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Abstract

Immunotherapy is an advanced method of cancer treatment. Immune checkpoint inhibition, using small
molecule inhibitors to impede the functioning of immune checkpoints, is a common strategy applied in
immunotherapy. T cell immunoreceptor with immunoglobulin and ITIM domain (TIGIT) is an immune checkpoint
that impedes T cell functioning against tumor cells. This research focuses on finding suitable small molecules
for TIGIT inhibition, thereby enhancing the immune system’s defense against cancer cells. In the beginning, the
binding sites on TIGIT were identified. TIGIT/CD112 and TIGIT/CD155 pharmacophore models were then used
for virtual screening to identify potential small molecule TIGIT binders. The energy of interactions was further
estimated by molecular docking using SwissDock, and the small molecules with more favorable interaction with
TIGIT were advanced to further screening. Microscale thermophoresis was performed to validate physical
interaction of the small molecules with TIGIT. Subsequently, AlphaLISA and the Promega blockade bioassay
were applied to examine whether the small molecules could inhibit TIGIT/CD112 or TIGIT/CD155 interaction.
Herein, one small molecule was successfully identified and validated to be useful for TIGIT inhibition in both
cell-free and cell-based assays. This promising result sets the stage for future in vivo testing, in which the
effectiveness of TIGIT inhibition in suppressing mice tumor growth will be evaluated.

Keywords: TIGIT, immune checkpoint inhibitor, immunotherapy, cancer, small molecule

TABLE OF CONTENT:

N = 30 8 X O 2
INTRODUCGTION ...t s s s s s s s s s s s s s m s s s s s m s s s s s n s e s nnnnnn 3
METHODS ...t s s s s s s s s s s m s s s s s n s s s m s na s s nrn s 5
Do T ST (=1 Yoo = PP 5
L ST (PP 5
PraNK VD . ... e 5
PharmacopnOre QUETY .. ... e e 5
Virtual Screening Using PharmacCophore. . ... . ... 5
1Y To][=To1U ] =1 T Yo U] o T PP 6
Drug Properties Prediction by SwissADME and Druglikeness Evaluation Using the Lipinski’s
RUI . e e 6
Microscale Thermophoresis (MST). ... .. . et e e 6
o] =TI PP 7
H D O CK. . e e 7
Promega BloCKade BiO@SSaY.........cuiuiuiieiiii e 8
RESULTS & DISCUS SION . ... e 8
Determination of Binding Sites on TIGIT.. SEPPPPUPPOPRRURRNE -
Using the Interaction of TIGIT with Other Proteins to Target Possible Blndlng Small Molecules to
1 L O PRSP ST 9
Identification of Possible Binding Molecules Using the Structure of Interaction Between TIGIT and
O 0 B e PP 9
Investigation on the Binding Affinity of TIGIT with CD155and CD112........ccciiuiiiiiiiii e 13
Identification of Possible Binding Molecules Using the Structure of Interaction Between TIGIT and
L0 0 B T PP 14



[0 0 =3 =TT 1] o T 18

CONGCLUSION.... . s s ra s e e e e nnnns 18
ACKNOWLEDGEMENTS........oiiiii e s s e s e s 18
REFERENCES ... s e 19

1. Introduction

Cancer is one of the most severe and intimidating diseases of the 20th and 21st centuries [1]. Cancer has
caught great attention in the past few decades, and its incidence has increased dramatically [1]. Between 2010
to 2019, global cancer incidence increased by 26%, and global cancer death increased by 21% [2]. It is the
second leading cause of death globally, with about 9.9 million deaths in 2020 [2]. In 2023, about 1.96 million
new cancer cases and 610 thousand cancer deaths are predicted to occur in the United States [3]. As cancer
has become one of the most fatal diseases around the globe, cancer therapy remains a challenge and has
become an important focus in modern science.

Cancer stems from normal human cells that have transformed into tumor cells [4]. Unlike benign tumors,
cancerous tumors develop toward other body parts and invade other organs [5]. There are currently more than
100 known cancer types, with the most common being lung, breast, and colorectal cancer [6]. The specific
reason cancer damages the body varies between cancer types. However, the general mechanism is that cancer
cells destroy normal body cells, block nutrient or oxygen supply, and allow waste to build up in the body [7].

Various methods for curing cancer have been developed. Primary treatments include surgery, radiation
therapy, chemotherapy, and immunotherapy [8]. The first three treatments (surgery, radiation therapy,
chemotherapy) are traditional methods used for cancer therapy. However, these treatments contain multiple
side effects. For surgical treatment, one of the earliest forms of cancer treatment, complete treatment of cancer
is challenging, and only localized tumors may be entirely removed [8]. Unremoved cancer cells can regrow into
new tumors and spread to other parts of the body [8]. Radiation therapy uses high-energy radiation to eliminate
cancer cells’ ability to divide and replicate, eventually killing cancer cells [9]. However, radiation therapy may
damage healthy tissues, causing skin rashes and inflammation. More than 77% of patients reported
experiencing acute toxicity of grade 3 or higher after receiving radiation therapy [10]. Chemotherapy, which uses
cytotoxic chemicals to kill the tumor, might damage healthy cells and frequently fail to work [11]. On the other
hand, immunotherapy utilizes the immune system to treat cancer. It is a novel approach that does not contain
acute side effects and is relatively safe compared to other therapies since it uses the body’s immune system to
fight against cancer [12].

