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GENG Jing', YANG Yue-mei’, LI Xin-ying™

(1. Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing 100050, China; 2. Beijing Aegle Stem Technology Co., Ltd., Beijing 102604, China; 3. Institute of Military
Cognition and Brain Sciences, Academy of Military Medical Sciences, Beijing 100850, China)

Abstract: Antibody-drug conjugates (ADCs) are widely used in cancer treatment. Human epidermal growth
factor receptor-2 (HER?2) is overexpressed in various types of solid tumors and is a validated therapeutic target for
cancers. To develop a more effective therapy, we generated a novel anti-HER2 humanized monoclonal antibody
MIL40 and MIL40 drug conjugates as novel cancer therapies. The MIL40 was conjugated with small molecule
cytotoxic agents DM1 [emtansine, N”'-deacetyl-N"-(3-mercapto-1-oxopropyl)-maytansine] or monomethylauristatin
E (MMAE) to generate ADCs, which were evaluated for their in vitro and in vivo anti-cancer activities.
Experimental results show that MIL40-DM1 and MIL40-MMAE can effectively identify and bind to HER2-positive
tumor cells. The binding capabilities of MIL40-DM1 and MIL40-MMAE with HER2 extracellular domain (ECD)
antigens were not different after conjugation with DM1 or MMAE. The ADCs showed potent cytotoxicity in
HER2-positive ovarian cancer cells SKOV3, breast cancer cells SKBR3 and stomach cancer cells N87 in vitro.
MIL40-DM1 can effectively inhibit the volume and weight growth of SKOV3 transplant tumors in mice. The mice
in this study were used and treated by following the international guidelines for the care and use of laboratory
animals, and approved by Animal Ethics Committee of Institute of Military Cognitive and Brain Sciences.

Key words: human epidermal growth factor receptor 2; tumor targeting therapy; antibody-drug conjugate;

DM1; MMAE

kR H H: 2021-05-25; &[] H }#A: 2021-10-19.

FEGTUE : A PR 2R B e 2 S i R G TARTUE (2021-12M-1-026).
*E T Tel: 86-10-66931325, E-mail: lychee526@163.com

DOI: 10.16438/j.0513-4870.2021-0789



< 696 - 222224 Acta Pharmaceutica Sinica 2022, 57(3): 695 —699

N B K R T 5244 2 (HER2/erbB-2 5 Ji i J
Neu) 7 HH 17q12 5 Qe a4k [ ) ERBB2 (HER2) %:[H
o 1R B2 AR S SRR . BR T R A K T2 Ak
(EGFR, erbB-1). A& J% 4 K K152 44 3 (HER3, erbB-3)
TN B A=K KT 52 f& 4 (HER4, erbB-4) 2 #F, HER2
Wt R B E K T (EGF) 32 AR R IF B 71 - HER2 2R
FA OB S 4 A s i I B 4 &, (H R E R
1% 5 EGF 324K 5 M5 A T8 B R — 84K, B g Bl A4k 45
B JE I SR A T ELAE SO W G UL 3 e A2 23
FLFE A I R A LE RS SR S R
Ji e A, Wt 9T % I HER2 75 B4 B e A0 i 76 A 1) 2 Fh
JehiE B RIAR, IX A4S HER2 Jil oy B AR 4 i 83 va 7
bRz —. HATHE R HER2 M PTA #3877 (Herceptin,
trastuzumab, i % k) K& 14 #E ¢ (Perjeta, pertuzumab,
22 2k) C&AEN—2R 97 259 H T HER2 FH 1 L i
P B R SR T .

