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SUMMARY

Background: Although Gemcitabine is applied for chemotherapy as an important drug for breast, head
and neck, lung, bladder, as well as acute lymphocytic leukemia, non-Hodgkin's lymphoma, osteosar-
coma, and choroid carcinoma, we found derivatives combination of Gemcitabine enable to increase the
effectiveness for cancer treatment significantly and these derivatives drugs can be used for decreasing
desmoids tumor in the treatment of aggressive fibromatosis. Aim: Therefore, our goal was based on
analyzing of a series of gemcitabine derivatives containing imine structure (G1-G5), which can be syn-
thesized through reaction of gemcitabine with several aromatic aldehydes for this research and any
further activities such as drug design or drug delivery. Materials and methods: Furthermore, the struc-
tures of the imine derivatives were proved via CHNS/O elemental analysis, FTIR and NMR spectros-
copy, which all measurements confirmed the imine derivatives of a-glucosidase inhibition. Results:
Compound (G5) exhibited higher therapeutic indices, representing possible promising roles. We used
gemcitabine derivatives containing Schiff base structure (G5) for patient that could be lead a new design
in this study of novel a-glucosidase inhibitor. Conclusions: surgery disrupts the physiological balance
of the human body and causes great stress and changes hormonal, metabolic, immune and nervous
functions, using this drug (G5) during recovery after surgery (ERAS) is a multitasking care process that
preserves the normal physiological state and reduces surgical complications of surgery.

Keywords: Gemcitabine derivatives; ERAS guidelines; rehabilitation after surgery; gynecological cancer;
post- operative; biomedical caring; oncology; genome map
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RESUMEN

Terapia oncolégica con derivados de gemcitabina con enlace PEG para enfermedades ginecoldgicas,
ademas de terapia del habla en la implementacion de cuidados biomédicos postoperatorios.

Antecedentes: Si bien la gemcitabina se utiliza en quimioterapia como farmaco importante para el can-
cer de mama, cabeza y cuello, pulmdn, vejiga, leucemia linfoblastica aguda, linfoma no Hodgkin, osteo-
sarcoma y carcinoma coroideo, hemos descubierto que la combinacién de derivados de gemcitabina
permite aumentar significativamente la eficacia del tratamiento oncolégico. Estos derivados también
pueden utilizarse para reducir el tumor desmoide en el tratamiento de la fibromatosis agresiva. Obje-
tivo: Por lo tanto, nuestro objetivo se baso en el analisis de una serie de derivados de gemcitabina con
estructura imina (G1-G5), sintetizados mediante la reaccién de gemcitabina con diversos aldehidos aro-
maticos, para esta investigacion y otras actividades como el disefio o la administracion de farmacos.
Materiales y métodos: Las estructuras de los derivados de imina se confirmaron mediante analisis ele-
mental CHNS/O, espectroscopia FTIR y RMN, mediciones que corroboraron la inhibicién de la a-glu-
cosidasa por parte de estos derivados. Resultados: El compuesto (G5) mostré indices terapéuticos su-
periores, lo que sugiere posibles aplicaciones prometedoras. En este estudio, utilizamos derivados de
gemcitabina con estructura de base de Schiff (G5) para pacientes que podrian ser candidatos para un
nuevo diseno de inhibidor de la a-glucosidasa. Conclusiones: La cirugia altera el equilibrio fisiologico
del cuerpo humano, provoca un gran estrés y cambios en las funciones hormonales, metabdlicas, inmu-
nitarias y nerviosas. El uso de este farmaco (G5) durante la recuperacion posquirdrgica (ERAS) consti-
tuye un proceso de cuidados integrales que preserva el estado fisiolégico normal y reduce las compli-
caciones quirtrgicas.

Palabras clave: Derivados de gemcitabina; protocolos ERAS; rehabilitacién posquirtrgica; cancer gine-
colégico; posoperatorio; cuidados biomédicos; oncologia; mapeo gendmico.