The key mechanism of immunotherapy is to stimulate the immune system, allowing the immune system to
attack cancer cells and tumor tissues [12]. Immunotherapy first developed in the 19" century, when Dr. William
Coley used bacterial toxins against cancer patients, triggering anti-tumor responses in some patients [13].
However, it was not until the 1960s that T cells were recognized for their significant role in anti-tumor immune
responses, followed by the increasing use of T cell growth factor interleukin-2 (IL-2) [13]. Currently, two major
types of immunotherapies exist: cellular immunotherapy for tumors and immune checkpoint inhibition [14].
Immunotherapy has grown to become a powerful method in cancer treatment. The number of approved
immunotherapy drugs and successful clinical cases has increased dramatically since the 215 century [15].

Immune checkpoints are part of the immune system. They are located on T cells’ surface and serve as
immune system regulators [12]. Immune checkpoints reduce the excessive inflammation of the body [12]. They
are an exceedingly vital part of the body, without them, the immune system will react perpetually, killing the
human body. However, tumors hijack the inhibitory response to prevent the attack of T cells and hinder anti-



tumor immune responses [12]. Immune checkpoint inhibitors work by lowering the activity of immune
checkpoints, activating T cells, and allowing the immune system to attack tumor tissues further [16]. Previous
research on immune checkpoint inhibition mainly deals with two immune checkpoints, cytotoxic T lymphocyte-
associated protein 4 (CTLA-4) and programmed cell death protein 1 / programmed cell death ligand-1 (PD-
1/PD-L1) [17]. Both have shown promising progress and results in clinical trials [18]. PD-1 inhibitors are more
commonly investigated [18]. PD-1 inhibitors can increase T cell activity and obstruct tumor growth
simultaneously [19]. PD-1 inhibitors have been used in lung, head, neck, and kidney cancer, while CTLA-4
inhibitors are mainly used in severe melanoma [19]. By 2018, four drugs regarding immune checkpoint inhibition
had been approved by the Food and Drug Administration (FDA) against various types of cancer [12].
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Figure 1. Timeline for the development of immune checkpoint inhibition therapy poliovirus receptor (PVR
since the 1980s [12]. or CD155) and poliovirus

receptor-related 2 (PVRL2, nectin-2, or CD112) [20]. CD155 is present in both healthy tissues and tumors, as
well as antigen-presenting cells (APCs) in tumor microenvironment (TME) [22]. Its large presence on tumor cells
facilitates tumor growth and the spread of tumor cells [23]. For example, PVRL1 (nectin-1 or CD111) promotes
TIGIT-mediated T cell deactivation by stabilizing the CD155 present in tumor cells. The depletion of PVRL1
stimulates T cells’ activation and reduces tumor cell growth [21]. Studies have further shown that inhibition of
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CTLA-4 and PD-1 only triggers activation of T cells, while inhibition of TIGIT encourages the immune responses
of both NK cells and T cells, a unique property among other immune checkpoints [24]. Blockage of TIGIT
reverses the exhaustion of anti-tumor NK cells and decelerates tumor growth, extending the host’s survival in
vivo [24]. With these essential properties, targeting TIGIT and finding its inhibitors is a promising and critical
strategy in cancer immunotherapy. However, more research on TIGIT inhibition needs to be performed. The
field of TIGIT inhibition is little explored but beholds extensive value.
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to TIGIT are selected. The molecules’ drug-likeliness is then examined, choosing druggable molecules. Lastly,
the selected molecules are purchased, and experiments using MST, AlphaLISA, and the Promega blockade
bioassay are performed to determine whether the molecules successfully bind to TIGIT and can inhibit the
interaction between TIGIT and CD112 or CD155.

2. Methods

21 DoGSiteScorer

There are four primary methods to identify binding sites in proteins: the geometric method, the energetic-
based method, the machine learning method, and the template-based method. In this research, the first three
methods are used to identify binding sites on TIGIT.

DoGSiteScorer (https://proteins.plus/) uses the geometric method to identify potential binding sites on a
protein [25]. Geometric methods rely on detecting the size of binding sites. Thus, DoGSiteScorer is a grind-
based approach solely based on the 3D structure of the protein. When the results are presented, the volume
surface area and drug score will also be calculated.

By entering the PDB-Code in the search box on ProteinPlus and pressing “Go”, the website displays the
targeted protein’'s 3D structure, and various available functions will be introduced on the right. Select
“DoGSiteScorer” and fill in the settings, then press “Calculate” to identify the potential binding sites.

2.2 FT Site

The premise behind the energy-based method FT Site [26] is the experimental evidence that binding sites
bind with small molecules with different polarities. FT Site is available at https:/ftsite.bu.edu/.

After entering the name of the protein, PDB ID, and email address, press “Find My Binding Site” to begin
search.

2.3 PrankWeb

PrankWeb (https://prankweb.cz/) is a novel resource providing interface to P2Rank, a type of machine
learning method to identify binding sites [27]. PrankWeb is based on the prediction of local chemical
neighborhood ligandability centered on the protein surface.