PR 25 8B (antibody-drug conjugate, ADCs)
o R A T B SR G A Sk (linker) 5 AR EE
PN BB TE RN 7 1. ADCLRE T HUiss
P45 5 FEFR FIAL 226 T 245 40 240 P 25 1k 9 7 T A AR 3
P 5 4 M 75 1 245 W) TR R AR R O B T 10 B
ADC Wy s Btk = R B2 . oAk 5 e 40 o 2% 1 A0
FEPUR S G 5, ADC 1 N AL, 41 1 25 1% 245 4 76 40 il Y
FETBOF RKAEAE R o A8 AT 222 (1 42 Sk B 1t ADC A LA
1% 3 245 47 NS 4 e T80 381 4 i 71 = 1) 3 a4 B 4 i
B 25 W) 3% SE T RE R IE B R ik ADC 47 I 1
2 o 0 55 0 3 40 BT Bl T R A8 AR e T B 1) R
A1, ADC H A7 L FAth 40 B 2 1L 25 ) AN R S BE /N 1)
#, JFRe RA ) Z M NH. HETSA 75 ADCs, &
}5 gemtuzumab ozogamicin (Mylotarg®). brentuximab
vedotin (Adcetris”)ado-trastuzumab emtansine (Kadcyla®).
inotuzumab ozogamicin (Besponsa®).polatuzumab vedotin-
piiq (Polivy®). enfortumab vedotin (Padcev®) Al trastu-
zumab deruxtecan (Enhertu®) 38758 T FDA A ik v M. H
T R TT A F A R 2 M R B A
DM1 [N*-deacetyl-N"'- (3-mercapto-1-oxopropyl) -may-
tansine] 1 MMAE (monomethyl auristatin E) %5,
DM & —Fi il & & A 3l 71, S 98 B 2 (maytansine)
HIRT A, & B8 55 Tl 1 oK dim 45 5 I 4100 ) U Y
A", MMAE 52 — Bl 4 i 25 771, 4 B8 7 A yT
(auristatins) FRIAT A2, w406 7 2L 40 i h 308 SR A
R, M8 G2/M s i FJE -, 2013 45 FDA
A EMA 15 S it i T-DM1 1 Jy HER2 FH 44 2L 1l i i —
2Ry 25"+, T-DM1 H Herceptin 5 DM 1 J&@ it 2
5E IR T I B linker B 4% /£ — I 41 %, T-DMI1 55 HER2

ARG A R, W A R Ik 2 AR, B S DML
PRt EE MK . DMIEERE T 5HMEE AL
A I 0 O R, AT S 4 R T, R T
WG R R 56, 45 5 5 R T-DM1 RE W 47 21 4E K HER2
FH P FL AR B 3 AR AP I AR AR v s, HA
ISP 97 ROR 22 AU . Bk T-DMI1 4F, SGN-35 (bren-
tuximab vedotin) # CL 8 fik 1 FH T R v 97" B A7,
WA 100 24~ ADCs 1F &b 111 PR BRI AR B 70, LRk
A IR VR TT T 1 R AL A

MIL40 72 —#k M3k 51l 4% (1) . 55 Herceptin 1 H
KA R 1) 5T HER2 Hidd, A 05 343l 5 7 73
41 i 751 245 DM 1 A1 MMAE {51¢, 3845 /5 # HER2 $t
PRABRIED), FEPET T X P AP LA AR B A R 2R ) v
N HER2 [ 8 176 97 SR AR 3T (1 £ 3 259

MREE

AR ik PR 4 & SKBR3. A BF £
Jt 40 il &% SKOV3. A B % 4 il /% N87 i H ATCC 2
A o MIL40 144 A % Rk i fh, il 2 2k 40
(trastuzumab, Herceptin) [¥] 4= #) 25 fLl %), MIL40-DM1
J MIL40-MMAE Z 4t 46 50 R ) S AR A IR A 7
HEATREX

3T DMEM K537 20 H Hyclone A #; i 2F I
4 H Gibco 24 #]; Cell Counting Kits (CCK8)Annexin-V/
FITC 20 i 3 T A I 6 550 82 0 H 28 5 K A &5 FITC b
1C £t N 1gG 4 EH Thermo Fisher /2 7] ; 6~ 8 & i3
£ BALB/c # il (18~ 20 g) W H AL B R A &), SV
AJES SCXK (3) 2012-0006.

IR AR BT AL AR b T A K
f 2 ., FACS e (% 2% FBS [ PBS, pH7.5) ¥£2 &
JE VML, ARG I % R RS E 2<10° . B
I mL 4f/fd, 7 000 rmin” &0 | min, 3 % B, WA
FACS Ve FE T 100 uL, 515 % i 8% 20 min.
i\ FACS ¥ 1 mL, 7 000 r-min™ & 0> 1 min, &
3K JG NN FACS F F% (1) FITC Ar 10 10 £ 50 N 9% 0% —
P 100 pL, ‘% 36 8% 20 min. FACS ¥ 7 5 VX 6 48
3%, 7000 r-min” B0 1 min. &I 500 pL £ % H
il [ e 2 e, LA

ELISA J #41 A\ HER2-ECD (% 4L 25 ng) 4%
96 FLHR, 4 °Cit % . 4R )5 H PBST (5 1% BSA 10.1%
i i5-20 A PBS) = B 2 he #E PBST ¥Rk 3 WG,
A 10 fi5 75 B 1 ADCs, 37 °CH¥ & 2 ho PBST P 3 X
J&, TN BRIt S A0 P B b (19 2 Bt N Fab 144, 37 °C
5% & 40 min. PBST H¥E¥% 3 X5, I TMB il i
AL BEIE Y, SRS NN 1 mol- L H,SO, % 1k J 7, il