RESUMO

Terapia medicamentosa contra o cancer com derivados de gencitabina com ligante PEG para doencas
ginecolédgicas, além de terapia fonoaudioldgica na implementacao do cuidado biomédico pds-opera-
torio

Contexto: Embora a gencitabina seja utilizada na quimioterapia como um importante medicamento
para cancer de mama, cabecga e pescogo, pulmao, bexiga, bem como leucemia linfoblastica aguda, lin-
foma nao Hodgkin, osteossarcoma e carcinoma de coroide, descobrimos que a combinagao de derivados
de gencitabina permite aumentar significativamente a eficacia do tratamento do cancer e que esses de-
rivados podem ser usados para reduzir o tumor desmoide no tratamento da fibromatose agressiva. Ob-
jetivo: Portanto, nosso objetivo foi analisar uma série de derivados de gencitabina contendo estrutura
imina (G1-G5), que podem ser sintetizados por meio da reagdo da gencitabina com diversos aldeidos
aromaticos, para esta pesquisa e quaisquer atividades futuras, como o planejamento ou a administragao
de farmacos. Materiais e métodos: Além disso, as estruturas dos derivados de imina foram comprova-
das por meio de andlise elementar CHNS/O, espectroscopia FTIR e RMN, cujas medi¢des confirmaram
a inibi¢ao da a-glicosidase pelos derivados de imina. Resultados: O composto (G5) apresentou indices
terapéuticos mais elevados, representando possiveis aplicagdes promissoras. Utilizamos derivados de
gencitabina contendo estrutura de base de Schiff (G5) em pacientes, o que pode levar a um novo desen-
volvimento de inibidores da a-glicosidase neste estudo. Conclusdes: A cirurgia perturba o equilibrio
fisioldgico do corpo humano e causa grande estresse, além de alterar as fungdes hormonais, metabdlicas,
imunologicas e nervosas. O uso deste farmaco (G5) durante a recuperagao pos-cirurgica (ERAS) é um
processo de cuidado multifuncional que preserva o estado fisiolégico normal e reduz as complicag¢des
cirargicas.

Palavras-chave: Derivados de gencitabina; diretrizes ERAS; reabilitagdo pos-cirtirgica; cancer gineco-
logico; pos-operatdrio; cuidados biomédicos; oncologia; mapeamento gendmico
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1. INTRODUCTION

1.1. Gemcitabine & Methotrexate for chemotherapy drugs

Gemcitabine as a chemotherapy medication generally applied breast, ovarian cancer, lung can-
cer, and pancreatic cancer, so this drug is mostly has been used for gynecological cancer
through intravenous infusion [1]. The side effects of this drug related to the bone marrow
problem, liver and kidney disease, nausea, fever, rash, shortness of breath, mouth sores, diar-
rhea, neuropathy, and hair loss [2]. Although this drug was synthesized in 1983, was not con-
firmed up to 1995 [1, 2]. This drug enables to block the creation of new DNA that causes in cell
death [3]. Gemcitabine operated as a first-line treatment for pancreatic cancer and also meta-
static cancer such as advanced bladder through combination with cisplatin (or with Metho-
trexate). Moreover, enable for treatment in combination with carboplatin for ovarian cancer
and in combination with paclitaxel for metastatic breast cancer instead of surgically removed
[3], finally it is dangerous for women who taking gemcitabine should not become pregnant.
Gemcitabine inside DNA permits a native nucleoside base to be added in the strains and mask
the chain as a "faulty" base, and eludes the cell's normal repair system (base-excision repair),
consequently creates an irreparable error that causes to inhibition of further DNA synthesis
towards cell death [1-6] (Figure 1).

Figure 1. Gemcitabine optimized by B3LYP/6-31g* level of theory.

1.2. Biological effective of a bipill, with gemcitabine (GEM) and methotrexate (MTX)
Recent works reported the biological evaluation of a bipill, via appending two different anti-
cancer agents, viz., gemcitabine (GEM) and methotrexate (MTX), to the distal ends of poly
(ethylene glycol) (PEG) spacer. These type covalent binding between GEM and MTX through
PEG linker not only transformed the solubility profiles of constituent drug molecules, but also
considerably improved their stability in the presence of plasma. In vitro cytotoxicity studies
confirmed that GEM-PEG-MTX treats higher cytotoxicity in gynecological cancers such as ad-
enocarcinoma MCEF-7 cell lines, when compared to free drug congeners, i.e., free GEM and free
MTX. Consequently, dual drug conjugation is an effective means to synergize the therapeutic
indices of potential drug candidates while alleviating drug-associated side effects [7] (Figure
2).
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Figure 2. Biological structure of a bipill, with gemcitabine (GEM) and methotrexate (MTX).

