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Progress in molecularly targeted anti-tumor drugs derived from
natural products or their derivatives

ZHANG Xu, MENG Ling-hua”

(Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 201203, China)

Abstract: Conventional chemotherapy drugs, molecularly targeted drugs, and immune checkpoint inhibitors
are the major constituents of anti-tumor drugs in clinical settings at present. Molecularly targeted drugs specifically
target the key proteins, genes, or signal transduction pathways in tumor cells which are essential for initiation and
development of tumor, resulting in selective activity to induce cell death or growth inhibition. Molecularly targeted
drugs have emerged as the mainstream in the research and development of anti-tumor drugs due to its high
selectivity and low toxicity. Natural products refer to the chemical constituents or metabolites originated animals,
plants, or microorganisms, which have been recognized as one of the important sources of drug discovery with
abundant resources and diversified structures. At present, a number of molecularly targeted anti-tumor drugs
derived from natural products or their derivatives have been approved for cancer therapy or in clinical trials. This
review will summarize the molecularly targeted anti-tumor drugs derived from natural products or their derivatives
according to their different cellular targets, and also outline the molecular mechanism, progress, and perspectives
of these drugs.
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TEAE . MR R AR R R ok R R AT N A S R T 4l
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HDAC 411 #1 7| (HDAC inhibitor, HDACI) iffi 1 41 i1
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IR HON ) e 20 Y A6 Pk e 4 R T S O
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PERAL R B 2 CBALRE A7) (8] 1), 5N == B
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T3 2 JOK 225 R RO A ) g, AR A T R B
555 B BT B G M, I BEAH H-ras B 4k 1) 40 i IE
WA R A, R ke i) w3 I S BT A RT
12— FhEE 1) ras (A6 S W) AT 5 B2 01 KB B JS 6T
RN WMWK I, € Be % A R #0 f HDAC % 1,
X} HDAC1 F1 HDAC2 ] - 4 i) % F£ (half maximal
inhibitory concentration, 1C,) %3 % A 36 11 47 nmol-L™,
T 2009 £ A1 2011 £F Bl 5 [F FDA #tt #E I T8 97 I
Jik T 411 i 94k B2 % (cutaneous T cell lymphoma, CTCL)
AUA & T 4 o bk B 98 (peripheral T cell lymphoma,
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Figure 1 The structure of romidepsin
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Figure 2 The transformation of romidepsin in vivo
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X EE RN S e R EE N HTER, el
Z /b 6 NN 4 BB o LR, HEZ 3R 2 RO
Bl 2 R4 A B E2.72 &M E3.26S & [ By 74 f1 25
iz Z % (de-ubiquitinating enzymes, DUB) & . Hff 7t %
W, UPS 7E il 1 R AE AR e b 35 S22 /R H L BA
UPS = BL2H BB 43 A6 97 BE AR BB I 8 24 BF R A R
NI R T AR
2.1 E2;2Z=4ZEEHI$F—leucettamol A Leucet-
tamol A 7 i 42 5 47 (Leucetta aff.microrhaphis) 1 #
H 3R B AL & P00, B 28 LN BB 2 R4
UBC13 (ubiquitin-conjugating enzyme 13) 5 UEV1A
(ubiquitin-conjugating enzyme variant 1A) % & (1L &
Yy, HAH UBC13 5 UEVIA 2 FH AR HAE FH I 1ICs, N
110 nmol-L2 1M,
2.2 EBEEEINFIF—marizomib (NP1-0052) Mar-
izomib A& — Ff ¥ 1 2R B Salinispora tropica [ #i2 B
VIRA, B R 8 4E W] 0 A ) 2R e AR B (A 2R
Jbt 2R & (A IiE 74, cysteine protease-like, C-L). 42 (F
IS8 (I BEIE 1, tryptase-like, T-L) A1 55 (JL45 288
i (B3 M, chymotrypsin-like, CT-L) iV & 3% 4, H
ot 5 ] [ 5% 9 R F 72 BT 60 b i 8 40 i 28 A K 0 i) 1
2 A K0 ) v FE (half maximal growth inhibitory
concentration, Glg,) ¥J{%F 10 nmol-L 03, A L F7 #
Pk (B3 E FDAREHE F TR 97 2 ko VB R R 10
A EE A0 7)), marizomib ) 4F F IR R A, #5E
T marizomib 15 min i 7] 175 5 i 4 i A AR R T, T
AF 7] R B PRI 0 25 A oK 7 LA B 8 h LA | 4 Bk 2 A [F)
2GR o AR T80 2K, marizomib X} C-L. T-L
ACT-L 31X 3 Pl 35 fie 6 ™= A= JE AT 3 4 #0461 B
B A oK ) R CT-L g ™ A ] 19014 40 i 4 FH DRt
marizomib X 8 B Ve K it 24 11 22 P B BiE R 41 A B L
A AR, B A el B A KA T 1 Rk 22
AF04, H | marizomib 228 3E NG IT £ KM H R
(multiple myeloma, MM) FITL I R 56, )20 45 1%
B marizomib (1)1 52 YE4F, FEEIE K, AEH TR
IR RN W AV Si=g it (S E)B
3 AR B HA (R # A B HN I 5

