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The purpose of this research project is to establish a robust drug discovery

platform for small molecule-based combination cancer immunotherapy. We constructed a binding assay
panel to identify new small molecule inhibitors acting on the immune checkpoint molecules. By using
the assay panel in combination with virtual screening, we successfully discovered several hit
compounds that inhibit PD-L1, LAG-3 or other checkpoint molecules. We also designed hybrid compounds

composed of a PD-L1 ligand and a cytotoxic compound, and synthesized novel compounds that exhibit
potent antiproliferative activity against PD-L1 expressing cancer cell lines. Furthermore, we found
the anti-tumor immune induction and anti-tumor effect of the STAT3 dimerization inhibitor YHO-1701,
and revealed its excellent combination effect with an anti-PD-1 antibody.
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Figure 1. Antibody-based cancer therapeutics targeting co-inhibitory immune
checkpoint proteins. (bold type: approved drug)

2. WO BEK

WFZEARFE BT 23U E TIZ, STAT3 R0 ID0/TDO 72 £ A3 A S Emeris 4 3 2 2+ A Af &
LR AL ZAIRL L, ABRATT L~ T AZBWTEN- PRSI RE2RTZEE2HL
NELTE, INODOEBEZEE 2 TRIFZETIX, FiETF = v 7 KA v MEERED -
DOWMBEDT A NRINVOREE, 27 ) —= 7 SSITHEAISEL BT D8N T v
FIEBEMDOT I A v Ak, VERBEFRAT 238 L T, Briz 7208 A iRIEBI T D 72 b D BR 22 72K
RIS AT A2 A FT-HEE LTV A,

3. WDk | Fluorescence signal ‘ ‘ No signal |
1) 585 F = v 7 HA ¥ MY FaERT vA _
/\c’)‘f\/l/@ﬁﬁj L2 ) —=7 Ligand-Fc N &)

. _ chimera protein érla R Inhibitor

]/]\I:H?/(/I/X/\ﬁ 5“4&\—J:OVCI: }\ PD_ ‘ labeled anti- %
| ZEBERS MY v— 2 LT, e )
K7 v—2 % PD-Ll-Fc & A & L /37 H (7]
WPE PD-L1) TCHLEEf N 'E_‘é'ﬁll/: v /\/I/'ﬂj:/j/’(ﬁ . Checkpoint molecule .
expressing cells

REwML 7 —4 A b A U — (FCM) T
r4srzLicky, AR 6T A Al = Flow cytometric analysis for quantification

PD-L1 OFEEZEREMICHETED T L. S Figure 2. Assay principle of the binding assay for co-inhibitory
Nt 0)%/5\753\% PD-1.1 ﬁﬁg\ ﬁ PD-1 ﬁﬁi\ immune checkpoint molecules



MRS FER T r Yy 7 D Z EZ/MEEL, PD-1/PD-L1 #5677 v A 2L LT, [F
FED 12T, PD-1/PD-L2, CTLA-4/CD80, CD86, LAG-3/MHC class II. BTLA/HVEM, TIGIT/PVR @
BREET A REMET L LIV, BRET = IV RAV Ny TREET w47V E L
77o KT vt A KV % Figure 2 1R LTz, A7V —=0 71396 UL T 3 —< v
G L7z, F£7=. PD-L1 (PDB: 5J89). BTLA (PDB: 2AW2). TIGIT (PDB: 3UCR) 7% & PDB IZ
B SN TWDNEEET — 2 2L, D1y Ialb—yar Y7 b7 MOE ZHNTA
%9"%/1/7\ I —= v T ETo Tz,

