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KEYWORDS Abstract Fibroblast growth factor receptors (FGFR) are an essential player in oncogenesis and
Fibroblast growth factor tumor progression. LY?2874455 was identified as a pan-FGFR inhibitor and has gone through phase
receptor; I clinical trial. In the current study, virtual screening was conducted against the PubChem database
FGFR; using a pharmacophore model generated from the crystal structure of FGFR4 inhibited by
Anti-cancer drug; LY2874455. PubChem 137300327 was identified as the most suitable compound from this screening.
Chemotherapy Later, molecular docking and molecular dynamics studies conducted with FGFRs corroborated the

initial finding. Analysis of ADMET properties disclosed that LY2874455 and PubChem 137300327
share alike properties. Our study suggests that PubChem 137300327 is a potential pan-FGFR
inhibitor and can be exploited to treat different cancers following validation in proper wet-lab
experiments and study in animal cancer models. This compound also follows Lipinski’s rules and
can be used as a lead compound to synthesize more effective anticancer compounds.
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1. Introduction

The FGFR (Fibroblast Growth Factor Receptor) protein fam-
ily has five members- four strictly conserved transmembrane
receptor tyrosine kinases, including FGFRI1, FGFR2,
FGFR3, FGFR4, and fibroblast growth factor receptor-like
1 protein (FGFRLI, also known as FGFRS5). They originate
from exclusive genes (FGFRI-4 and FGFRLI). Eighteen types
of FGFs can bind to them, with heparin being a co-factor
(Sarabipour & Hristova, 2016). Members of the FGFR family
have critical roles in developing embryos, homeostasis, endo-
crine functions, metabolism, angiogenesis, and wound healing.
However, in malignancies, FGFR mediated signaling becomes
deregulated. In addition, they take part in cancer progression
through their roles in multiplication and survival of cancer
cells as well as formation of new blood vessels in cancer tissues
(Itoh N, Ornitz, 2004; Babina & Turner, 2017; Luca et al.,
2017; Ghedini et al., 2018). FGFR1-4 are cell surface receptors
consisting of 800 amino acids and the following domains- 1)
three different extracellular immunoglobulin-like domains
(D1-3) held together by malleable linker sequences, ii) one
transmembrane helix domain, and iii) one intracellular tyro-
sine kinase domain for conveying signal into the cell interior.

In FGFRS5, the tyrosine kinase domain is replaced by an
intracellular histidine-rich motif. FGFRS has roles in early tes-
tis development (Cotton et al., 2008) and interacts with extra-
cellular signal-regulated kinase 1/2 (ERK1/2) mediated
functions. FGFRS5 is a newly discovered member of the FGFR
family whose activities deserve further study (Itoh N, Ornitz,
2004; Babina & Turner, 2017; Luca et al., 2017; Zhou et al.,
2016). D2-3 is the leading ligand-binding site of FGFRs and
can efficiently maintain specificity in ligand binding. Linker
sequence between D1 and D2 has a serine-rich region known
as ‘acid box’ which has a role in interaction with ligands other
than FGF and FGFR auto-inhibition process (Babina &
Turner, 2017; Luca et al., 2017; Zhou et al., 2016). The first
half of the D2 fragment houses a binding domain for heparan
sulfate proteoglycan (HSGP). The binding of FGF to HSPG
protects it from denaturation and degradation, and a ternary
complex of FGF/FGFR/HSPG ensures adequate FGF-
FGFR interactions (Babina & Turner, 2017; Zhou et al.,
2016; Ghedini et al., 2018). Alternative splicing manifested in
the second half of the D3 fragment of FGFR1-3 is the reason
for seven FGFR isoforms (FGFR1b-3b, FGFRIc-3c, and
FGFR4). These isoforms have a different propensity for
expression in different cells. Usually, epithelial cells express b
isoforms and c isoforms are abundant in mesenchymal cells.
These isoforms are responsible for ensuring specificities in
ligand binding and are differentially expressed in various
tumors (Zhou et al., 2016; Perez-Garcia et al., 2018). Overex-
pression of FGF ligands and FGFR are observed in numerous
cancers, such as astrocytoma, melanoma, ovarian, pancreatic,
prostate, colorectal, gastric cancers, etc. (Koziczak et al., 2004;
Dariya et al., 2018). FGFR gene amplification (66%), activat-
ing mutations (26%) that dimerize the FGFR in a ligand-
independent manner or constitutively activate the intracellular
kinase domain, oncogenic fusions due to chromosomal
translocation (8%), and autocrine and paracrine signal medi-
ated hyper-stimulation of FGFRs are some reasons behind
the loss of balance in FGFR signaling in malignant tissues.
These imbalances in FGFR signaling are directly responsible

