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Progressin monoclonal antibody-based immunotherapy for cancer
treatment

Yajun Guo

Sate Key Laboratory of Antibody Medicine and Target Therapy, Shanghai 201203, China

Abstract: More than 100 years ago, Paul Ehrlich first proposed the “magic bullets" concept in which antibody targeting disease
related antigen can fight against human disease. Since then, with the development of hybridoma technology for monoclonal
antibody production and cancer serum therapy, immunotherapy based monoclonal antibody bas been used in chinical practice to
treat hematological and solid tumor. Up to now, more than 20 recombinant antibody drugs were approved for cancer treatment
worldwide. In recent years, the next-generation antibody drug, including immune checkpoint antagonists, bi-specific antibody, and
antibody drug conjugates have successfully cured various malignant tumor. This review recalled the history of monoclonal
antibody as potent immunotherapy of cancer firstly, and focused on the next-generation antibody drug’s mechanism of action ,
construction strategies, and the side effects in clinic. Lastly, the future trend of anti-tumor antibody drug was also discussed.

Keywords: therapeutic antibody, immunotherapy for cancer treatment, immune checkpoint protein, bi-specific antibody,

antibody drug conjugates

YRk MR K I AR P A R AR
A EZEHLG . I B %S (Immunotherapy)
SR 30 o 3 AL XS i A0 B A TR BB T, AR IL
P B B0 s A S xR A TG BRT ., R AR
ST . BTSSR AR LG, MR ST i A
A MR PR YRR, IR IR EIAE /NS
DE o EHT, I T DK 8 fie 8 e i 7 1 32
. 4ISTFYE (Provenge™). UM T (IL-2,
IFN-a 55) A TEREHTIAR . T B sg BEHT AR Y 1L
MR Z . A 1997 FE AR bk
Rituximab EiLOE, HATCA 20 RFEHEHL
YT 2 R0 s iR . SRR IR YT .

EWEAE, SR B RIS 8 285 BT 25 4)
PEAIRIR . G B8 ) S e 2 RS TR LIRS,
RERSIHSE T 40H i WURE S PEPLIR  (Bi-specific
T-cell engaging antibodies, BiTE), L & 1 #45 /Noy
TG WBAR S Y IEY)  (Antibody drug
conjugates, ADCs) %5, Likgi—RpiikzifeL
NEIRERY Y BT TR, A,
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2013 4F Science VIR “4FEHEHRBRARET”
PIHT CTLA-4 HUfA Ipilimumab JAFRE s e
PEITIR” MsIBEE

1 JuB B RS E R RIR

11 A EEMERT LA

1897 4, Paul Ehrlich 7£ 3 44 i “ AR F-5i”
UL, T UCHR H O D IS ST G B AR AT L
FAEITHRD . 20 4D 60 4EA%, BT M 2%
WFIE A2 IR L 2L DT R B, FE N
T HIGHUMRE PR Y IT R ) E B, 1975
A CTRAERET HARRY B, A5 BT TR Y
KA 55 A AT RE . 1980 4F,  $IU fi) ik 2 41 iy
USRI BT AB89 bk id: S 1 HE 2 4 A7 Ik 29
BERPR, TR N As 2B A, xR
I AR 35 756 F BB A 7 IR i id 2K

1997 4£4§8 1\ B 4l HT)5 CD20 ST 254
Rituximab i#f A NG IR, FFZETRYT IR 4 A ik L0
BRI, S, Cetuximab ., Trastuzumab .
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Bavacizumab 25367 PP LS A IR, #R1k
2014 4 12 J I TIIEIRIT PR Y BT 25

®1 RATHRTHENSRERALGY (BIESILD 2014 F 12 7)

Tablel Thetherapeutic antibody for cancer treatment (date: December 2014)

