Human breast cancers, on the other hand,
have a median pO2 of 10 mmHg. Furthermore,
over half of all breast cancers surveyed had a pO2
value of less than 2.5 mmHg (7, 8). Intra-tumoral
hypoxia has been shown to have a detrimental
effect on breast cancer patient survival, regardless
of prognostic factors such as clinical tumor level,
histological grade, and lymph node status. Hypoxic
tumors have a more aggressive phenotype, an
increased risk of metastasis, increased resistance to
radiotherapy and chemotherapy, and induced
immune suppression in cancer (9, 10).

At diagnosis, a high level of HIF-1 predicts early
relapse and metastasis and is associated with lower
clinical outcomes in human breast cancer (11, 12).
It has been documented that the triple-negative
breast cancer subgroup expresses more HIF-1
target genes (Cancer Genome Atlas Network,
2012). HIF-1 is needed for a variety of critical
aspects of breast cancer biology, including
angiogenesis; stem cell maintenance, metabolic
reprogramming, EMT, invasion, metastasis, and
resistance to radiation and chemotherapy (13). By
mediating hypoxia-induced expression of mRNA-
encoding genes, HIF-1 plays a critical role in breast
cancer metastasis. HIF-1 also controls non-coding
RNA expression, which plays a critical role in
migration, invasion, and metastasis. HIF-1 could be
a priority for the development of new lead
compounds for breast cancer.

For several years, natural bioactive compounds
extracted from plants have been used to preserve
health and as remedies (14-20). In the
pharmaceutical sector, phytochemical constituents
of plants have been a crucial pipeline for the
discovery of bioactive substances (21-23). The
present research examined the anticancer activity
of many natural bioactive compounds using a
molecular docking method.
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2. Materials and methods

Protein structure preparation

The three dimensional structure of HIF-1a (Entry
PDB code: 1H2K) was retrieved from RSCB
Protein Database. The attached ligand in the
protein structure was removed from the binding site
and saved to a new file format: pdbgt. The
Gasteiger charges and the solvation conditions
were added to the protein structure using the
AutoDockTool.

Ligand Preparation

The natural compounds (Berberine, curcumin,
genistein, quercetin and resveratrol ) have been
obtained from the Pubchem database in SDF
format. And then all the compounds were
converted to .PDB format using Online Smiles
Translator. The charges were further repaired by
inserting partial gasteiger charges and then push the
autodock. Then the structure of the compounds was
opened on PyRx by clicking on Load Molecule and
making ligand.

Molecular docking

AutoDock (V. 4.0) was used in the PyRx Interface
to validate the binding capabilities of the
interactions between selected compounds and HIF-
la (24, 25) (Trott et al., 2010; Morris et al., 2009).
During the docking phase, ligand was thought to be
flexible and the protein was considered to be rigid.
The grid configuration file was generated by using
the Pyrex Auto Grid engine. The implementation
was also used to know / predict the amino acids
that come in contact with ligands at the active
protein site. Values less than 1.0A in the position
root-mean-quarter  deviation (RMSD)  were
considered to be optimal and grouped together to
find an acceptable binding. The highest binding
energy (most negative) was found to be a ligand
with high binding affinity.

3. Results and discussion

PyRx was used for the molecular docking studies.
The docked conformation corresponding to the
lowest binding energy was selected as the most
probable binding conformation. The binding score
and hydrogen bond details of selected five
compounds were shown in Table 1. Which all the
ligands were embedded within the active site of
target protein were observed forming hydrogen
bonds in the active site of target protein. All the
five compounds showed very good binding with
HIF-lo with low binding score range from -8.6
kcal/mol to -7.6 kcal/mol. Hydrogen bond
interaction also indicates that all the compounds
found effectively in the active site of HIF-1a.
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Table 1: Molecular dockin

g results obtained from PyRx

S.no | Compound name Docking score Hydrogen bond interaction Distance A
1 Berberine -8.6 GLN-147 2.2
GLN-203 2.7
2 Curcumin -8.2 GLU-202 15
GLN-239 2.4
3 Genistein -7.8 GLN-147 2.7
ASP-201 2.4
ARG-238 2.0
GLN-239 2.2
4 Quercetin -8 SER-91 2.2
THR-149 2.2
ASP-201 2.5.
ARG-238 2.3
5 Resveratrol -7.6 ARG-238 14
GLN-239 2.2

0

The 1S540
’/\.ﬁ.‘?
Ef\x!‘im
7"‘?1-'
T
Ga A ¢ b
& : 3
rvn’ﬁ = HA
m > 5
% T
A
n
¥ afl
0 L o 235 4
s 30
4 %
3
e mua i)
e
‘A'\? [ J > eS|
" % o i
. » ;
Wiy, e |
- 1NAE (£ ’
ke 144 A Yy | > «
~ o » Tor OnA 4
;.I YA '?.-,

Figure 1: Molecular interaction of HIF-1a

with Berberine (A), Curcumin (B), Genistein

(C), Quercetin (D) and Resveratrol (E).