for uncontrolled angiogenesis, epithelial to mesenchymal tran-
sition, prohibition of apoptosis, cellular proliferation and
migration, and drug resistance in cancer tissues (Zhou et al.,
2016; Pearson et al., 2016; Helsten et al., 2016; Babina &
Turner, 2017; Ghedini et al., 2018). These events demonstrate
a significant correlation between tumor growth as well as sur-
vival and deregulated FGFR signaling pathways (Babina &
Turner, 2017; Krook et al., 2021; Chae et al., 2017; Porta
et al., 2017). Almost 7% of all cancers bear FGFR aberration
in any form (Helsten et al., 2016). Malignancies where FGFR
signaling is commonly deregulated include squamous cell car-
cinoma of the lung (approximately 13%), ovarian cancer (ap-
proximately 9%), breast cancer (approximately 18%),
endometrial cell cancer (approximately 13%), and urothelial
cancer (approximately 32%) (Luca et al., 2017). Various stud-
ies in miscellaneous tumor models in vitro and in vivo have
shown that an arrest in cancer cell proliferation and apoptosis
induction can be achieved by impeding FGFR signaling with
the help of small molecule inhibitors and some such FGFR
inhibitors are under various phases of clinical trial (Koziczak
et al., 2004; Zhou et al., 2016; Kuriwaki et al., 2020; Porta
et al., 2017; Zhang et al., 2017; Zhang et al., 2016; Wang
et al., 2019; Fumarola et al., 2019; Zhang & Yu, 2020; Wu
et al., 2021). Considering the impact and promise of blocking
FGFR mediated signaling in cancer treatment, this study was
designed to identify novel potent FGFR inhibitors with more
desirable properties.

2. Materials and methods

2.1. Ligand-based pharmacophore modeling and virtual
Screening.

Standard crystal structures, from which the parameters neces-
sary for effective ligand interactions are derived, are obligatory
for constituting a pharmacophore model. Therefore, a ligand-
based pharmacophore model for identifying novel inhibitors of
human FGFRs was created using the crystal structure of
LY2874455 bound FGFR4. This experimental structure was
downloaded from the RCSB Protein Data Bank (PDB ID:
5XFF). LY2874455 is a pan-FGFR inhibitor. The pharma-
cophore model was obtained employing the Pharmit server
(https://pharmit.csb.pitt.edu/) (Sunseri & Koes, 2016). Fea-
tures of the pharmacophore model are tabulated in Table 1
and shown in Fig. 1. PubChem database was screened against
the pharmacophore model. ‘Inclusive’ and ‘Exclusive shape
constraints’ with tolerance level 1 were applied to include more
matching compounds during the similarity search. ’Inclusive
shape constraint’ ensures that a minimum of one heavy atom
of the compounds being screened falls within the pharma-
cophore aligned pose. 'Exclusive shape constraint’ confirms
that hits that possess heavy atom centers in their
pharmacophore-aligned poses within the ’Exclusive shape’
are discarded. Other following filters were also applied to iden-
tify more ’druglike’ hits: < 10 rotatable bonds, polar surface
area < 140 Az, octanol-water partition coefficient log P value
in the range of —0.4 to + 5.6, number of hydrogen bond
acceptor < 10, and number of hydrogen bond donor < 5.
The values of these parameters were chosen according to
drug-likeness rules proposed by Lipinski (Lipinski et al.,
1997), Ghose (Ghose et al., 1999), and Veber (Veber et al.,



https://pharmit.csb.pitt.edu/

In search of novel inhibitors of anti-cancer drug target fibroblast growth 3

Table 1 Features of the generated pharmacophore.
Pharmacophore Description Co-ordinates of Center Radius (1&)
X Y Z