M (G 1), He, P& FiercePharma 4iit 2013 4F
B B BHE 4 BT = 09 BT MR B AR 25

A d
pg;(t):e Antibody drug Target Class Company Indication
1997 Rituximab CD20 IgG, Biogen Idec Non-hodgkin lymphoma
1998 Trastuzumab HER2 IgG, Genentech Breast cancer
Gemtu b Acut 1
2000 emuzuma CD33 ADC Pfizer/wyeth i
0zogmicin leukemia
Chronic lymphocytic
2001 Alemtuzumab CD52 IgG, Genzyme .
leukemia
Ibritumomab . . q
2002 . CD20 Radio-immunotherapy Biogen Idec Non-hodgkin lymphoma
tiuxetan
2003 I-tositumomab CD20 Radio-immunotherapy ~GSK Non-hodgkin lymphoma
S 11 carci f
Nimotuzumab EGFR 1eG, CIM L
head and neck
2004 Bevacizumab VEGF IgG, Genentech Colorectal cancer
Colorectal head
Cetuximab EGFR IgG, ImClone 0 orecta’ cancel, fed
and neck cancer
2006 Panitumumab EGFR IgG, Amgen Colorectal cancer
2007 [-Metuximab HADb18G Radio-immunotherapy = Chengdu Huasun Hepatocellular carcinoma
T 11 1 Shanghai
[-chTNT ur'nor celt ucieus Radio-immunotherapy an.g a Lung cancer
antigen Medipharm
Chronic lymphocytic
2009 Ofatumumab CD20 IgG, Genmab/GSK .
leukemia
Caumaxomab CD3xEpCAM Trimab Trion pharma EpCAM-posititive cancer
Solid t b
2010 Denosumab RNAK IgG, Amgen R L
metasteses
2011 Ipilimumab CTLA-4 IgG, BMS Melanoma
Brentuximab Anaplastic large cell
ux
vedotin CD30 IgG, Seattle Genetics lymphoma and Hodgkin
lymphoma
2012 Aflibercept VEGF Fusion Protein Regeron Pham Colorectal cancer
HER2-posititive breast
Pertuzumab HER2 IgG, Genentech B
cancer
HER2-posititi
2013 Ado-trastuzumab  HER2 ADC Genentech posititive breast
cancer
Chronic lymphocyti
Oblinutuzumab CD20 IgG, Biogen/Chugai ron1<? T
leukemia
2014 Nivolumab PD-1 IgG, BMS/ONO Melanoma
Pembrolizumab PD-1 IgG, Merck Melanoma
Ramucirumab VEGR-2 IgG, ImClone/Lily Stomach cancer
Blinatumomab CD3xCD19 BiTE Amgen Advanced gastric cancer
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Rituximab (75 1£3¢J0), Bevacizumab (67 143
4r), Trutuzumab (65 123 4).

BRILZ AN, WA 160 ZFILMREBUIAZY
b Tl RAESE B B, 24 1 0 R 5 00 A3 e Bt
J5 (CD20. CD30, CD33 Fll CD52 %), #fijfi:
K HF (CEA. EGFR, HER2, HER3, MET Al
IGFR1 %), M IAFEIN F Rl A (TRAIL-RI .
TRAIL-R2 A1 RANKL %), 4 MW 4K HF
(VEGF) 2171,

12 EEMFAYNLRIEE

1983 4F 4R L BT 3R PEDLA OKT-3 9 il
By, T BRI SIE AN TR A BTR
BUIR”, S R R B S sk, R
TORAEPUR” D AN EROR . AR
K, TR AN EREAR (MR A . BREA . B2
BE G AF ) BCOE B  E R h Ak B R I B
(XenoMouse™ . HuMab™ | VelociMouse™ %)
PAF A NIEHUA

BeAh, tnlaE g A A AR AT 2
PE” AP, A FREHURSS I R AR B R
FRHES T/ NGRROR AR Y R gy
IR REBGL, PUPURRMNZ, 5
TSP s et 3145 () Bt LA IR
VAT | T AR SR S R
1.3 A ZYnaTT R E R LS

