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ABSTRACT

Isocitrate dehydrogenases (IDH) catalyze the oxidative decarboxylation of isocitrate to 2-oxoglutarate.
IDH1 mutation has been reported in various tumors especially Cholangiocarcinoma, while the IDH1_R132H
is reported to be the most common mutation of IDH1. IDH1_R132H inhibitors are effective anti-cancer
drugs and have shown significant therapeutic effects in clinical. In this study, two novel natural compounds
were identified to combine respectively with IDH1_R132H with a stronger binding force with conductive to
interaction energy. They also showed low toxicity potential. Molecular dynamics simulation analysis
demonstrated that the candidate ligands-IDH1_R132H complexes is stable in natural circumstances with
favorable potential energy. Thus, Styraxlignolide F and Tremulacin were screened as promising
IDH1_R132H inhibitors. We provide a solid foundation for the design and development of IDH1_R132H
targeted drugs.

INTRODUCTION surgery, the beneficial adjuvant treatment is
radiotherapy combined with chemotherapy [4].
Cholangiocarcinoma is an invasive adenocarcinoma, Although chemotherapy is an important part of
and origins from the malignant growth of the biliary cholangiocarcinoma’s comprehensive treatment, the
duct epithelium [1]. Depending on their anatomic tolerance of tumors to chemotherapy has blocked its
location, cholangiocarcinoma is generally categorized development [5, 6].
as intrahepatic or extrahepatic [2]. According to the
American Cancer Society, the five-year survival rates of Isocitrate dehydrogenase 1 (IDH1) mutation is reported
noninvasive intrahepatic cholangiocarcinoma and as a gain-of-function mutation in up to 25% of
extrahepatic cholangiocarcinoma were 15% and 30%, cholangiocarcinoma, especially intrahepatic
respectively, whilst the 5-year survival rates of the two cholangiocarcinoma [7, 8]. A relevant study shows that
metastatic subtypes have significantly reduced to 2% IDH1 and IDH2 mutations predominate in chol-
[3]. Currently, the only curable therapy for this disease angiocarcinoma, while IDH2 contributes only partially
is surgical resection, which might include liver (2-6%) [9]. Yuchen Jiao, et al. raised that
transplantation in some extreme or severe cases. After cholangiocarcinoma patients with IDH1 mutation
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compared to IDH1 wildtype patients had 3-year overall
survival significantly reduced [10], which exposes that
IDH1 mutations are key points in cholangiocarcinoma
genesis.

IDH1 mutates in cholangiocarcinoma gain neomorphic
enzymatic activity, whereby IDH1 is an important
metabolic enzyme, and IDH1 can converts the NADPH-
dependent reduction of a-KG to 2-hydroxyglutarate (2-
HG) [11, 12]. The accumulation of 2-HG leads to
cellular changes in overloaded cellular metabolism,
redox status, epigenetic regulation, and DNA repair,
which are related to histones and typical CpG island
hypermethylation phenotypes [13-15]. Taken together,
these studies suggest that tumor growth may have
acquired additional mutations that allow them to
increase their proliferative capacity [16]. In addition,
the binding site in arginine 132 (R132) is the most
common mutation of IDH1 in cancer [17]. The most
frequent IDH1 mutation hotspot is in codon 132 (IDH1-
R132H mutation) [18]. If applied early in the treatment
of gliomas, IDH1 inhibitors can prevent the spread of
the cancer and decrease the potential side effects of
radio- and chemo- therapy [19].

Therefore, identifying effective leading compounds
which are capable of inhibiting IDH1-R132H mutations
is promising in drug improvement and cholangio-
carcinoma treatment. Currently, several inhibitors of
IDH1-R132H have been founded, including
Vorasidenib and lvosidenib, which are the most
developed inhibitors [20-22]. However, the negative
effect of IDH1-R132H on drug resistance in cancer
chemotherapy has been reported in several recent
publications [23, 24]. Therefore, more efficacious
IDH1-R132H targeted drugs were needed urgently. In
this research, we employed variety of biological and
chemical structure methods to screen leading
compounds with inhibitory effects to IDH1_R132H. To
provide basic groundwork for the improvement and

study of IDH1-R132H inhibitors, this research
established a series of candidate drugs and their
pharmacokinetic characteristics.

RESULTS
Virtual screening of compounds against IDH1-123H

The ligand-binding pocket of IDH1_R132H was selected
as a reference site as a noteworthy regulating site. The
small molecules bound to the active site Cys145 can
prevent a damaged alkyl group on DNA from docking at
IDH1_R132H, which blocks the DNA repair of damaged
cells. Figure 1 shows IDH1_R132H’s molecule structure.
A sum of 17,931 bio-sourced named product molecules
available for sale were chosen from the ZINC15 database.
We chose an inhibitor called Vorasidenib and Ivosidenib as
the reference compounds. After screening, there are 8763
compounds can bind to IDH1 R132H. The top20
compounds with higher LibDock scores showed in Table 1.

ADME and toxicity prediction

To predict Pharmacological possessions of all the
selected ligands and reference compounds, ADME
module was conducted (Table 2). 8 compounds showed
good aqueous solubility (water, 25°C) according to the
aqueous solubility prediction. 19 compounds are non-
inhibitors of CYP2D6, and 19 compounds had high or
very high BBB level, which had better brain-blood
barrier penetrating ability than Vorasidenib. Aimed at
hepatotoxicity, 11 compounds were found to be safe
which were less harmful than Vorasidenib and

Ivosidenib. Results showed that 11 compounds were
have a great human-intestinal absorption level. Besides,
5 compounds were good at being absorbed according to
plasma protein binding properties. In this study, the
issue of safety is also thoroughly examined. To verify
the safety of the compounds chosen, the TOPKAT
performed (Table

module was 3). There are

Figure 1. Molecular structure of IDH1_R132H. (A) Initial molecular structure. (B) Surface of binding area added. Blue represents

positive charge, and red represents negative charge.
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Table 1. Top 20 ranked compounds with LibDock scores.

