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Abstract

Background: The endoplasmic reticulum (ER) stress initiates unfolded protein response (UPR) to
re-establish ER homeostasis as an adaptive pathway in cancer. However, persistent ER stress triggers
the apoptotic pathway usually observed in kidney cancer (KC). The term KC actually refers to a
number of distinct cancers. Kidney cancer is generally observed in a number of genetic diseases.
Treatment options for KC have changed greatly over the years. The most commonly used (tyrosine
kinase inhibitors) TKI show conflicting results regarding the beneficial effect on patients, as
demonstrated in different KC patient cohort studies, indicating that the underlying molecular
mechanisms involved in KC are more complex and likely need combined therapies able to modulate
the activity of ENDOPLASMIC RETICULUM. Methods: The purpose of this research was to generate
peptides from natural product in sillico that might be used as kidney cancer potentials modulators.
For this aim, several methods were used: Target prediction, protein hydrolysis, and protein-peptide
molecular docking have all been used as technics Results: The network of critical KC gene is
constitueted of C3AR1, CSNK2A2, ACE, DPP4, CAPN1, FPR2, HLA-A and MMP2 together with
predicted kinases such as RPS6KA5, MAPK14, CSNK2A1, PRKCD, CDK1 and HIPK2in addition to
transcription factors such as IRF8, TCF3, ERG, CREB1, EZH2, SPI1, IRF1 and SUZ12. The identified
molecular target of isolated peptides HLA class | histocompatibility antigen A-3, Lipoxin A4,
Dipeptidyl peptidase IV, Angiotensin-converting enzyme, Cyclooxygenase-2, C3a anaphylatoxin
chemotactic receptor, Melanocortin receptor 4, Neurotensin receptor 1, Mu opioid receptor, Delta
opioid receptor and Calpain 1. Conclusion: Overall, the results showed that GVSK, PGP, WQR, YGGF
and IF peptides are promising candidates for further study. Future work would be needed to test the
therapeutic properties of these hydrolysate peptides by in vitro and in vivo approaches.

Keywords: Genetic diseases, Kidney cancer, peptide treatment, molecular docking.

INTRODUCTION

affects close to 300,000 people worldwide each year and is the
cause of more than 100,000 fatalities. Patients with metastatic

The endoplasmic reticulum (ER) is an essential site for the
synthesis and maturation of plasma membrane proteins, this
organelle plays critical roles in cell signaling, metabolism
homeostasis, and protein synthesis. He can be subjected to
stress because of an overabundance of incorrect proteins
setting up a situation of "endoplasmic reticulum stress" for the
cells, this situation can induce the UPR response (unfolded
protein response). The UPR response is designed to increase
the cell's capacity to eliminate incorrect proteins, to resolve cell
injury or activate cell death by apoptosis, if the stress is too
intense or too long-lasting 1. Overall, endoplasmic reticulum
stress is a cellular mechanism that allows damaged cells to
repair cellular lesions or activate their death, depending on the
extent of the damage. In the context of kidney cancer, cancer
cells stimulate this stress mechanism at an intermediate level,
which helps them to survive but does not trigger the death
process 2. Despite a number of studies being conducted on
cancer, it remain the second biggest cause of death worldwide,
the effective mechanism for treating cancer has not yet been
fully understood 3. KC, also known as renal cell carcinoma,
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disease have a 5-year survival rate of 0% to 10%, whereas
patients with localized or locally advanced disease have a 5-
year survival rate of 20% to 95% depending on the extent of the
disease 4. Over 400,000 new cases, or 2% of all cancer
diagnoses, were reported in 2020, with a higher prevalence in
male patients 5. RCC is divided into various subtypes based on
the histology and genetics of the tumors, so it is not a single
disease. Ten different types of RCC are depicted in these
histology images, along with the genes that have been altered
in each of these histologies. Both germline and somatic
mutations of VHL, BAP1, MET, FH, TSC1, TSC2, and PTEN can
result in inherited diseases and sporadic diseases, respectively.
Specific inherited disease syndromes result in germline
mutations of FLCN, SDHB, SDHC, and SDHD 6. The study of
patients with inherited RCC susceptibility syndromes, such as
von Hippel-Lindau (VHL; VHL gene), hereditary papillary RCC
(HPRC; MET gene), Birt-Hogg-Dubé (BHD; FLCN gene), and
hereditary leiomyomatosis and RCC (HLRCC; FH gene), has
contributed significantly to our understanding of the genetic
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and metabolic basis of RCC. Studies of sporadic (nonfamilial)
and familial disease have laid the groundwork for the creation
of therapeutic strategies that target the metabolic basis of RCC.

Clear-Cell Renal Carcinoma: VHL/HIF Oxygen-Sensing
Pathway

Familial ccRCC: von Hippel-Lindau

Clear-cell renal cell carcinoma (ccRCC) occurs in both a
sporadic (nonfamilial) and a familial form. Patients affected
with VHL disease are at risk for the development of tumors in a
number of organs, including the kidneys.

VHL Gene

VHL families underwent genetic linkage analysis to pinpoint
the VHL gene's location on the short arm of chromosome 3.
Nearly all VHL families have been found to have a germline
alteration of the VHL gene, including point mutations, splice-
site mutations, and partial or complete gene deletions. 7

Birt-Hogg-Dubé RCC: FLCN Nutrient Sensing
BHD Syndrome

Affected people who have BHD syndrome are at an increased
risk of  developing  benign cutaneous tumors
(fibrofolliculomas), pulmonary cysts (which are frequently
linked to pneumothorax), and kidney tumors. More than 85%
of BHD patients over the age of 25 have cutaneous
fibrofolliculomas, and between 70% and 84% of BHD patients
have pulmonary cysts. 8.