I R b0 Tz T ik 259, HAE
FHATL R Sy 308 3 988 1) o9 400 B 2 TR 0 D, BEL DT e
A TR S i, Bl R GO B R
A LA BT B TR, BUARE RE XA 51 ADCC
(Antibody-dependent cellular cytotoxiciy). CDC

(Complement-dependent cytotoxicity) . ADPC

http://journals.im.ac.cn/cjben

(Antibody dependent cellular phagocytosis) 2544
I3 T B ATk — 2 R0 g A it S AR R B
FEE I, %FF Trastuzumab"*'5 Cetuximab!'¥ifi
T, WOERNRY T 4 AL 2R 2 Y s
968 1) T EEAHIL A -

BRI B A, B[] —FE AN ] BT 24
Yy, HAERIPLROEA—E 58 MR, ImARITRCS
AR A T2 5, . Trastuzumab #
Pertuzumab YJ#C[a] HER2, {HJ& M & HTE )
RAANE, Fi TGl HER2 SZ AR M [FE — 1k
AR R4k, M5+ S0 HER2 5 EGFR 5%
HER3 (955 — AL, LB eI R A
25 BA “PrERON” ; ¥ EGFR [ Cetuximab
Panitumumab Fll Nimotuzumab SR BT 455 2=
ARIA], (ERH TR 1gG R A 225, ImIR
5 R R v A B 22 517 Ofatumumab
1 Rituximab ¥J$E 16 B 4UfEH0E CD20, {HEH
T Ofatumumab [ 455 FRAAS [ F AR 25 1 )3 458
18, HAEASMY SR Th g B s,

2 RGBSR EY 2 B 5 R AL

AR, B “PUA TR HORmA R L
LS E R A i 2y B R B, I PR B 22
BB — AT HT A, AR RIALAR Al RT3
BFH X BIMEGR SR . X H P i HACR TR
24 Jim 48 1 S B A AT AR B R IR T A 4
FR T [ L ) S ) B D ) 22 S P B AR L B
A A #2591 ADCs 254
21 BERELERNEEY

T 20 10 2 1A F1% 0098 PR 3 -5 A oz g e
LEARBEEOR A R ) R AR ST, Sk
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7 4% (Immune checkpoint) 25 [ 1F &4 PN 0O
240 JEL SRS T 0 i B SRR IR o AR SRy 2
MR A SR, REE TREREABR
% (dn: CTLA-4., PD-1%%) MRS58 K1
FWE (W: 4-1BB, OX40. GITR %), i#iti%it
B 11 S S R K ro 1l ) A S R 0
Sh1, AT LS SRR AN S 16 7k g ),
2012 4 ¥ [ CTLA-4 K B 40 25 ¥
Ipilimumab*'7e 36 [ 1, I FIR 7 B %
. 2014 4EH8 [ PD-1 Y Nivolumab®!! |
o geEERA . EE
#1i) PD-L1 H/K MPDL3820A i 30 45 3k ) 4%
Rk I e 38 Mk — A AR 25 . e gh, R
) L33 1 4-1BB M3 sh 7 B B4R Urelumab
il PF05082566, LA HL[a] CDA0 sl ik
By Lucatumumab A1 Dacetuzumab 5 &2 3 Al K

WrFE B B2

22 ZHRME

1 e bt i 245 4 38 3 P B — 175 5 30 I o
i A, I R B B BB 2 W A T 24k
11T 2245 5 P B A3 3o 8 1) AN [ o i [ i L D 22
AE S i, FEIR R A B B A
MM-111 3@ 1 [F] i 48 5] HER2/HER3, A3 &3
PR A SR HERS 5 5l s 70 [Met
#1[i] VEGF-A F1 Ang-2 Y CrossMab B REHi 14
(Ang-2-VEGF-A) A 4% SFLWr 98 14 1 38 15 36 7
#/ 1] EGFR/HER2/HER3/VEGF F U H5 i 14
FEAA YT+ HER2 ﬂﬁﬁ”ﬁ%ﬁﬁﬁ%ﬂ@ﬁﬂﬁaﬁ%m]

JiAh, ZAESVEPURIR T 3 2o FE 1 00 4N
(T 4. NK 4if55) w? R A 200 41
XF i g BE AT A8 5 . 2009 4E =R SR BT A

Pembrolizumab!