Number Compounds Trivial name Libdock score

1 ZINC000004098643 Epsilon-Viniferin 147.3

2 ZINC000042851784 Homoaromoline 144.166

3 ZINC000049872065 Andropanoside 139.69

4 ZINC000002033589 Karsil 138.261

5 ZINC000038148193 Fangchinoline 136.916

6 ZINC000030726940 Obaberine 136.439

7 ZINC000028539727 Dehydroxynocardamine 136.2

8 ZINC000021992902 Neoandrographolide 135.574

9 ZINC000049872393 Styraxlignolide F 135.121

10 ZINC000030729923 (9-Cis,9’-Cis)-7,7°,8,8’-Tetrahydro-Y,y-Carotene 134.363

11 ZINC000008220036 2-Hexaprenyl-3-Methyl-6-Methoxy-1,4 Benzoquinone 134.014

12 ZINC000030726863 Cepharanthine 133.907

13 ZINC000014727602 5,7,3’,4’-Tetrahydroxy-6,5’-Diprenylisoflavone 132.559

14 ZINC000028115894 - 132.558

15 ZINC000044361247 Matairesinoside 132.365

16 ZINC000014780926 Lupalbigenin 132.295

17 ZINC000008662732 Prunetrin 132.26

18 ZINC000001577210 - 131.37

19 ZINC000004098459 Tremulacin 131.202

20 ZINC000028541553 Vincoside Lactam 131.008

21 vorasidenib - 96.0148

22 ivosidenib - 112.117
Table 2. Adsorption, distribution, metabolism, and excretion properties of compounds.

Number Compounds So:g\tl)éllity :‘255 CYP2D6 Hepatotoxicity Abslg\l;g;(ion IF;SS

1 ZINC000004098643 2 4 0 0 2 1

2 ZINC000042851784 0 4 0 1 2 0

3 ZINC000049872065 3 4 0 0 2 0

4 ZINC000002033589 2 4 1 0 3 0

5 ZINC000038148193 0 4 0 1 2 0

6 ZINC000030726940 0 4 0 1 3 0

7 ZINC000028539727 4 4 0 1 3 0

8 ZINC000021992902 3 4 0 0 1 0

9 ZINC000049872393 3 4 0 0 3 0

10 ZINC000030729923 0 4 0 0 3 1

11 ZINC000008220036 0 4 0 0 3 1

12 ZINC000030726863 0 4 0 1 3 0

13 ZINC000014727602 2 4 0 1 1 0
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14 ZINC000028115894 0 4 0 1 3 0
15 ZINC000044361247 3 4 0 0 3 0
16 ZINC000014780926 2 4 0 1 0 1
17 ZINC000008662732 3 4 0 1 3 0
18 ZINC000001577210 2 1 0 0 0 1
19 ZINC000004098459 3 4 0 0 3 0
20 ZINC000028541553 3 4 0 0 2 0
21 vorasidenib 1 1 0 1 0 1
22 ivosidenib 2 4 0 1 0 1

Abbreviations: BBB: blood-brain barrier; CYP2D6: cytochrome P-450 2D6; PPB: plasma protein binding. Aqueous-solubility
level: 0, extremely low; 1, very low, but possible; 2, low; 3, good. BBB level: 0, very high penetrant; 1, high; 2, medium; 3, low;
4, undefined. CYP2D6 level: 0, noninhibitor; 1, inhibitor. Hepatotoxicity: 0, nontoxic; 1, toxic. Human-intestinal absorption
level: 0, good; 1, moderate; 2, poor; 3, very poor. PPB: 0, absorbent weak; 1, absorbent strong.

Table 3. Toxicities of compounds.

Number Compounds Mouse NTP RatNTP Ames DTP
Female Male Female Male
1 ZINC000004098643 0.997 0 1 0 0 0.997
2 ZINC000042851784 0 0 0 1 0.089 0
3 ZINC000049872065 0.353 0 0.752 0.006 0 1
4 ZINC000002033589 0 1 1 0.05 0.265 0.998
5 ZINC000038148193 0 0 0 1 0.08 0.411
6 ZINC000030726940 0 0 0.053 1 0.983 1
7 ZINC000028539727 1 1 1 0.019 0.998 0
8 ZINC000021992902 0.198 0 0.033 0.251 0 1
9 ZINC000049872393 0.204 0 1 0.009 0.992 0
10 ZINC000030729923 0.999 1 1 0 1 0
11 ZINC000008220036 0 1 1 0 1 0.998
12 ZINC000030726863 0 0 1 1 0.165 1
13 ZINC000014727602 0 1 1 1 0 0.501
14 ZINC000028115894 0 0 0.062 1 0.982 1
15 ZINC000044361247 0.856 0 1 0.008 0.991 1
16 ZINC000014780926 0 1 1 1 0 1
17 ZINC000008662732 0.996 1 0.672 1 0.478 0.04
18 ZINC000001577210 0 0.173 0 0.952 0 1
19 ZINC000004098459 0.005 0 0.988 0.003 0 0
20 ZINC000028541553 1 0 0.99 0 0.857 0.994
21 vorasidenib 0 1 0 0 0 0
22 ivosidenib 1 1 0 0 0 1

Abbreviations: NTP: U.S. National Toxicology Program; DTP: developmental toxicity potential. NTP < 0.3 (noncarcinogen); >0.8
(carcinogen). Ames < 0.3 (honmutagen); >0.8 (mutagen). DTP < 0.3 (nontoxic); >0.8 (toxic).
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Table 4. CDOCKER potential energy of compounds with IDH1_RI32H.

Compounds

-CDOCKER Potential Energy (kcal/mol)

ZINC000049872393
ZINC000004098459
vorasidenib
ivosidenib

50.2918
55.8921
35.0207
36.3305

12 compounds were nonmutagenic and 8 compounds had
no developmental toxicity. However, Vorasidenib was
identified to have high developmental toxicity potential.