FLCN Gene

The BHD disease gene was discovered to be located on
chromosome 17p11 by genetic linkage analysis in BHD families,
and germline mutations in the novel gene folliculin (FLCN)
were discovered in affected people °.

Cowden Syndrome

An increased risk of developing tumors in a number of organs,
such as the breast, thyroid, endometrium, and kidney,
characterizes Cowden syndrome, an autosomal dominant
disorder. Numerous germline gene mutations, including the
PTEN gene mutation on chromosome 10q23, are linked to
Cowden syndrome 10,

Itis known that atleast 17 different genes can cause KC and that
mutation of these genes can affect the cell's ability to respond
to changes in oxygen, iron, nutrients, most notably in the case
of mutations of some genes especially in genes for the
tricarboxylic acid (TCA) cycle enzymes fumarate hydratase and
succinate dehydrogenase (SDH), energy. Finding potential
therapeutic targets to block the actions of Trans-regulatory
factors and kinases involved in the carcinogenesis process
could result from studying the interactions between particular
molecules and peptides in these pathologies. Cancer treatment
is difficult to diagnose early and to treat effectively.
Fundamental innovations in conventional diagnosis and
therapy are required to effectively diagnose and treat cancer.
Most conventional chemotherapies are administered
systemically in the majority of the world, and after a while, they
are discontinued due to unfavourable side effects like systemic
manifestations or drug resistance, and in the majority of cases,
there are no suitable alternatives 11. Because of their versatility,
peptides can be very helpful in this regard. These peptide-based
cancer treatments have employed more than two distinct
methods: These peptides have the potential to cross the
membrane and deliver therapeutic agents and they have been
used as mimics of natural peptides involved in cancer-related
signaling pathways; in the field of therapeutic agent delivery,
they have thus been studied and employed 12. For this study,
peptides used can be consider as modulators able to interact
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with specifics protein targets involved in carcinogenesis
process in order to control potential genetics and epigenetic
modifications and consolidate the re-establishment of ER
homeostasis. This study adopts a different perspective on the
use of peptides in cancer therapy.

MATERIALS AND METHODS
Preparation of kidney cancer-related genes

The genes involved in kidney cancer have been identified in the
literature - a total of 50 genes have been identified: ASPSCR1,
FH, FLCN, PRCC, TFE3, AMER1 CD274, DGCR8, DROSHA EPAS]1,
ETVe6, IGF2, IL2, MET, MTOR, NTRK3, SETD2, TP53, VEGFA,
VHL, WT1, ZCCHC6, AMACR, ATF6B, B3GAT1, CA9, KRT7,
NUTM2B, POU6F2, UPK3A, CTNNB1, CTR9, OSCAR, PBRM1,
REPOS, SMARCA4, SMARCB1, SS18, SSX2, B3GNT1, NUTM2E,
SAA1, SAA2, PBRM1, BAP1, TCEB1, MITF, TSC2, TSC2, FNIP2.

Gene network analysis

For network analysis to determine transcription factor and
kinase enrichment and protein-protein interaction, 50
published genes linked to kidney cancer were used. This part of
the work was carried out using the X2K Web server
(https://maayanlab.cloud/X2K/). With the help of the
signatures of genes with differential expression, it determines
upstream regulatory networks. X2K Web generates inferred
networks of transcription factors, proteins, and kinases thought
to regulate expression of the captured gene list by combining
transcription factor enrichment analysis, protein-protein
interaction network expansion, and Kkinase enrichment
analysis.

Interaction of proteins

The protein-protein interaction profile of the 50 genes
identified as being involved in kidney cancer. These outcomes
were attained by utilizing the WEB STRING ( https://string-

db.org/).

Protein hydrolysis and bioactivity testing

For these analyses, a number of peptides that have been
identified as having appropriate biological activity as anti-
cancer and anti-apoptotic in studies on kidney cancer were
chosen, especially bioactive compounds from natural products
that induce ER-stress-mediated apoptosis in cancer and the
peptides to be hydrolysed were obtained from the server
https://www.uniprot.org/: Paris polyphylla (Polyphyllin D,
MEGLLLLLPT) 3; Saussurea lappa (Dehydrocostuslactone,
ATYKVTLITP) 13; Oryza officinalis (w-Hydroxyundec-9-enoic
acid, MSKMKSLEYL) 1% Curcuma Ilonga (Curcumin,
MEANGYRITH)!5; Mylabris phalerata Pallas (Cantharidin,
TLYLIFGAWA) 16,  Curcumae Rhizoma (Furanodiene,
LVVGSDPVDG) 17; Tanacetum parthenium L (Parthenolide,
MFSSFETLIL)!8; Anacardium occidentale (Anacardic acid,
LSVCFLILFH) 19. These molecules were all found in various
online databases and books. The sequences were uploaded to
the BIOPEP-UWM web server to encourage enzymatic
hydrolysis, using the digestive enzyme mixture of trypsin (EC
3.4.21.4), chymotrypsin (EC 3.4.21.1), pepsin, and pH 1.3 (EC
3.4.23.1) [118]. Prior to further analysis, as previously
described, peptide sequences from the hydrolysate were
converted to the simplified format of molecular input line
specification (SMILES) on the BIOPEP-UWM web server.

