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Abstract: Janus kinase (JAK) and histone deacetylase (HDAC) referred to as crucial targets in autoimmune
diseases and cancers have achieved quite success in the treatment of these diseases. Until now, several JAK and

HDAC inhibitors have been approved. Recently, developing single multi-targeting inhibitors including JAK/HDAC

dual inhibitors based on network pharmacology has made significant progress in improving therapeutic efficacy,

reducing toxic and side effects, and overcoming drug resistance. In this review, we summarize novel JAK/HDAC
dual inhibitors as well as JAK/HDAC-based triple-targeting inhibitors, in order to provide reference for the

discovery of novel JAK/HDAC dual inhibitor.
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Figure 1 Introduction of JAK/STAT pathway. A: The primary structure of JAK; B: The JAK/STAT pathway mediates signal transduction

of a variety of receptors and cytokines. JAK: Janus kinase; STAT: Signal transducer and activator of transcription
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Figure 2 Chemical structure of approved JAK inhibitors
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Figure 3 Chemical structures of approved histone deacetylase (HDAC) inhibitors
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Figure 4 Chemical structures of multi-targeting kinase inhibitors. VEGFR: Vascular endothelial growth factor receptor; PDGFR: Platelet-

derived growth factor receptor; FLT: Fms-related tyrosine kinase; FGFR: Fibroblast growth factor receptor
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Figure 5 Synergistic mechanism of JAK/HDAC dual inhibitors
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Figure 6 Design of macrocyclic JAK/HDAC dual inhibitor 20. A: Chemical structure and pharmacophore of HDAC inhibitor 10; B:

Chemical structure and pharmacophore of JAK inhibitor 19; C: Chemical structure of target compounds; D: Design of JAK/HDAC dual
inhibitor 20; E: Proposed docking mode of 20 into HDACG6; F: Proposed docking mode of 20 into JAK2
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N
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22
JAK2 ICsy = 0.041 nmol-L"!, HDAC1 ICs; = 83 nmol-L"!
HDAC6 1Csq = 0.25 nmol-L-!

MDA-MB-231 ICsy = 7.4 pmol-L"!, HCT116 IC5y = 4.1 pmol-L"!
PC-3 ICs0="7.7 pmol-L"}, MCF-7 ICs,=4.5 umol-L™!

N = A

ii

Figure 7 Design of JAK/HDAC dual inhibitors 21 and 22. A: Chemical structure and pharmacophore of HDAC inhibitor 10; B: Chemical
structure and pharmacophore of JAK inhibitor 1; C: Design of JAK/HDAC dual inhibitors 21 and 22; D: Proposed docking mode of 21 into
HDACG6; E: Proposed docking mode of 21 into JAK2; F: Proposed docking mode of 22 into HDAC6; G: Proposed docking mode of 22 into

JAK2

XLO019 (23) F1 HDAC #1177 10 ¥ A 1 %7 B g Kk s
WE 25 JAK/HDAC XUHE s34 551 (& 8A~C)o 18 i Xt
% 5 (A1 P % B2 AT A, i IO 328 e bk AR A 5 ) 24 X6
JAK2.HDAC!1 1 HDACG ¥ 5 0 >F 165 () 49 BE IR i
P, 3R DY Folr S 4 980 A Bl B BBE JRVE PR (IC,, A

0.64~1.05 ymol-L", & 8D). 7 1 %f #% &7~ (&l 8E.
F), 24 [J & M E 5 JAK2 (PDB ID: 3FUP) % 4 ik Jt
Leu932 Hl Pro933 J& i = /> & B, " ik & E (1A 5
Lys943 JE il i, 2RI BE 70 5 8 & H 2RIk
BRkA/EH . fE HDAC6 (PDB ID: 5EEI) 1, ¥4 5 1 5k
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H 5 Zn™ ¥ BB A 5, JF5 HisS73 F Tyr745 & BLH 4
SV, ORI B RS Ser531 T AR