Taking all the above results into account,
ZINC000049872393 and ZINCO000004098459 were
considered to be valuable leading compounds with
good solubility and absorption levels. They didn’t
inhibit CYP2D6 and had no hepatotoxicity.
Furthermore, compared with other compounds, they
were anticipated to have lower rodent carcinogenicity,
Ames mutagenicity, and developmental toxicity
potential, which also strongly suggested their
perspective application in drug development.

Analysis of ligand binding and pharmacophore
prediction

To evaluate ligand-binding  mechanisms  of
ZINC000049872393, ZINC000004098459 and the
reference compounds, the CDOCKER module were
practiced to dock  ZINC000049872393 and
ZINC000004098459 into the protein structure of
IDH1_R132H, and the potential energy was exhibited
as listed in Table 4. The binding affinity according to
CDOCKER point that ZINC000049872393 and
ZINC000004098459 were stable binding  with

IDH1_R132H (Figures 2 and 3, and Supplementary
Figure 1).

Figure 2. (A) ZINCO00004098459-IDH1_R132H complex (B) ZINCO00049872393 -IDH1_R132H complex.
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We also performed hydrogen and pi bonds interactions
through structural computation study (Figure 4. Results
pointed that ZINC000049872393 have 3 pairs of
hydrogen bonds bind to IDH1_R132H, by 028 of the
compound with A:ARG119:HH11 of IDH1_R132H,
H60 of the compound with A:ILE128:0 of
IDH1_R132H, H64 of the compound with
A:TYR285:0 of IDH1 _R132H. ZINC000004098459
formed 4 pairs of hydrogen bonds with IDH1_R132H,
by A:ALA111:HN of IDH1_R132H with O8 of the
compound, A:TYR285:HH of IDH1_R132H with 024
of the compound, A:MET291:SD of IDH1_R132H with
H41 of the compound, H43 of the compound with
A:ILE128:0 of IDH1_R132H etc. Also, pi bonds
interactions were listed in the complex. Both
ZINC000049872393 and ZINC000004098459 formed 4
pairs of pi bonds bind to IDHI _R132H. what’s more,
Vorasidenib and Ivosidenib formed 2 and 3 pairs of
hydrogen bonds, 5 and 6 pairs of pi bonds interactions
respectively (Tables 5 and 6). ZINC000004098459,
ZINC000049872393 and the reference compounds
displayed several feature pharmacophores, which
showed 47 and 57 feature pharmacophores in
ZINC000004098459 and ZINC000049872393, 12 and

16 feature pharmacophores in Vorasidenib and

Ivosidenib (Figure 5).
Molecular dynamics simulation analysis

Molecular dynamics simulation module was performed
to value the stability of the ligand-IDH1 R132H
complexes. Figure 6 depicted the RMSD curves and the
potential energy chart for each complex. The
complexes’ trajectories reached equilibrium, the RMSD
and potential energy of each complex remained stable
over time. The results verified that hydrogen bonds and
pi bonds interaction formed by the compound and
IDH1 _R132H contribute to the steadiness of the
complex as well. The final results show that these two
compounds can not only interact with IDH1_R132H,
but these complexes can also be stable at natural
circumstances.

DISCUSSION
Cholangiocarcinoma is hepatobiliary malignant cancer.

The prevention and therapy of cholangiocarcinoma has
attracted great attention in recent years [24]. Although

Figure 3. (A) Vorasidenib -IDH1_R132H complex (B) Ivosidenib-IDH1_R132H complex.
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novel approaches have brought hope to significantly
improve the survival rate of cholangiocarcinoma
patients, the patients’ prognosis is still poor. Mutations
in IDH1 R132H induce conserved residues and
stimulate neomorphic enzymatic function, leading to the
accumulation of 2-hydroxyglutarate, which influences
the formation of CpG methylation, resulting in aberrant
gene expression and abnormal cell proliferation and
differentiation, and abnormal gene expression [14, 25,
26]. In recent years, some academic researchers have
developed new IDH1_R132H inhibitors that can be
used in clinical applications, and combined therapy with
radiotherapy and surgical treatment has turned out to be
a research hotspot in the anti-tumor drugs field [27].
Compounds have made breakthroughs in the design and

A
A
1Yo & £3h
Ite ARG A:269
L4 Ag0 A:251
A'& 9 w» Al:liso
Lo A7 4 HI
ALA " R 15
A o
: \ » ~
} N =9
. MET : / >
LG, A291 T
A
AGZL 6 szﬂs AMzEsTg

Interactions

van der Vaals I Pi-Pi Stacked

B Conventional Hydrogen Bond [] Alkyl
[] carbon Hydrogen Bond [[] Pi-Alkyl
[ pi-Sulfur
C MET
A:ZESQ A
A:Z':l;'i
ALA
A:258
TRP
: TRP.
RS A:267
GLU ARG
a1io £55 VR
A8s A4,
ALA 2
A:111
ILE
3 HI
& A:1§2
A0
L < VAL
A:Ego MET ARG A:281
A:291 A:109

Interactions

[] van der Vaals I Pi-Pi Stacked
[ Conventional Hydrogen Bond I Pi-Pi T-shaped
[] carbon Hydrogen Bond [] Alkyl

[ Halogen (Fluorine) [] Pi-Alkyl

improvement of the IDH1_R132H inhibitor drug [28,
29]. However, due to various reasons, the current
inhibitors have many limitations. Among these
inhibitors, Ivosidenib is undoubtedly the most
“developed” IDH inhibitor in CCA, with fatigue,
nausea, diarrhoea, abdominal discomfort, decreased
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adverse effects [30]. The top priority of this study is to
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LibDock score, we obtained the degree of energy
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Figure 4. The inter-molecular interaction of the predicted binding modes of (A) ZINCO00004098459 to IDH1_R132H; (B) ZINCO00049872393
to IDH1_R132H (C) Vorasidenib to IDH1_R132H (D) Ivosidenib to IDH1_R132H.
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Table 5. Hydrogen bond interaction parameters for each compound with IDH1_RI23H.