Reconstruction of the gene network and target prediction

On SwissTargetPrediction
(http://www.swisstargetprediction.ch), the  hydrolysate
peptide sequence obtained from in silico enzymatic hydrolysis
was used for target prediction analysis, with human (Homo
sapiens) designated as the target organism and a probability
threshold of 20% used as a selection criterion. The enrichment
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of transcription factors, kinases, and protein-protein
interactions were then determined using further network
analyses using the predicted gene identifiers. Man (Homo
sapiens) was chosen as the target organism, and the
experiment was conducted on the eXpression2Kinases (X2K)
web server, which is accessible at

https://maayanlab.cloud /X2K/.

Allergenicity prediction using ADME in silico

Functional hydrolysate peptides were searched for using in
silico ADME (absorption, distribution, metabolism, and
excretion)  screening on the SwissADME  server
(www.swissadme.ch), which was run with the default settings
and the SMILE format. The AllerTOP v.2.0 web server
(http://www.ddg-pharmfac.net/AllerTOP) was wused to
estimate allergenicity.

Molecular docking studies

The criteria used for molecular docking studies are peptides
with no more than four amino acid residues are non-allergenic
and have a minimum 50% probability of targeting at least one
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molecular target protein. On the basis of the predicted obtained
in the previous step, peptide-protein docking was carried out
on the SERVER SwissDock (http://www.swissdock.ch/). The
molecules were drawn using ChemDraw Professionel 16
software and visualised using Chem3D.

RESULTS
Gene network analysis

Figure 1 below shows the involvement of the kinases and the
number of substrates enriched by each of these kinases during
the actions of the genes employed: HIPK2 (11 substrates), CDC2
(15 substrates), CDK1 (33 substrates)), MAPK14 (26
substrates), GSK3B (30 substrates), CK2ALPHA (13
substrates). Numerous transcription factors were also
implicated in the interactions of genes generally mutated in
kidney cancer: TAF-1, TRIM28, RCOR1, CHD1, UBTF, TCF3,
ERG, SP1.

® Kinase = Phosphorylation PPI
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Figure 1:

Protein-protein interaction

The figure 2 below shows all the genes identified as being
associated with Kkidney cancer visualised with K-mean
clustering in 7 groups: group 1: red (B3GAT1, ETV6, KRT7,
POU6F2, SSX2, WT1); group 2: brown: ATF6B, CTR9, EPAS1,
NUTM2B, NUTMZ2E, TCEB1, VHL); group 3: olive green

ISSN: 2250-1177 [113]

(AMACR, ASPSCR1, FH, FLCN, FNIP2, MITF, PRCC, TFE3, TSC2);
group 4 green: (B3GNT1, OSCAR, SAA1, SAA2); group 5 blue:
(DGCRS8, DROSHA, TP53, UPK3A, ZCCHC6); group 6 light blue:
(AMER1, CA9, CD274, CTNNB1, IGF2, IL2, MET, MTOR, NTRK3,
SMARCA4, VEGFA) and group 7: ( BAP1, PBRM1, SETD2,
SMARCB], SS18).
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Figure 2: Interaction protein-proteins
Protein Hydrolysis and Bioactivity Testing

Table 1 below shows the 13 peptides isolated and the proteins with which they may associate, as well as the predicted probability
between them.

Table 1: Molecular target of peptide hydrolysed

% Probability of Predicted Targets

active
4 3
1 EILDV
2 6
4 3 2
3 PGP 4 . 4
2 3
5 PF 0 0
3 3 2
7 TESQ 0 0 1
10 10 3
9 YGGF 0 0 1

1 4 5
1 I 9 3
1 2 2 2 4
3 VIL 3 2 1 5

A: Caspase-8. B: Disks large homolog 4. C: HLA class | histocompatibility antigen A-3. D: Lipoxin A4. E: Dipeptidyl peptidase IV. F: Angiotensinconverting
enzyme. G: Cyclooxygenase-2. H: Sodium/glucose cotransporter 1. I: Mu opioid receptor. J: Delta opioid receptor. K: Kappa Opioid receptor. L: Inhibitor
of apoptosis protein 3. M: Neurokinin 1 receptor. N: Proenkephalin B. O: Cholecystokinin B receptor. P: Neurotensin receptor 1. Q: Calpain 1. R: HMG-
CoA reductase. S: Inhibitor of apoptosis protein 3. T: C3a anaphylatoxin chemotactic receptor. U: Melanocortin receptor 4. V: Neurotensin receptor 1.
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TABLE 2: predicted pharmacokinétic properties of the hydrolysate peptide