Hydrogen bond Acceptor 72.67 43.98 563.02 0.5
Hydrogen bond Acceptor 73.60 44.92 562.96 0.5
Hydrogen bond Acceptor 76.66 50.26 560.48 0.5
Hydrogen bond Acceptor 71.98 46.70 555.57 0.5
Hydrophobic Interactions 70.73 44.85 561.29 1.0

(A)

Fig. 1
indicates hydrophobic interaction site.

2002). The identified hits were next arranged serially according
to ‘Vina scoring function’ to identify energetically favorable
hits. Finally, only the hits having a maximum Vina score < -
8, minimized RMSD value from the original ligand
(LY2874455) pose <2 A, and single conformer were extracted.

2.2. Molecular Docking

(a) Molecular docking between PubChem 137300327 and
VSSOLEGFR4 gatekeeper mutant:

To measure binding affinity between the receptor and the
top-scoring compound  (PubChem Compound ID-
137300327), molecular docking was executed utilizing
Autodock Vina (Trott & Olson, 2009). The 3D conformer of
the top-scoring compound was downloaded in SDF (Structure
Data File) format from the PubChem database (https://pub-
chem.ncbi.nlm.nih.gov/compound/137300327) and converted
to PDB format with the help of Open Babel (O’Boyle et al.,
2011). Cleaned crystal structure of the receptor and the com-
pound were transformed into PDBQT format with the help
of AutoDock Tools 4.2 (Morris et al., 2009), a step essential
for docking with AutoDock Vina. Before converting to the
PDBQT format, polar hydrogens were added to the receptor,
and the ligand bonds were made rotatable. A grid box centered
on X: 72.500, Y: 48.000, and Z: 559.000 with 28 x 28 x 28 A
measurement was designed for site-specific docking. This grid
box contained all the experiment-derived binding residues.
Docking was conducted with an exhaustiveness level of 20.
After execution of the docking process, nine binding poses

Features of the generated pharmacophore model; the yellow circles indicate hydrogen bond acceptors and the green circle

were calculated along with binding energy in kcal/mol. The
docking pose with the least binding energy, which also showed
the least RMSD, was considered the most accurate prediction.
An additional molecular docking tool, iGEMDOCK (Hsu
et al., 2011), was also used for the docking study. A more
exhaustive ‘accurate docking’ option was chosen with the fol-
lowing parameters: population size as 800, generations as 80,
and numbers of solutions as 10. Other options were Kkept
default.

The docked poses, as calculated by AutoDock Vina and
iIGEMDOCK, were superimposed on the native protein struc-
ture (PDB ID: 5XFF) and visualized by PyMol (The PyMOL
Molecular Graphics System, Open-source PyMOL, Schrédin-
ger, LLC.) (Fig. 1).

(b) Molecular docking between PubChem 137300327 and
other gatekeeper mutant proteins:

Docking between PubChem 137300327 and other FGFR
proteins with gatekeeper mutation was also studied. Currently
known FGFR mutations are FGFR1 (V561M), FGFR2
(V564F, V5641, and V564M), FGFR3 (V555L & V555M),
and FGFR4 (V550L & V550M) (Abdel-Magid, 2019). Crystal
structures of FGFR1-4 were downloaded from the RCSB
PDB. Gatekeeper mutant structures of Y>*'MFGFRI (PDB
ID: 4RWI), V3**FEGFR2 (PDB ID: 7KIE), and Y>>**MFGFR4
(PDB ID: 5XFJ) are available from PDB. Y***'FGFR2 and
VS6MEGFR2 structures were derived by mutating 7KIE struc-
ture, and Y>P'FGFR3 & VY3’MFGFR3 structures were
derived by mutating FGFR3 PDB structure (PDB ID:
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6PNX) with the help of Discovery Studio Visualizer (Dassault
Systemes BIOVIA, Discovery Studio Visualizer v 20.1.0.19295,
San Diego: Dassault Systemes, 2020). These structures were
later optimized by applying the CHARMM36 force field
(Huang et al., 2013). ‘A’ chains of these proteins were used
for docking with PubChem 137300327 by AutoDock Vina.
Docking grid boxes were designed to contain the gatekeeper
mutations (Supplementary Table 2). Other parameters were
kept similar to 2.2 (a).