Receptor Compound Donor atom Receptor atom Distances (A)
A:ARG119:HH11 ZINC000049872393:028 2.88
ZINC000049872393 ZINC000049872393:H60 A:ILE128:0 1.97
ZINC000049872393:H64 A:TYR285:0 1.95
A:ALA111:HN ZINC000004098459:08 1.95
A:TYR285:HH ZINC000004098459:024 2.22
ZINC000004098459
ZINC000004098459:H41 A:MET291:SD 2.65
5158 (IDH1_R132H)
ZINC000004098459:H43 A:ILE128:0 1.92
o A:ALA111:HN Molecule:F6 2.80
vorasidenib
A:ARG119:HH11 Molecule:F7 2.57
A:ARG109:HH11 Molecule:N13 2.75
ivosidenib A:ASN271:HD22 Molecule:F3 2.12
A:TYR285:HH Molecule 191

Table 6. n-Related interaction parameters for each compound with IDH1_R132H.

Receptor Compound Donor atom Receptor atom Distances (A)
A:TYR285 ZINC000049872393 4.82101
ZINC000049872393 A:VAL255 4.52069
ZINC000049872393
ATYR285 ZINC000049872393 5.39783
ZINC000049872393 A:ILE130 5.21844
A:CYS269 ZINC000004098459 5.21158
ZINC000004098459 A:ALA258 5.44202
ZINC000004098459
ZINC000004098459 A:ILE130 5.2495
ZINC000004098459 A:ALA282 4.69611
A:TYR285 Molecule 4.18707
5158 (IDH1_R132H) A:TYR285 Molecule 5.02173
vorasidenib A TRP267 Molecule 5.21984
A:ALA258 Molecule:Cl1 4.2239
A:TRP124 Molecule:Cl1 5.08689
Molecule A:ILE130 4.83303
ATYR285 Molecule 4.81399
L Molecule:Cl1 A:VAL255 3.87025
ivosidenib
Molecule A:ILE130 5.25461
Molecule A:ALA282 4.32379
Molecule A:ALA258 5.36888
energy majorization and conformation of the compared with the reference compounds. For further
compound. Calculated by this module, 8763 nature research, the top 20 natural compounds were selected.
products can stably bind to IDH1_R132H. The results
indicate that these compounds appear to provide a more The ADME and TOPKAT predictions were performed
stable conformation and optimize energy structure to expose the pharmacological properties of the 20
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compounds with top LibDock scores. Results showed
that ZINC000049872393 and ZINC000004098459 were
relatively high-quality drug candidates because they
were soluble in water, have no hepatotoxicity, and have
a good level of intestinal absorption, as well as non-
inhibitors of CYP2D6. Moreover, low Ames
mutagenicity and developmental toxicity potential were
predicted.  Therefore, = ZINC000049872393 and
ZINC000004098459 were identified as ideal candidate.
These findings clarified their potential applications and
future prospects in the realm of medication
development. The rest of the drugs on the list can also
be used for drug development by changing particular
groups and atoms to lessen toxicity and negative effects.

Taking the results of all the above reports into account,
ZINC000049872393 and ZINC000004098459 should
be performed in further analysis.

We also investigated the ligand-binding mechanism
chemical bonds of ZINC000049872393 and
ZINC000004098459  with  IDH1_R132H.  The
calculation results of CDOCKER module computation
explain the reason that the binding affinity of
ZINC000049872393 and ZINC000004098459 with
IDH1_R132H is significantly solid and stable. Finally,
we evaluate the ligand-IDH1_R132H complexes in the
natural  environment by  molecular  dynamics
simulations, and RMSD and potential energy were

A
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B &
e o
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Vorasidenib
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" // /)
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Figure 5. The 2D structures of the reference compounds and novel compounds selected from virtual screening by
chemdraw. 3D structures of the reference compounds and novel compounds selected from virtual screening by DS 4.5. And
Pharmacophore predictions using 3D-QSAR (Green represents hydrogen acceptor, and blue represents hydrophobic center and purple
represents hydrogen donor). (A) ZINCO00004098459 (B) ZINC0O00049872393 (C) Vorasidenib (D) Ivosidenib.

wWww.aging-us.com

5486

AGING



calculated. The results showed that the complexes'
trajectories can reached equilibrium and were stable in
the natural environment. To sum up, drug development
can be prospectively conducted, such as modifications
and refinements to make ligands and receptors more
strongly bound.

This study is based on the screening of ideal lead
compounds that can be used to elucidate the key steps in
current drug design. The molecular conformation,
pharmacological properties, binding affinity, and
stability of each selected nature products were
revealed using a comprehensive computational study.
We concluded that the ZINC000049872393 and
ZINC000004098459 may have the most potential in the
current drug treatment of cholangiocarcinoma and

glioblastoma. However, the candidate drugs still need to
undergo thousands of refinements before they can be
marketed. In addition, our study can be used as a guide
to screen compounds that could have potential impacts.
Only through such high-tech means can we screen out
more lead compounds and thus improve current drug
development.

