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Examples of biology-driven drug design

GUO Zong-ru”

(Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing100050, China)

Abstract: Pharmacological activity and drug likeness depend in principle upon the microscopic structure and
macroscopic properties of drugs, which reside in their molecular structures. By means of medicinal chemistry the
evolution of an active compound to a novel drug (NME) essentially makes the two pillars coexistence in one chemical
structure, which either could merge as an intrinsic structure or connect from external fragments to each other with
covalent bonds. Since the new millennium the advance in biology provides several knowledge and technologies,
for example humanized monoclonal antibody, proteasome-ubiquitin system, allosteric modulation, natural macro-
molecules, structural biology, etc., for innovation of novel medicines. Taking several examples on marketed drugs
or drug candidates in clinical trials, this article tries to concisely illustrate R & D conception of biology-driven drug
design.
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Figure 1 The comparison of binding mode between ibrutinib (8) and zanubrutinib (10)
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Figure 3 a. Sketch map of imatinib binding to critical residues of wild Abl; b. Docking diagram of ponatinib to AbI™*!
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Figure 6 Schematic depicting various ACC domains and their functions
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Figure 9 Evolutional scheme of crizotinib (29) to macromolecule lorlatinib (30) via typical compounds
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Figure 10 Crystal structure of 37 bound to FVIla. The proximity
of the P1’ acetanilide and P2 phenyl groups suggested that macro-
cyclization was feasible, as indicated by the double-headed yellow
arrow
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Figure 13 X-ray crystal structure of 42 bound to factor Xla
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Figure 14  Sketch of the binding mode of imatinib to Abl
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432 HHp PUAREERZYIBE S A MR EIE D TR
P, XA A4 5w BEHUR (mAD) SEBL s B R #E 1]
PE RS VEAA R 2530 71 2R AE, F RN IR
7R 5, R e, S SR S8, AR G RS,
M7 TP IR TS, % R3S B PR 95 5%, 2 — 2R A i
EIRIT 2

ADC 4> H 33 4 e Pishe Btk o 1 I
I 0 L ) T A 0 A 22 4 FVRE S 1, DKL T AT | ADC
PR R Atk dE BT PR . SUAFTR R 2B
M ASEA 25 5 T B, IR DR RS B s R, R A
PUARE L A E B LA o 35 S 1 R DU AR R B 24
Yy Ve300 o IR R, A AR B 20 I 2D,
A MVE AR, R 2, 2 B I 52 oA 1r R,
WE —ANPUR S T EE A BB\ TS T
DAL 285 i e o IR A R A Foe MR i) B R PR AR,
1 ADC G5 ¥F 2 A [ @M ASE 1) £ IR 8. 754k
Iyl MR EL AW, T AR ), A
Hm B 1. — it Eiv i ADC I EM T,
A2 22 R TP R oy, R Be AL HE, T 7E ADC
AR R TN R I SR T
MR, BESR AN F2 A B AR R B 14 43 S 1, R R,
T 7E FE 40 A P R R B FR 1 40, A S B
ARERIR m, A SCAIRAD

PAAL A 4 49 5 a1 BT ADC F 4H A4 L 72
49 /& 2012 4F b (W 5 — > ADC 259 N AT % & 40
(49, brentuximab vedotin), A7 £ 77 4z bk [ 983 1 7] 42 4
K bk R o X AN 2459 & $1 CD30 1) 19G B ik A7 %
H LT (brentuximab) FHTUE & H KN 7> TALEY)
B L BB A 7T E (MMAE) 383 R 4 25 (1 il 24 A 1 0%



© 1718 - 2% %4 Acta Pharmaceutica Sinica 2020, 55(8): 1707 -1725
linker
cAC10 ‘Iink frg. cleaved frg. space frg} cytotoxtc MMAE
)
256
H ch CH3

PR BRT . 49 38 1 454 CD30, A 314 i
B Wiz a2k 3 B A, A R i K B BT U) B,
MMAE Ji7 52 H ok, 55 40 1 ol 5 R0 46 &, BELY 40
JAAT G2, 5840 M yE TS,

KR i 2 4H BT (50, trastuzumab emtansine) A2 %t
Xf SEARJR (1 ADC 2459, 1697 HER2 FH A 1 8 88 4 3L i
gt o LA 2 45 & T HER2/neu £ 1A 1Y B 2 Bk bt
(trastuzumab), & & A ;M”Cfi"‘fﬁ 5k STV e v BB o 2 4
5 HH (maitansine) HEEE4E & . FEHBT R MNEE
**Ei@ﬁj‘%ﬂ’]ﬁﬂi%@i SEIFHIEMEEARS,
b gE R 225y 2. B B AR TE PR AR e (EIE
PRI 22 (PR B i 25 E), B DUIX AN o 2 1) A2 P
KRAELZ] . ADCAEH 1 3 3H 3T, X 6 240 f (%) 2 [r) s
1K, I E T 4 L YRR TR R, TR IR kR TR