2 it ) 30 2 0 T 2 i T B I B AT R, e s R
21 Fe N o B ) A B 0, 4N R B B A
4 (cyclin dependent kinases, CDKs) A1 4 il J& 31 &
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Figure 3 The structures of leucettamol A and marizomib
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Figure 4 The structure of flavopiridol
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TRV 5y 8 SR — Rl A8 . Staurosporine 2] B
TERPLEE G HAT R, B2 1986 4 H AR} % 5K
Tamaoki %522 2 3L H v A 240 1) & & B C (protein
kinase C, PKC), ICs, N 2.7 nmol-L%, Jf X Jif J83 4 it B
AW RAE . 5 20 B U 5 %k S50 B OR,
staurosporine & — i 1 1) 2 O F ) ), 6 22195
TR YA I AP P S R VUl 1) A R B A 4 b v 12k, 3 PKC
CAMP 1 #t ) 25 1 ¥ i (protein kinase A, PKA)
CDKs &2, H T 1Z A & W5 Sl i) (e 26 22, R
il 7 HE 2 T et (H R R S5 4 DA K By 2 R AR
D )RR R, W51 A TR A A i 22 24 DA staurosporine
RGeS V) HEAT B3 — 8 G5 B S AR P P
TF 52 24,

UCN-01 /& staurosporine [t — Fh 7 2E 47, HAE stau-
rosporine N Bt iz 38 11 7 A7 51 N T LA FR B, Wl UK 7-
hydroxystaurosporine. {4y ATP 35 4+ 11 5 14 5 i 417 1
7, UCN-01 7] {2 3 11l PKC . CDKs % 41 iftd J& 3 6 7
KU 1 (checkpoint Kinase 1, Chk1) %, #¢ 2 stauro-
sporine X i 1 1 £ 14 B =21, fE X UCN-01 ik — 2P
FR MRS, RIS 5+ -1 B YRS & (10 45
B R, £ E R EIRC T AR AN AR A
RS, — I UCN-01 FH T~ HE A 1 iy 8 10 1 30 IR
I 70 0 s FL R T 2 A 1 R, B E HERE R &2
N 42.5 mg-m2-d, iE SR HE 3R, H ATz &Y ik
TR YT IR LR (TR PR AT 72

Novartis 23 &) i i3 %} staurosporine [ 45 ¥4y 2{tid , 75
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(PKCA412/CGP41251), H 7] 45 % # il PKC. CDKs.
PDGFR.VEGFR Hil src %5 S i 1, % 22 i /b 78 240 i K%
AR IR BAT R ARSI 8. 72X midostaurin
RN TR R B, HX 5 FLT-3 (fms related receptor
tyrosine kinase 3) F¢7% [ fifi I8 20 A EL AT AR G i AR A
HAEFH, S5 22 i R a6 th 3 — PR S S FLT-3
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Figure 5 The structures of staurosporine and its derivatives
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N7 umol-L™) . CDKS5 (IC5, 4 7 pmol-Lt) EA A 41 Jg 4k
WA T B R LR 22 R TE AL &R 1T (extracellular signal-
regulated kinase 1/mitogen-activated protein, ERKI/MAP)
4 (1C5, 930 pmol-LY), X CDK6 FFMIHRE RS (1Cs,>
150 umol-L), X} CDK4 M TEiE £ (1C5> | mmol- LB,