Table 2

2.3. Molecular dynamics Simulation:

Since Kinase domains of FGFR1-4 share mostly identical resi-
dues (Wu et al., 2016), only one complex, PubChem 137300327
- VSSLEGFR4 complex, was chosen for molecular dynamics
study. It is logical that interactions of PubChem 137300327
with other FGFRs can be extrapolated from this MD simula-
tion. The molecular dynamics study was performed in
YASARA dynamics by applying AMBERI14 force field. The

Interactions between PubChem 137300327 and different FGFR proteins with gatekeeper mutation.

Complex

Receptor-ligand Interactions

Binding Energy (kcal/mol)

FGFRI1 (V561M) - PubChem 137300327

FGFR2 (V564F) — PubChem 137300327

FGFR2 (V564I) - PubChem 137300327

FGFR2 (V564M) - PubChem 137300327

—10.3

—11.3

—11.2

—11.0
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Table 2 (continued)

Complex Receptor-ligand Interactions Binding Energy (kcal/mol)

FGFR3 (V555L) - PubChem 137300327 = ) o26 —10.5
GIN  GLU  aas : - S
@485 €480 = 550 AS08
A:481L Ai624 ad 676261
Ly PHE AVAASLS i AAéOAG
A:479 GLY 3 3
4483 (abel ALAL ASSe
LEU LEU
A:478 A:S55
A
A:S58
AL:7O Alsl;,x f-égs TYR
FGFR3 (V555M) - PubChem 137300327 -9.6
HIS
GLU A:610
S
GLY i4 2{?;;‘7 AT 5590
339 . A:629 343 ”23 357 ,ﬁ::‘;
i b1 3% Asp
: : A:612
£
A534 AIS50
FGFR4 (V550L) - PubChem 137300327 528 -9.9
As01 460531 27
cvs X
A:552 Al:EQl;B 5
: A€53 A%lij Asg"
VAL 6Ly
Aia81 A479
LYS
A503
ALA
FGFR4 (V550M) - PubChem 137300327 &S5y —10.1
ARG
A'S65
ASN
A617
Interactions
l:] van der Waals D Pi-Anion
[:] Attractive Charge - Pi-Sigma
Indicator - Conventional Hydrogen Bond :| Alkyl
[:] Carbon Hydrogen Bond :] Pi-Alkyl
:] Halogen (Fluorine)

receptor-ligand complex was initially cleaned, optimized, and
the hydrogen network was oriented. TIP3P solvation model
was used for solvating the complex and a virtual cubic cell
was chosen. The complex was placed in the simulation box
where each side of the box maintained a 20 A distance from

the complex. The physiological conditions were maintained
in the simulation cell by applying pH 7.4, 310 K temperature,
and 0.9% NaCl. Initial energy minimization was achieved by
employing a simulated annealing method with steepest gradi-
ent algorithm (5000 cycles). The long-range electrostatic inter-
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actions were calculated using the Particle Mesh Ewalds (PME)
method with a cut-off distance of 8.0 A. By maintaining a con-
stant pressure and the Berendsen thermostat, MD simulation
was continued for 100 ns. The time step of the simulated sys-
tem was fixed to 2.0 fs. The simulation trajectories were saved
every 100 ps and used to calculate root mean square deviation
(RMSD), root means square fluctuation (RMSF), solvent
accessible surface area (SASA), radius of gyration, and num-
ber of hydrogen bonds.