Predicted ADME parameter

active
peptide CYPs Log
SN (llg;nds ‘I/\IV MR T(Z? ng Eig's“ Efa(;]; GIA BBB P-gp Inhirbito (fmp , BS  SA Allergenicity
s)
1 EILDV 58 1471 254.32 - -0.72 Soluble Low No Yes No - 0.1 55 Allergen
7.6 3 0.41 11.29 1 4
2 GVSK 38 96.8 196.8 -1.8 1.62 Highly Low No Yes No - 0.1 3.8 Nonallergen
9.4 soluble 11.86 7 3
3 PGP 26 74 98.7 -0.9 0.76 Highly High No No No -10 0.5 2.7 Nonallergen
9.3 soluble 5 5
4 YGLF 49 1338 170.8 1.04 -1.8 Soluble Low No Yes No -9.7 05 4.0 Allergen
8.5 5 6
5 PF 26 74.3 78.4 0.46 0 Highly High No No No -9.37 05 25 Allergen
2.3 soluble 5 8
6 PVEPF 58 159.2 194.2 019 -1.75 Very Low No No No -106 01 49 Allergen
7.6 soluble 1 9
7 TESQ 46  104.3 271.4 - 2.95 Highly Low No Yes No - 01 43 Allergen
3.4 3.81 soluble 14.17 1 5
8 WQR 48  128.2 242.3 - 0.53 Very Low No No No - 0.1 42 Non
8.5 1.41 soluble 12.06 7 8 Allergen
9 YGGF 44 114.6 170.8 - -0.36 Very Low No Yes No -10.7 05 3.3 Non
2.4 0.23 Soluble 5 7 Allergen
10 GAW 33 87.4 137.3 - 0.22 Highly High No No No - 05 3.0 Allergen
2.3 0.38 soluble 10.36 5 9
11 IF 27 77.3 92.4 0.68 -0.12 Highly High No No No -9.2 05 2.8 Non
8.3 soluble 5 allergen
12 ITP 32 87.7 1329 - 0.39 Highly Low No Yes No -102 05 37 Allergen
9.3 0.54 soluble 5
13 VTL 33 85.86 141.7 - 0.07 Very Low No No No -9.72 05 3.6 Allergen
1.4 0.25 soluble 5
SN: Serial number. Legend: Physicochemical properties: molecular weight MwW), molar refractivity (MR),

total polar surface area (TPSA). Lipophilicity: log P  (consensus). Water solubility: ESOL log S, ESOL class.
Pharmacokinetics: gastrointestinal absorption (GIA), blood-brain barrier (BBB), P-glycoprotein (P-gp) substrate,
inhibition of cytochrome P450 (CYPs) type CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4, skin permeation; (Log Kp). Drug-likeness: bioavailability
score (BS). Medicinal chemistry: synthetic accessibility (SA).

The figure 3 below shows the inter action between kinase, inter,ediate proteins and transcription factors.

. Transcription factor Intermediate protein . Kinase = Phospharylation PPI
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Figure 3: KC predicted target gene network
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The figure 4 below presents different cluster generated after genes identification presented as follow,

Cluster 1: C3AR1, CDK1, CSNK2A1, CSNK2A2, ERG, EZHZ, IRF1, IRF8, PRKCD, SPI1, SUZ12, TCF3

Cluster 2 : ACE, CAPN1, CASP8, CREB1, DPP4, FPR2, HLA-A, HMGCR, MAPK14, MMP2, PTGS2, RPS6KAS5, SLC5A1, XIAP

Cluster 3: CCKBR, DLG4, HIPK2, MC4R, NTSR1, OPRD1, OPRK1, OPRM1, PDYN, TACR1
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DPP4 HMGCR
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— ERG N\ E2H2
S & SN |E
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Figure 4: Protein-proteins interaction after prediction
Molecular docking

The image 5 below shows the various potential interactions that may exist between certain peptides and targets. On the whole, we
observed fairly polar compounds, showing mesomerism and hydrogen bonds between hydrogen and oxygen atoms. Also between the
nitrogen and iron-3 doublets (5-c). In some interactions, SO4 serves as a ligand (5-d) and are all visible on UV

‘H val2528

H o
0/\N = o
H e] Hog-H"

Nl f’\\" _
GIn1238 J _ N R

—

LS
0
NG
R/”A}zsaa
o9
Asn90A o=
Asp1928
a) PGP and F interaction profil b) PGP and E interaction
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Figure 5: Likely interactions between peptides and targets

a) IFetF

b) YGGF et I

Figure 6: 3D presentation of the interaction of certain proteins with CB-DOCK (CB-Dock: An accurate protein-ligand blind docking
tool (labshare.cn)

Binding affinities with peptides

The non-allergenic peptides obtained in this study showed binding energy scores <-5.00 kcal.mol, with all these peptides showing real
promise as modulators of carcinogenic reactions leading to kidney cancer.

Table 3: Vina Binding Affinity (kcal.mol-1)

C D E F G I ] K T U Vv R
GVSK 6.7 8.2
PGP 6.1 -6.7 6.9
WQR -8.2 8.1 9.6
YGGF -10 72 -9,7
IF -8 -8.1

C: HLA class I histocompatibility antigen A-3. D: Lipoxin A4. E: Dipeptidyl peptidase IV. F: Angiotensin converting enzyme. G: Cyclooxygenase-2. I: Mu
opioid receptor. J: Delta opioid receptor. K: Kappa Opioid receptor. R: HMG-CoA reductase. T: C3a anaphylatoxin chemotactic receptor. U: Melanocortin

receptor 4. V: Neurotensin receptor 1.

DISCUSSION

The traditional approach to studying cancer was primarily
concerned with identifying and figuring out the patterns of
genetic anomalies that are caused by mutational or other
chromosomal aberration events; However, only a small number
of cancer-related genetic mutations have been found in
patients, which in no way explains the vast genetic deviation

ISSN: 2250-1177 [117]

that ultimately manifests in the malignant phenotype of cancer
20, Kidney cancer is the 14th most common cancer worldwide,
with renal cell carcinoma (RCC) making up the majority of cases
21, In the last few years, immuno-oncology and targeting
actionable alterations in oncogene-driven cancers have both
revolutionized cancer treatment paradigms 22. Despite these
therapeutic advances, cancer treatment remains a real
problem. The findings of this study, which sought to pinpoint
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molecules able to interact with genes, kianses and transcription
factors in kidney cancer, demonstrate that; the kidney cancer
has been linked to a network of kinases and transcription
factors that can communicate with transcription factors
through specific proteins.