In this study, a sequence of computer-aided structure
and chemical techniques were conducted to screen ideal
leading compounds that have the potential to inhibit the
function of IDH1_R132H. ZINC000049872393 and
ZINC000004098459 were selected as two important
safety candidate drugs in the development of
IDH1_R132H inhibitors. These two compounds provide
a solid and reliable basis for IDH1_R132H targeted
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Figure 6. Results of molecular dynamics simulation of two complexes (A) Potential Energy (B) Average backbone RMSD.
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drugs design and development. In addition, the research
also provided lots drug candidate, which can be used as
a reliable reference for IDH1_R132H or other proteins
in drug design and development. In conclusion, the goal
of this study was to build a database of natural
substances to uncover more possible therapeutic
candidates that can block IDH mutations. Despite the
fact that this study was carried out with a meticulous
design and exact measurements, we must recognize that
it had some limitations. No medicine may be marketed
unless it is enhanced and refined. Several groups and
atoms that can affect the pharmacological properties of
the medications must be modified in order for these two
compounds to be more suitable as drug candidates.
More pharmaceutical safety indicators, such as MTD
(Maximum Tolerated Dosage) and AB (Aerobic
Biodegradability), should be researched in the future to
support our findings. These restrictions will be the
subject of our future research.

MATERIALS AND METHODS
Software and compounds library

Discovery Studio 4.5 software allows us to screen
molecules based on their structure. It can work through
chemical structure and biological calculations after
simulating the molecular structure. The molecules that
passed the initial screening can then be chemically
changed to improve their potential as targeted medicines.
This study makes extensive use of several Discovery
Studio 4.5 modules. For initial filtering, the LibDock
module is utilized. The ADME module is used to assess
pharmacological features. To analyze molecular
docking, the CDOCKER module was employed. The
molecules we examined in this investigation were
natural products from the ZINC15 database.

Virtual screening by using LibDock

The Ligand-binding pocket region of IDH1_R132H was
chosen as the binding site, and then virtual screening
was performed [31-33]. Libdock is a rigid docking
module when binds with a micromolecular ligand,
which tends to have a small impact on the receptor.
Download the 2.0-A crystal structure of human
IDH1_R132H, importing into the working environment
of LibDock. After removing crystal water and other
heteroatoms from the protein, hydrogen was added,
followed by protonation, ionisation, and energy
minimization [34, 35]. Following that, the binding site
was defined using the manufactured protein, which was
also chosen as the best docking site. Finally, all ligands
were docked into this binding site, and the LibDock
program was used to filter them realistically. Then,
using the LibDock score, rank all docked poses.

Absorption, distribution, metabolism, and excretion
and toxicity prediction

A medication’s absorption, distribution, metabolism,
and excretion are all significant pharmacological
features. The ADME module is designed to predict the
pharmacological  features of drug candidates.
Furthermore, the toxicity of medication candidates is
critical. The TOPKAT (Toxicity Predicted by Komputer
Assisted Technology) module was used to predict the
toxicity of drug candidates, including Ames
mutagenicity, rodent carcinogenicity, hepatotoxicity,
and developmental toxicity potential. The physico-
chemical properties of IDH1_R132H drug candidates
should be properly studied and forecasted while
designing these medications.

Molecule docking and pharmacophore prediction

The CDOCKER module, which is based on the
CHARMmM36 Force Field, was used to analyze
molecular docking and can vyield reliable molecular
docking results. During docking, the receptor remains
rigid, but the ligand can be bent. Each complex
attitude’s CHARMmM energy (interaction energy plus
ligand strain) and interaction energy were then
calculated and analysed. These findings aided in
determining  ligand  binding  affinity.  Then,
IDH1_R132H’s crystal structure was obtained from the
protein database. Furthermore, we eliminated the semi-
flexible and rigid docking of crystal molecules to water,
which may have an impact on receptor-ligand complex
formation.  Furthermore, water molecules were
eliminated. Meanwhile, we supplied the protein with
hydrogen atoms. The ligand was then removed from the
IDH1_R132H binding site and re-docked, and the
binding’s reliability was validated by comparing the
root mean square deviation of the two conformations.
The IDH1_R132H binding site was determined as a
region with a radius of 16 A around the geometric
centre of IDH1_R132H.Following that, the ligand was
placed into IDH1 R132H’s binding pocket, and the
CDOCKER module was run. Finally, we used 3D-
QSAR module to construct and display the
pharmacophores of the molecules.

Molecular dynamics simulation

The optimum ligand-IDH1_R132H conformation is
supplied into the molecular mechanics simulation
module after the molecular insertion procedure is
completed. A water model with explicit periodic
boundary solvation was used to solve the ligand-
IDH1 R132H complex in an orthorhombic box. After
that, sodium chloride with an ionic strength of 0.145
was added to the system to mimic the physical
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environment. After that, the CHARMM field is
simulated. The ligand was parameterized using the
CHARMM field. After that, the ligand was put
through 1000 energy minimization steps, 500 of which
were steepest descent and 500 of which were
conjugate gradient minimization. Finally, 0.227 is the
root mean square deviation. The system temperature
was slowly increased from 50 K to 300. Finally, using
the initial complicated arrangement as a guide, the
trajectory is generated using root mean square
deviation (RMSD), potential energy, and structural
parameters, and the trajectory protocol is tested in
Discovery Studio 4.5.

Abbreviations

2-HG: 2-hydroxyglutarate; AMES: Ames mutagenicity;
ADME: Absorption, Distribution, Metabolism, and
Excretion; BBB: Blood-brain barrier; CYP2DG6:
Cytochrome P4502D6; DS: Discovery Studio; DTP:
Developmental toxicity potential; PPB: Plasma protein
binding; IDH1: Isocitrate dehydrogenase 1; IDH2:
Isocitrate dehydrogenase 2; NTP: National Toxicology
Program; NADPH: Nicotinamide adenine dinucleotide
phosphate; RMSD: Root-mean-square deviation.

AUTHOR CONTRIBUTIONS

Zhoubao Lin, Lei Qin and Guangpeng Li were major
contributors in writing the manuscript, Jun Kuai and
Fang Yang downloaded datasets and conducted
analysis. Lu Yang performed the analysis of the results.
Peisheng Sun and Lanfang Zhang contributed to Figures
and Tables. Xinhui Wang supervised the study and
contributed to data analysis.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest related to
this study.

FUNDING

We thank the foundation (LHGJ20210534) for financial
support of this work.