2. BACKGROUND OF CHEMICAL SYNTHESIS AND MECHANISM
2.1. Gemcitabine synthesis

The initial synthesis of gemcitabine was done in the Lilly research laboratories, and was illus-
trated by Hertel et al. in 1988 (Figure 3). A Linear Synthesis of Gemcitabine was also accom-
plished by Kylie Brown et al. in 2015 [8]. The synthesis begins by D-glyceraldehyde that could
be provided from D-mannitol in two reactions. Using ethyl bromic-di-fluoro-acetate, under
standard temperature and pressure by yielded a 3:1 mixture. Gemcitabine is hydrophilic there-
fore inserted inside the cells through material transporters such as SLC29A1, SLC28A1, and
SLC28A3. During inserting slowly linked to phosphate of DNA to produce gemcitabine mono-
phosphate (dAFACMP and this step is a major process for definition of reaction velocity, which
is catalyzed by the enzyme deoxycytidine kinase (DCK). After attaching of two other phos-
phates the three phosphates gemcitabine complex is produced that structurally active for re-
action and known as (dFdCTP). Due to the thrice phosphorylated, this complex can masquer-
ade as deoxycytidine triphosphate in DNA structures as new DNA strands during synthesized
of the cell replicates [9].
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Figure 3. First synthesis of Gemcitabine process by Hertel ef al. at Lilly laboratories in 1988.
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The compound 8 has been employed as starting material in the synthesis of gemcitabine and
homo-gemcitabine, also with a Reformatsky reaction as the key step (Figure 3). However, no
diastereomeric ratio was given. Presumably, the re-crystals step after the actinide hydrolysis/
sequence allowed separation of the diastereomers, leading to diastereomerically pure 10. Pro-
tection and lactone reduction then gave the difluorolactol 11. In addition to ethyl- bromic-di-
fluoro-acetate as fluorinated building block, 2-deoxy-2,2-difluororibose has also been synthe-
sized using Reformatsky-type reactions with other reagents (Figure 3). Treatment of bromic-
di-fluoro-acetylene 12 with zinc, followed by reaction with D-glyceraldehyde actinide (R)-2,
led to the addition product 13 in 50% yield, as a 3/1 anti/syn ratio 14. Diastereomeric separation
using flash chromatography was possible, and anti-13 was subjected to partial alkyne hydro-
genation, ozonolysis /Me2S treatment, with final protection of the obtained product 14 as the
triacetate 15 (Figure 4) [10, 11].
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Figure 4. Reformatsky reaction on L-threose derivative and alternative Reformatsky reagents 12 and 16
in the synthesis of 2-deoxy-2,2-difluororibose.

2.2. Aldol reactions

Various systems exhibit the reaction of glycerol-de-hydro-acetate with di-fluoro-acetate from
enolate type compounds (Figure 5). The lithium enolate 23 from ethyl di-fluoro-acetate 18 ex-
hibits hampered via Claisen self-condensation side reaction. Beginning from t-butyl-difluoro-
thiol-acetate 19, reached to the formation of lithium enolate 24, which it is structured
through adding 19 to a slight excess of LDA at 80 °C, and then quickly reacted with the elec-
trophile. It is notable the Claisen product is produced by a partial amount (10%) yet and but
avoided from forming the corresponding ketene silyl O,S-acetyl 25 (Figure 5).
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Figure 5. Synthesis of the difluoro-enolate derivatives.
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Equation 4 denotes to the formation of ketene silyl acetyls 26-28 via a modification of the
Reformatsky conditions, in which a tri-alkyl-chlorosilane was included in the reaction mixture
before addition of the electrophile. Similar approaches were used from 22 instead of the 21 to
give the silyl ketene acetyl 28. The resulting product prepared in a lower ratio despite a cyclo-
hexylidene acetyl protected glyceraldehyde [12]. This amount of relationship from
rationalize are typically obtained with this protecting group compared to the corresponding
actinide. The reactions containing 26—28 (entries are basically Mukaiyama aldol reactions, and
these were reached without the addition of a Lewis-acid. In situ it was formed to Znlz, which
was responsible for activating the aldehyde group. Matsumura et al. [13] studied on the influ-
ence of Lewis acid addition in the presence of BFsOEt:, similar anti/syn selectivity was ob-
tained, but in lower yield (Figure 6).
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Figure 6. Homo-chiral enolate derivatives and further functional of the aldol products to di-fluoro-ri-
bose derivatives.