All the five compounds showed good number of
hydrogen bonds with HIF-1a. Among the five
compounds berberine showed the lowest finding
score of -8.6 kcal/mol and it’s formed the two
hydrogen bond interactions with GLN-147 and
GLN-203. The distance of the hydrogen bond
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interaction also occurs within 3A°. Hence, this also
indicates that all compounds showed good binding
pattern with HIF-1a. The molecular interactions of
all the five compounds with HIF-1a were shown in
figure 1A-E.
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4, Conclusion

Medicinal plants play important roles in the
development of modern therapeutic agents. This
study conclusively demonstrated that natural
compounds may acts as good source for potential
therapeutics. On the basis of our results, it can be
concluded that the berberine was powerful
phytocompound, which offers protective effect
against cancer. Thus, berberine was selected to be
the best lead as anticancer agent in silico based on
the lowest binding score and hydrogen bond
interaction These in silico results could be
beneficial as a compound model for further
experimentally in-vitro and in-vivo assays to
elucidate the exact mechanism of inhibitory
activity and to examine its potential therapeutic
effects.

Conflict of interest

There is no conflict of interest from any of the
authors.

Source of funding: | hereby acknowledge the
SEED Money grant sponsored by the Meenakshi
Academy of Higher Education and Research to
carry out the study.

5. References

Devarajan N, Manjunathan R, Ganesan SK. Tumor
hypoxia: The major culprit behind cisplatin
resistance in cancer patients. Crit Rev Oncol
Hematol. 2021 Apr 20;162:103327.

Nalini D, Selvaraj J, Senthil Kumar G. Herbal
Nutraceuticals - Safe and  potent
therapeutics to battle tumor hypoxia
(2020) Journal of Cancer Research and
Clinical Oncology. 146: 1-18.

Vaupel P, Schlenger K, Knoop C, et al.
Oxygenation of human tumors: evaluation of
tissue oxygen distribution in breast cancers
by computerized O, tension
measurements. Cancer
Res. 1991;51(12):3316-3322

Jemal A, Bray F, Center MM, et al. Global cancer
statistics. CA Cancer J Clin. 2011;61(2):69—
90.

Lech R, Przemyslaw O. Epidemiological models
for breast cancer risk estimation. Ginekol
Pol. 2011;82(6):451-454.

Lundgren K, Holm C, Landberg G. Hypoxia and
breast cancer: prognostic and therapeutic
implications. Cell Mol Life
Sci. 2007;64(24):3233-3247.

Hohenberger P, Felgner C, Haensch W, et al.
Tumor  oxygenation  correlates  with
molecular growth determinants in breast
cancer. Breast Cancer Res
Treat. 1998;48(2):97-106.

Brizel DM, Scully SP, Harrelson JM, et al. Tumor
oxygenation predicts for the likelihood of

Eur. Chem. Bull. 2023, 12 (S2), 1599 — 1603

distant metastases in human soft tissue
sarcoma. Cancer Res. 1996;56(5):941-943.

Mees G, Dierckx R, Vangestel C, et al. Molecular
imaging of hypoxia with radiolabelled
agents. Eur J Nucl Med Mol
Imag. 2009;36(10):1674-1686.

Bos R, van der Groep P, Greijer AE, et al. Levels
of hypoxia-inducible factor-1a
independently predict prognosis in patients
with  lymph node negative breast
carcinoma. Cancer. 2003;97(6):1573-1581.

Generali D, Berruti A, Brizzi MP, et al. Hypoxia-
inducible factor-la-expression predicts a
poor response to primary chemoendocrine
therapy and disease-free survival in primary
human  breast  cancer. Clin  Cancer
Res. 2006;12(15):4562-4568.

Network Cancer Genome Atlas. Comprehensive
molecular portraits of human breast
tumours. Nature. 2012;490(7418):61-70.

Semenza GL. Hypoxia-inducible factors: mediators
of cancer progression and targets for cancer
therapy. Trends Pharmacol
Sci. 2012;33(4):207-214.