After entering the PDB code on PrankWeb and changing the default settings, select “Submit” to predict the
binding sites.

2.4 Pharmacophore query

PocketQuery (http://pocketquery.csb.pitt.edu/) is a web interface aimed to explore the interactions between
different proteins and binding sites [28]. By using PDB codes, which represent protein-protein interaction
molecular models, PocketQuery identifies the druggable clusters on each chain of the structure. The results
include size, maximum cluster distance (Dist), FastContact energy (AG), rosetta energy (AAG), absolute change
in solvent accessible surface area (ASASA), relative ASASA, and cluster score [29].

On the PocketQuery website, enter the PDB ID and select “Search”, the results will be shown on the right
side. Double click “Score” on the top right corner, and the results will be displayed from highest cluster score to
lowest cluster score.

2.5 \Virtual Screening Using Pharmacophore
ZINCPharmer (http://zincpharmer.csb.pitt.edu/) is an online pharmacophore search software. By using the
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clusters from PocketQuery and selecting certain pharmacophore classes, ZINCPharmer screens for small
molecules that contain similar structures from the ZINC database using the Pharmer open-source
pharmacophore search technology [30].

After selecting the top five scoring designated clusters, press “Export” and select “Send to ZINCPharmer.”
Then, press “Viewer” and turn down the “Receptor Residues.” Zoom in to have a closer look at the cluster.
Select three criteria under “Pharmacophore” and press “Submit Query.” Rank the results from lowest to highest
RMSD. Choose the three results with the lowest RMSD.

2.6 Molecular Docking

Swissdock (http://www.swissdock.ch/docking) is an online platform that provides docking for small
molecules against target proteins. Swissdock uses theoretical methods to calculate the energy of interaction
between small molecules and proteins. It uses the EADock DSS engine to operate [31]. All calculations are
done by the server. The docking data, the target protein structures, and the ligands are presented [31].

Submit the target protein in the “Target selection” by searching it with the protein’s URL and PDB code or
uploading a mol2 standard protein file. Submit the “Ligand selection” by searching the ZINC AC or uploading a
mol2 standard ligand file. Then, enter the project’'s name and user email to receive the notification when the
result comes out. Press “Start Docking” to begin the molecular docking. Several hours are needed for the
calculation.

2.7 Drug Properties Prediction by SwissADME and Druglikeness Evaluation Using
the Lipinski’s Rule

The SwissADME (http://www.swissadme.ch/) platform is used to predict the properties of drug compounds.
Chemical properties, drug-likeness, pharmacokinetics, and detailed information such as molecular mass,
number of hydrogen bonds, and water solubility are provided [32].

Collect SMILES from ZINC 12 (https://zinc12.docking.org/) by entering the ZINC ID of the molecule in the
“Quick Search Bar.” Then submit SMILES into the “Enter a list of SMILES here:” section on SwissADME. Click
“Run” to begin the search. A detailed depiction of the molecule will be provided. Features such as molecular
weight, lipophilicity, hydrogen donor count, and hydrogen acceptor count are essential for determining the
druggability of the compound.

Lipinski’s rule is further applied to estimate if a molecule is druggable. Lipinski’s rule has four standards:
the target molecule should have a molar mass of less than 500 Dalton (g/mol), less than five hydrogen bond
donors, less than ten hydrogen bond acceptors, and a calculated LogP value of less than five. These standards
help evaluate if a molecule has good absorption and permeation as a drug.

2.8 Microscale Thermophoresis (MST)

There are multiple methods to detect protein-small molecule interactions. Common approaches to
investigate protein—small molecule interactions include Surface Plasmon Resonance (SPR), Isothermal Titration
Calorimetry (ITC), and Microscale Thermophoresis (MST). SPR measures the change in the local refractive
index near the surface of a thin metal sheet [33], ITC examines the heat change during a binding interaction
[34], and MST detects the change in molecular movement in a temperature gradient before and after binding
[35]. MST is a free solution method that works in standard buffers and biological liquids. This research adopts
MST to test whether the selected druggable small molecule will successfully bind to TIGIT.

Monolith NT.115 instrument from NanoTemper is used to assess the compounds/TIGIT interaction. His-
tagged human TIGIT is purchased from SinoBiological and is labeled with His-tag Labeling Kit RED-tris-NTA



2nd Generation from NanoTemper (Cat #MO-L018). TIGIT is dissolved in PBS buffer (pH 7.4) with 0.1% bovine
serum albumin (BSA) and 0.05% Tween 20. The concentration of the fluorescently labeled TIGIT is kept
constant at 50 nM. A volume of 5 L of the corresponding samples is filled in MST capillaries with a final DMSO
concentration of 2%. Subsequently, the samples within the capillaries are incubated for 20 min at room
temperature prior to the measurements. Changes in thermophoretic properties are recorded as changes in
fluorescence intensity against various concentrations of the tested compounds with fluorescently labeled TIGIT.
Normalized changes in fluorescence (Fnorm) against the compound concentration are plotted to obtain dose-
response curves. Fnom is the ratio of fluorescence measured before and during thermophoresis. A continuous
change in From as the concentration of the small molecule increases indicates successful binding between the
protein and small molecule. The experiment is performed in triplicates in three independent runs.