9 T # i FoXE CDKs () 4 i) 35 1%, %= T+ olomucine
R RG22, A0 5 5K 0 45 7 Ui 19 31 1 roscovitine,
ForT A 24 CDK2 (1Cs 4 0.1 umol-L™).CDK7 (I1Cs,
4 0.5 umol-L™*) A1 CDK9 (IC4, A 0.8 pmol- L), {5 15t
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roscovitine &5 # HHAFELE LNFHEH G, al i 6 H 242
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(seliciclib, CYC202) it — P 5% J B, 3 vl 3 ik 417
#l CDK7 5 CDKO i MoK BH 1 RNA SR A i 11 HOBEIR
1k, 3k 17 B X Mcl-I (MCL1 apoptosis regulator, BCL2
family member) $1 4 =& A R IE K, i3 2 K1
B BB M R AR R TR, Seliciclib 5 At i B T
WG S0 S A R R 1 1 I PR BIE S R W), — R
w4k R A, Ho%H%E W BRCA (breast cancer) 587% [ (&
& B AW R 1, 4278 BRCA TEAZ AT AE i
TE 1) AP U bR BB, H T, seliciclib O AF Ay 5 ik
2y BEN T 1B I PRI B BT 7T (1 6).
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Figure 6 The structures of olomucine and seliciclib
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AR R0 B, G A0 e T8 4 B AR A P O B DR 1, B 1) HSP OO #4
U 1 ) R0 8 B 22 T R 2 A R B AR
Z

41 IRREEZE (geldanamycin) 1970 4, ¥ /R
FOR T WOAKRE R 6 I R R b, 8 T 2R 2 b 2K 9t
AR, VIR IR I B U AR A HORT MR v
B3 20 tH 40 90 4F AR A B UE A% /R 15 25 R B AE AR mi o
PO H HSPOOR, i R E B A R R A A
HSP90 25 4 N i 45 #J 38 _I- ) ATP 5k ADP (adenosine-
diphosphate) & & 1 ki, 4 55 P #0 fil HSPOO AT 44 75 1
ATP Jig 3 14, 48 HSP9O i) IE % Th g, FH 1 HSP9O Jik
MEBWL RAFEEEAELZ KREABKRR
e % e, DTS A 280400 ) e 8 200 A ) PR B0, ERAR
MR FEEE R AL 50 Z AP R AL R R 3 B R U3
FE 13 1, E RS M 22 D R v U B 1 ) R B
il 7 HE BRIt K 5 N HE,

4.2 Tanespimycin (17-AAG) 17-AAG #& ¥ /K 1 %
R — P EY, HA 5% R B8 = B AR L,
PEEFPE/N, K VELF, R — N NI PRS0 A% /R A
FEATEYEE, fEDIG IR RIS 7o, 17-AAG 5512
W | 22 DA At B8 LI L 5 VA ARG L ST R R A B
R ARBECE M, BB v 2 it sz v, (595
ITRCRABRE, J5 200 5T K W 17-AAG Al 2 Bk 5471
HBR 16 9T B A BT G T 8UR, A8 — Tl PR TUH X
O Fe gk — D BRI T 3 D B bR v v, AT
YN T 31 4 HER2 (human epidermal growth factor
receptor-2) ¥ 1% (HER2*) KRG HHFL IR )E 38, fEH 2 H
Z R BLPUA 17-AAG BX AR IT 5 1 SR R 22 0 22%,
H A AR AN 17 S H 10, R 17-AAG 58 7 K
FIAE 2 R B Rl v B B R R P [ R, i T
AL A W R R B R0 AR 5 A & & iR R A H
ik TR — S k.