Caumaxomab 7ERKE T, BT ] B 5 1a] R
PUE (EpCAM) HI T ZHEHLE (CD3), K
55T ANARRME 2 XA T B0 B RE S HIL R A& 1
g P, A4 EE LT K BITE 44
Blinatumomab, H#E [0 T 40/ (CD3) FilfdiE
P IE (CD19) MEREEHUARRERIMAL, HTh
Stk . BT BITE 2595+
(55 kDa), REMEFE TS T 40, &5
TSEHAAZEHIHY 1/1 000 (0.005 mg/m?), {HIE,
M F BiTE Huikdh = 052 X, £F7E AP 0
BB AL, RSS2 7 15 B AR IR . kst
WAHFE CDI6A Fl CD30 Y SR 57 1 Ak
(TandAb) BT A5 NK A AT b 40 Mg i 4 7 %
73t

2.3 ML ELIBEKY

ADC 2y i $E i) g A LA 24 90 5 s A A
F1/NG T AR AR B 1 %%ﬁ%iﬂ%%ﬁ
Jib IR AL 2 ) B K . X PR TSR W R T 4
PRI A RE ST, AT 4R mﬁ%m%m
WITE . HET, C4A 3 Fhuk2s Y sy ik
fit B, A 30 F ADC 25940 F il R AT
75 B

HICAFHIF LK Gemtuzumab ozogamicine
(Mylotarg™) J&#i CD33 Mgl FHE X, %
24 2001 4£4K FDA HEUE R TI697 & Ltk avkiE
RAMEED, 2010 4 i THA RS % v
F) e H B TP P R 3 R A W T R Y
Brentuximab Vedotin (SGN-35), & ] F # [
CD30 i A PLiAMmECEE R MMAED, 2011 4F
3% FDA Ui FAEIRITE A MEE A & ke
. R AN LR R0 SRR 2R TN m T & Y
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Dotrastuzumab Emtansine (Kadcycla™) i &
Trastuzumab B# €25 DM1, I Fi4J7 HER2 fH
P L AR -

3 AU B S SR

EIRHRBUAZI Y L, IRRBRER ST
UTAESR “Puid TR AR & RPT . fE LR -,
— 7 AN WA X A 38 SR 28 —ARTA 25 )
I, 4n: BT CD20 Y GA101 il pisEibk
1, HAOW I REEF AR Rituximab 48 =L B
o J1— I, BUAR TRREROR HHEAE A T A B2
PR ZGE G IR, . R “PU2escRd” +
ARFTRBURE A s F R . Rk
FRG L ADC 254 ; ) I ed S0 e A K
HERIPLA “RiZE” (Probody) %50,

31 WHEFFMIMAAESE

3 3 X A 2 ) 1 e B R AR X AR
AL AR P () DRI () FiR
PEPUIR . B ARSI R E, B
i LA 38 A 2 B S B A R E D 45 B0,
iz LSS REAE T 43 h « 1gG XEFRAL | 1gG dEXT
FRAY . 1gG/Fe RlG 8 A FEE BRG], %
TR SR R (B DM,

XTFREL 1gG Z UIREPLIR T 2 5% | o
A BRI, ik alifl T2 AR R B EL Y i
5o @1: DVD-IgG J27E 1gG Hriknl 2B X 4% |
FfE b, A RO R ) D — PR A . R T
X “Two in One” RIHLHSE A FHASMNER
F AR B 3] T [ B 0 ) A [ T s B aA )
FZEARAR T ][Rl 455 VEGF Hl HER2 (175
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SEA PR s Fi R TR R SO, X 1eG Y
PEE XA TR, FEAN AR XUV RETT | 2
EHIETR T, SRISRE Sl m R M 45 G )
PEE X, R AT AR X5 1E 2 X3 AT 45 58
[FIHLE, FRZ R “mabs,” ik,