29 AlphaLISA

AlphaLISA is a method used to evaluate the ability of small molecules to inhibit protein-protein interaction.
The mechanism of AlphaLISA is based on the donor bead’s ability to produce singlet oxygen under laser
irradiation and to trigger chemiluminescent emission in the acceptor bead [36]. If inhibition is successful, the
donor and acceptor would be too far away for luminescence to occur, and the activity will decrease as the
concentration of the inhibitor increases.
10, The TIGIT : protein assay kit is purchased from BPS Bioscience,
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Figure 3. Mechanism of AphalISA [36]. (o, Activity) against the logarithm of protein concentration (Log[pM]).
Percent activity is a measurement of fluorescent intensity. The experiment is performed in triplicates in three
independent runs.

Table 1. The amount of solution added to each well [37].

Blank | Positive Control | Test Inhibitor

3x Immuno Buffer 1 2 uL 2 uL 2 uL
CD112-His (5 ng/uL) 2L 2L 2 uL
Distilled Water 2 uL 2 uL 2 uL
Test Inhibitor - - 2L
Inhibitor Buffer (no inhibitor) | 2 pL 2L -

1x Immuno Buffer 1 2L - -

TIGIT-bioton (4 ng/uL) - 2L 2 uL
Total 10 L 10 uL 10 uL

210 HDOCK

HDOCK (http://hdock.phys.hust.edu.cn/) is a server designed to investigate protein-protein docking [38].
The interaction of the proteins is estimated using a hybrid algorithm of template-based and template-free
docking [38]. The results include docking score, confidence score, ligand RMSD (A), and interface residues.
Binding models are ranked based on their docking score. The scores are relative and do not represent the true
binding affinity [38]. A more negative docking score indicates a more favorable interaction.
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To start the docking process, provide the receptor molecule in the “input receptor molecule” section and
the ligand molecule in the “input ligand molecule” section by using one of the four options on the website. Press
“submit” to start docking.

211 Promega Blockade Bioassay

The Promega blockage bioassay measures the inhibition strength of small molecules against targetimmune
checkpoints in a cell-based environment [39]. The TIGIT/CD155 blockade bioassay contains TIGIT effector cells
and CD155 aAPC/CHO-K1 cells. The TIGIT effector cell contains TIGIT and a luciferase reporter, which can
respond to both T cell receptor activation and CD226 co-stimulation [39]. By co-culturing the two cell types,
TIGIT inhibits CD226 activated luminescence [39]. When an inhibitor is added, the ability of TIGIT to prevent
CD226 activation is inhibited, promoting luminescence.

Prepare the TIGIT effector cell, CD155 aAPC/CHO-K1 cell, and test small molecules by following the
TIGIT/CD155 blockade bioassay technical manual. After preparation, 120 uL of TIGIT effector cells are added
to each well and incubated overnight in a 37°C, 5% CO:2 incubator. Subsequently, add 20 uL of tested small
molecules with different concentrations and 20 yL of CD155 aAPC/CHO-K1 cells to each well. The mixture is
incubated at 37°C for six hours. 120 uL of Bio-Glo™ reagent is then added to each plate and incubated for 5-
10 minutes. Results are measured using a luminometer.

3. Results & Discussion

3.1 Determination of Binding Sites on TIGIT
Using the following three means to identify potential binding sites on TIGIT ensures that small molecules
can bind to TIGIT.

3.1.1 DoGSiteScorer

Protein Plus DoGSiteScorer identified three possible binding sites on the chains A and B of TIGIT (Table 2
and Figure 4), one on chain A and two on chain B. Three properties of the binding sites are provided: the volume,
surface area, and drug score. The largest binding site is P_0 on chain B, represented in yellow on the right-
hand figure in Figure 4. It has a volume of 170.43 A®and a surface area of 326.7 A2. It also has the highest drug
score, 0.49. All of these data make P_0 on chain B the most druggable binding site on chains A and B of TIGIT.

Table 2. The three binding sites on chain A & B predicted by DoGSiteScorer.

Name Volume (A3) Surface (A?) Drug Score
P_0 (Chain A) 166.91 273.12 0.28
P_0 (Chain B) 170.43 326.7 0.49
P_1 (Chain B) 135.04 224.6 0.00




Figure 4. DoGSiteScorer predicted binding sites on chain A (left) and chain B (right) of TIGIT (represented in
yellow & purple).

3.1.2 FT Site

Three binding sites are detected using FT site, represented in purple, blue and green in Figure 5.

Figure 5. FT site predicted binding sites (represented in pink, purple & green).

3.1.3 PrankWeb

Two binding sites are predicted by PrankWeb. The pocket with the highest pocket score (4.61) and
probability score (0.212) is pocket 1, represented in blue in Figure 6.

Table 3. Two binding sites predicted by PrankWeb on TIGIT.

Pocket Pocket Score Probability score AA Count
4.61 0.212 16
2 4.52 0.207 13
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Figure 6. PrankWeb predicted binding sites (represented in blue & red).
All three methods indicated possible binding sites on TIGIT, ensuring that binding to TIGIT is feasible. The
following experiment searches for small molecules that contain specific structures that allow binding to TIGIT.