3T HDAC #0171 10 F13Z JAK 40141 7 25, Liang
SEUATE 2019 AR IE T — FhoB 2 g -2- Sk k2R
JAK/HDAC XUAE s #1771 (B 9AB). 1k & 4 26 %f
JAK2 F1 HDAC2 # A 15 £ i 40 1 3% 1 (JAK2 IC,, =
10 nmol-L"'; HDAC2 IC,, = 130 nmol-L", K1 9C). 4>+
2SR (B 9DLE), 26 I 7 #2582 25 HDAC2 (PDB
ID: SIWG) ") Zn* I 5 J& [ ¥ Tyr308 Al His145 J¥ .
B, FORIN B AR ARE M 5L S Gly32 TR E . s
JU7 B o 4R i AKE T, R i M R S 0 R T P B TR
HEAH HAE H 26 12 R s g 5 > 5 JAK2 (PDB ID:
4AQC) M ATP 45 & 1148 Leu932 T A, 7 #2015
1% 5 Lys943 Ml Tyr934 J¥ sl 205, K2 4Rk 148,
B85, Liang S48 R 1 R o 48 5 L % g AR B A 452 1
[ K BE 6 JAK2 T HDAC 1 1) 5 14 (1) 52 - (& 9F),
SARF 7t 7 : R % JAK2 7% 1 ke v s MR, &5 T

A
Cap Linker ZBG

E@

“OH

10

H
Morpholine substituted R is the most

B Hydrophobic

HUR R A A 05 TAK2 3% M 5 5 R (9 AN [A) AR 386 0ot
JAK2 MITHDAC & 3 BA B 1 52 1, 75 & e e
07 Jig AR R T R R 3 1 5 Linker (9 K B2 X T 4 #f
HDAC i P+ B2, 586 MR FietE. i, &
BRI &9 27 36 M $2 T e K (JAK2 IC,, = 4 nmol-L™';
HDAC6 IC,, = 14 nmol-L™"), 7£ PUF ML 40 i & (IC,,
4 0.06~0.49 pmol-L™) F I H AL T AR 37385 At Fn = ] 5
Je Pt AR R TEE (B 9G). EAEERE, 27
TE 445 TAK2YS T 948 () HEL v 22 B Bb AR 37 9 At F1
PR JE B TR A A BUIG B AE . TEAR N SEER
w27 SR AR Y R v I, HER PR RN, (R
PK 5t AR N 28O A itk — AR A . Ar xR R
7~ (B 9H. 1), 27 [F) 5 2 /15 IR Jik [4] # & HDAC6 (PDB
ID: SEEI) ) Zn* 3 5 His573 F Tyr745 & i &V 8, nkme
N5 Phe583 I i w-n AH LA F, g 107 5% o5 418 i /K e 1
I 5 E R AT 55N T1AR ) Asp460 5% EAH ELAEF .«
7£ JAK2 (PDB ID: 3FUP) H1, &5 1 1 J5 1 g 35

Hinge
region

Solvent exposed

region region

Ho T %IHQN/H

_o

XL019 (23)

(e}

N
HNJ\M “OH

(o]

o
2N ONJ
|
\N)\N
H
24

potent with low nanomolar activity

JAK2 ICsy = 3.1 nmol-L"!, HDAC1 ICsy= 56 nmol-L!
HDAC6 1Csy= 1.2 nmol-L"!, HCT116 ICsy = 1.05 pmol-L!
MDA-MB-231 ICsy=0.99 pmol-L"!

MCF-7 ICs(=0.70 umol-L"!, PC-3 IC5y = 0.64 pmol-L™!

Figure 8 Design of JAK2/HDAC dual inhibitor 24. A: Chemical structure and pharmacophore of HDAC inhibitor 10; B: Chemical
structure and pharmacophore of JAK inhibitor 23; C: Chemical structure of target compounds; D: Design of JAK/HDAC dual inhibitor 24;
E: Proposed docking mode of 24 into JAK2; F: Proposed docking mode of 24 into HDAC6
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5 Leu932 JE A B, 552 M5 IR o) Y 7 X 4k, IR 5
Asp976 F1 Asn859 T i St .