REFERENCES

1. Patel T. Cholangiocarcinoma--controversies and
challenges. Nat Rev Gastroenterol Hepatol. 2011;
8:189-200.
https://doi.org/10.1038/nrgastro.2011.20
PMID:21460876

2. Krasinskas AM. Cholangiocarcinoma. Surg Pathol Clin.
2018; 11:403-29.

https://doi.org/10.1016/j.path.2018.02.005
PMID:29751883

3. Doherty B, Nambudiri VE, Palmer WC. Update on the
Diagnosis and Treatment of Cholangiocarcinoma. Curr
Gastroenterol Rep. 2017; 19:2.
https://doi.org/10.1007/s11894-017-0542-4
PMID:28110453

4. Esnaola NF, Meyer JE, Karachristos A, Maranki JL,
Camp ER, Denlinger CS. Evaluation and management
of intrahepatic and extrahepatic cholangiocarcinoma.
Cancer. 2016; 122:1349-69.
https://doi.org/10.1002/cncr.29692
PMID:26799932

5. Chun YS, Javle M. Systemic and Adjuvant Therapies
for Intrahepatic Cholangiocarcinoma. Cancer Control.
2017; 24:1073274817729241.
https://doi.org/10.1177/1073274817729241
PMID:28975832

6. Chong DQ, Zhu AX. The landscape of targeted
therapies for cholangiocarcinoma: current status and
emerging targets. Oncotarget. 2016; 7:46750-67.
https://doi.org/10.18632/oncotarget.8775
PMID:27102149

7. Borger DR, Tanabe KK, Fan KC, Lopez HU, Fantin VR,
Straley KS, Schenkein DP, Hezel AF, Ancukiewicz M,
Liebman HM, Kwak EL, Clark JW, Ryan DP, et al.
Frequent mutation of isocitrate dehydrogenase
(IDH)1 and IDH2 in cholangiocarcinoma identified
through broad-based tumor genotyping. Oncologist.
2012; 17:72-9.
https://doi.org/10.1634/theoncologist.2011-0386
PMID:22180306

8. Goyal L, Govindan A, Sheth RA, Nardi V, Blaszkowsky
LS, Faris JE, Clark JW, Ryan DP, Kwak EL, Allen JN,
Murphy JE, Saha SK, Hong TS, et al. Prognosis and
Clinicopathologic Features of Patients With Advanced
Stage Isocitrate Dehydrogenase (IDH) Mutant and IDH
Wild-Type Intrahepatic Cholangiocarcinoma.
Oncologist. 2015; 20:1019-27.
https://doi.org/10.1634/theoncologist.2015-0210
PMID:26245674

9. Mondesir J, Willekens C, Touat M, de Botton S. IDH1
and IDH2 mutations as novel therapeutic targets:
current perspectives. J Blood Med. 2016; 7:171-80.
https://doi.org/10.2147/JBM.S70716
PMID:27621679

10. Jiao Y, Pawlik TM, Anders RA, Selaru FM, Streppel
MM, Lucas DJ, Niknafs N, Guthrie VB, Maitra A,
Argani P, Offerhaus GJA, Roa JC, Roberts LR, et al.
Exome sequencing identifies frequent inactivating
mutations in BAP1, ARID1A and PBRM1 in
intrahepatic cholangiocarcinomas. Nat Genet. 2013;
45:1470-3.

wWww.aging-us.com

AGING


https://doi.org/10.1038/nrgastro.2011.20
https://pubmed.ncbi.nlm.nih.gov/21460876
https://doi.org/10.1016/j.path.2018.02.005
https://pubmed.ncbi.nlm.nih.gov/29751883
https://doi.org/10.1007/s11894-017-0542-4
https://pubmed.ncbi.nlm.nih.gov/28110453
https://doi.org/10.1002/cncr.29692
https://pubmed.ncbi.nlm.nih.gov/26799932
https://doi.org/10.1177/1073274817729241
https://pubmed.ncbi.nlm.nih.gov/28975832
https://doi.org/10.18632/oncotarget.8775
https://pubmed.ncbi.nlm.nih.gov/27102149
https://doi.org/10.1634/theoncologist.2011-0386
https://pubmed.ncbi.nlm.nih.gov/22180306
https://doi.org/10.1634/theoncologist.2015-0210
https://pubmed.ncbi.nlm.nih.gov/26245674
https://doi.org/10.2147/JBM.S70716
https://pubmed.ncbi.nlm.nih.gov/27621679

11.

12.

13.

14.

15.

16.

17.

18.

https://doi.org/10.1038/ng.2813
PMID:24185509

Dang L, White DW, Gross S, Bennett BD, Bittinger MA,
Driggers EM, Fantin VR, Jang HG, Jin S, Keenan MC,
Marks KM, Prins RM, Ward PS, et al. Cancer-
associated IDH1 mutations produce 2-
hydroxyglutarate. Nature. 2009; 462:739-44.
https://doi.org/10.1038/nature08617
PMID:19935646

Waitkus MS, Diplas BH, Yan H. Biological Role and
Therapeutic Potential of IDH Mutations in Cancer.
Cancer Cell. 2018; 34:186—95.
https://doi.org/10.1016/j.ccell.2018.04.011
PMID:29805076

M Gagné L, Boulay K, Topisirovic I, Huot ME, Mallette
FA. Oncogenic Activities of IDH1/2 Mutations: From
Epigenetics to Cellular Signaling. Trends Cell Biol.
2017; 27:738-52.
https://doi.org/10.1016/].tch.2017.06.002
PMID:28711227

Clark O, Yen K, Mellinghoff IK. Molecular Pathways:
Isocitrate Dehydrogenase Mutations in Cancer. Clin
Cancer Res. 2016; 22:1837-42.
https://doi.org/10.1158/1078-0432.CCR-13-1333
PMID:26819452