Among the identified kinases, HIPK2 kinase is more involved in
several case of cancer, fang and collaborators showed
that  HIPK2  restrains NF-kB  activation through
phosphorylating HDAC3 at serine 374 to inactive HDAC3
deacetylase activity, thus reducing the p65 deacetylation and
suppressing inflammation during colitis-associated colorectal
carcinoma and sepsis 23. Study on colorectal cancer showed that
Prostate cancer-associated SPOP mutations lead to genomic
instability through disruption of the SPOP-HIPK2 axis 24. These
observations can be due to the fact that kinase HIPK2 who is a
conserved serine/threonine kinase from the family of
homeodomain-interacting protein kinases is produced by this
gene. Depending on the transcription factor and its subcellular
localization, the encoded protein can act as a corepressor or a
coactivator. It interacts with many other transcription factors,
including p53 25. The cell division control gene 2 (CDC2) was
also among kinase involved in kidney cancer development;
CDC2 can be more phosphorylated in case of osteosarcoma 26
and overexpressed in breast cancer 27. The CDC2 serves as a
beneficial regulator of cell proliferation while the male
gametophyte, embryo, and endosperm are developing. CDK1
kinase has presented an interest during this study among
kinase identified; these genes is generally involved in
phosphorylation and dephosphorylation of proteins and also
play important regulatory roles in cell cycle control.
Alternatively spliced transcript variants encoding different
isoforms have been found for this gene. Many study present
CDK1 that overexpression of CDK1 has been associated with
cancer, CDK1 inhibitors may restore equilibrium to the skewed
cell cycle system and operate as an effective therapeutic drug
28, and CDK1 serves as a therapeutic target of adrenocortical
carcinoma via regulating epithelial-mesenchymal transition,
G2 /M phase transition, and PANoptosis 29. MAPK14 is known
as Mitogen-activated protein kinase 14 (MAPK14), which plays
an important role in DNA damage and repair, is activated by
various environmental stress and proinflammatory cytokines.
Although it is very active in a variety of tumors and can either
promote or suppress tumor growth 30. GSK3B gene identified is
known to reduce tumor growth and improves survival in an
ovarian cancer mouse model in association with HDACs 31, This
gene could be involved in modulating epigenetic activity in
kidney cancer. In addition, Overexpression of YBX1 Promotes
Pancreatic Ductal Adenocarcinoma Growth via the
GSK3B/Cyclin D1/Cyclin E1 Pathway (Liu et al, 2020). High
Expression of Casein Kinase 2 Alpha (CK2a) can enhance
phosphorylation of DNA and increase tumor mutation rates in
Colorectal Cancer. The identification of this gene could explain
why several alterations can be identified in kidney cancer. In
addition to the identified kinases, several genes coding for
transcription factors are also part of the network. Proteins like
TAF1 identified acts as a flexible scaffold that drives the co-
translational recruitment of TFIID submodules preassembled
in the cytoplasm 33; TFIID is crucial for recognizing promoter
DNA and putting together the pre-initiation complex. RCOR1 is
a known transcription repressor that recruits and positions
LSD1 and HDAC1/2 on chromatin to erase histone methylation
and acetylation 34; the presence of RCOR1, CHD1 shows the
involvement of the epigenetic system in kidney cancer
carcinogenesis. The same observations are also done with the
transcription factor TRIM28 who is generally involved in
upregulation of cancer expression in tissues which correlates
with worse overall patient survival 35, so TRIM28 could
supports kidney cancer progression. Most transcriptional
factor as TCF3 36, ERG 37, SP1 3839 contribute to the
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pathogenesis of human cancers. Several peptides have been
identified with high target prediction probabilities, notably 13.
The EILDV peptide, which showed affinity with caspase 8 and
disk large homolog 4, is a serious candidate for a modulating
inter-action with the molecules involved in the carcinogenesis
of kidney cancer in particular and for the fight against cancers
in general. Cancer cells are known to use nuclear caspase-8 to
overcome the p53-dependent G2/M checkpoint by cleaving
USP28 49, caspase 8 globally regulates cell life and death 1. The
GVSK peptide has been shown to interact with the HLA class I
histocompatibility antigen A-3 protein, which is often directly
involved as a mediator in certain carcinogenesis; and the
lipoxin A4 protein, which is one of the metabolites derived from
arachidonic acid and is catalysed by 15-lipoxygenase (15-L0X),
and has recently been reported to have anticancer effects. 42.
The isolated PGP peptide shows affinity with Dipeptidyl
peptidase IV, an enzyme expressed on the surface of most cell
types and associated with immune regulation, signal
transduction and apoptosis. This shows that this small
molecule could significantly regulate the apoptotic action of
cancer cells by accelerating their programmed death. By
interacting with the enzyme, this peptide could reduce its
activity 43. The isolated PGP peptide shows affinity with
Dipeptidyl peptidase IV, an enzyme expressed on the surface of
most cell types and associated with immune regulation, signal
transduction and apoptosis. This shows that this small
molecule could significantly regulate the apoptotic action of
cancer cells by accelerating their programmed death. By
interacting with the enzyme, this peptide could reduce its
activity 44. In addition, the WQR peptide, which has the ability
to bind with C3a, could prevent C3a-C3aR signalling in CAFs,
which generally facilitates breast cancer metastasis 45; This
shows that targeting C3aR signalling could be a potential anti-
metastasis strategy for the treatment of cancer. The peptide
YGGF showed a high affinity with the opioid complex; this
peptide could induce the targeted re-expression of the mu-
opioid receptor on cancer cells, thereby inhibiting mechanical
and thermal hypersensitivity and preventing tolerance to
opioids, which are psychoactive substances that can act in the
areas of the brain responsible for pain control by producing an
analgesic effect and can induce euphoria 4¢. The IF peptide had
an affinity for calpain, which plays an important role in cell
apoptosis 47. Molecular docking predicts ligand binding sites
(active and allosteric/regulatory sites) on the surfaces of
biological macromolecules (proteins, RNA, etc.).
allosteric/regulatory sites) on the surfaces of biological
macromolecules (proteins, RNA or DNA) and predictively
calculates the binding affinities of their interaction. or DNA)
and predictively calculates the binding affinities of their
interaction; the binding energy score <-5.00 kcal.mol indicates
good affinity between the target protein and the ligand. The
non-allergenic peptides obtained in this study showed binding
energy scores <-5.00 kcal.mol, with all these peptides showing
real promise as modulators of carcinogenic reactions leading to
kidney cancer;