3.2 Using the Interaction of TIGIT with Other Proteins to Target Possible Binding
Small Molecules to TIGIT

3.2.1 Identification of Possible Binding Molecules Using the Structure of Interaction
Between TIGIT and CD112



The pharmacophore of CD112 and CD155 is crucial in the search for binding molecules to TIGIT [40]. Since
most clinical trials focus on TIGIT/CD112 interaction, with PocketQuery, the pharmacophore model (PDB code:
5V52) of CD112 binding to TIGIT is identified first. Virtual screening is then used to search for molecules that
possess such features.

3.21.1 PocketQuery
The top five highest-scoring results of PocketQuery are listed. Scoring differentiates the druggability of the

clusters. A higher score indicates the cluster has a higher affinity and matching to the binding sites on TIGIT.
Cluster 1 has the highest score 0.831758, the highest Av AGFC -3.64 (absolute value), and the highest Av
ASASA 127.16. The five clusters are then used to perform virtual screening.

Table 4. Top five clusters with scoring from PocketQuery (CD112).

Cluster Residue Ch | sz Dist Av AGF® | Av AAGR | Av ASASA | Av ASASA% Score

1 PHE145 D 1 0 -3.64 2.156 127.16 775 0.831758

2 PHE145; LEU67 D 2 11.1451 | -2.96 1.8113 93.345 59.85 0.747289

3 PHE145; LEUG67; | D 3 11.1451 | -2.11667 1.31003 76.6867 48.0667 0.708706
TYR64

4 MET89 D 1 0 -1.27 0.3188 73.5 47 0.696018

5 PHE145; LEUG67; | D 4 11.1451 | -1.62 1.30465 64.495 57.65 0.695621
TYR64; GLY148

[

Figure 7. Molecular structure for top five scoring clusters from PocketQuery.

3.21.2 Virtual Screening
By applying virtual screening using ZINCPharmer, the three lowest RMSD (Root-mean-square deviation of

atomic positions) results from each cluster are presented in Table 5, which gives a total of fifteen molecules. A
lower RMSD indicates a better matching between the molecules and the clusters.

Table 5. Results for top three molecules from each cluster (total of 15) with lowest RMSD from ZINCPharmer.

Cluster Pharmacophore X y z Radius Name RMSD | Mass
Class
1 Hydrophobic -0.38 17.37 | -44.06 | 1.00 ZINC77785621 | 0.000 | 324
Aromatic -0.38 17.37 | -44.06 | 1.10 ZINC36225700 | 0.000 | 292
Hydrogen Donor 3.52 14.88 | -46.44 | 0.50 ZINC72262118 | 0.000 | 437
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2 Hydrophobic -0.38 17.37 | -44.06 | 1.00 ZINC00628285 | 0.000 | 502
Aromatic -0.38 17.37 | -44.06 | 1.10 ZINC40255765 | 0.000 | 482
Hydrophobic 10.56 | 10.20 | -39.21 | 1.00 ZINC40192954 | 0.000 | 480

3 Hydrophobic -0.38 17.37 | -44.06 | 1.00 ZINC70678006 | 0.000 | 383
Hydrogen Donor 5.71 18.45 | -47.94 | 0.50 ZINC93468196 | 0.000 | 354
Hydrogen Acceptor | 5.71 18.45 | -47.94 | 0.50 ZINC93468121 0.000 | 289

4 Hydrogen Acceptor | 18.54 15.79 | -35.11 | 0.50 ZINC78252803 | 0.005 | 311
Hydrogen Donor 15.42 17.41 -35.91 | 0.50 ZINC78252803 | 0.005 | 311
Hydrophobic 12.82 |16.32 | -32.92 | 1.00 ZINC94486449 | 0.005 | 246

5 Hydrophobic -0.38 17.37 | -44.06 | 1.00 ZINC67909114 | 0.006 | 310
Aromatic 7.58 19.23 | -43.15 | 1.10 ZINC02456504 | 0.006 | 441
Hydrogen Donor 5.71 18.45 | -47.94 | 0.50 ZINC20190112 | 0.007 | 461

The fifteen small molecules selected have the highest matching with the five pharmacophores on CD112,
which means these molecules have a higher possibility of binding to TIGIT. The following experiment will
examine the affinity and thermodynamic data of the molecule’s interaction with TIGIT.

3.21.3 Molecular Docking Results for TIGIT

The result of each compound’s Swissdocking is presented in Table 6. The lowest binding energy of the
compound with TIGIT is expressed using the estimated Gibbs free energy (AG). A more negative AG means a
more favorable interaction between TIGIT and the molecule. ZINC67909114 (-10.94), ZINC20190112 (-10.16),
and ZINC00628285 (-9.60) are the top three molecules with the most negative AG. These three molecules are
more favorable in binding to TIGIT than other molecules.

Table 6. List of the Lowest Binding Free Energy from Swissdock.