EXTFRAY 1gG U H I 45 E A5k A 50
] AN B S A, 5 SR A 7 E BT O X 2H 2%
XA 2 — o BE TR BE CH3 XY Bopb 2 ik
FRJF4, Q. nJfEE fE CH3 XA “4ldnssiy”
(Knobs-into-holes)**! |« # 5 W 3| 7
(Electrostatically-matched)! ™ | 445z 4o 45 4 155,

(Strand exchange engineered domain, SEED)!®

G AMEREL; B CH3 XTI PRy “RA
BRHLAE" (LUZ-Y)™7), Sfe i w8 A ) SARE (1) ) i o
e AEXTFREY 1G BRI RREE — M “E
FRe5E" BRI “cross over” "I T R . B
TETEPUAE SR AR 1 N A A B s U AR
I “CovX-Bodies” JEZ AU IhREPUIA, FIH
L AN F 1Y [F] I ] VEGF 1 Ang2 13U BE
NN N )7 RS =

“dock and lock” A F 128 F1 G A 1Y 7
AL A B E A R E DU R e
SEARE T, Wt SRR B 0T A A
[l 2 1) 4 7] A8 X PO W DA R I A g A [
ORIl A8 XA AL “Diabody” HUAAP?, s
T PR S B R “DART”
(Dual affinity retargeting technology) Hii&P", i,
KPRl otz HE X, SS8ckElmE. X
Fe RN HIRESE , (B2 T H4r 5 /N B g
Fik T o
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YYYYY

DVD-IgG

‘Y’

CrossMab

B1 ®HROREFERER

Fig.1 Structure of bi-specific antibody™".

32 MTIEEXMBIEEFYZ=ER

AN [v) )P0 SE R JL8 D AT T AN ], —
FEESRASE, PR R 50 T e G T R A
1gG3>1gG>>1gGo~IgGy, MAh, HT 1gGs FE1E
VW, 1gGy G TEARNIE BCETUR, P
SRR 22 BT LRI A f) PR A A %2
VEFR 1gG B, T4 1] S 40 M Y B A 25 ) 2 3
P& 1gGy 78R (S228P) EL LB LIAEN) 1gGl
RAZE (N297A).

PUAAE 52 DX B4 A I Ak R 6 LR ) RS
i) $ 35 L A S M A B2, T 32 ) Rituximab
fl) ADCC # B F 5 hik—H4RE 1eG,
) CDC hRE, RIHFIFH 1gGs 91E & XA 1gGyjs
A TIHAPY BAh, i XHE E X T RE A
ZAF (G236A), MR S E AN Feylla %
REERT, REPUAN S TREON " P, £
Xt 1gGs P WA Ml A, m e e X7
SR ES FeRn BB, SEK 1gGs A2k
ﬁ/ﬂ;ﬂ[%-sﬂo

Two in One

Charge pairs SEED

Mab2 CovX-bodies

\ 7 \ /
YV‘#M

DNL TriFab Diabody = DART

X AN T BN S RE ) R, JE
ROV D REH S I 5 A 1gGy (S228P), R 7E
UNTE RV i T iR N UP i) AR 3 1
AR N RE R TgGosg 1A RPUAL,

33 UEAYESMAEMBEREA

1t ADCs Zj¥Iiiscit b, 25980 i — Mk
FME R SRS, B SHEERDY
OB o AR /N3 24 %5 i 8 A 1 FL A 4
FRAGRE ST, a0 R A RE IR MMAE
# DM1 H 1Cs ik F nmol/L . k25 5hiiAim
T (Linker) 4%, 14 TTEMIN 71
RN ERRYEREE | I8 PRI 4 B i U JS K
fRIE TR Y . (B4 ADC i3 X, R
A MRS, B TR & A
40 MRERREL . 8 MPEMAEIR, XA
YE B AT ADC B “HiR 2 HoR”
(Antibody drug ratio, ADR) & 0-8. 1T ADR
S B2 it i ADC 25 TE IR R E 2543 7120
HReE B 2ES . R, JF AL SRR S i
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[l ADCs Je: I3 AR AT 1) 2 JE b #1001