3. MATERIAL AND METHODS

3.1. Imine derivatives of Gemcitabine

Configuration and designing of this work have been accomplished based on some of our pre-
vious works [14-23]. We also used Silica-Gel (From Germany known as SG-40 Merck) in thin
layer chromatography (TLC) with distillated solvents. Infrared spectra were measured by AL-
PHA 1II- FT-IR spectrometer from Bruker Company. CHNS/O elemental analysis, determines
the percentage of Carbon (C), Hydrogen (H), Nitrogen (N), Sulfur (S) and Oxygen (O) present
in a sample, which this technique is reliable and cost-effective to assess the purity and chemical
composition of compounds. These analyzing were measured by EMA 502 Elemental Analyzer
CHNS-O. NMR spectrums were measured by Avance NMR Spectrometer (Bruker company)
(*H-NMR 500 MHz and ®*C-NMR 75 MHz). An amount by 0.02 moles of gemcitabine was
mixed by 0.02 moles for each of several benzaldehydes including (G1): 4-methylbenzaldehyde,
(G2): 4-bromobenzaldehyde, (G3): 4-chlorobenzaldehyde, (G4): N,N-di-methyl-benzaldehyde,
and (G5): 4-hydroxybenzaldehyde, inside 40 mL C2HsOH. Gradually and slightly glacial acetic
acid was added to the mixture and keep out at 90 °C. During monitoring the reaction (by TLC),
the product was separated with 80 mL of diethyl ether. After evaporated diethyl ether the
product was dried and purified (Figure 7).

3.1.1. "G1": Gemcitabine derived by 4-methylbenzaldehyde

This compound was prepared through mentioned instruction by Formula: Ci7H17F2NsOs; dur-
ing temperature around 130 °C, with purification of 80%. FTIR results indicated a 3409 cm!
for OH stretching, 3119 cm for C-H bound in aromatic position, 2939 cm for C-H bound in
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aliphatic stretching, 1669 cm for C=0 stretching, 1579 cm™, 1541 cm™ for C=N and C=C, re-
spectively. As well as proton NMR in DMSO solvent beside TMS reference, indicated the
chemical shifts as follows 6 = 8.51 for HC=N imine, 7.69 for HC=N pyrimidine ring, and 7.29-
7.19 for Ar-H. In addition, ®*C-NMR at (75 MHz) exhibited 5=165.02, 149.99, 139.84, 139.21,
129.61, and 130.01 for those bonds, respectively.

3.1.2. "G2": Gemcitabine derived by 4-bromobenzaldehyde

This compound was prepared through mentioned instruction by formula CisH14BrF2NsOg;
during temperature around 140 °C with purification of 70%; FTIR results indicated 3429 cm-
! for OH hydroxyl group, 3139 cm! for C-H aromatic group stretching, 2939 cm, 2859 cm!
due to C-H groups, 1669 cm for C=O carbonyl group, 1591, 1551, 1469 for C=N and C=C
groups; As well as proton NMR in DMSO solvent beside TMS reference, indicated the chemi-
cal shifts as follows 6 = 8.49 for HC=N imine, 7.71 HC=N pyrimidine ring , and 7.38-7.19 cm"!
for Ar-H , 6.39 cm! for HC=N pyrimidine ring. In addition, *C-NMR at (75 MHZ) exhibited
=165.01, 149.72, 145.12, 129.75, 129.48, and 130.84 for those bonds, respectively.