2022 4, Liang Z:°77F 26 {3 L 5] AR [H 1975 7
A CREE RIARIME S A58, Pt & B T I [2,3-d]
W% IE 25 JAK/HDAC XU i 0611551, A 296 97 5 AR 3 i
fibu i 247 1) = 93 PE PR o AR S M R 2 R B, v
PR R R 5 56 e I S A P P T A2 410 1) 3 2 55 T s
[2,3-d]ms g 3, DA ik 50 T BEAZ Ak it [2, 3 -] 85 g 4]
(K 10AB). i1k &9 28 1SR (R 5 1 X JAK2 I
HDACS [ = 2040 il 3 ¥ (JAK2 1C,, = 16.8 nmol-L",
HDAC6 IC,, = 13.1 nmol-L", & 10C). 7E 28 [fJ 7

BB ON IR R A B A3 B S P 29, X JAK1/2/3
HMIHDAC1/6 ¥4 94 JBE 7K 2% B 40 135 12 (JAK2 IC,, =
32.9 nmol-L"; HDAC6 IC,, = 8.4 nmol-L"), H.%} 7L fI#
e 21 e S S R R P A BE R G e . A R
%R (K 10D E), 29 [1) 4 3 W 0 36 4> 5 JAK2 (PDB
ID: 3FUP) 1 Leu932 JE i W A8, S5 72 5 MR &8 7> 5
Ser936. Asp939 Fll Arg938. Arg980 JF ik £ A it . 29 %
BE (PR AL AE H H2 I P-4 X 1) Lys857, IRl i £ 28 35 X 7
N EUARFE AT B8 2 i JBITC & 5 Lys857 Z [l (1 /5 17
29 () 3 2 I5 R # 4 HDACG6 (PDB ID: SEEI) ] Zn*", Jf
55 FE R TR B Tyr745. His573 A1 His574 JE % £ 4 &

A B Solvent exposed Hinge Hydrophobic
Cap Linker ZBG region region region
©\ MH N= N/XCI O\
N “OH HN\J\ 1
H & Ay cl
H H
10
C
Cl cl
HN ?\1 ‘/<N o
/\/\/\)J\ .OH
HN‘{ N N
H
=N
26
JAK2 ICsy = 10 nmol-L-!
HDAC2 ICs, = 130 nmol-L"!
F Modification of group R! is crucial for
JAK?2 potency, and chlorine substituted
- compounds gain excellent JAK?2 activity
HN‘{N n=56N'OH \
N;—(N =N H » 5
\ Mzodiﬁcation .of gr(.)up fjﬂ\ /E'jN N,OH
R” by aromatic amine RZONIONT H
5 5 " H \
or fatty amine is tolerant
G & Linker length of 5 or 6 carbon atoms
is most optimal for HDAC activity

JAK?2 ICs = 4 nmol-L!
HDACS6 ICsy = 14 nmol-L™!
HEL ICs, = 0.09 umol-L"!
K562 ICsy = 0.49 pmol-L!

MOLT4 ICs, = 0.08 pmol-L-!
Jurkat ICs = 0.06 pmol-L!

Figure 9 Design of pyrimidine-2-aminopyrazole JAK/HDAC dual inhibitors 26 and 27. A: Chemical structure and pharmacophore of
HDAC inhibitor 10; B: Chemical structure and pharmacophore of JAK inhibitor 25; C: Design of JAK/HDAC dual inhibitor 26; D:
Proposed docking mode of 26 into HDAC2; E: Proposed docking mode of 26 into JAK2; F: Chemical structure of target compounds and
SAR; G: Design of JAK/HDAC dual inhibitor 27; H: Proposed docking mode of 27 into HDAC6; I: Proposed docking mode of 27 into JAK2
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B, EESE, 29 /£ MDA-MB-231 3R M AL b A
2 b 00 A FfRg 2B K, IE W JAK/HDAC SXUEE 5 408 751 6F
PR VR AR 24 1) = FH 1 LB PR P E YR T AR, K
TR B DAL P 1 R K 38 S AR, AR T AR A
T4t HDAC #1576 77 F0 8 IR AR 35