2.4. In silico prediction of ICsy:

Half-maximal inhibitory concentration value (ICs, value) is a
measurement of efficacy of a given compound in inhibiting a
desired biochemical/ biological process. An acceptable ICs,
value greenlights the continuation of downstream processes
in drug development. ICsy values of PubChem 137300327
and the reference inhibitor, LY2874455 were calculated using
Cell-Line Cytotoxicity Predictor (https://way2drug.com/Cell-
line/). It is a dedicated tool based on experimental data for
evaluation of cytotoxicity against cancer cell lines. The com-
pounds were submitted in SMILES format and the Pa value
was set to 0.5.

2.5. Prediction of ADMET properties:

After a drug is taken per os, it undergoes the following stages
sequentially: absorption (A), distribution (D), metabolism
(M), and excretion (E). If a drug is administrated through
intravenous or rarely, intra-arterial way, the absorption stage
can be bypassed. This route is usually followed when a rapid
onset of action and more bioavailability is desired. In drug
designing, the study of ADME properties is crucial to get an
idea of the properties of the drug being developed inside our
bodies. Besides ADME properties, the study of toxicity (T)
profile also deserves profound importance because sometimes
intermediate metabolites can be significantly toxic to the body
(Opo et al., 2021). Drug development is a long, costly, and tire-
some process. Early detection of unsuitable ADMET proper-
ties can save money, time, and physical labor. In silico tools
can be of great help in this regard and in some circumstances,
are an alternative to animal testing in predicting these proper-
ties (Wu et al., 2020; Kar & Leszczynski, 2020; Brogi et al.,
2020; Madden et al., 2020).

ADMET properties of the chosen compound, PubChem
137300327 were predicted by pkCSM (https://biosig.unimelb.
edu.au/pkesm/) (Pires et al., 2015). In addition, similar proper-
ties of the native ligand of the pharmacophore model
(LY2874455) were also calculated and compared with Pub-
Chem 137300327.

3. Results

3.1. Ligand-based pharmacophore modeling and virtual
Screening.

450,708,705 conformers of 93,067,404 molecules deposited in
the PubChem database were screened according to the phar-
macophore model to obtain 576 small molecule hits. Finally,
22 compounds were procured (Supplementary Table 1) using

the following filters: maximum binding score as —8 kcal/mol
and maximum mRMSD (minimized root mean square devia-
tion) as 2 A. Among the 22 potential small molecules, the
top-ranked hit molecule (PubChem CID: 137300327) having
a —10.05 kcal/mol binding score together with 1.422 A
mRMSD was selected for further computational analyses.

3.2. Molecular Docking:

3.2. (a) Molecular docking between PubChem 137300327 and
V30LRGFR4 gatekeeper mutant:

After scrutinizing the nine distinct binding modes calculated
by Autodock Vina, the binding affinity of the most favorable
mode was found —9.9 kcal/mol. iGEMDOCK calculated
‘Total Estimated Fitness Score’ was —128.449. This score
was a summed-up contribution of Van Der Waals energy
(-98.9901), hydrogen bonding energy (-29.4586), and electro
statistic energy (0). iGEMDOCK does not provide binding
energy; instead, it calculates an empirical pharmacophore-
based score.

Autodock Vina and iGEMDOCK calculated docking poses
superimposed on the 5XFF PDB structure are shown in Fig. 2.
Also, the receptor-ligand interactions (Autodock Vina calcu-
lated) can be visualized in Table 2.

3.2. (b) Molecular docking between PubChem 137300327 and
other gatekeeper mutant proteins:

Molecular docking studies between other FGFR gatekeeper
mutant proteins and PubChem 137300327 revealed that this
ligand can also efficiently bind with all of these mutants. It
bound to the mutant proteins with —9.6 to —11.3 kcal/mol
binding energy. More interestingly, it also showed binding
interactions with the mutated gatekeeper residues. Binding
energy and interactions with different proteins can be found
in Table 2.