4.3 Alvespimycin (17-DAMG) 17-DAMG & 5 —#f
M IR B 3G F A, B T A K A O iR A A R
FH FE, A Wi R A AIF 78 27 H B 17-AAG B 58 (1) Bt i
SRR T DI PR AR ES PP 1 ORI 1 IR & 245 1
BEPE RPN, bR TR R PE OB (09 5 %O A
T8 Ab, B AR T O B B R HR 8 A R 1
Mo FESCPE R AN (A I AN R R R, O 17-
DAMG 1] W82 )i g A8 o 7570 ] 74 B S e Al HER2
0 FL R A R, BRE B 17-DAMG F 2% Bk
BT AR AT %2 B R IR, AR, T L

7, 17-DAMG T~ 2008 -4 Kosan 2wl 4% 1E 1 HF &
4.4 Retaspimycin (IP1-504) IP1-504 /& 17-AAG [
RV 1 ER RN R Wy SR AT AR A, IP1-504 85 17-AAG
X HSPOO (1 41 i 3 14 B i, IR PR /N FE 2 R
i RER S AF /)N 20 B T s AN 1S i ) J5 R AR A R AT T
S AR50 A 7T ks B WS M 2T 2 1, I
T8 T HERE T 225 mg-m2, & 2 AN 1] i 97 B
400 mg-m?2, & JH 2 1k, 2 A JERE LR FERE JS BT
Ak /)N 2 i s 9 S8 o B TOWA I R X 58 BF 9 v, 1PI1-504 2
AN R EFRVETT AR . B ETZAE A T I IR R i
B A SR B (B 7).
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Figure 7 The structures of geldanamycin and its derivatives
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5 MEBEEEANE: 3-FMHE RFLIAE B (phosphati-
dylinositol 3-kinase-mammalian target of rapamycin,
PI3K-mTOR) 15 5 1 & #i# 71

PI3K- 2 [1 ¥4 % B (protein kinase B, PKB, X Fx
Akt)-mTOR 15 538 #% 2 1% 26 5k B T 52 7K i 2 12 W g
MG HE BRI AE SR F 2k e —, (£ 2 M
ThRE Py BB AR, B AR AN B A K
TEWG 12 3)) B B ORI I T 4%

R4 T 1 45 3 A1) I 2 1) K PI3K 43 1L IFIII
%K. IERETERE AR IEVLEE 4,5 W2 [phosphatidylino-
sitol (4, 5) -bisphosphate, PIP2]. fif fig it L B 4 W iR
(phosphatidylinositol 4-phosphate, PIP) 1k i fig i L A%
(phosphatidylinositol, P1) [ 3-OH Lk 47 i g1k . 135
PIBKZE—DT] 73 A IAZEANIB 35, BATR B 1/ M4 I
$ p1100.. p1104- p1106 B p110y Fil 1 A1 5 7 4 p85 ZH.
JRI S R AR . 12K PIBK RE 5 B R 4k PI AT PIP, 4
PIK3C2a.PIK3C28 & PIK3C2y 3 M IF Y| £ 3 5 15 44
i PN A0 J5 )3 i < A A IR S A B R A R
T2 U] 6 6 Bl 8 A4 PI, A 1 FH T B B Vps34 (vacuole
protein-sorting defective 34), 5 T @ /R 1A # iz



.+ 2496 - 24254 Acta Pharmaceutica Sinica 2020, 55(11): 2491 —2500

AR, 7R A0 M B WG FR I T E A A mTOR A&
22 |5 R AR R, T 2 549 AN IR AL A, AR 4H
P I AUAS A R 2R 1 45, TR B mTORC1 A1 mTORC2
PR AR D REAN [F) 1) 2 A4, BT R RS S 0E
TR RIS [F A5 S

I A Sk, B2 1) PISK/mTOR 38 (470 8 25 Wik
HERRIH, HA A Z KR T RIR = AT A AR
5.1 PI3K 3z #} #l 5 —wortmannin 1 LY294002
Wortmannin #&7E 1957 £E M\ I Penicillium Wortmanni #
Iy BB R AR, IR A AR 5 1) 2 PR S A
ORI 23 M, B 3] 1993 44 R BLE RE 5 I PI3K
WE M. Wortmannin 24 PI3K 3z #1411 75, T A 125 PI3K.II
JE PIK3C28 FITIIZE Vps34 (1] 1C, fX T 10 nmol-L?, ¥ &
W FE R AT LA A mTOR . Wortmannin i i 3L 45 &
F| PI3K f] ATP 1481 Lys (p110a f¥) 802 {37 5% p110y )
833 fir) Ty #1 il ¥ Vs 1, 5 PIBKaly I i AR 45 1 3%
B, B 71X AN 45 A 47 A 41, wortmannin i& i@ i 5 T
AN EBEAN B KAH BLAE 5 PIBK &5 A 1,