3.1.3. "G3": Gemcitabine derived by 4-chlorobenzaldehyde

This compound was prepared through mentioned instruction by formula: CisHisCIF2NsOs;
during temperature around 170 °C with purification of 80%; FTIR results indicated 3425 cm!
for OH hydroxyl group, 3119 cm™ for C-H aromatic group stretching, 2945 cm, 2832 cm! due
to C-H groups, 1590, 1540, 1490 for C=N and C=C groups. As well as proton NMR in DMSO
solvent beside TMS reference, indicated the chemical shifts as follows o =8.59 for HC=N imine,
7.69 for HC=N pyrimidine ring, and 7.29-7.19 cm™ for Ar-H, 6.38 cm™! HC=N pyrimidine ring.
In addition, *C-NMR at (75 MHZ) exhibited 0 =165.21, 151.72, 143.15, 132.70, 131.33, and 129.64
for those bonds, respectively.

3.1.4. "G4": Gemcitabine derived by N, N- di-methyl-benzaldehyde

This compound was prepared through mentioned instruction by formula:CisH20F2N4Os during
temperature around 188 °C with purification of 80%; FTIR results indicated 3449 cm™ for OH
hydroxyl group, 3120 cm! for C-H aromatic group stretching, 2959 cm, 2850 cm™ due to C-H
groups, 1669 for C=0 stretching, 1589, 1580 for C=N and C=C groups. As well as proton NMR
in DMSO solvent beside TMS reference, indicated the chemical shifts as follows 0 = 8.39 for
HC=N imine, 7.70 for HC=N pyrimidine ring, and 7.28-7.18 cm™ for Ar-H, 6.39 cm' HC=N
pyrimidine ring. In addition, *C-NMR at (75 MHz) exhibited 6 =167.01, 154.89, 143.99, 139.98,
130.43, and 130.11 for those bonds, respectively.

3.1.5. "G5": Gemcitabine derived by 4-hydroxybenzaldehyde

This compound was prepared through mentioned instruction by formula: CisHi5F2N3Os; dur-
ing temperature around 170 °C with purification of 69%; FTIR results indicated 3429 cm! for
OH hydroxyl group, 3119 cm! for C-H aromatic group stretching , 2960 cm, 2870 cm due to
C-H groups, 1580, 1540 for C=N and C=C groups. As well as proton NMR in DMSO solvent
beside TMS reference, indicated the chemical shifts as follows 0 = 8.38 for HC=N imine, 8.01
for HC=N pyrimidine ring, and 7.30-7.19 cm for Ar-H, 5.80 cm™ HC=N pyrimidine ring. In
addition, *C-NMR at (75 MHZ) exhibited d =165.31, 154.99, 152.98, 143.89, 130.99, and 130.01
for those bonds, respectively.
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Figure 7. Schiff base derivatives of Gemcitabine.

Imine derivatives of compounds of gemcitabine have been prepared by reaction gemcitabine
and several aromatic benzaldehydes. The chemical structures of all the end products were
identified by some spectroscopic methods including "H-NMR, *C-NMR, FTIR, and elemental
analysis. The "TH-NMR spectrum of compounds exhibited lack of the amines’ proton at 6=6.8
ppm in gemcitabine (Figure 8), but instead of that exhibited a new signal at 8.51, 8.49, 8.59,
8.39, and 8.01 for G1 to G5, ppm respectively for the protons of imine group N=CH

Proton NMR of Gemcitabine

16,77

- OH

T T T T T T T T T | T T
18 16 14 12 10 8 &
PP

Figure 8. Proton NMR of pure Gemcitabine.

P2 T8

The C-NMR spectrum of imine groups exhibited several new signals of the carbon imine
group N=CH at 165.02 ppm, 165.01 ppm, 165.21 ppm, 167.01 ppm, and 165.31 ppm for G1 to
G5, respectively these signals can be compared with BCNMR spectrum of pure Gemcitabine
(Figure 9). On the other hand, the FT-IR spectra exhibited the stretching vibration of the imine
group in complexes for G1-G5 and also two absorption bands of the asymmetric and symmet-
ric stretching vibration of NH: group from gemcitabine disappeared after reaction of gemcita-
bine with several benzaldehydes (G1-G5) (Figure 9).
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BCNMR spectrum of Gemcitabine

180 160 140 120 160 8 60 40 20 0
PPM
Figure 9. ®*C-NMR spectrum of pure Gemcitabine.