) BAEHIBRESH 3 288 PD-L1 BAE(LEHOA > U a T A o L AIR
ﬁﬁ%x/af4/h T DR T, ARG T OERESE b%ﬁ%ﬁhfbémﬂﬁmmﬁﬁb

o RIEKBIEITENE OO, Hix RAFE LGN HRE STV D, £OFTPD-LL & DIfES
T%Jaﬁlﬁi%éﬂ“@\éﬂ:/\%@f*/\%*‘ RZFMCHT 5 2 Lick v, Uy s Buﬁ)
Ry BOSMANZ PEG U > —% B A LTk &M E T A Liz, S5 PEG VU > 1 —Kuid
—#kT X v E MR EN A O IR VR A AT A EITE D PEG U v —R DR
HHEE D " HIEREMEANA 7Y v MEEE AR LTz, £728v— b, b biifafEEE LAY
MORIGIZT Y REERT L7V v —KEeGk, 7TEF L EKE2HTDH PD-L1 UH U RE
D7V w7 IAN) =LY RS D BRI DA EM B AR LT,
3) Mk L O~ ZETIOUICEIT B I & s I RAT

CWREHM R & U CEREICRE IR OBERERAN R A AL L7z, PD-L1/PD-1 FHFEIEH ORI
DWNTIE, MBIZIHR L7 PD-1 @288 Jurkat/NFAT-RE/PD-1 ffifid 7 v — > Z vy, PD-L1 &7z
1L PD-L2 s 7 & il TCR activator BinF % —IWAYIZE A L 7- HEK293 Hifw & D538 T
Ny T 2T =B ULR—Z—JEEERIET S Z L2 L - TEA Y O il iR O RE O 774 &
Fehiti U7z, [AERIZ LT Jurkat/NFAT-RE fAGICEER) & 72 DD TF = 7 IR A > N1 OTEF %
BRRAERL U, AL B ORSRERM SR & Lz, A~ T AT T L CTO SN FEAM & VAR 1
PLF O 0 6 L7~ 6~8 M OMENE BALB/c ~ ™7 A F 7-1% BALB/cSlc—nu/nu 1% B A SLC 7> 5 i
AL, §i BN FEM o Z —ITERE LT, Day 01238\ T, MEBALB/c ¥ T A2 w7 AK
& 23 AUABRERR CT26 AEE & 7o 13~ & ARk A IEABRERE CMS5a MK 2 M2 5 S I RN G- L
Too RBLEW 2 N5 UG IRFE A (kR LS E U7z, ARRR SR T M ofE 2 o 3 Mk
PRI, PURTR ML, A b A M E ORGSR N T A — &@f’ar FHIRNT 24T o 72,
ABFFEORAHE % DNA FEBRIL, Ehi RN AR 2 DNA ERR L SR B S B KA 690
%%)@F?yik@%£ﬁﬁ;%%Ejk$@%£&%ﬁéﬁxwﬂm(ﬂ %ﬁ&%m9ﬁ)
DT CEhE L7z,

4. WFFERCR
1) T = 7B AL NYTEERT v A 7SRO A7 ) —= 7

Table 1. Immune checkpoint blockade assay panel ABIFETIR, BT a~—AL
: 7P U B A7 A SRR O 12 > D B

mmm TR R LR R

PD-1/PD-L1 e || [PDiLt LTBY, HEBET = v 7 KA
PD-1/PD-L2 RH-tzablrerpreasing PD-L2 0.89 ¥ N OMEAEM % FCM Z2 v
CTLA-4/CD80, CD86 Raji CTLA4 0.83 =77y b 74— L TERN
LAG-3/MHC class T Raji LAG-3 0.80 l_fﬁ ﬁ¢i$¥£®%if°? DA
BTLA/HVEM HVEM stably expressing BTLA 0.81 (=" Kﬁj‘uf*ﬁ% LifierT vt
Raji A NFVOREE A Table 11287,
TIGITIPVR A549 TIGIT 0.83 RS T — 5~ 2 D
TIM3/PtdSer Jurkat TIM3 0.82 D LR R RO