Hk

A A BT B FE ) HER2 HUAR MIL4O A5IDE 245 4 1) e Ji e v R F ¢

+ 697 -

450 nm AL 11 A 18

CCKS8 /& M 4B N HIE3E B4k T 0 £ 1) 48
Jia, PR A S T, R R =T 1x10° 1,
PeAh A 96 FLHR Y, £:FL 100 uL. JE T 37 °C.5% CO,
N MBS FRAA RS IR 24 he FHESFRIEMG BUR RS LU RE, 57
296 fLAR B3, InNFE B JE bk, BANIRE3ANE
flo FE T 37 °C.5% CO, MM FRAE R 9% 72 h ),
FLIN CCK8 ¥ 10 uL, 37 °CHs 46 i E 3 h 5 1 g
FRASGEE X 450 nm AL A 18

SKOV3 /MR R B A 2 3 & ADCs HE 7E 14
M R A U A T 0T A K T SKOV 3 4T,
THEUS TR0 % 8 B AT 2x 1074 . B 6~ 8 JEIEME
BALB/c # i, ¥ SKOV3 4 g 322 Fh 42 /I & A7 00 i i 28
Ib, B R BEAL 100 pL. 4R A K 2 AR 2 3~ 5 mm,
W IR TR /N BB AL A S 4 41 A= B AR /K (NS) 4H L B
P % B8 Herceptin 41 1 MIL40 26 L & MIL40-DM1 41 .
B ke 5 7 04 24, 5 mg-kg!, & R 100 pL, 4 A 4
251K, FLE 25 4 TR . B TR S I /)N BR A 2 R AR AR AR 1K,
B2 BeJa VIR 2G5 1A, B2 0 i g 4 AR
J SIURE I Y AR R A 2H /N B, RS R B . iR
AR = 12 8K (mm) x IR 58 (mm)]’ ShA L0 1F
& [ LI S A 3 B AR, A R R R
FEFN NS R0 TE TSI B G B2 L okt

G FEAE FTA M Prism B (A
7.0; GraphPad Software Inc. A @), R/x A x £s5. MW
8] 2 S B K ) Student's (#8562 #r, P < 0.05 10N
HAEREMEZER.

HR
1 MIL40-DM1 1 MIL40-MMAE 5 HER2-ECD #i
[RHEEETE M

i ik ELISA 77 ¥ & Il MIL40-DM1 1 MIL40-
MMAE 5 HER2-ECD $t J5i ) 45 & R 71, L MIL40 /F
B B, 25 R 1 o . BB DM A MMAE /5,
MIL40-DM 1 Fl MIL40-MMAE 5 HER2-ECD #7i J5 [ 45
4 fe 1 IF ok 32 ) B 3 FL 0, MIL40 . MIL40-DM1 Al
MIL40-MMAE 1) 50 20K FE (EC,,) 1B 737124 0.09+

A
120

IS
5

SKOV3

- MIL40
-+ MIL40-DM1
-+ MIL40-MMAE

80

Gate /%

40

0
10°10210110° 10' 102
Concentration / nmol-L-!

107 102 107!
Concentration /nmol-L"!

SKBR3

10°

-o- MIL40
= MIL40-DM1
-+ MIL40-MMAE

0.0:

T T T T 1
10 102 10" 100 100 102

Concentration /nmol-L"!
Figure 1 The binding activity of MIL40-DM1 and MIL40-
MMAE with HER2 ECD by ELISA. HER2: Human epidermal
growth factor receptor-2; DMI: Emtansine, N*-deacetyl-N"'- (3-
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Figure 2 Binding activity of HER2 positive SKOV3 (A), SKBR3 (B) and N87 (C) treated with different concentration of MIL40-DM1

and MIL40-MMAE by FACS.n =3,x+s
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Figure 3 Cytotoxicity of different concentration of MIL40-DM1 and MIL40-MMAE in SKOV3 (A), SKBR3 (B) and N87 (C) cells by
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Figure 4 In vivo anti-tumor efficacy of MIL40-DM1 against
SKOV3 cell xenograft tumors. A: The tumor growth curves of
tumor-bearing mice after treatment with different drugs (NS was
negative control, Herceptin and MIL40 was positive control); B:
The body weight shifting in tumor bearing mice. n = 7, X £ s.
‘P<0.05
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Figure 5 In vivo anti-tumor efficacy of MIL40-DM1 against
SKOV33 cell xenograft tumors. A: The tumor weight after treat-
ment with different drugs; B: The tumor after treatment with differ-

entdrugs.n=7,Xx+s. P<0.05
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