Compound Cluster | Full Fitness (kcal/mol) | Estimated AG (kcal/mol)
ZINC77785621 | 8 -2298.34 -7.67
ZINC36225700 | O -2260.77 -7.68
ZINC72262118 | 7 -2205.93 -8.52
ZINC00628285 | 1 -2202.06 -9.60
ZINC40255765 | 17 -2255.54 -7.83
ZINC40192954 | 3 -2259.50 -7.59
ZINC70678006 | 1 -2260.60 -7.89
ZINC93468196 | 4 -1948.68 -7.86
ZINC93468121 | 11 -2247.63 -7.11
ZINC78252803 | 14 -2203.04 -8.26
ZINC94486449 | 26 -2232.88 -7.26
ZINC67909114 | 7 -2207.16 -10.94
ZINC02456504 | 1 -2193.97 -7.68
ZINC20190112 | 13 -2260.55 -10.16

ZINC77785621 ZINC36225700 ZINC72262118 ZINC00628285 ZINC40255765
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3.21.4

Among the three molecules

Figure 8. Molecular docking results of selected molecules from Swissdock.
The next experiment testifies the druglikeness of the three molecules with the highest binding affinity to

TIGIT. The results help determine their possibility of being utilized as immune checkpoint inhibitors.

Drug Properties Estimated by SwissADME

(ZINC67909114, ZINC20190112, ZINC00628285),

(ZINC67909114, ZINC20190112) follow the Lipinski’s rule. The two molecules are highly possible of drug utility.

Table 7. The druglikeness of the molecules.

two of which

Number of Calculated Molecular mass Number of Druglikeness

hydrogen bond LogP value hydorgen bond according to

donors acceptors the Lipinski’s

rule
ZINC67909114 | 2 3.08 310.41 1 Yes
ZINC20190112 | 2 4.18 461.08 1 Yes
ZINC00628285 | 2 2.60 501.98 5 No
3.21.5 Commercial Availability

The commercial availability of the two druggable molecules is investigated using the ZINC database. Only
ZINC67909114 is commercially available. Thus, subsequent research proceeded with ZINC67909114.
Detection of Protein-Small Molecule Interaction Using MST

By using microscale thermophoresis (MST), the result shows that as the concentration of ZINC67909114
increases, the percent normalized fluorescent intensity (%Fnom) does not vary significantly. This indicates that

3.2.1.6
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ZINC67909114 does not bind to TIGIT, and no TIGIT/ZINC67909114 interaction is present, even at high

concentrations up to 30 M.
500

1

450

Fnonn[$él

400

T T —TTTTTT
3 30

[ZINC67909114] uM
Figure 9. Monitoring fluorescence change using MST to assess the TIGIT binding affinity with ZINC67909114.
3.2.1.7 Investigation of ZINC67909114 on TIGIT Inhibition in a Cell-free
Wnvironment
By using AlphaLISA, the result indicates that as the concentration of ZINC67909114 increases, the percent
activity remains constant. Therefore, ZINC67909114 fails to inhibit the interaction between TIGIT and CD112,
even at high concentrations of up to 50 pM.

1004s 5 o s

o

80

60

% Activity

40

20

0 1 I I 1 1
0 10 20 30 40 50

[ZINC67909114] uM
Figure 10. Using the change in percent activity from AlphaLISA to evaluate ZINC67909114 inhibition of
TIGIT/CD112 interaction.
The two experiments show that ZINC67909114 fails to function as an inhibitor for TIGIT.

3.2.2 Investigation on the Binding Affinity of TIGIT with CD155 and CD112

The failure of the previous approach indicates that using the structure of interaction between TIGIT and
CD112 fails to identify small molecules for TIGIT inhibition. In subsequent research, another binding protein is
needed to screen for potential inhibitors. CD155 is another binding protein to TIGIT. The pharmacophore model
of TIGIT with CD155 should also be applicable in pharmacophore screening. HDOCK is used to estimate the
relative binding affinity of TIGIT with CD155 and CD112. The results from HDOCK indicate that TIGIT has a
higher binding affinity toward CD155 than CD112, as the interaction of different binding models of TIGIT to
CD155 is more favorable than that of TIGIT to CD112. This means using the pharmacophore model of
TIGIT/CD155 to screen for potential inhibitors should be more promising than using the pharmacophore model

of TIGIT/CD112.

Table 8. Predicted Interaction Between TIGIT and CD112.

Rank 1 2 3 4 5 6 7 8 9 10
Docking Score | -331.64 | -223.26 | -220.01 | -211.48 | -210.52 | -206.83 | -205.56 | -204.74 | -201.59 | -200.28
Confidence 0.9742 0.8123 | 0.8022 |0.7737 | 0.7704 | 0.7571 0.7524 | 0.7493 | 0.7373 | 0.7322

Score
Ligand rmsd | 0.25 24.75 52.29 35.67 42.91 13.16 42.13 29.90 21.30 15.20
(A)
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Table 9. Predicted Interaction Between TIGIT and CD155.