Hit K 2 (quercetin) A& V2 AEE T %5 AW 1K 3
B 254k &4, W1 9T o, R R AR PSRRI 1 1)
ORI EIR, BTz (2B F AN AR BEE 1,
PR PUAL PR AP B . TR E S
VAR 22, AR A, BR T S 22 T R AR
FH, DRk 3 o of 4 B2 38 3047 S5 A AB 16 G il FL AT A 4 A
R T VS AR RN A R D D R A 52 I R SR R 22 ) 0%
. LY294002 72 AL oK A w £E 1994 4F i ik o R AR 7
VI Bz 215 2000 N 1A BT ATP 5% 4+ 14 1) PIBK 41 il
7, XF12E PIBK mTOR # il (1] 1Cs, £ 4 10 pmol L%, {H
R BT PR B2 2510 5 % PISK R B4 T 1R K4
= (8).

Wortmannin 55 LY294002 £ 28 — Al PISK 1
7, X PIBK 43 135 B AT B (R # h0 , BAR T

Wortmannin

o]
(L]
O N
<
LY294002

Figure 8 The structures of wortmannin, quercetin, and LY294002
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5.2 mTOR &5 —rapamycin R E {744 Rapa-
mycin &2 i 5 BLE mTOR i 771, 42 20 tH 20 70 F-4K
M 4B Streptomyces hygroscopicus H 73 B H Sk 1 K FR
WBERPUAE =, VP07 o H B A BRI Ht B g
P, BRI AR BT 0T 1 € R TR B AR B R A ith 20T
HAT U, g S0 FOR N B 5T A I, rapamycin
JH I 25 4 FK506 45 4 % [1 12 (FK506-binding protein
12, FKBP-12) #] %f ¢ % # 5 mTOR ) FRB (FK506-
rapamycin binding) 45 #3845 &, MM #0 mTOR 35
P, B R G e 5 f ) s PR, 1997 4 3¢ [ FDA
Ik #E rapamycin 7E 4 S e f0 A N T BBt . BT
rapamycin 1 ¥4 fift FE A0 fa e e 22, DL R B R R K 2
1, %51l 245 A 7] T 20 tH 42 90 FAR 5 HHAH 4R R tH 2 A
rapamycin FIRTAEH) .

Temsirolimus & H 3% |5 2 [X 2 =] JF K (1) rapamycin
ATA), AT e ik 4 24 . 2007 4F7E 56 [ MK
PN HE BT VE BT B R P Al e 1) — 2 24 .
Temsirolimus 4% ki FH T30 97 52 K VEE A0 R bk 2R

Everolimus 2 1 i 4 il 2 24 =] FF & 1) I rapa-
mycin A4 4, F 2009 4 3 A & 3% [E FDA bk F 7, &=
B T8 ) B e Bl B AE JB 1R YT JC R e T 1 e R
I, 25 1B FDA St 2 vk 2L 38 m 22 Il PR B A o6
FLFE T4 5 2oV B8 0 B3R 2 AR B % HER2 [
PR 7L BVE T FH T 0N W S0 ke e Aot 22 P 4 b e
(pancreatic neuroendocrine tumor, PNET); H T 8 A &
5 L B TR B I A ST T LR 07 R R 4 M A A R
(K1 9).
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Everolimus R= }{o/\\/OH