CONCLUSION

Cancer in general is a real public health problem for persons
affected, and it is even more aggressive for those who contract
itas a side-effect of a genetic disease, a phenomenon that is very
much in evidence in kidney cancer. Despite technological and
scientific advances, the treatment of cancer remains difficult
and very costly, with many side effects; different approaches
must therefore be adopted in the quest for a therapeutic
solution, which is why we have been working on peptides that
could have potential in modulating the expression of the
activity of proteins involved in carcinogenesis. It turns out that
this line of therapy offers a great deal of hope, since most of the
peptides isolated are active and can interact with the other
molecules involved in kidney cancer. The current problem with
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these peptides is their ability to negatively modulate the
evolution of cancer dynamics by participating in the support of
the apoptotic pathway during stress of the endoplsamic
recticulum.

REFERENCES

[1] Garlatti M, Barouki R. Le stress du réticulum endoplasmique :
adaptation et toxicité. médecine/sciences 2002;18:585-94.
https://doi.org/10.1051/medsci/2002185585 .

[2

—

Correia de Sousa M, Delangre E, Tiirkal M, Foti M, Gjorgjieva M.
Endoplasmic Reticulum Stress in Renal Cell Carcinoma. Int ] Mol
Sci 2023;24:4914. https://doi.org/10.3390/ijms24054914 .

[3] Kim C, Kim B. Anti-Cancer Natural Products and Their Bioactive
Compounds Inducing ER Stress-Mediated Apoptosis: A Review.
Nutrients 2018;10:1021. https://doi.org/10.3390/nu10081021.

[4

—_—

Hsieh JJ, Purdue MP, Signoretti S, Swanton C, Albiges L,
Schmidinger M, et al. Renal cell carcinoma. Nat Rev Dis Primer
2017;3:17009. https://doi.org/10.1038/nrdp.2017.9.

Padala SA, Barsouk A, Thandra KC, Saginala K, Mohammed 4,
Vakiti A, et al. Epidemiology of Renal Cell Carcinoma. World ]
Oncol 2020;11:79-87. https://doi.org/10.14740/wjon1279.

[5

—_

[6

—_

Linehan WM, Ricketts CJ. The metabolic basis of kidney cancer.
Semin Cancer Biol 2013;23:46-55.
https://doi.org/10.1016/j.semcancer.2012.06.002.

[7] Latif F, Tory K, Gnarra ], Yao M, Duh FM, Orcutt ML, et al.
Identification of the von Hippel-Lindau disease tumor suppressor
gene. Science 1993;260:1317-20.
https://doi.org/10.1126/science.8493574.

[8] Zbar B, Alvord WG, Glenn G, Turner M, Pavlovich CP, Schmidt L, et
al. Risk of renal and colonic neoplasms and spontaneous
pneumothorax in the Birt-Hogg-Dubé syndrome. Cancer
Epidemiol Biomark Prev Publ Am Assoc Cancer Res Cosponsored
Am Soc Prev Oncol 2002;11:393-400.

[9] Nickerson ML, Warren MB, Toro JR, Matrosova V, Glenn G, Turner
ML, et al. Mutations in a novel gene lead to kidney tumors, lung
wall defects, and benign tumors of the hair follicle in patients with
the Birt-Hogg-Dubé syndrome. Cancer Cell 2002;2:157-64.
https://doi.org/10.1016/s1535-6108(02)00104-6.

[10] Gustafson S, Zbuk KM, Scacheri C, Eng C. Cowden syndrome.
Semin Oncol 2007;34:428-34.
https://doi.org/10.1053/j.seminoncol.2007.07.009.

[11]  Afshar Ebrahimi F, Foroozanfard F, Aghadavod E, Bahmani F,
Asemi Z. The Effects of Magnesium and Zinc Co-Supplementation
on Biomarkers of Inflammation and Oxidative Stress, and Gene
Expression Related to Inflammation in Polycystic Ovary
Syndrome: a Randomized Controlled Clinical Trial. Biol Trace
Elem Res 2018;184:300-7. https://doi.org/10.1007/s12011-017-
1198-5.

[12]  Kurrikoff K, Aphkhazava D, Langel U. The future of peptides in
cancer treatment. Curr Opin Pharmacol 2019;47:27-32.
https://doi.org/10.1016/j.coph.2019.01.008.

[13] Hung]-Y, Hsu Y-L, Ni W-C, Tsai Y-M, Yang C-J, Kuo P-L, et al.
Oxidative and endoplasmic reticulum stress signaling are involved
in dehydrocostuslactone-mediated apoptosis in human non-small
cell lung cancer cells. Lung Cancer Amst Neth 2010;68:355-65.
https://doi.org/10.1016/j.lungcan.2009.07.017.