B0 oK A 7 % 41 B 4T (51, gemtuzumab ozogami-
cin) #2 LL CD33 Jy ¥E AR (1) B Pt 483 e 1 [F) B K 2
(ozogamicin) 4% & T %, I K I T30 97 SR 6 & A 1
i (AML). S HEI & A A o s i k. B
T RCKERERIE RBMPUER, S rdt
B Jds — ok LU BOR E (1) v Be, AELFE 20 i 1N S A% 11 25 4]
IR, BT R 1,4- R E K [ o, R 3
TR, 5 DNA BURTE 1) /N8 AR S BR G &, 1800 20
T XUIE PR S A S T U R R 2
FEFBAR IR, M4 ADC [IZLER, & 3% H i 2k 10
T, SEEL T R TR,

Fam-trastuzumab deruxtecan-nxki (52) & 4% &
CD79 i ADC, 1697 JoiZ V) Bk B # 1k HER2 BH 4 7L
g 7% . Deruxtecan & 5 W B fiT 42 4 DX-8951 &5 i 4%
FBEY, R DRk % -GGFG Tk T 52 48R A
B &, ADC B 40 B IR Jim, 1 AR 7K gk Tt e B, i 9
DX-8951 (I 4225 H1 ), 15 94k b S 4 fg 1 5 204
T, Ao e 4 B T

NZG DDA A A %ot Je 20 A 5 K 2 493 A6 P ) 4
P25 P T A AT 2 AR B EE R U AR R S AT

49

Trastuzumab Linker
Y CH3
u 0. Bo N._ CH 7]
N D b |
I i s S 0
‘J\u{ﬂ._ﬁj '\:) C 0 CH; Cl
(4 % CHj | X I a
HiG g A N s OCH;
e k| 5
0
U
11’ ,J -
OH I
” OCHy CHj
= 50 Maitansine =323
— HN o -
e SN o
= “'l =) OHaC CHs HO. / /H
L SN, OCH3
M o 58 A
CHy O CHy H o a o N Q
| 3k,
I F L O-N -
o W hal | \
o | \/'_ HO &
07 5" o, HO e J
e ) ocH " ST
HiC—7~—~@ : HaC., r»,,.\_/
HO- ,—---.../ o 00'/
HaCO ) 0 N3
OH
L 23
51
T
T Linker
HER2 antibody o
Y | /n\ [ ﬂ "" 0
s o o _-" NH
!5 5 J HaC. | |
~ N \] e \ o
4 .
Yo e < D
Exadecan dcnvauw: l J
52 8

PIFE N ADC ()RR PR B DA EG, BT i 3 1 23 14 v B
s B A& DUT JUANRE: O 1E FALH] B, @ 40 354
FH A Z0UR w1y B 1T AR AB 1 AN 5 0% 1 5L A L A0 i 2,
b2V R RS, 2R B TE 41 T P9 IR R 2 VS 1
@ ADC TE IR H R B A TEFE R Vs il
433 #tELETHIADCHY # % 2019 F K, £ H
FDA#L#E i1 ADC WA 74, KLV T A4
FCRIE RORE o AR SO A ARRPER B F1F 7 2
PN
4.4 INGFIBEEZH

AT [ ADC ] 9 K 4 T AE kG HE i ik
REMEZ, B4 ERHY S T2 X AN .
L /NGy T TS B E AR . — LR Dy T G B AN



FRIRAR: BRI S 25 it

- 1719 -

Table1 List of ADC approved by FDA. ALCL: Anaplastic large cell lymphoma; AML: Acute myeloid leukemia

Generic name Trade name Composition Target Indication Lounch time/company
Brentuximab vedotin Adcetris Brentuximab/vedotin CD30 Hodgkin's lymphoma, ALCL 2011-08 Seattle/Takeda
Trastuzumab emtansine Kadcyla Trastuzumab/maitansine ~ HER2 Breast cancer 2013-02 Genetech/Roche
Gemturumab ozogamicin Mylotarg Gemturumab/ozogamicin  CD33 AML 2017-01 Wyeth/Pfizer
Inoturumab ozogamicin Besponsa Inoturumab/ozogamicin CD22 Lymphocytic leukemia 2017-08 Wyeth/Pfizer
Polaturumab vedotin Polivy Polaturumab/vedotin CD79 Large B-cell lymphoma
Enfortumab vedotin Padcev Enfortumab/vedotin Nectin-4 Urothelial carcinoma 2019-12 Seattle/Astellas
fam-Trastuzumab deruxatecan-  Enhertu Trastuzumab/deruxatecan HER2 Breast cancer 2019-12
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