2018 4F, Huang %65 5 T i 5 M JAK2 #0 fil 71
CYT-387 (30) #1 HDAC #1771 10, JF & 1 — P ¥ Y
JAK2/HDAC XUEE s #0770, FH T K& 9697 A L0 A1
1% 7% 1 H B /B 4% (invasive fungal infections, IFIs) (
11A~C). Hr, %f JAK2 FIHDAC6 FL AT [ 44 76
1 H AL A9 31 JAK2 IC,, = 8 nmol-L™"; HDAC6 IC,, =
46 nmol-L™"), AN X A& % A 254 ] (1 1M 95 4 ff 3 55
(HEL IC,, = 0.34 pmol-L"), H 5 {5 ™ (fluconazole,
FLC) BXA 5 F 0 i 245 11 & BR o8 B A R 4 1) B 504
FI, P [F 8 %0 (fraction inhibitory concentration index,
FICI) 4 0.07 (K 11C). & FXf#: 5or (K 11D E), 31
i) 5 #1515 HDAC1 (PDB ID: 4BKX)™ ) Zn* it fiz,
I3 9l 5 Gly146 1 His178 & i AU B o 1A RE 19k fié Ok 14
5 His178-Phel150 F1 Phe205 ¥ i 7z HEFAH HAE F, N-
2% 3 H R L % 45 43 5 Glu146 . Lys143 Fll Ser148 JE it =

A
al cl
HN—\ N o
N—{ /\/\/\)J\ OH
HN~<’,‘l N’
=N
26
JAK2 IC5y = 10 nmol-L!
HDAC?2 ICs, = 130 nmol-L"!
C

N (o]
N /\/\/\/U\
| \T/\f\N R
\ _N \NI H
28

JAK2 ICsy = 16.8 nmol-L"!
HDACS6 ICsy =13.1 nmol-L™!

ANEHE . 7EJAK2 (PDB ID: 4AQC) H, 31 (1) % JLws g
5 Leu932 ¥ il S04, N- 2K 56 F I 5t Ji 35 70 5 Asp994
TG . IRk, E BT M ZBG M EZE A& O s e, 4
A5 Asp939 Al Arg980 ¥ s A Bt . AF H ML BT 7t 5
7, 31 BEFI B AR I 5 S HEL V57, BELV 40 g J&5 42 S
A [E] B BEL W HEL F JAK/STAT A1 HDAC i# %, 5 FLC
B FH ISF A8 0F if FLC f B & BR B8 AR P FAE . 1E
HEL 7 FhF8 A8 45 8 v, 31 BH S8 400k g AR <, Ho&
BN B3 K I /0N BR P 77 i FAT 3 B T
BRI i K, /> I o R TR IR . PR 2
PR /N BT o AT FLC 5 A X6 B C Y T-387 A1
IRSLVEABIC A 40, FLC 5 31 B & Ab 4L /N B A2k
175 |A] (median survival time, MST) & & i K . %A
FUIE I BT 48 I TAK/HDAC SUEE s 400 71, A 1 afi
i PR 28V B0 TR IR G IR B A YR T SR T — P g S s
1AW 31 52 28 — S 02 28 1 L IR G R R T T
F1H) TAK/HDAC XU £ 301 71 o

BE TR B TAK2 H ] 55 JE 18 & e A HDAC 417l
7110, QiuZECNTF R T — FRHIH AL 2- 5 F -4- IR a K g
WE 2% JAK/HDAC BUEE A5 4061 77 (B 12A.B). Rk

!
- \R Pyrrole ring is the
optimal fused ring

O

NNy = /\/\/\)J\ .OH

z N

29
JAK?2 ICsy=32.9 nmol-L"!

Figure 10 Design of pyrrole [2, 3-d] pyrimidine JAK/HDAC dual inhibitors 28 and 29. A: Chemical structure of JAK/HDAC dual inhibitor
26; B: Chemical structure of target compounds; C: Design of JAK/HDAC dual inhibitor 28 and 29; D: Proposed docking mode of 29 into

JAK2; E: Proposed docking mode of 29 into HDAC6
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JAK2 ICs, = 8 nmol-L™!, HDAC6 ICs; = 46 nmol-L-!
HEL ICs, = 0.34 pmol-L"!, FICI = 0.07

“
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Figure 11

L
n, 4

Design of JAK/HDAC dual inhibitor 31. A: Chemical structure and pharmacophore of HDAC inhibitor 10; B: Chemical

structure and pharmacophore of JAK inhibitor 30; C: Design of JAK/HDAC dual inhibitor 31; D: Proposed docking mode of 31 into