Molenaar RJ, Radivoyevitch T, Maciejewski JP, van
Noorden CJ, Bleeker FE. The driver and passenger
effects of isocitrate dehydrogenase 1 and 2 mutations
in oncogenesis and survival prolongation. Biochim
Biophys Acta. 2014; 1846:326—41.
https://doi.org/10.1016/j.bbcan.2014.05.004
PMID:24880135

Lai A, Kharbanda S, Pope WB, Tran A, Solis OE, Peale
F, Forrest WF, Pujara K, Carrillo JA, Pandita A,
Ellingson BM, Bowers CW, Soriano RH, et al. Evidence
for sequenced molecular evolution of IDH1 mutant
glioblastoma from a distinct cell of origin. J Clin
Oncol. 2011; 29:4482-90.
https://doi.org/10.1200/JC0.2010.33.8715
PMID:22025148

Bogdanovic E. IDH1, lipid metabolism and cancer:
Shedding new light on old ideas. Biochim Biophys
Acta. 2015; 1850:1781-5.
https://doi.org/10.1016/j.bbagen.2015.04.014
PMID:25960387

Bleeker FE, Lamba S, Leenstra S, Troost D, Hulsebos T,
Vandertop WP, Frattini M, Molinari F, Knowles M,
Cerrato A, Rodolfo M, Scarpa A, Felicioni L, et al. IDH1
mutations at residue p.R132 (IDH1(R132)) occur
frequently in high-grade gliomas but not in other
solid tumors. Hum Mutat. 2009; 30:7-11.
https://doi.org/10.1002/humu.20937
PMID:19117336

19.

20.

21.

22.

23.

24.

25.

Gatto L, Franceschi E, Tosoni A, Di Nunno V, Maggio |,
Lodi R, Brandes AA. IDH Inhibitors and Beyond: The
Cornerstone of Targeted Glioma Treatment. Mol
Diagn Ther. 2021; 25:457-73.
https://doi.org/10.1007/s40291-021-00537-3
PMID:34095989

Abou-Alfa GK, Macarulla T, Javle MM, Kelley RK,
Lubner SJ, Adeva J, Cleary JM, Catenacci DV, Borad
MJ, Bridgewater J, Harris WP, Murphy AG, Oh DY, et
al. Ivosidenib in IDH1-mutant, chemotherapy-
refractory  cholangiocarcinoma (ClarIDHy): a
multicentre, randomised, double-blind, placebo-
controlled, phase 3 study. Lancet Oncol. 2020;
21:796-807.
https://doi.org/10.1016/51470-2045(20)30157-1
PMID:32416072

Molenaar RJ, Radivoyevitch T, Nagata Y, Khurshed
M, Przychodzen B, Makishima H, Xu M, Bleeker
FE, Wilmink JW, Carraway HE, Mukherjee S,
Sekeres MA, van Noorden CJF, Maciejewski JP.
IDH1/2 Mutations Sensitize Acute Myeloid
Leukemia to PARP Inhibition and This Is Reversed
by IDH1/2-Mutant Inhibitors. Clin Cancer Res.
2018; 24:1705-15.
https://doi.org/10.1158/1078-0432.CCR-17-2796
PMID:29339439

Mellinghoff IK, Penas-Prado M, Peters KB, Burris HA
3rd, Maher EA, Janku F, Cote GM, de la Fuente M,
Clarke JL, Ellingson BM, Chun S, Young RJ, Liu H, et
al. Vorasidenib, a Dual Inhibitor of Mutant IDH1/2,
in Recurrent or Progressive Glioma; Results of a
First-in-Human Phase | Trial. Clin Cancer Res. 2021;
27:4491-9.
https://doi.org/10.1158/1078-0432.CCR-21-0611
PMID:34078652

Calvert AE, Chalastanis A, Wu Y, Hurley LA, Kouri FM,
Bi Y, Kachman M, May JL, Bartom E, Hua Y, Mishra RK,
Schiltz GE, Dubrovskyi O, et al. Cancer-Associated
IDH1 Promotes Growth and Resistance to Targeted
Therapies in the Absence of Mutation. Cell Rep. 2017;
19:1858-73.
https://doi.org/10.1016/j.celrep.2017.05.014
PMID:28564604

Gusyatiner O, Hegi ME. Glioma epigenetics: From
subclassification to novel treatment options. Semin
Cancer Biol. 2018; 51:50-8.
https://doi.org/10.1016/j.semcancer.2017.11.010
PMID:29170066

Montalban-Bravo G, DiNardo CD. The role of IDH
mutations in acute myeloid leukemia. Future Oncol.
2018; 14:979-93.
https://doi.org/10.2217/fon-2017-0523
PMID:29543066

wWww.aging-us.com

5490

AGING


https://doi.org/10.1038/ng.2813
https://pubmed.ncbi.nlm.nih.gov/24185509
https://doi.org/10.1038/nature08617
https://pubmed.ncbi.nlm.nih.gov/19935646
https://doi.org/10.1016/j.ccell.2018.04.011
https://pubmed.ncbi.nlm.nih.gov/29805076
https://doi.org/10.1016/j.tcb.2017.06.002
https://pubmed.ncbi.nlm.nih.gov/28711227
https://doi.org/10.1158/1078-0432.CCR-13-1333
https://pubmed.ncbi.nlm.nih.gov/26819452
https://doi.org/10.1016/j.bbcan.2014.05.004
https://pubmed.ncbi.nlm.nih.gov/24880135
https://doi.org/10.1200/JCO.2010.33.8715
https://pubmed.ncbi.nlm.nih.gov/22025148
https://doi.org/10.1016/j.bbagen.2015.04.014
https://pubmed.ncbi.nlm.nih.gov/25960387
https://doi.org/10.1002/humu.20937
https://pubmed.ncbi.nlm.nih.gov/19117336
https://doi.org/10.1007/s40291-021-00537-3
https://pubmed.ncbi.nlm.nih.gov/34095989
https://doi.org/10.1016/S1470-2045(20)30157-1
https://pubmed.ncbi.nlm.nih.gov/32416072
https://doi.org/10.1158/1078-0432.CCR-17-2796
https://pubmed.ncbi.nlm.nih.gov/29339439
https://doi.org/10.1158/1078-0432.CCR-21-0611
https://pubmed.ncbi.nlm.nih.gov/34078652
https://doi.org/10.1016/j.celrep.2017.05.014
https://pubmed.ncbi.nlm.nih.gov/28564604
https://doi.org/10.1016/j.semcancer.2017.11.010
https://pubmed.ncbi.nlm.nih.gov/29170066
https://doi.org/10.2217/fon-2017-0523
https://pubmed.ncbi.nlm.nih.gov/29543066

26.