Devarajan N, Jayaraman S, Mahendra J,
Venkatratnam P, Rajagopal P, Palaniappan
H, Ganesan SK. Berberine-A potent
chemosensitizer and chemoprotector to
conventional cancer therapies. Phytother
Res. 2021, 2021; 1-19.

Selvaraj J, Ponnulakshmi R, Abilasha S, Nalini D,
Vijayalakshmi P, Vishnupriya V, Mohan SK
(2020) Docking analysis of importin-11
homology model with the phyto compounds
towards colorectal cancer treatment.
Bioinformation. 16(2):153-159.

Hema, Selvaraj J, D.Nalini. Hypolipidemic
properties of Aloe verain female Swiss
albino mice (2019) Drug Invention Today.
12: 2377-2380.

Jayaraman S, Devarajan N', Rajagopal P, et al
(2021) p-Sitosterol Circumvents Obesity
Induced Inflammation  and Insulin
Resistance by down-Regulating IKKB/NF-
kB and JNK Signaling Pathway in
Adipocytes of  Type 2  Diabetic
Rats. Molecules. 2021;26(7):2101.

Chandrasekaran Kirubhanand, Jayaraman Selvaraj,
Umapathy Vidhya Rekha,
VeeraraghavanVishnupriya, Venkatachalam
Sivabalan, MathayanManikannan, Devarajan
Nalini, Periyasamy, Vijayalakshmi,
Manikkam Rajalakshmi, Rajagopal
Ponnulakshmi (2020) Molecular docking
analysis of Bcl-2 with phytocompounds.
Bioinformation. 16(6); 468-473.

Janardhanan S, Mahendra J, Mahendra L,
Devarajan Nalini (2020) Cytotoxic Effects
of Mangosteen Pericarp Extracts on Oral

1602

Section A-Research paper



Targeting hypoxia inducible factors with natural phytochemicals —

a bioinformatics approach

Cancer and Cervical Cancer Cells. Asian
Pac J Cancer Prev. 21(9):2577-2583.

Chandrasekaran Kirubhanand, Jayaraman Selvaraj,
Umapathy Vidhya Rekha,
VeeraraghavanVishnupriya, Venkatachalam
Sivabalan, MathayanManikannan, Devarajan
Nalini, Periyasamy, Vijayalakshmi,
Manikkam Rajalakshmi, Rajagopal
Ponnulakshmi  (2020) Molecular docking
analysis of Bcl-2 with phytocompounds.
Bioinformation. 16(6); 468-473.

Srinivasan Perumal, KulanthaivelLangeshwaran,
Jayaraman Selvaraj, Rajagopal
Ponnulakshmi, B  Shyamaladevi, MP
Balasubramanian (2018) Effect of diosmin
on apoptotic signaling molecules in N-
nitrosodiethylamine-induced hepatocellular
carcinoma in experimental rats. Molecular
and cellular biochemistry. 449(1); 27-37.

Babu S, Krishnan M, Rajagopal P, Periyasamy V,
Veeraraghavan V, Govindan R, Jayaraman
S.  Beta-sitosterol  attenuates  insulin
resistance in adipose tissue via IRS-1/Akt
mediated insulin signaling in high fat diet

Eur. Chem. Bull. 2023, 12 (S2), 1599 — 1603

Section A-Research paper

and sucrose induced type-2 diabetic rats. Eur
J Pharmacol. 2020 Apr 15;873:173004.

Ponnulakshmi R, Shyamaladevi B, Vijayalakshmi
P, Selvaraj J. In silico and in vivo analysis to
identify the antidiabetic activity of beta
sitosterol in adipose tissue of high fat diet
and sucrose induced type-2 diabetic
experimental rats. Toxicol Mech Methods.
2019 May;29(4):276-290.

Trott O et al., J Comput Chem. 2010;31(2):455-
461.[PMID: 19499576].

Dey, N., Kumar, G., Vickram, A. S., Mohan, M.,
Singhania, R. R., Patel, A. K, .. &
Ponnusamy, V. K. (2022). Nanotechnology-
assisted production of value-added biopotent
energy-yielding products from
lignocellulosic biomass refinery—a review.
Bioresource Technology, 344, 126171.

Morris GM, et al. J Comput Chem.
2009;30(16):2785-2791[PMID: 19399780].

Figure Caption

Molecular interaction of HIF-1o with a) Berberine
b) Curcumin c¢) Genistein d) Quercetin e)
Resveratrol
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