HDACI; E: Proposed docking mode of 31 into JAK2

S W32 B A 40 R 4 HDAC3/6 Al JAK2 v& P, HL7E Ifi.
YOO AP b e 0 S R v 8 2 B R 5 ) e 4 B A
(HEL IC,, = 0.33 umol-L", A549 IC,, = 0.73 umol-L",
120). T X487 (B 12D.E), 32 ) 2-& 3E-4- 7K
AW IE B A% 55 JAK2 (PDB: 6VNE)“Yf#) Leu932 % i
A, FRISRIEF S GIn853 Fl GIn854 T i A, 7
HDAC6 (PDB: SEEI) H7, 32 [ 57 ¥2 Ji5 & & 4 v v 1
8, 5720 B A I 5 Glys82 T A B, KA i
His463 JE ik w-n #H HAEFH o« Ak, 32 1) 2- 20 3 -4- K &
JR s g 3@ Ik Eh M AN AU S Aspd60 FERR T REAH EAEH,
Tl 55 i 1) & 5 Pro711 TE LS8 . Western blot S5 7,
32 Hefy B 2 40 HEL A0 SIE /N 40 B fifi s 240 il A 549 o
Y A E LWL STAT3 B ik, JF H LA (R 0%
PEo 3230 B RAF 0 M2 Fe e TR A IR AE PR B,
NFE R I LR 4 i R N S 4498 ) JAK/HDAC U
B AR R T R A TS

3 ETJAKFIHDAC B =48 = HI5)

3.1 JAK/HDAC/FLT3 =Z#E#0HI5] 2014 4F, Ning
SEESTEL F K BR 2K JAK2/FLT3 #1141 751 SB1317 (33) Al

HDAC #1141 7] 10 7F & T JAK/HDAC/FLT3 = 4 55 411
il 771 (B 13A~C). H 4k &%) 34 XF HDAC Fl FLT3
() 40 ) 35 Mk A 58 (HDAC IC,, = 87 nmol-L"; FLT3
IC,, = 87 nmol-L™"), {H 3} JAK2 F & M8 55 (IC,, =
686 nmol-L™"). i 4H i 3 5 52 46 25 IR WoR, (& 1) 34
XiF 4% 1 FLT-ITD 2848 [ MV4-11 (A A 195 41 i) F14
iy JAK2VC'" 58 AR ) HEL 13 14 5 3 (Gl {8 53 5 N
0.27 110.34 umol-L", & 13D). 4k, tL&W034 % F—
S O, %) b 6 4 % PR 0 R G S BH A 24 10 A AL
%W T 22 T &K JAK/HDAC/FLT3 = ¥ & 401 ) 5751 ) 7f
171, SR T = HEPH W JAK .HDAC FIFLT3 (4834, H
A VR JT FLT3-ITD 8¢ JAK2'" [ ¥ AML B # 1 E kK
w1

3.2 JAK/HDAC/HSP90 = 4B s 3057 B % JAK/
HDAC XUSE 5 4701 51 20 A1 21 (T &, Dymock [ BL 2
H T “WEIF 2547 (transient drug) BIHES, B 5 —Fh o
T 0T B R A A ) 2% A 22 B R ) A LS A
P2 A R A B Y ) AROSE, R ATT O R T
JAK/HDAC/HSP90 (#4452 & 1 90, heat shock protein
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A B Hydrophobic Hinge Solvent exposed
Cap Linker BG region region region
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JAK2 ICsy = 5.32 nmol-L™!
HDAC3 ICs, = 58.7 nmol-L™!, HDAC6 ICs, = 4.44 nmol-L™!
HEL ICso= 0.33 pmol-L™!, A549 IC50= 0.73 pmol-L™!

Figure 12 Design of 2-amino-4-phenylaminopyrimidine JAK/HDAC dual inhibitor 32. A: Chemical structure and pharmacophore of
HDAC inhibitor 10; B: Chemical structure and pharmacophore of JAK inhibitor 7; C: Design of JAK/HDAC dual inhibitor 32; D: Proposed
docking mode of 32 into JAK2; E: Proposed docking mode of 32 into HDAC6

A B Hydrophobic ~ Hinge  Solvent exposed
Cap Linker 7ZBG region region region

LR g |
HM “OH (0]
o) N
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)
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SB1317 (33)

C D

et gé

JAK2 IC5y = 686 nmol-L! HDAC ICs0=87 nmol-L’!
FLT3 ICs0= 87 nmol-L™!
FLT3-ITD MV4-11 Gl5y = 0.27 pumol-L"!
JAK2VS'F HEL Gl = 0.34 pmol-L-!