Rank 1 2 3 4 5 6 7 8 9 10
Docking Score | -352.65 | -234.01 | -231.57 |-231.56 |-225.52 |-225.49 | -222.33 |-221.41 | -220.70 | -216.43
Confidence 0.9829 | 0.8429 | 0.8364 | 0.8363 | 0.8191 0.8190 | 0.8095 |0.8066 | 0.8044 | 0.7906
Score
Ligand rmsd | 0.40 2293 25.68 30.51 28.48 25.94 24.94 29.70 25.01 24.68
(A)
Figure 11. Binding model No. 1 of TIGIT with CD155 (left) and CD112 (right).
3.2.3 Identification of Possible Binding Molecules Using the Structure of Interaction
Between TIGIT and CD155
The pharmacophore model (PDB code: 3UDW) of TIGIT and CD155 binding will be used to search for
potential inhibitors.
3.2.3.1 PocketQuery
The top five scoring clusters are selected. The highest scoring cluster has a score of 0.850932, an Av AG™©
of -3.58, and an Av ASASA of 132.69.
Table 10. Top five clusters with scoring from PocketQuery (CD155).
Cluster Residue Ch | Sz Dist Av AG® | Av AAGR | Av ASASA | Av ASASA% Score
1 PHE128 C 1 0 -3.58 0.6484 132.69 80.9 0.850932
2 PHE128 D 1 0 -3.54 0 126.05 76.8 0.809682
3 PHE128; GLY131 C 2 6.3562 | -1.7 0.8799 80.5 84.2 0.752957
4 PHE128; GLN63 C 2 11.7508 | -1.325 0.79715 101.355 65.3 0.708548
5 PHE128; GLY131; | C 3 11.7508 | -0.82333 | 0.9019 77.0067 72.7 0.700594
GLN63
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3.2.3.2

Figure 12. Molecular structure for top five clusters with scoring from PocketQuery.

Virtual Screening

Three pharmacophore classes are selected from each cluster to search for potential binding small

molecules. Three molecules with the lowest RMSD are chosen from each cluster, and the fifteen molecules are
listed in Table 11.

Table 11. Results for top three molecules from each cluster (total of 15) with lowest RMSD from ZINCPharmer.

Cluster | Pharmacophore X y z Radius Name RMSD | Mass
Class

1 Hydrophobic 20.89 |-37.91 | 1490 | 1.00 ZINC11616526 | 0.000 | 302
Hydrogen Acceptor | 22.52 | -39.16 | 9.10 0.50 ZINC03794711 0.000 | 220
Hydrogen Donor 22,52 |-39.16 | 9.10 0.50 ZINC02901892 | 0.000 | 249

2 Hydrophobic -10.52 | -32.37 | 31.91 1.00 ZINC00119434 | 0.000 | 335
Aromatic -10.52 | -32.37 | 31.91 1.10 ZINC59187897 | 0.000 | 373
Hydrogen Donor -11.17 | -29.83 | 36.37 | 0.50 ZINC77591929 | 0.000 | 370

3 Hydrophobic 22.04 |-38.90 |14.75 | 1.00 ZINC93145903 | 0.000 | 302
Hydrogen Donor 2298 |-35.00 | 7.99 0.50 ZINC02426494 | 0.000 | 499
Hydrogen Acceptor | 22.98 | -35.00 | 7.99 0.50 ZINC00896463 | 0.000 | 293

4 Hydrogen Donor 12.01 | -41.85 | 4.62 0.50 ZINC42117225 | 0.000 | 410
Hydrogen Acceptor | 12.01 | -41.85 | 4.62 0.50 ZINC92185901 | 0.000 | 356
Hydrophobic 21.70 |-39.32 | 12.05 | 1.00 ZINC92093016 | 0.000 | 275

5 Hydrogen Donor 12.01 | -41.85 | 4.62 0.50 ZINC16134090 | 0.036 | 472
Hydrophobic 22.04 |-38.90 |14.75 | 1.00 ZINC13980125 | 0.050 | 475
Hydrogen Acceptor | 22.02 | -35.88 | 5.58 0.50 ZINC00942843 | 0.050 | 447

3.2.3.3 Molecular Docking Results for TIGIT

The top three molecules with the most negative Gibbs free energies (AG) are ZINC00119434 (-10.55
kcal/mol), ZINC11616526 (-10.48 kcal/mol), and ZINC00896463 (-10.32 kcal/mol). Theoretically, these three
molecules have a more thermodynamically favorable interaction with TIGIT than the other twelve molecules.
The druglikeness and commercial availability of the three molecules will subsequently be explored, and
experiments will be performed to examine whether binding and inhibition of TIGIT are successful.

Table 12. List of the Lowest Binding Free Energy from Swissdock.

Compound | Cluster | Full Fitness (kcal/mol) | Estimated AG (kcal/mol)
ZINC11616526 | 2 -2181.93 -10.48
ZINC03794711 | O -2156.03 -9.87
ZINC02901892 | 0 -2240.06 -7.82
ZINC00119434 | 1 -2233.92 -10.55
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ZINC59187897 | 27 -2207.16 -7.87
ZINC77591929 | 10 -2293.13 -8.33
ZINC93145903 | 1 -2323.51 -7.64
ZINC02426494 | 2 -2149.08 -7.78
ZINC00896463 | 5 -2229.31 -10.32
ZINC42117225 | 2 -2242.78 -7.94
ZINC92185901 | 1 -2263.11 -7.98
ZINC92093016 | 8 -2195.08 -7.18
ZINC16134090 | O -2248.67 -8.46
ZINC13980125 | 17 -2218.49 -8.38
ZINC00942843 | 5 -2220.70 -7.97
ZINC11616526 ZINC03794711 ZINC02901892 ZINC00119434 ZINC59187897

3.2.3.4

Figure 13. Molecular docking results of selected molecules from Swissdock.
Drug Properties Estimated by SwissADME

All three molecules (ZINC00119434, ZINC11616526, and ZINC00896463) follow the Lipinski’s rule. The
three molecules are highly possible for drug utility.