3.3. Molecular dynamics (MD) Simulation:

MD simulation study was carried on to explore structural sta-
bility of the PubChem 137300327-Y°**“FGFR4 complex.
RMSD of the C-alpha atoms was calculated to understand
the flexibility status of the complex across the simulation tra-
jectories. Fig. 3 (a) depicts that the complex experienced a rel-
atively stable RMSD from the beginning to the end of the
simulation. This complex exhibited a higher RMSD profile
after 40 ns (but the deviation remained within 1 A). However,
the upper RMSD trend of this complex was stopped after 50 ns
and a stable RMSD profile was maintained later on. This
RMSD trend indicates the complex was stable and rigid
throughout the simulation period.

Solvent accessible surface area (SASA) of the docked com-
plex was also explored. A higher than initial SASA value indi-
cates an expansion in the protein surface area (usually due to
unfolding) (Savojardo et al., 2021). The complex under study
had a higher SASA profile from the beginning to 20 ns
[Fig. 3 (b)] which demonstrates an initial expansion in the sur-
face area of the receptor. After that, the receptor became
stable, the SASA profile lowered, and reached its steady-
state by 25 ns. This steady trend was maintained till the com-
pletion of the simulation time.

A complex’s low radius of gyration (Rg) profile defines its
compact nature, whereas a higher Rg profile suggests flexible
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(B)

Fig. 2 Best docked poses of the ligand to Y>**"FGFR4, as calculated by (A) AutoDock Vina and (B) iGEMDOCK, and superimposed
on the native protein structure (PDB ID: 5XFF). LY2874455 is shown in yellow and PubChem- 137300327 is shown in pink.

nature. The Rg profile of the complex under investigation was
nearly similar till the end of the simulation period which indi-
cates the complex maintained a stable and rigid status during
whole simulation [Fig. 3 (c)]. The number of hydrogen bonds
in this complex was found near uniform in the trajectories
which also implies stable ligand binding [Fig. 3 (d)]. Besides,
maximum amino acid residues had an RMSF value less than
2.5 A, which further assures stability of the complex [Fig. 3

@]

3.4. In silico prediction of ICs:

From ICs, predictions, it was found that our identified com-
pound PubChem 137300327 and the reference inhibitor,
LY2874455 share similar I1Csy values (Table 3) which further
supports the prospect of this compound. Here, Pa is the prob-
ability of belonging to the sub-class of active compounds used
in the training set and Pi is the probability of belonging to the
sub-class of inactive compounds used during training.

3.5. Prediction of ADMET properties:

ADMET properties of both PubChem 137300327 and
LY2874455 were calculated and compared. Details of the pre-
dicted properties are available in Table 4. pkCSM calculated a
total of 7 absorption parameters, four distribution parameters,
seven metabolism parameters, two excretion parameters, and
ten toxicity parameters. Comparison among these parameters
revealed that there are minor differences in various properties
between the two compounds.

4. Discussion

FGFRs act as receptor tyrosine kinases (RTK) and FGFR tar-
geted anti-cancer therapy is a well-researched topic. However,
one particular obstacle faced here is mutation, especially, gate-
keeper mutations that lead to chemotherapeutic resistance
(Sohletal., 2015; Azam et al., 2008; Dai et al., 2019). The gate-
keeper residue is present at the first part of the hinge region
that connects the N-terminal and C-terminal lobes of the
kinase domain. The gatekeeper amino acid residue in kinases
can be threonine, leucine, phenylalanine, or valine. Neverthe-