FTORBABIRI AT REDREAIZOWTKEE L, FOME, Raji MiniX, CD80/CD86 KN
MHC class II ZFBLLTIY ., ZHEIAIENE CTLA-4, K OVFEAENE LAG-3 DFEENRD b
77 E£72 PVR 2345 A549 HIMIT AI¥ATE TIGIT &fES L7, PD-1 ZESRBMMELIL, Jurkat
*f*EHH’U PD-1 Bl FAEBALZ 0 — b T5Z LIk THE L, SRANRD N7 n—

T RIEEME PD-L1 L OVAIEENE PD-L2 & #5A L=, HVEM Z8EREBIMRIL, Raji MAIZ HVEM Bis7



BEALZ e — ML T 252 LIk T L7, @BEBNRD bT 7 v — LRI BTLA &
fEG LTz, F2 Jurkat MilICAZ e AR Y U EFEMIEL 2 LICE - T, MlaRmicE L
72 PtdSer & TIM3 & DFEENRBO LN, TNLDOREAET v BT HMEEMIL, KT =
v I RA Y MY T DPURCIRERGFMICHESRD Z b, BHIWE LIEMEERAZE
BHICHIET D Z ENTREE ooy WTFNOT v EALH 6 VLT +—~vy hTOT viA
DAGETH Y, FlemnZ 7772 —lERLTEY, BELLET vEARELTULEW AV
J—= 2L TWA 2 EREE S Tz, K- T FOM 5% Hifg & L 7= FEI2 L - T PD-1/PD-
L1, PD-1/PD-L2, CTLA-4/CD80, CD86, LAG-3/MHC II, BTLA/HVEM, TIGIT/CD155, TIM-3/PtdSer ™
GET = IV RA LV Ny FREaT v A NRNKNVEEL LT, &7 veA REHWTALEMT A
TGN —2 7 )= TR ERLI-E 2 A, PD-1/PD-L1 #EAEHET S 164 E LAG-3/MHC
I fExERET D 3bEmERH LI, WINORIRZREERZAGT2 2 2L E L
Tre EToNR—F ¥ L 27 Y —= 7 L DA L - T, BILA/HVEM #5482 TIGIT/CD155 fif& &
ET IeEme & 3{bamoe v &/, b e v MEGWIZOW L L E N e aTl &
FhaTHZ LI o T — MM eE L TCOZYSMEERGET 2 MERNH L0, HELIZEGT
A NRFNVENR=F P VAT ) == T OMBE DRI L > T, BRI 2 0E T =
v 7 ARA  MNRELA MR RERRETHH Z L 2H bk L,
2) HEAEMBEEE A9 5 HH PD-L1 BAE(LEMOA 2V aT A o LA

PD-L1 IZEHEEA L TPD-1 £D

T cell

Activation Bifunctional molecule %é\%ﬁﬂ%j—é{té\ﬂf@b§%gﬁ$&%
/1 & o e STUTUND A CIBELE PD-LL
by l;y, L L A W 00 o 0 B M T 0D
S 63 PD-L1 binding Cytotoxicity PD-LI L~LAIEF e 510
(MHC : — e Q /-\ + Inhibition of PD-1/PD-L1 binding R LU ARGV T KA PD-
- . Inductio.n of cell death in PD-L1 . o P2 . %1}%
Bimerzation expressing cancer cells L1 @/r e & hj‘ ) va v
> HELTWDAREMEN B D72,
e Anti-proliferative
20 3 ;ﬂﬁﬁgu JafEEMAL Y TdH 5 STLC A
— £ L (3, 4) % PEG VU > —THflL
o, GRS | . FALEBETTA > Lic, 5E0,
nternalization 20 =
Cancer cell 0B8N % I I I I PD-L1/PD-1 t#HAAEM #HET 572
L& 4 " Concentration (1M) 372 < PD-L1 %&’ﬁl\ LT A
Figure 3. Conceptual diagram and antiproliferative activity of a bifunctional ~ N G e [
compound against PD-L1 expressing cancer cells N (ZHCY AR ﬂrﬁfﬂﬂﬂ,lﬁ“(;ﬁﬂﬂﬂﬂ_ﬁa =