Table 13. The druglikeness of the molecules.
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Number of Calculated Molecular Number of Druglikeness
hydrogen bond LogP value mass (g/mol) hydrogen bond according to
donors acceptors the Lipinski’s
rule
ZINC00119434 | 1 2.78 335.42 Yes
ZINC11616526 | 3 2.65 302.39 Yes
ZINC00896463 | 3 2.58 293.38 Yes

3.2.3.5 Commercial availability
Among the three molecules, only ZINC00119434 and ZINC00896463 are commercially available.

Subsequent experiments are performed using ZINC00119434 and ZINC00896463 as potential inhibitors.

3.2.3.6 Detection of Protein-Small Molecule Interaction Using MST
Based on the MST results, the plot of From against molecule concentration is roughly constant for

ZINC00119434 but decreases gradually for ZINC00896463. This indicate that ZINC00896463 binds to TIGIT,
while ZINC00119434 does not.

540

520

Frorm [%]
[
-
[ R
From [%]
n
S

Kp=13.84%0.73 uM

500 ——————+r7 ———ry SR SR R
3 30 0. 1 10

[Zinc00119434] uM [ZINC00896463] uM
Figure 14. Monitoring fluorescence change using MST to assess the TIGIT binding affinity with
ZINC00119434 (left) and ZINC00896463 (right).
Investigation of ZINC67909114 on TIGIT inhibition in a Cell-free
Environment
The results from AlphaLISA show that as the two small molecule concentrations increase, only the percent
activity for ZINC00896463 decreases. Therefore, ZINC00896463 is the successful inhibitor for the interaction

between TIGIT and CD155.

3.2.3.7

10F—F—z, 100
IC50=9.2%0.31 uM
80 804 50 K
2 2
2 60 = 60+
O Q
< <
2 40+ x40
20 20+
0 T T T T T 1 0 T 1

T
60 0 10 20 30
[ZINC00896463] uM

0 10 20 30 40 50
[ZINC00119434] uM

Figure 15. Using the change in percent activity from AlphaLISA to evaluate ZINC00119434 (left) inhibition and
ZINC00896463 (right) inhibition of TIGIT/CD155 interaction.

Investigation of ZINC67909114 on TIGIT Inhibition in a Cell-based
Environment

In contrast to the AlphaLISA experiment, the Promega blockage bioassay examines the inhibition of
ZINC00896463 on TIGIT in a cell-based environment. The bioassay contains two cell types that closely
resemble the interaction of cells in the human body. The result shows that the luminescence gradually increases
as the concentration of ZINC00896463 increases. When 50 uM of ZINC00896463 is added, the luminescence
reaches about 9000 RLU. Therefore, ZINC00896463 is validated to be an effective inhibitor in a cell-based

3.2.3.8
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environment.
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Figure 16. Using the change in luminescence signal from the Promega bioassay to evaluate its ability to
inhibit TIGIT/CD155 binding in a cell-based assay.

4. Future Research

The promising results presented above set the stage for testing the inhibition of ZINC00896463 on TIGIT
using an in vivo model. C57BL/6 wild-type (WT) mice (eight- to twelve weeks old) will be used. Mice will be
divided into two groups (group A and group B) and subcutaneously (s.c.) injected with 1x106 MC38 cells or
2x105 -CT26 cells, respectively, on day zero. On day seven, the mice will be further randomly divided into two
groups and intraperitoneal (i.p.) treated with 5 mg/kg of ZINC00896463 or normal saline every day for two weeks.
Tumor volume will be measured every other day. All mice will be sacrificed at the end of the treatment (the
twenty-second day). Results will be displayed in two plots, each for one tumor cell, showing how the tumor
volume changes over time with or without ZINC00896463.

Inject tumor Inject 5 mg/kg of ZINC00896463 i.p., daily
cells s.c. sacrifice
C57BL/6 M
wild-type 0 7 21 22

mice

Figure 17. Schematic representation of the in vivo model to evaluate ZINC00896463 inhibition on TIGIT.

5. Conclusion

In this research, | completed interconnected experiments to search for small molecules useful for TIGIT
inhibition. The pharmacophore models of TIGIT/CD112 interaction and TIGIT/CD155 interaction were used for
virtual screening to identify potential inhibitors. The molecules with higher matching to the pharmacophore
clusters were identified. The energies of interaction between these molecules with TIGIT were then estimated,
and the top molecules with a more favorable interaction with TIGIT were selected. The drug properties and
commercial availabilities of those small molecules were examined. Lastly, experiments applying MST,
AlphaLISA, and the Promega blockage bioassay were performed to validate small molecules’ inhibition on TIGIT.
At the end of the research, ZINC00896463 was identified and verified as the small molecule that could inhibit
TIGIT/CD155 interaction in both cell-free and cell-based assays. Future research will be performed by applying
an in vivo experiment to test the influence of ZINC00896463 on tumor growth. If future results are optimistic,
ZINC00896463 could serve as a clinical inhibitor for TIGIT, bringing new insights into cancer immunotherapy.
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