less, in wild-type FGFRs, it is always a valine. RTKs transfer
the phosphate group from ATP to their intracellular protein
substrate’s tyrosine residue. Small molecule inhibitors of
RTKs compete with ATP for binding to the active site. For
effective binding, they need to accommodate themselves in
the hydrophobic pocket behind the active site. Moreover, these
inhibitors also attach to the gatekeeper residue via critical
hydrogen bonds. When cancer cells are exposed to small mole-
cule inhibitor drugs, their self-protection strategy involves
mutation of the relatively smaller hydrophobic gatekeeper resi-
due to a larger hydrophobic residue, for instance, isoleucine,
leucine, methionine. This results in a steric clash between the
inhibitor and the mutant residue, and elimination of critical
hydrogen bonds. As a result, the inhibitor losses its efficacy
(Zhou et al., 2020; Ryan et al., 2019; Dai et al., 2019; Wu
et al., 2018; Yoza ET AL., 2016; Sohl et al., 2015; Bunney
et al., 2015; O’Hare et al., 2009; Blaukat et al., 2007).
LY2874455 (2-[4-[(E)-2-[5-][ (1R)-1-(3,5-dichloropyridin-
4-yl)ethoxy J-1H-indazol-3yl]ethenyl [pyrazol-1-ylJethanol) is
a pan-FGFR inhibitor, having the ability to selectively inhibit
FGFR1-4 with the following ICsq values, respectively: 2.8 nM,
2.6 nM, 6.4 nM and 6 nM. This compound has also undergone
a phase I clinical trial consisting of patients with advanced-
stage cancers (Zhao et al., 2011; Michael et al., 2017; Hanes
et al.,2019). In the current study, a pharmacophore model
was generated to identify inhibitors of human FGFRs using
an experimental structure of LY2874455 bound to FGFR4
(PDB ID: 5XFF). The rationale for selecting this experimental
structure was containment of LY2874455 in FGFR4 with a
gatekeeper residue mutation (V550L) and good crystal quality
(resolution: 2.70 10\). Screening of the PubChem database to
satisfy the pharmacophore model revealed PubChem
137300327 as the most suitable compound. Later, molecular
docking and dynamics studies supported this finding. The
docking analysis found that the identified ligand is well accom-
modated in the hydrophobic pocket and does not face any
steric clash with the gatekeeper mutant (V>>°*FGFR4).
Interestingly, this residue showed alkyl interaction with the
ligand (Table 2). Docking studies with other gatekeeper
mutant FGFR proteins supported that PubChem 137300327
can bind to all of them with equal efficiency and thus, is a
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(a) Root mean square deviation, (b) solvent accessible surface area, (c) radius of gyration, (d) number of hydrogen bonds, and (e)

root mean square fluctuation calculated from the molecular dynamics simulation of the V>***FGFR4-PubChem 137300327 complex.

Table 3 1Cs, value prediction.

Compound Pa Pi Cell-line

PubChem 0.576 0.019 HCT-116 (Colon carcinoma)

137300327

LY2874455 0.576 0.009 MDA-MB-468 (Breast
adenocarcinoma)

LY2874455 0.611 0.009 DMS-114 (Lung carcinoma)

potential pan-FGFR inhibitor like LY2874455. Moreover, this
compound also inhibits WNT signaling pathway (https://pub-
chem.ncbi.nlm.nih.gov/patent/EP-3284744-A1), another cru-
cial pathway involved in cancer (Zhan et al., 2017; Jung &
Park, 2020; Mo et al., 2019). So, this compound can provide

synergistic Inhibition in different malignancies. From
ADMET analyses of the identified ligand and LY2874455, it
was found that both of them share near similar properties.

Similarities in structural and ADMET properties with
LY2874455, and binding affinities with the FGFR gatekeeper
mutant proteins suggest PubChem 137300327 is also a pan-
FGFR inhibitor. Additionally, this compound also obeys Lip-
inski’s ‘rule of five’ (Lipinski et al., 1997; Hefti, 2008): molec-
ular weight- 477.5 Da, octanol-water partition coefficient (log
P)- 4, hydrogen bond donor count-3, and hydrogen bond
acceptor count-7 (data provided by PubChem). So, this com-
pound can also be used as a lead to derive other more effective
FGFR inhibitors.