ZI

-CHZ- at Y is superior to -O-

Figure 13  Design of macrocyclic JAK/HDAC/FLT3 triple inhibitor 34. A: Chemical structure and pharmacophore of HDAC inhibitor 10;
B: Chemical structure and pharmacophore of JAK/FLT3 dual inhibitor 33; C: Chemical structure of target compounds; D: Design of JAK/
HDAC/FLTS3 triple inhibitor 34

90) =4 sS4 75 . HSPOO i 3k 45 i [K 1~ STAT3 1)1 M HDACS, {E 87 HSP9O & & 14 () Th fig o A 5 4k
1E T JAK 5 & STATS 19 B 32 00 77, DA ok 470 1) FHO B AR ZE JAK JHDAC A1 HSPOO (1) = #4781 5751
JAK FTHSPOO F ] Bg = A W [F4E H - HDAC FK i, 4F FHIE 97 JAK/STAT BZ HSP9O 41 5 i) g ik A B 22 4 1 &
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2018 4, B T JAK1/2 4 i) 77 1. HDAC 1 1l 71 10 Al
HSP90 #1141 7 BEP800 (35), Yao Z5P2 ¥ 11 1 i Al ii 28 %
T A ARG (B 14A~D)o MBS PR 45 R KW,
1K &Y% HDACG6 HA R 5 i & 12, (A4 JAK2
5L HSPOO 3470 BH S 3% 14, 3% BH K¢ HSPOO #1771 ¥ 2] 2%
HEFEAE JAK S0 s e BEAZ EATIAT . i 2R E )
X JAK2 F HDAC6 35 A i P, {H X HSP9O ¥ A & 1
M2 N, R AT A9 36 X HSP90.JAK2 Al HDAC6
B #d/E F (1C,, 4 7 2 20.2.3.76 F1 6.3 umol-L7,
14E). FIRAFFERBH, BRI AL fUBE K 7K,
L Gy SR T G B A ) ) AE LE B R4, [RIRE T
DAP= A e 8 HLRGE IR T 280, Tk Fifit 24 (1 7= AR AN
b 368 2 P AR A 0, X AT R A 3 1) AFF 7B IR 2454 1)

F—2.

3.3 JAK/HDAC/BRD4 =5 &I JAK #1415
eI B JE W B UE S AE VR T IR FE T B R HE EU5R 1) BRD4
(IR &5 #4385 H 4, bromodomain-containing protein 4) I
il /E 4 3 TAK/BRD4 XU = #11 il 7 F 4 3 i A FF
R =R AR ) R RS> 1. FET RS R B AL
AW 10, Zhao SER H fil & 24 2% SR BE TR T K G
Alii) JAK/HDAC/BRD4 — ¥ g5 #1 il 551 (Kl 15A~C).
ik, it R 50 b 52 M TR ik AR Bl R 2 (1 1k & )
37 %F ZANRE S R AR T O S T I A RS PR (JAK
IC,, = 5.7 nmol'L"'; HDAC1 IC,, = 120 nmol-L"'; BRD4-
BD1 IC,, =930 nmol-L™"), J£Xf MDA-MB-231 & A R4
35 (IC,, = 2.9 umol-L™), X} GES-1 (1E# AN B L&

A B C
Hydrophobic Hinge Solvent exposed
Cap Linker 7ZBG region region region
N_N HNJ
o
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N7 Ny
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Attaching the HSP90 binder to
the pyrimidine of the JAK binding
core is not a suitable combination
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"N “OH Cl
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Cl
Ruxolitinib (1) BEP800 (35)
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e N’&N/
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Solvent exposed areas (red colour) of each inhibitor can be used to identify
connection points for combination compounds. Key hydrogen bonding groups
(blue colour) are preserved to ensure maximum chance of binding at each target