[14] Yang KM, Kim BM, Park J-B. w-Hydroxyundec-9-enoic acid
induces apoptosis through ROS-mediated endoplasmic reticulum
stress in non-small cell lung cancer cells. Biochem Biophys Res
Commun 2014;448:267-73.
https://doi.org/10.1016/j.bbrc.2014.04.111.

[15] Wu S-H, Hang L-W, Yang J-S, Chen H-Y, Lin H-Y, Chiang J-H, et
al. Curcumin induces apoptosis in human non-small cell lung
cancer NCI-H460 cells through ER stress and caspase cascade- and
mitochondria-dependent pathways. Anticancer Res
2010;30:2125-33.

[16] Hsia T-C, Yu C-C, Hsu S-C, Tang N-Y, Lu H-F, Huang Y-P, et al.
Cantharidin induces apoptosis of H460 human lung cancer cells

ISSN: 2250-1177 [119]

Journal of Drug Delivery & Therapeutics. 2023; 13(11):111-120

through mitochondria-dependent pathways. Int ] Oncol
2014;45:245-54. https://doi.org/10.3892 /ijo.2014.2428.

[17] Xu W-S§, Dang Y-Y, Guo J-], Wu G-S, Lu J-]J, Chen X-P, et al.
Furanodiene induces endoplasmic reticulum stress and presents
antiproliferative activities in lung cancer cells. Evid-Based
Complement Altern Med ECAM 2012;2012:426521.
https://doi.org/10.1155/2012/426521.

[18] ZhaoX, Liu X, Su L. Parthenolide induces apoptosis via
TNFRSF10B and PMAIP1 pathways in human lung cancer cells. ]
Exp Clin Cancer Res CR 2014;33:3.
https://doi.org/10.1186/1756-9966-33-3.

[19] Seong Y-A, Shin P-G, Yoon J-S, Yadunandam AK, Kim G-D.
Induction of the endoplasmic reticulum stress and autophagy in
human lung carcinoma A549 cells by anacardic acid. Cell Biochem
Biophys 2014;68:369-77. https://doi.org/10.1007/s12013-013-
9717-2.

[20] Chakraborty S, Rahman T. The difficulties in cancer treatment.
Ecancermedicalscience 2012;6:ed16.
https://doi.org/10.3332/ecancer.2012.ed16.

[21] GuidaF, Tan VY, Corbin L], Smith-Byrne K, Alcala K,
Langenberg C, et al. The blood metabolome of incident kidney
cancer: A case-control study nested within the MetKid
consortium. PLoS Med 2021;18:e1003786.
https://doi.org/10.1371/journal.pmed.1003786.

[22]  Zugazagoitia ], Guedes C, Ponce S, Ferrer I, Molina-Pinelo S,
Paz-Ares L. Current Challenges in Cancer Treatment. Clin Ther
2016;38:1551-66.
https://doi.org/10.1016/j.clinthera.2016.03.026.

[23] ZhangF, Qi L, Feng Q, Zhang B, Li X, Liu C, et al. HIPK2
phosphorylates HDAC3 for NF-kB acetylation to ameliorate colitis-
associated colorectal carcinoma and sepsis. Proc Natl Acad Sci U S
A2021;118:€2021798118.
https://doi.org/10.1073/pnas.2021798118.

[24] JinX, QingS§S, Li Q, Zhuang H, Shen L, Li ], et al. Prostate cancer-
associated SPOP mutations lead to genomic instability through
disruption of the SPOP-HIPK2 axis. Nucleic Acids Res
2021;49:6788-803. https://doi.org/10.1093 /nar/gkab489.

[25] NCBI. HIPK2 homeodomain interacting protein kinase 2 [Homo
sapiens (human)] - Gene - NCBI 2011.
https://www.ncbinlm.nih.gov/gene /28996 (accessed August 4,
2023).

[26] HuZ LiL, Lan W, Wei X, Wen X, Wu P, et al. Enrichment of
Weel/CDC2 and NF-kB Signaling Pathway Constituents Mutually
Contributes to CDDP Resistance in Human Osteosarcoma. Cancer
Res Treat Off ] Korean Cancer Assoc 2022;54:277-93.
https://doi.org/10.4143/crt.2021.320.

[27] Chae SW, Sohn JH, Kim D-H, Choi Y], Park YL, Kim K, et al.
Overexpressions of Cyclin B1, cdc2, p16 and p53 in Human Breast
Cancer: The Clinicopathologic Correlations and Prognostic
Implications. Yonsei Med ] 2011;52:445-53.
https://doi.org/10.3349 /ymj.2011.52.3.445.

[28]  Sofi S, Mehraj U, Qayoom H, Aisha S, Almilaibary A, Alkhanani
M, et al. Targeting cyclin-dependent kinase 1 (CDK1) in cancer:
molecular docking and dynamic simulations of potential CDK1
inhibitors. Med Oncol Northwood Lond Engl 2022;39:133.
https://doi.org/10.1007/s12032-022-01748-2.

[29] RenlL, Yangy, Li W, Zheng X, Liu ], Li S, et al. CDK1 serves as a
therapeutic target of adrenocortical carcinoma via regulating
epithelial-mesenchymal transition, G2 /M phase transition, and
PANoptosis. ] Transl Med 2022;20:444.
https://doi.org/10.1186/s12967-022-03641-y.

[30] LiuJ, YuX, YuH, Liu B, Zhang Z, Kong C, et al. Knockdown of
MAPK14 inhibits the proliferation and migration of clear cell renal
cell carcinoma by downregulating the expression of CDC25B.
Cancer Med 2019;9:1183-95.
https://doi.org/10.1002 /cam4.2795.