3.2. Poly (ethylene glycol) (PEG) spacer and linker for conjugate drugs

Poly (ethylene glycol) (PEG) is the most important polymer in delivering anticancer drugs
clinically. PEGylation which means the covalent attachment of PEG to segment of peptides
proteins drugs, is known to enhance the aqueous solubility of hydrophobic such drugs. This
system increase circulation time and decreases nonspecific uptake, and achieve specific tumor
target-ability through the enhanced permeability and retention effect. Currently various PEG-
treatments has been developed, and several have received market approval. A vast amount of
clinical experience has been gained which has helped to design PEG prodrug conjugates with
improved therapeutic efficacy and reduced systemic toxicity. However, more efforts in de-
signing PEG-based prodrug conjugates are anticipated. According to these properties we sug-
gest a combination of Methotrexate with PEG spacer to link to the gemcitabine derivatives that
can be used for any further testing for gynecological disease are shown in (Figure 10). Due to
each of these structural properties, it can be predicted and then tested for various oncology
cancers. These synthetic advances in PEG prodrug conjugation methodologies with varied bi-
oactive components of clinical relevance could be synthesized for any approving by FDA-to-
wards intended clinical applications, and formulations under clinical trials.
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(h):

Figure 10. Methotrexate (MTX) with PEG spacer to link to the gemcitabine (GEM) derivatives.

3.3. Ligand and protein preparation

Chemical structures were drawn by ChemDraw (version 19.0.1.8, PerkinElmer) and then open
into Chem3D Ultra (version 19.0.1.8, PerkinElmer). First optimization was accomplished using
MM2 and MMFF9 force felids and modified in accurate form of three-dimensional geometries
for precise structural analysis, and saved in Zmt format. Finally, through Gaussian 2016 ab-
initio optimization was done in b3LYP/6-31g* level of theory. Two important gynecological
disease proteins one for each cancer cell line (2Q79, 5]6R) was selected for molecular docking
simulations. The docking efficiency was confirmed by re-docking the sample ligands of 4ZXT
and 7LXL, according to the resulting RMSD at 1.79 A and 1.20 A, respectively.

4. RESULTS AND DISCUSSION

4.1. Proteins based on relevance to gynecological cancers
The goal for choosing of the proteins were based on relevance to gynecological disease of sev-
eral cancers using the Protein Data Bank (PDB), and the mechanism of each system were con-
sidered according to critical oncogenic signaling pathways. 2Q79 is related to the crystal struc-
ture of single chain E2C from HPV16 [24, 25]. The E2 DNA-binding is related to the cervical
cancer-associated strain human papillomavirus type 16 (HPV-16) in gynecological disease.
The papillomavirus E2 proteins regulate transcription from all viral promoters, which belong
to a group of viral proteins in dimeric 3-barrels form that apply surface a-helices during DNA
intercalation. Although all E2 proteins are identical in palindromic DNA sequence, proteins of
various viral strains differ in their potential to discriminate among their specific DNA-binding
sites. The protein data x-ray indicates that though the folding of HPV-16 E2 DNA-binding
domain resembles replant to the viral strain papillomavirus type 1, the accurate configuration
for the recognition helices is completely different, due to the charge distribution on the DNA-
binding area and less electropositive surface for E2. Therefore, HPV-16 E2 is thus less able to
utilize charge neutralization of the phosphate groups on DNA to induce bending which causes
reducing affinity between HPV-16 E2 and flexible DNA target sequences, in other hands en-
hanced affinity towards A-tract-containing, pre-bent sequences (Figure 11-a).