TEMR &34 25 Z LR SR D
(Figure 3), ABFFETIL, PD-L1 U A RITPEG U > —%EA LIZb&WAS, PD-L1 PHEEM:
PR T AL ERAET vEA L Ry XU TEFNMCE S THREELT, F-43%bAMIC X b
F v I IRA 2 Ny FREABREIEMEIT PD-L1 SRS ET A Z 26N L, Zhbd
HRZEIEN LT, BRSO PEG U o h—RimlZMlafEEMLE Y 2845 LT b a2 Ak
L. ZOFEFR. 25 DILAWIZ PD-L1/PD-1 A MLEEM 28 L, 2> PD-L1 ZfH AT HE
Bld % Karpas—299 HERRIZ % U CRIfREEsEILE 23 2 L 2B 68 LT (Figure 3), 5% E 2R
D s b & AE BT AT A LB T D03, K2 —R & LIoHiic e iRt o+ O f i
R0 WIS,
3) i L O~ 7 RETIVICEIT B I & s A T
FZEfFFE O AR L 72 YHO-1701 1% STAT3 &R VBAEIER 243 58 0% 5 T RE 22Ky 1
{bEMThd, ZHETICE FBAMIEZ GRS~ T XA L 72 xenograft E7 /L& W
PUESTEE & VERBE T 2 5 L C& 7z (5), ARFFETIE, ALK FREK e & Fr v X —EiE
L OO RIS Z T, CT26 MRz Al L 72 RIFEBAE~ 7 AT 7 /L2 T, YHO-1701 2541
PD-1 Pk & BRI RZ RS Z L 25 E Uiz, 40T, SHGEF = v 7 RA
> MREFRIZ 3 Uit T d 5 CMSha flifd (6) 12kt LT H A B APiEEEEE2 R L=, £ 2 T,
PUESEE 2R3 2 i CTh 5 T Mifldds KOV NK Mg OB 5270 ~7- & 2 A, CD8 Btk T
AR 2 C NK HEfR & B 575 2 & D3R S 4v7-, NK A oM G ETE M, IL-6 22 X D IE
ML E N7 STAT3 IC X Dl S5 A, ~ 7 &2 NK faIC IL-6 20 S CIHtE2amE L-%




[ZBWT, YHO-1701 1ZZF D 2 v oL L2 2 &b, SaZ0PHAZ R YHO-1701 @ NK
AR xH D BRI ER R ST, Fa. BAKBRIS KT A ER & NK A o /e 5= vk
EDBRIZOWT YHO-1701 1%, ~ 7 ADRAMIFEO MHC 7 Z A 1 43+ O3BMH 2/~ LT, T
D DOFEFRN B YHO-1701 @ NK AR 2 /E I, B0 NRBE 12 350 T NK AR & 28 AUA
FRADOR 00> B @I NK i ORI G EEEEZ ER ST 0B 2607, SHICE MR
AN & B BRI A D TR L 725 S, YHO-1701 23 NKG2D U A7 R CTdh 5 MICA DR HL %
EREEZ, Lo T NK s BN AMIBIZRT 5 26 OFEAD NK fiiE O EEIEM R _EIZBR
STWHEEZBND, £7o. T Mk LI ONNK LAt omEfin s U<, b MR
H L7 ERRAMHSL UREE LT, ZOREHR, IL-10 BRFRIZ L 0 slEVb 2806 L= b Mshiiac
% LT, YHO-1701 1Z#Z O bim] 2 [HE L7z, BLEDO#ER) S YHO-1701 1%, STAT3 —&fkFH
EEN L CEEMICHIEERE 2 HE T 5 2 L I12 X > TPD-1/PD-L1 fEABLER L OftHZEE
N BSR/AVAN - <V d Wy fa