Figure 9 The structures of rapamycin and its derivatives
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6.1 Genistein Genistein /& G RHME Y H T2 AE4E 1
MEB IS R IR A Y, 9T I B A ) B AR
TR RS PR 55 12, 0T T 4 s B T AE KR T /R R
Genistein A& % {2 {15 14 6 2 1 1ML 44 g K562 1) 7314,
F 41 K562 41 g o %% & 1 Ber-Abl (BCR activator of
Rho GEF and GTPase-Abl tyrosine kinase) it & i, M
T A2 32 248 M P 9 B0, 7R — T N T A0 Ml S T
e RIS A T PP T H D IRG S Eh 1S
5w, RISt R, B KRR E M5
PR SIBY, AE 55— T o 11 10 i AR A R T I IR 38
56, BF TN 53 B genistein AR BT R UF ) 2 A bk,
HEIFARAE MR EE M PR ESEREA.
SOME I DL SR LR I S &R, BRIk, XFT genistein 1)
TR A Ry 1t — 2 W i R 40 55

6.2 Phenoxodiol Phenoxodiol /& genistein [ 45 1) 2&
B, HEAT 1 PR iE v, v A0 B DMBA
(dimethylbenzanthracene) 5 & [ /)~ & 3L R & 19 & A4
HUA B3, 8 W U S AR e A8 5 R AT I R LI K e
W 7R, Hip ik o B R it sz vk, B R
DR S 1R B R O, 5 2 A it RAF. b Ah, — T

Table 1

phenoxodiol 5 F A4 77 245 15 H BT I PR 56 BF 78 31E
SRR A U i R T 25 R, e R
6 A B A2 BE T 25 PE9 . H AT iZ AL &9 D
FDA Lk 3808 18 254, 1F Ak T TSI I AR 1%
A TR B (8] 10).

HO o HO o
48 ~
oH O OH OH

Phenoxodiol

Genistein
Figure 10 The structures of genistein and phenoxodiol
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B (&1, RAF=MIENAYRIENERFFE, SHAE
101 22 40 35 3 R AT 43 AR A mk At AR AR B P AR
MG PEY R A S e T AR, XA Y
HA O P s A o AR BT R R AR AL 2
SEMEAE = 4, DLE T LU N T A R 7 1% %
SRAZ, R R AR =T A R S S AL B W) B A3k 259 1)
HIEORIE, V2 KA HA RIRAE R T, Hleis
HFHERO R ERAEYTERG R4, XEER
TE BRI 35 R R AR =W 1) 25 0 (R e A 3R AL T FE 2 ik
P, R RIRF=TE 2T K-S0 50 h R 5 4 B B4k
MR . 48R, 18 RARF= I 25 FF R e b, T
HARGALEN AR, 7 —E R FIRG T H M 259
MR R o IR S AN L AL FE: LI R AR P2 A 4
T EBC, EURBET R, BT8R,
N BRI A B A I T ME B — L R AR A

Molecularly targeted anti-tumor drugs derived from natural products or their derivatives that are approved or in clinical trials.

HDAC: Histonedeacetylases; CTCL: Cutaneous T cell lymphoma; PTCL: Peripheral T cell lymphoma; MM: Multiple myeloma; CDK: Cyclin
dependent kinase; AML: Acute myeloid leukemia; PKC: Protein kinase C; Chk1: Checkpoint kinase 1; PDGFR: Platelet-derived growth
factor receptor; VEGFR: Vascular endothelial growth factor receptor; Src: Src protein; HSP: Heat shock protein; mTOR: Mammalian target

of rapamycin; PNET: Pancreatic neuroendocrine tumor; PTK: Protein tyrosine kinase

No. Name Target Indication Status
1 Romidepsin HDAC CTCL/PTCL Approved
2 Mirizomib Proteasome MM I
3 Flavopiridol CDK1/2/416/7 AML il
4 UCN-01 CDKs/PKC/Chk1 Lymphoma I
5 Midostaurin CDKs/PKC/PDGFR/VEGFR/src AML Approved
6 Seliciclib CDK7/9 Solid tumors v/

7 Retaspimycin HSP90 Solid tumors I

8 Rapamycin mTOR Renal transplant Approved

9 Temsirolimus mTOR Renal carcinoma and mantle cell lymphoma Approved
10 Everolimus mTOR Renal carcinoma, breast cancer, and PNET Approved
11 Phenoxodiol PTK Solid tumors /1
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