5J6R is related to the crystal structure of human papillomavirus type 59 L1 (Figure 11-b).
This virus belongs to the Papillomaviridae category that consists of 199 different genotypes
containing different tropism and pathogenesis. Generally, they categorized as low and high
risk dangerous based on their ability to induce cancer. Carcinogenic HPV types include
HPV1e6, HPV18, HPV31, HPV33, HPV35, HPV39, HPV45, HPV52, HPV56, HPV51, HPV5S,
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and HPV59. Two other types which known as HPV68 and HPV66, although often exhibits
medium-risk, have a dangerous capacity to induce cancer. Although most of these viruses af-
fected to various cancers, oncogenic types have been linked to cervix, anal, vulva, vagina, pe-
nile. Worldwide, HPV infection still causes up to 4.5% (630 000 cases) of all new cancer cases
worldwide (8.6% in females; 0.9% in males), representing 29.5% of all infection-related cancers.

i‘j{\‘ crystal structure

I ] i A2 PN
(a) : \.W: Structure of » ' ;ﬁ 11101@;15
v /16 E2 : ot -

Figure 11. (a) Optimized stricture of HPV-16 E2 with charm software; (b) human papillomavirus type
59 L1 from protein data bank.

Prophylactic HPV vaccines have been progressively introduced worldwide since 2006.
Large phase III randomized clinical trials and post-licensure studies and trials have proven
high efficacy, effectiveness, and safety records in the prevention of vaccine-type HPV infection
and cancer precursor lesions (cervical intraepithelial neoplasia. Although currently, three HPV
vaccines are commercially available that include of virus-like particles (VLPs) of HPVs 16/18,
the four valent and nine valent vaccines also prepared by VLPs from HPVs 6/11. The bivalent
type has exhibited a suitable index against whole of gynecological cancers. This cross-protec-
tion has been recently corroborated in observational studies from Scotland. World public
health reported, which these vaccines offer comparable immunogenicity, efficacy, and effec-
tiveness for the prevention of cervical cancer, mainly caused by HPV16 and HPV18. In accord-
ance with the genotype attribution to different cancer sites, the existing vaccines could prevent
up to 90% of HPV-associated cancers and related pre-neoplastic lesions. Here by we studied 7
central signals with frequent tumor genome alterations, with keyword oncology discovered in
these pathways in previous GOA work, and focused on various pathways that are potential
drivers of cancer. The routs analyzed are: cell cycle, gynecologic signaling, Myc 4) oxidative
stress response / NRF2, PI-3-Kinase signaling, receptor-tyrosine kinase (RTK) / RAS / MAP-
Kinase signaling, TGFf3 signaling, P53, and {-catenin / WNT were signaling. Alterations in
DNA repair pathways, epigenetic modifiers, splicing, and other cellular mechanisms have not
been implicated in cancer because these mechanisms mainly underlie genomic instability com-
pared with specific proliferative potential. We began by reviewing the complete set of tumor-
disease pathway mappings from the GOA compendium between 2010 and 2023, each of which
included pathway genes genetically altered in tumor types. These route diagrams are publicly
available as predefined network templates on the www (Figure 12). Considering the associa-
tion of pathway members across multiple GOA studies, we generated a consolidated list of
candidate member genes for each of the 7 pathways. It was then organized based on the up-
dated literature.
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(A 1

Figure 12. Changed samples in pathway of gynecologic oncology types and tumor subtype.

4.2. Docking simulation

We simulated our model based on our previous works [26-32]. Favorable interactions with the
major active site residues were also visualized by binding mode inspection. The computational
technique MVD was used for 6 compounds against several different cancer cell lines including
2Q79, 5J6R, and and6BIM from protein data bank. The threshold for docking scores was estab-
lished by comparing the docking scores of the test compounds with the reference drug gem-
citabine and G1 up to G5 compounds. All five complexes exhibited more negative amounts
than gemcitabine and g5 was considered to have better binding affinities compared with oth-
ers (Figure 13). The main target was to determine the stable structure including minimum po-
tential energy, where MVD operates by replacing cavities on the protein active sites, generat-
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ing poses, and selecting the best pose based on the MolDock score (Figures 13-15).
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1. Prepare Screening Data

Protein Ligand Docking/Screening \,’r Docked Poses/Post-Screening Analysis \[ About \

Output

Figure 13. Docking simulation data for G1 to G5 including pure Gemcitabine.