PLbE. KEFZE T -7 F = v 7 R A v MILEACEVIRIE D= O DFET v A 3% )L
EWREL, XN—F VA7) —=0 7 L OMATIZL > T, PD-L1, LAG-3 722l ET L v
MEEWZHE L=, £7- PD-L1 U H v R EMulEEE{bEmE Ot 7Y v FMeEWaE T
A > L., PD-L1 @B AR IR L CoRy I sl e = 2 R 3 8 b S 2 gl L 7=,
S HITHFFEARFER D AR U 7= STAT3 —EAbFHESE YHO-1701 |2 X 2 PUlEg sa s /e & fuiE
BN RAEBEEL, S HICHPD-1 Uk L OENT- ORISR ZH O E Lie, 2 b AR
DRERIE, B FE2 =R LI R EE D ARIFRIERB O L L THIfF S5,

<BE >

(1) Sharma P, Goswami S, Raychaudhuri D, Siddiqui BA, Singh P, Nagarajan A, Liu J, Subudhi SK,
Poon C, Gant KL, Herbrich SM, Anandhan S, Islam S, Amit M, Anandappa G, Allison JP. Immune
checkpoint therapy - current perspectives and future directions. Cell 2023; 186: 1652-1669.

(2) Sasikumar PG, Ramachandra M. Small molecule agents targeting PD-1 checkpoint pathway for
cancer immunotherapy: mechanisms of action and other considerations for their advanced
development. Front Immunol 2022; 13: 752065.

(3) Ogo N, Ishikawa Y, Sawada J, Matsuno K, Hashimoto A, Asai A. Structure-guided design of novel L-
Cysteine derivatives as potent KSP inhibitors. ACS Med Chem Lett. 2015; 6:1004-1009.

(4) Fukai R, Ogo N, Ichida T, Yamane M, Sawada J, Miyoshi N, Murakami H, Asai A. Design, synthesis,
and evaluation of a novel prodrug, a S-trityl-L-cysteine derivative targeting kinesin spindle protein.
Eur J Med Chem. 2021; 215: 113288.

(5) Nishisaka F, Taniguchi K, Tsugane M, Hirata G, Takagi A, Asakawa N, Kurita A, Takahashi H, Ogo N,
Shishido Y, Asai A. Antitumor activity of a novel oral STAT3 inhibitor YHO-1701. Cancer Sci. 2020;
111: 1774-1784.

(6) Muraoka D, Seo N, Hayashi T, Tahara Y, Fujii K, Tawara I, Miyahara Y, Okamori K, Yagita H, Imoto
S, Yamaguchi R, Komura M, Miyano S, Goto M, Sawada SI, Asai A, Tkeda H, Akiyoshi K, Harada N,
Shiku H. Antigen delivery targeted to tumor-associated macrophages overcomes tumor immune
resistance. J Clin Invest. 2019; 129: 1278-1294.



8 8 0 3

Takahashi Hiroyuki Miyoshi Nao Murakami Hisashi Okamura Yuta Ogo Naohisa Takagi Akimitsu
Muraoka Daisuke Asai Akira

Combined therapeutic effect of YHO-1701 with PD-1 blockade is dependent on natural Killer cell 2023

activity in syngeneic mouse models

Cancer Immunology, Immunotherapy -
DOl

10.1007/s00262-023-03440-4

Yoshioka Saeko lIkeda Tomonori Fukuchi Sogo Kawai Yurika Ohta Katsumi Murakami Hisashi 0Ogo 15

Naohisa Muraoka Daisuke Takikawa Osamu Asai Akira

Identification and Characterization of a Novel Dual Inhibitor of Indoleamine 2,3-dioxygenase 1 2022

and Tryptophan 2,3-dioxygenase

International Journal of Tryptophan Research -
DOl

10.1177/11786469221138456

Araki Toshihiro Watanabe Yuuki Okada Yusuke Murakami Hisashi 0Ogo Naohisa Asai Akira 413

Identification of serum and glucocorticoid-regulated kinase 1 as a regulator of signal 2022

transducer and activator of transcription 3 signaling

Experimental Cell Research 113079 113079
DOl

10.1016/j .yexcr.2022.113079

Yanagimura Naohiro Takeuchi Shinji Fukuda Koji Arai Sachiko Tanimoto Azusa Nishiyama 6

