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Bcl-2: research progress from target to launched drug
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Abstract: Apoptosis is an important self-stabilizing mechanism of multicellular organisms, which plays a
vital role in the development of normal living organisms and the maintenance of tissue homeostasis. The
abnormalities in apoptosis often lead to body lesions including tumors.  Studies have shown that Bcl-2 protein
with anti-apoptosis activity is an important target in the treatment of cancer. After nearly two decades of efforts,
many small molecule Bcl-2 inhibitors have been discovered to induce cell apoptosis. The small-molecule Bcl-2
inhibitor, venetoclax, was developed based on fragment-based drug design strategy and approved by the FDA
in 2016 for clinical application. This agent is the first approved small-molecule drug inhibiting Bcl-2 through
protein-protein interaction to induce cell apoptosis. The achievement of venetoclax benefits from a combination
of drug discovery technologies and represents a milestone in the history of drug discovery. In this review we

will introduce the current progress in Bcl-2 inhibitors.
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Figure4 Small molecular inhibitors of Bcl-2
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Table1l Small molecules that target B cell lymphoma 2 family

proteins
Compd. Target Affinity
ABT-737 Bcl-2, Bel-x, Bcl-W  Subnanomolar to nanomolar
ABT-263 Bcl-2, Bel-x, Bcl-W  Subnanomolar to nanomolar
BM-1197 Bcl-2, Bel-x,. Subnanomolar
S44563 Bcl-2, Bel-x,. Nanomolar
BCL2-32 Bcl-2, Bel-x, Nanomolar
AZD4320 Bcl-2, Bel-x. <1 Nanomolar
S55746 Bcl-2 Nanomolar

BiAKAEF i385 5 P4 DS 45 &Y, [FIN AEhg
5 Bel-2 H AR 1R & R TR LY B AR AR
Mo fEMIEA B, SA4E (AbbVie) 2 ] H | ik [4]
AR WL B 5] N ABT-263 B 2845 ¥y 3+ 3047 TR
NIRRT (R 2)o (RGN LR T,
BN 2 e AL IR R 1L (FRET) R H AR 0t

Table2 Structure and activity of analogs of ABT-263.

Bel-2 (SR Ay Ak, 38 R Stk bk R 40 i 1 i (ALL)
MR (RS411) HEAT ARSI E MEMR, BAVEAN 1L
EWEUR AR T 5 6] Bel-2 & A fH XK.

B 2 1[0, &A EZRMIRRI &Y (2, 4.
6. 8. 10) LLEHEWIVERKILAEY (W 3. 5. 7. 9. 11)
BAB RN, HREA RSS90 Tk
S MFRON 3,3- RIS ORI, HOE TR B, H
EMAE KIBIRTE (0 5. 6); J5HEURIE X Amydt
AR, BB MEN ), Hi ST K ER T
(a1 6+ 8); RIEMIGIN 4-H 0t IR L 0 155 S 4 i 0
ORI . A E M ILIE 45 venetoclax (ABT-
199).

Venetoclax %} Bcl-2 B4 40 B /R HISE AT 71 (K<
0.010 nmol -L %), %} Bel-x_ (Ki=48 nmol-L™) A1 Bcl-W
(Ki =245 nmol-L™) HISER S48, 5 Mcl-1 fISE R

“The inhibition constant (K;) is the dissociation constant of an enzyme-inhibitor

complex or protein/small molecule complex in which small molecules inhibit the binding of one protein to another protein or peptide.
The larger the K; value, the weaker the affinity, and the smaller the K;value, the stronger the affinity

. Bol-2 FRET K* RSAI1
. R R z
Structure Compd ing Jmol L ECsy/umol L *
O L3
2 %j NO, ‘ D N 0.225 0.712
hﬁ?.
6 5
3 %j NO, D c 0,618 1.180
hﬁ?.
0 .
i~
4 NO, . JOT N <001 0.012
NHR
X o .
i~
5 NO, X jO( c 0.017 0.086
0=3-0
0. _NH : )
(o] i~
éom 6 2 NO, X jO( N <001 0.052
z7 N ;’“
. a #
[Nj 7 8 NO, . JOT c 0.181 0.191
TN j
Ring | o I
N 8 8 SO.CFs jO( N 0.219 1.210
o ~F A ;
A/ ¢
(o] i~
9 2 SOCF jO( c 35 >5.000
o "
O I3
i~
10 SO.CFs JOT N 0.090 0.475
0 .
i~
1 SOCF jO( c 0,678 1.690
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FIRZE (Ki>444 nmol -L ™). HIELEE — 4254 navitodlax,
venetocl ax 7£ 4 Py 057 AT K R0 36 ifiL /MR ) B 40
Venetoclax A £PE RG] Bel-2 & HRENE, FF
Bax/Bak MK A0 R IE T, sl Hpummis k.

RN DSV R I, venetoclax Xt T3k
PRk B 4tk 9% (DLBCL). JEVEIEMESR (FL)
B ERE (MCL) %542 A7 & IR E  (NHL)
Y B A R AF A5 SIS T, (R IR S bk R 4
H B ELAT B U I B B E PR (3% 3).

Hif SCH 523, CLL AR i 75 B 5 i WL RN
M, FLGEH FCR J7 Xt mkd . JERIEZ . fAAETIE
ANRIBAE (W IGHV . 17p BR) A 18 R A
f£. B 4f{lu321k (B-cell receptor, BCR) 155 il g Al
Bl-2 15 5 38 % 2 41 M 16 T 1 1) H S @ B AR
¥, YEMT BCR/E 5@k 2K & & e Al idelalisib
(e, MR RE T CLL MR T, (BT M 2 4
G R TR R . IR FUR I, 17p BRI (17 546
W) 5 CLL ISR RV, 2905 CLL il
10%, FEAETE A P8 1 bk 2 40 B 1 L0 05 451 24 o
30%~50%"3, 55 % B Bol-2 40 T {5 5l
P& (/N9 F- 2P 0T BORTR YT 17p Rk CLL A 3 F B .