27.

28.

29.

30.

Kim GH, Choi SY, Oh TI, Kan SY, Kang H, Lee S, Oh T,
Ko HM, Lim JH. IDH1R*32H Causes Resistance to HDAC
Inhibitors by Increasing NANOG in Glioblastoma Cells.
Int J Mol Sci. 2019; 20:2679.
https://doi.org/10.3390/ijms20112679
PMID:31151327

Yan H, Parsons DW, Jin G, McLendon R, Rasheed BA,
Yuan W, Kos |, Batinic-Haberle I, Jones S, Riggins GJ,
Friedman H, Friedman A, Reardon D, et al. IDH1 and
IDH2 mutations in gliomas. N Engl J Med. 2009;
360:765-73.
https://doi.org/10.1056/NEJM0a0808710
PMID:19228619

Fenaux P, Platzbecker U, Ades L. How we manage
adults with myelodysplastic syndrome. Br J Haematol.
2020; 189:1016-27.
https://doi.org/10.1111/bjh.16206

PMID:31568568

Fiorentini A, Capelli D, Saraceni F, Menotti D, Poloni
A, Olivieri A. The Time Has Come for Targeted
Therapies for AML: Lights and Shadows. Oncol Ther.
2020; 8:13-32.
https://doi.org/10.1007/s40487-019-00108-x
PMID:32700072

Lowery MA, Burris HA 3rd, Janku F, Shroff RT, Cleary
JM, Azad NS, Goyal L, Maher EA, Gore L, Hollebecque
A, Beeram M, Trent JC, Jiang L, et al. Safety and
activity of ivosidenib in patients with IDH1-mutant
advanced cholangiocarcinoma: a phase 1 study.
Lancet Gastroenterol Hepatol. 2019; 4:711-20.
https://doi.org/10.1016/52468-1253(19)30189-X
PMID:31300360

31.

32.

33.

34.

35.

Wu H, Liu Y, Guo M, Xie J, Jiang X. A virtual screening
method for inhibitory peptides of Angiotensin I-
converting enzyme. J Food Sci. 2014; 79:C1635-42.
https://doi.org/10.1111/1750-3841.12559
PMID:25154376

Warren GL, Andrews CW, Capelli AM, Clarke B,
LaLonde J, Lambert MH, Lindvall M, Nevins N, Semus
SF, Senger S, Tedesco G, Wall ID, Woolven JM, et al. A
critical assessment of docking programs and scoring
functions. J Med Chem. 2006; 49:5912-31.
https://doi.org/10.1021/jm050362n

PMID:17004707

Rao SN, Head MS, Kulkarni A, LaLonde JM. Validation
studies of the site-directed docking program LibDock.
J Chem Inf Model. 2007; 47:2159-71.
https://doi.org/10.1021/ci6004299

PMID:17985863

Ng KM, Solayappan M, Poh KL. Global energy
minimization of alanine dipeptide via barrier function
methods. Comput Biol Chem. 2011; 35:19-23.
https://doi.org/10.1016/j.compbiolchem.2010.12.003
PMID:21317044

Brooks BR, Brooks CL 3rd, Mackerell AD Jr, Nilsson L,
Petrella RJ, Roux B, Won Y, Archontis G, Bartels C,
Boresch S, Caflisch A, Caves L, Cui Q, et al. CHARMM:
the biomolecular simulation program. J Comput
Chem. 2009; 30:1545-614.
https://doi.org/10.1002/jcc.21287

PMID:19444816

wWww.aging-us.com

5491

AGING


https://doi.org/10.3390/ijms20112679
https://pubmed.ncbi.nlm.nih.gov/31151327
https://doi.org/10.1056/NEJMoa0808710
https://pubmed.ncbi.nlm.nih.gov/19228619
https://doi.org/10.1111/bjh.16206
https://pubmed.ncbi.nlm.nih.gov/31568568
https://doi.org/10.1007/s40487-019-00108-x
https://pubmed.ncbi.nlm.nih.gov/32700072
https://doi.org/10.1016/S2468-1253(19)30189-X
https://pubmed.ncbi.nlm.nih.gov/31300360
https://doi.org/10.1111/1750-3841.12559
https://pubmed.ncbi.nlm.nih.gov/25154376
https://doi.org/10.1021/jm050362n
https://pubmed.ncbi.nlm.nih.gov/17004707
https://doi.org/10.1021/ci6004299
https://pubmed.ncbi.nlm.nih.gov/17985863
https://doi.org/10.1016/j.compbiolchem.2010.12.003
https://pubmed.ncbi.nlm.nih.gov/21317044
https://doi.org/10.1002/jcc.21287
https://pubmed.ncbi.nlm.nih.gov/19444816

SUPPLEMENTARY MATERIALS
Supplementary Figure

A

Supplementary Figure 1. Schematic drawing of interactions between ligands and IDH1_R132H and the lonizability surface
of the junction pocket was added, blue represented basic ionization, red represented acid ionization, and ligands were
shown in sticks, the structure around the ligand-receptor junction were shown in thinner sticks. (A) ZINCO00004098459 (B)
ZINC000049872393 (C) Vorasidenib (D) Ivosidenib.
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