Akihiro 0Ogo Naohisa Takahashi Hiroyuki Asai Akira Watanabe Satoshi Kikuchi Toshiaki Yano

Seiji

STAT3 inhibition suppresses adaptive survival of ALK-rearranged lung cancer cells through 2022

transcriptional modulation of apoptosis

npj Precision Oncology 11

DOl
10.1038/s41698-022-00254-y




Dotsu Yosuke Muraoka Daisuke Ogo Naohisa Sonoda Yudai Yasui Kiyoshi Yamaguchi Hiroyuki 10
Yagita Hideo Mukae Hiroshi Asai Akira Ikeda Hiroaki
Chemical augmentation of mitochondrial electron transport chains tunes T cell activation 2022

threshold in tumors

Journal for ImmunoTherapy of Cancer

003958 e003958

DOl
10.1136/j itc-2021-003958

Sawada Jun-ichi Matsuno Kenji 0Ogo Naohisa Asai Akira

193

Various effects of two types of kinesin-5 inhibitors on mitosis and cell proliferation

2021

Biochemical Pharmacology

114789 114789

DOl
10.1016/j .bcp.2021.114789

Keisuke Taniguchi Momomi Tsugane Akira Asai 2

A Brief Update on STAT3 Signaling: Current Challenges and Future Directions in Cancer Treatment 2021

Journal of Cellular Signaling 181-194
DOl

10.33696/signaling.2.050

Fukai Ryota 0go Naohisa Ichida Taiki Yamane Masayoshi Sawada Jun-ichi Miyoshi Nao 215

Murakami Hisashi Asai Akira

Design, synthesis, and evaluation of a novel prodrug, a S-trityl-L-cysteine derivative 2021

targeting kinesin spindle protein

European Journal of Medicinal Chemistry

113288 113288

DOl
10.1016/j .ejmech.2021.113288




22

144

2024

1001/TDO

40

2023

82

2023

82

2023




27

2023

BTLA-HVEM

69

2023

69

2023

S -trityl-L-cysteine

69

2023




26

2022

Hiroyuki Takahashi, Hisashi Murakami, Naohisa Ogo, Daisuke Muraoka, Akimitsu Takagi, Akira Asai

Novel STAT3 inhibitor, YHO-1701 enhances the antitumor effect of anti-PD-1 antibody

81
2022
TIGIT-CD155
2022
2022
1D01
2022

2022




1001/TDO

39
2022
1001/TDO
41
2022
143
2023
1001/TDO
143

2023




CTLA-4 CTLA-4

142
2021
142
2021
T PD-1
25
2021

Yosuke Dotsu, Daisuke Muraoka, Yudai Sonoda, Naohisa Ogo, Akira Asai, Hideo Yagita, Hiroshi Mukae, Hiroaki lkeda

The compound activating mitochondrial respiration leads PD-1 blockade efficacy even in a low immunogenic tumor

80

2021




Naohiro Yanagimura, Shinji Takeuchi, Koji Fukuda, Akihiro Nishiyama, Naohisa Ogo, Akira Asai, Seiji Yano

STAT3 inhibition suppresses adaptive survival of ALK-rearanged cancer cells via transcriptional modulation of apoptosis

80

2021

Naohisa Ogo, Hisashi Murakami, Akira Asai

Discovery of novel cysteine derivatives to improve selectivity and targeting to cancer cells using in silico modeling

80
2021
0
2
PCT/JP2022/046124 2022
1D01 1D01
2023-219833 2023
0

https://w3pharm.u-shizuoka-ken.ac.jp/tansaku/
https://w3pharm.u-shizuoka-ken.ac. jp/tansaku/index.html




(0go Naohisa)

(20501307) (23803)

TR
(Muraoka Daisuke)
(20608955) (83901)

(Murakami Hisashi)