36
JAK2 ICsy = 3.76 pmol-L"!, HDAC6 ICsy = 6.30 pmol-L"!, HSP90a ICs, = 20.2 pmol-L-!

Figure 14 Design of JAK/HDAC/HSP9O triple inhibitors. A: Chemical structure and pharmacophore of HDAC inhibitor 10; B: Chemical

structure and pharmacophore of JAK inhibitor 1; C: Chemical structure and pharmacophore of HSP90 inhibitor 35; D: Chemical structures
of target compounds; E: Design of JAK/HDAC/HSP90 triple inhibitor 36
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RGN E) HA W B # A (IC,, = 32.9 pmol-LY),
Hig B TR WAl (B 15D). 73 T X o (K

15E~G), 37 5 HDACI (PDB ID: 4BKX) [f] Zn* % &
I+ 5 Asp99 Fl Gly 149 T sl 2 A E B . 37 I g 2 ik B
¥ 5 JAK1 (PDB ID: 41VB)* 8 55 X Leu959 T B 4™
Sk, RSB RS Arg1007. Asn1008 A1 Glu883 JE
% NE 4. 7 BRD4-BDI (PDB ID: 4P5S)!*1, 37
fREE T 59818 % Je ML 5 Asn140 A Pro82 [ o< f &
BEM EAEH, #1325 7 5 BRD4-BD1 ] WPF X {157 7K
FHELAE 45 37 () BRD4-BD1 #1135 PR BE K T~ FE 14 &%
Je . BkAh, 37 [F i) HDAC Al BRD4-LIFR-JAK -
STAT3 {5 ‘546 3, H 2 8 s 40 H1E A 2R A 20 bt
S T PR R T A, A A bR A R VR TR K, e
% #1#1] MDA-MB-231 53 Fh £% 8 A5 Y o Ji g 1) 2E G

HDAC/BRD4 = S i) 71 2L AT R B (1844 P9 0 Jie g 0
PR RN AT 2 52 1 # 1E, f JAK JHDAC DA K 5 22 B 05 f 1Bk
A = AR I TR FH A S A S b 8 P 4 K |
FE o R SE, (R, L JAK/HDAC 22 58 5 300 1 56
W IE T P SR LA R I S
4 RE

JAK 1) 771 F1 HD A C 10 771 501 24 4 F B 25 5 HE B
IT RN 3 11 K DA K i 24 1 5 i) R, O R R Gr T
JAK/HDAC X HE 5 410 1) 750 0 A7 B2 ve Ik Bk s B . R
EROTZHAAMAGHEZRE, BERSAAN
o238 HURN 5 B4y 1 WU E S5 D7 T T I 1 2 Pk ik . 7Ead
Z LA B X2 3 A R S 1) R T s AR AR
JAK/HDAC XLHE g 410 71 1) 0t i B A 1 B 8 1 3 g
FTR97 B B G0 BT IR S SRR, 5 ) 2

5 4% 45 HDAC ) i 7 4 LL, Zhao S5V I & (¥ JAK/  FET 24 LA 2 142 75 T 1 A0, Ao O 410 o) 7] A AR
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JAK1ICsy=5.7 nmol-L’,
HDACI ICsy= 120 nmol-L™!
BRD4-BD1 ICsy = 930 nmol-L™!
MDA-MB-231 ICsy = 2.9 pmol-L"!, GES-1 ICsy=32.9 pmol-L™!
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Figure 15 Design of novel JAK/HDAC/BRDA4 triple inhibitor 37. A: Chemical structure of HDAC inhibitor 10; B: Chemical structure of
JAK1/BRD4 dual inhibitor 7; C: Chemical structures of target compounds; D: Design of JAK/HDAC/BRDA4 triple inhibitor 37; E: Proposed
docking mode of 37 into HDAC1; F: Proposed docking mode of 37 into JAK1; G: Proposed docking mode of 37 into BRD4-BD1
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MR EAE NG R R F R T .

JAK/HDAC X HE s 3] 771) F JF & 0 T i 5 F %2
W e, H T4 R A JAK/HDAC BUEE A5 400 1] 70 35 416
M. T JAK 5% M HDAC 51 38 i 1) v i ) 95 4k
Xof B — 7 A B M P ) AT D A RS — AN
FR LI ). RIS, JAK 01 71 R0 HDAC 00 i) 551 £ 2
) B A v FEARALYE, AT 1R 1 1 SRS K 22 D24 341 41
AR I A, TR A AR B A 2 o A
BTt ok B e, 1A 6 T i 3 2 0 B AR 1)
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