[31] Taylan E, Zayou F, Murali R, Karlan BY, Pandol S], Edderkaoui
M, et al. Dual targeting of GSK3B and HDACs reduces tumor
growth and improves survival in an ovarian cancer mouse model.

CODEN (USA): JDDTAO



Embolo Enyegue et al

Gynecol Oncol 2020;159:277-84.
https://doi.org/10.1016/j.ygyno.2020.07.005.

[32] LiuZ LiY,LiX, Zhao ], Wu S, Wu H, et al. Overexpression of
YBX1 Promotes Pancreatic Ductal Adenocarcinoma Growth via the
GSK3B/Cyclin D1/Cyclin E1 Pathway. Mol Ther Oncolytics
2020;17:21. https://doi.org/10.1016/j.omt0.2020.03.006.

[33] Bernardini A, Mukherjee P, Scheer E, Kamenova I, Antonova S,
Sanchez PKM, et al. Hierarchical TAF1-dependent co-translational
assembly of the basal transcription factor TFIID. bioRxiv
2023:2023.04.05.535704.
https://doi.org/10.1101/2023.04.05.535704.

[34] RiveraC, Lee H-G, Lappala A, Wang D, Noches V, Olivares-Costa
M, et al. Unveiling RCOR1 as a rheostat at transcriptionally
permissive chromatin. Nat Commun 2022;13:1550.
https://doi.org/10.1038/s41467-022-29261-0.

[35] Czerwinska P, Mazurek S, Wiznerowicz M. The complexity of
TRIM28 contribution to cancer. ] Biomed Sci 2017;24:63.
https://doi.org/10.1186/s12929-017-0374-4.

[36] YuX, LiZ BaiR, TangF. Transcriptional factor 3 binds to
sirtuin 1 to activate the Wnt/f-catenin signaling in cervical
cancer. Bioengineered 2022;13:12516-31.
https://doi.org/10.1080/21655979.2022.2076481.

[37] ZomaM, Curti L, Shinde D, Albino D, Mitra A, Sgrignani J, et al.
EZH2-induced lysine K362 methylation enhances TMPRSS2-ERG
oncogenic activity in prostate cancer. Nat Commun 2021;12:4147.
https://doi.org/10.1038/s41467-021-24380-6.

[38] XuX,WangX, Chen Q, Zheng A, Li D, Meng Z, et al. Sp1
promotes tumour progression by remodelling the mitochondrial
network in cervical cancer. ] Transl Med 2023;21:307.
https://doi.org/10.1186/s12967-023-04141-3.

[39] Young M-], Chen Y-C, Wang S-A, Chang H-P, Yang W-B, Lee C-C,
et al. Estradiol-mediated inhibition of Sp1 decreases miR-3194-5p
expression to enhance CD44 expression during lung cancer

ISSN: 2250-1177 [120]

Journal of Drug Delivery & Therapeutics. 2023; 13(11):111-120

progression. ] Biomed Sci 2022;29:3.
https://doi.org/10.1186/5s12929-022-00787-1.

[40] Miiller I, Strozyk E, Schindler S, Beissert S, Oo HZ, Sauter T, et
al. Cancer cells employ nuclear caspase-8 to overcome the p53-
dependent G2/M checkpoint through cleavage of USP28. Mol Cell
2020;77:970-984.e7.
https://doi.org/10.1016/j.molcel.2019.12.023.

[41] Tummers B, Green DR. Caspase-8; regulating life and death.
Immunol Rev 2017;277:76-89.
https://doi.org/10.1111/imr.12541.

[42] ZonglL, ChenK, Jiang Z, Chen X, Sun L, Ma ], et al. Lipoxin A4
reverses mesenchymal phenotypes to attenuate invasion and
metastasis via the inhibition of autocrine TGF-f31 signaling in
pancreatic cancer. ] Exp Clin Cancer Res CR 2017;36:181.
https://doi.org/10.1186/s13046-017-0655-5.

[43] Nazarian A, Lawlor K, Yi SS, Philip ], Ghosh M, Yaneva M, et al.
Inhibition of Circulating Dipeptidyl Peptidase 4 Activity in
Patients with Metastatic Prostate Cancer. Mol Cell Proteomics
MCP 2014;13:3082. https://doi.org/10.1074/mcp.M114.038836.

[44] Knoll S, Zimmer S, Hinney A, Scherag A, Neubauer A,
Hebebrand J. Val103Ile polymorphism of the melanocortin-4
receptor gene (MC4R) in cancer cachexia. BMC Cancer 2008;8:85.
https://doi.org/10.1186/1471-2407-8-85.

[45] ShuC, Zha H, Long H, Wang X, Yang F, Gao ], et al. C3a-C3aR
signaling promotes breast cancer lung metastasis via modulating
carcinoma associated fibroblasts. ] Exp Clin Cancer Res CR
2020;39:11. https://doi.org/10.1186/s13046-019-1515-2.

[46] Viet CT, Dang D, Aouizerat BE, Miaskowski C, Ye Y, Viet DT, et
al. OPRM1 Methylation Contributes to Opioid Tolerance in Cancer
Patients. ] Pain Off ] Am Pain Soc 2017;18:1046-59.
https://doi.org/10.1016/j.jpain.2017.04.001.

[47] Momeni HR. Role of Calpain in Apoptosis. Cell ] Yakhteh
2011;13:65-72.

CODEN (USA): JDDTAO