Load Jeskiop/2079.pdb CifUsersisaharDeskiop/iGEMDOCKY2. output

Generate [ mteraction Profie | [ interaction Anaysis | save ’Summarytable v] [ Text | [ Bxcel |

Select [an] 1 Compounds Sort [Compound -Jet o} Clean Table
Compound Energy vow HBond lec
Doc -1 2Q79-G1 -64.41 -42.41 -22.31 -17.43
Doc-2  2Q79-G2 6233 4145 2173 7
Doc -3 2Q79-G 3 -60.45 -40.55  -20.85  -16.87
Doc-4  2Q79-G4 -67.39 -46.03 -23.61  -17.93
Doc-5  2Q79-G5 -70.66 -49.66 2544 2047
Doc - 6 2Q79-Gemcitabine -55.88 -30.98 10.45 -15.67
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Using Molegro Virtual Docker, several possible binding sites were identified in the crystal
structure (PDB ID: 2Q79). The MVD workspace was then exported to Discovery Studio,
providing a more visually intuitive representation of interactions between protein and ligand,
elucidating their type, category, and bond distances. Additionally, all 2Q79-binding com-
pounds formed stable hydrogen bonds and hydrophobic contacts with essential residues bind-
ing pocket, including 2Q79, 5]6R, and 6BIM (interaction details in Figure 13). Gemcitabine has
a demonstrated inhibitory effect on the reduction in ERK2 phosphorylation, in various types
of cancer cells.

2Q79-G1 2Q79-G2 2Q79-G3

A

2Q79-G4 2Q79-Gemcitabine 2Q79-G5

Figure 14. Favorable interactions with the major active site residues were also visualized by binding
mode inspection for 6 positions.

Five protein-ligand complexes emerged as leads based on their scores. Investigating, which
2Q79-G5 gave the highest Mol-Dock score energies of —=77.66 compared with 2Q79-Gemcita-
bine which is -55.88. The rest were also over 2Q79-Gemcitabine with sequence as: 2Q79-Gem-
citabine <2QQ79-G3 <2Q79-G2 <2Q79-G1 <2Q79-G4 <2Q79-G-5. Remarkably, 2Q79-G-5 demon-
strated a total of 8 interactions, including hydrogen bonds and carbon-hydrogen bonds with
amino acids H-5-Arg20, H-M LYS67, H-S LYS67, V-S-Arg20, V-S-His24, V-M-GIn65, V-M-
Val66, and V-S-Lys67 (Figure 15).
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¥ Interaction Table  Current Binding Site: 2Q79.p N —

Display Structure: ldentify Consensus Residues Table
- Energy: E -25 H: -25 Vo -4 [ Apply ] [ Default ]
View
Zscore E 1645 W 1645 v 1645 [ Apply | [ Defaurt | [ showan | [ sae |
Select
Residues 50 o5 Consensus ] [ Clear ] Compounds 1 [ Top Rank ] ’ Clear ]
H-5 H-M H-5 -5 W5 el WM W5
Compound Energy ARG LYS LYS ARG HIS GLM WAL LYS
20 67 67 20 24 65 66 67
1 2079-Gemcitabine-2.pdb -64.4 -11.1 -4.4 -4.3 -4.8 78

Figure 15. 2Q79-G-5 demonstrated a total of 8 interactions, including hydrogen bonds and carbon-hy-
drogen bonds with amino acids.

Some of them had shown a total of 6 interactions, including hydrogen bonds, carbon-hydro-
gen bonds, m-sigma, m—sulfur, m-lone pair, m—nt T-shaped, and m-alkyl interactions with
amino acids L.

5. CONCLUSION

Oncology genetic counseling has become more common for women with significant risks for
certain genetic diseases, especially for women with concerns about potentially fatal conditions
such as Tay-Sachs, lifelong health risks from sickle cell anemia, or BRCA gene mutations,
which increases the risk of breast cancer. If obstetrics and gynecology patients could receive
personalized risk assessments for these conditions without considering physician services,
wouldn't they be able to make smarter choices about their health or family planning. For ex-
ample, insurers and health care providers who increasingly bet their financial resources on
patient outcomes may be less willing to treat or cover patients of Gynecologic oncology they
perceive to be at higher-than-average risk of developing a disease. And physicians already
overwhelmed with patient-generated health data, reports and reminders from other provid-
ers, and the daily burden of electronic health record use, population health management, and
intense financial pressures may not know what to do with this information.
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