7 1 IR R 7T (NCT01328626) 1, venetoclax
B TR T MEVA TR R A S b e B i
PRI 3R36: (NCT01889186) if ABT-199 377 A i3 Pk
sCERYE 17p BRSNS M R AT T IR
W7, 107 fr g AE 12 N H WS I ORR &
79.4%, #rWRAE (PR) A 69%.

F—TER 1 IR (NCT02141282) #5¢ 1
venetoclax fE LMW HIKE B JE (A 4, n=41) =
idelalisib (B 4, n=13) 87 5 = KB CLL &
# (97 245, Venetoclax B 45 24 24 i Ja, X i
TRIT G OLIEAT VRAS, A 211 ORR 24 61%, B 41 /] ORR
N 50%, FEfERER (SD) A 4N 26%, B 41 40%
(% 4).

5 5B

2015 4 4 A venetoclax K755 FDA ik
JIVEWE, HTBRZRITH 17p R LD RAL 8
(rhe P bk ES A 1 P8, 2016 4E 4 H 4 FDA itk
Mo ZZAURA Bel-2 2 4 77 1 17 28 8 6 2549
(first-in-class), & &5 [ — A B AR FH e A3k
/oy 7259, B BAEME . A 20 tHE R4l
FRPE T2 BN Bel-2 28 F Rl A8 & I TE 1 25 3 bR,
% venetoclax |11 CLEiE 20 4E ] . Bel-2 8 F1E N
250 BB B (0 R 2 36 UE T B B 1R 4B D & 2 IR AT, B

Table 3 Cell killing activity of ABT-199 against cell lines.
*ABC: Activated B cell subtype; GCB: Germinal B cell subtype;
PMBL: Primary mediastinal B cell lymphoma

Tumor Sub-type call line ABT-199 ECsy/umol -L*
type Mean sem n
DLBCL ABC* SUDHL2 15246  3.569 6
ABC U2932 0.653  0.185 8

ABC HBL-1 0042 0012 10

ABC OClI-Ly3 0170  0.070 9

GCB* SUDHL4 7189  3.074 6

GCB OCl-Ly7 27392 2974 6

GCB OCI-Ly8 0.746  0.280 6

GCB SUDHL 10 26323  1.139 6

GCB WSU-NHL ~ 13.035  1.749 6

GCB OCl-Ly4 13556  3.174 6

GCB OCl-Ly19 0064  0.021 6

GCB HT 24746  2.460 6

GCB OCl-Ly18 0019  0.003 6

GCB OCl-Ly2 0958 0774 6

GCB OCl-Ly1 0.026  0.007 7

GCB SUDHL6 0117  0.037 8

nd Ri 1 0.003  0.001 7

nd NUDHL 0.026  0.008 9

PMBL* K 1106 26316  1.697 7

PMBL U2940 34302  6.497 6

FL Karpas 422 0183  0.055 6
WSU-DLCL  10.960  2.282 6

DoHH2 0.047  0.012 7

SC1 0.067  0.022 6

RL 0144  0.099 6

ALL SEM 0.008  0.001 3
T-cell Molt-4 9240  0.185 3

R$4;11 0.008  0.001 3

AML KG-la 0660  0.119 3
Pre-B-cell  MV4-11 0014  0.002 3

MCL HBL-2 0.002  0.001 3
Granta-519 0.003  0.000 3

Rec-1 0126  0.012 3

Mino 0.772 0.372 3

Z-138 1406  0.489 3

UPN1 2191  0.904 3

VM-2 9.920 1511 3

SP53 11.317  0.203 3

VM-13 25783  1.569 3

Jeko 26510  2.946 3

L LL/NGY T 254 venetoclax b T T B X 3R 1S AR
FEAZAERR 250 A, BTN S RHIIE N 52
DR i) L A DAAR B A ) R S /N A e Tk
B BRI 2T BB 25 v S KR 1 X —
KRORE, JFRE] T miE e E% ABT-737, N
A4 i SEEE LA A 2G0T A B 5E T IS SR Bk Ak o SR
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Table4 Clinical study of venetoclax on chronic lymphocytic leukemia (CLL)

Disease Clinical stage  Patient ORR CR+CRi Median follow-up Clinic trials.gov ID
R/R CLL I 116 79% 20% 17 NCT01328626
R/R CLL with del (17p) I 107 79% 8% 121 NCT01889186
2R/RCLL 1I 120 70% (postibrutinib) 2% (postibrutinib) - NCT02141282
48% (postidelalisib) 0% (postidelalisib)
R/R NHL I 106 15% (DLBCL, 5/34) 9% (DLBCL, 3/34) - NCT01328626

349% (FL, 10/29)

10% (FL, 3/29)

B — 25 ABT-737 AI%5 254 ABT-263 43 %
HH T R0 24 A ) SR P A a2t 36 M ) R o R PR R,
{H 2 A5 IESE Bel-2 8 A ERE AR MRS 00 R )7 3145 1
BT . 1E R TR  29Wiks:. SEEY R
I PR = 27 46 2 BRI N P R B0O%, 18 7% 4 5
(38 B EAS T 5 il — S X — AN, A A Bel-2
AN A R 2 1) B TR A A IR R IGT CLL
A LI PEEF .
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