Like LY2874455, several other pan-FGFR inhibitors have
also recently been reported. These include FIIN-2, JNJ-
42756493, ponatinib (Katoh, 2016), rogaratinib (Griinewald


https://pubchem.ncbi.nlm.nih.gov/patent/EP-3284744-A1
https://pubchem.ncbi.nlm.nih.gov/patent/EP-3284744-A1
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Table 4 Comparison of ADMET properties between PubChem 137300327 and LY2874455.
Property Model Name Unit Predicted Value
PubChem 137300327 LY2874455
Absorption Water solubility Numeric (log mol/L) —3.009 —3.866
Caco2 permeability Numeric (log Papp in 10°-6 cm/s) 1.385 0.77
Intestinal absorption (human) Numeric (% Absorbed) 89.268 89.521
Skin Permeability Numeric (log Kp) —2.735 —2.737
P-glycoprotein substrate Categorical (Yes/No) Yes Yes
P-glycoprotein I inhibitor Categorical (Yes/No) Yes Yes
P-glycoprotein II inhibitor Categorical (Yes/No) Yes Yes
Distribution VDss (human) Numeric (log L/kg) 0.198 0.204
Fraction unbound (human) Numeric (Fu) 0.098 0.007
BBB permeability Numeric (log BB) —1.298 —1.671
CNS permeability Numeric (log PS) —2.359 —2.394
Metabolism CYP2D6 substrate Categorical (Yes/No) No No
CYP3A4 substrate Categorical (Yes/No) Yes Yes
CYP1A2 inhibitor Categorical (Yes/No) Yes Yes
CYP2C19 inhibitor Categorical (Yes/No) Yes Yes
CYP2D6 inhibitor Categorical (Yes/No) No No
CYP2D6 inhibitor Categorical (Yes/No) No No
Excretion Total Clearance Numeric (log ml/min/kg) 0.78 0.551
Renal OCT?2 substrate Categorical (Yes/No) Yes No
Toxicity AMES toxicity Categorical (Yes/No) Yes No
Max. tolerated dose (human) Numeric (log mg/kg/day) 0.304 0.163
hERG I inhibitor Categorical (Yes/No) No No
Oral Rat Acute Toxicity (LD50) Numeric (mol/kg) 2.281 2.87
Oral Rat Chronic Toxicity (LOAEL) Numeric (log mg/kg bw/day) 1.477 1.535
Skin Sensitization Categorical (Yes/No) No No
T. Pyriformis toxicity Numeric (log ug/L) 0.285 0.313
Minnow toxicity Numeric (log mM) 0.402 —1.344

et al., 2019), DW14383 (Dai et al., 2021), erdafitinib, pemiga-
tinib (Weaver and Bossaer, 2021), futibatinib, infigratinib, der-
azantinib, ASP5878, etc. Deatailed information about
currently identified FGFR inhibitors can be found here
(https://www.selleckchem.com/subunits/ FGFR1_FGFR_selpan.
html). Among these compounds, erdafitinib has achieved FDA
approval for treating metastatic urothelial carcinoma with
FGFR2 and FGFR3 alterations, and pemigatinib for unre-
sectable cholangiocarcinoma with FGFR2 alterations
(Weaver and Bossaer, 2021). FDA has approved derazantinib
for treating intrahepatic cholangiocarcinoma and futibatinib
(Goyal et al., 2020, Rizzo et al., 2021) has pocketed ‘Break-
through Therapy Designation’ from FDA. Infigratinib (Javle
et al., 2021) was approved by FDA for treating adults who
were previously treated but currently suffer from unresectable
locally advanced or metastatic cholangiocarcinoma with a
fibroblast growth factor receptor 2 (FGFR2) fusion or other
rearrangements. Several other pan-FGFR inhibitors are cur-
rently under various phases of clinical trial.

Computational techniques can ease the initial processes of
drug target identification and drug discovery (Mahfuz et al.,
2021; Mahfuz et al., 2020; Mahfuz et al., 2021). Considering
the promises hold by pan-FGFR inhibitors, in vivo and clinical
studies of LY2874455, and the results obtained from this thor-

ough computational study, PubChem 137300327 can be
regarded as a suitable agent for inhibiting all FGFRs. The lim-
itation of this study is lack of in vitro experiments. Further
studies on cancer cell lines, animal models of malignancies,
and clinical trials can prove the promise hold by this
compound.
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