o fE AT O XKW OA B WM& At
(PHESELECTOR) 7E AN 52 il 1] A8 [X 25 A 1% 14 19
RIEE T, FISCEL ADC 259G i e S PR BG .
HTF NI AR “THIOMAB” Hiik{BIY, 471
LR AR 2 /N A2, KR “IRdT
7 07 B AR S 1 3 ADC 258 K iR oo,
AR, AT S AR Y UW@AW&@EME%
SREIERR (. AACEBEERR . 2wk e
RO, B M5 I L2 s g O VR 2 S i )
RSB Z S PR AL sURE SRR

4 JURBE BT E T R AR R

PR3 i Fiim R K (5-10 mg/kg),
g2 M Wk i, R IR b e 7
WA RS2, R0 e vk 5 e iy

LSUPERNRRN . MEAN, BT A AR IR

L EMAER BRI, PURZYIE SRR IR
J:EHI)L ‘On-target” &Pk, Ui ¥ EGFR HY
Panitumumab F1 Cetuximab % 5| Jz fR 14 5 #0
il HER2 A Herceptin %5 D MEREE; #Epw)
VEGF #i{4 Bevacizumab £33 il il #: #: FE XK 5
fa) CDS52 BHPTLAY Alemtuzumab 7] 5[ (/)
My /b5 #8m] CD20 AY Rituximab 2338 155 73 /8%
e R 25107
41 “YHREEFXR”

B T A0SR T (CD3 1 CD28 4§)
ZRE BTG, TR LIRS T 400
B R AE A, AR F A5 ™E W <4
MR F X", . 7 CD28 #shifl TGN1412
TRl AR T g b, 6 24 fd AR S & 2 0.1 mg/kg
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Wk 205, BWkH T E N RGN RIE R
piO ) fHE, 24 TGNI1412 WA Z5H &
5 ng/kg LA R, AR H IR S A 20 M R RS CRE
W, HRTZ 2 A RS
AN, AR SRS Blinatumomab Hy T8
TEJ T BTl CD3, P& T 24 iR s 4 i X 5
LR B, SEGEE S H B
EWQEHE@//T GIE” o —Mim AR b3l i AR
JEZ54 Tocilizumab ZE A KL w0

42 REBHEXTIREM

ok A m AR Ll AL S T
YMITE AL, AR 3R HLARE B 42U e N 52
L o) g A A B 1 A DA 24 W T T S 4
MR TR, oo P BURE B BRI A R
J. (Immune-related adverse events), Tfif HAS B %
IO A 7 B AR AR AT AR YT BOR IE AR OC . X6 I i
IR b — M il TR AR R S A 73R 97 .
Ipilimumab 7£ 25 243 #2 i i 3R B 3 b R
RSN, WA B IR RS . By
T S R FCAA e 2T i PD-1 ﬁhﬂﬂﬂ:ﬂﬂf

FPLEAE TG “FE3E" BOV AN, Ik R @A
FREREN, EERBUNIEST . BB R,

e /B RR  H B A A AR, i L2 25 2k
FHPT AR B IR AR RS BT 2P

4.3 ADCsHMNA RR K

HIR, ADCs 259t B BB S8/ N T4k 2
MRk, Y RITE O CARBES
254 T RIER S . B2, T/ TBE K
G S AR SRR e A, AR R BT AF
TEE—EMAERIVEM . W 2004 4 ET7 % ADCs
Zj¥ Gemtuzumab ozogamicin #i\ A Al HEG |
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oA kR K BH ZE 5 7 (Hepatic  veno-
occlusive disease)! ™, 28 XU I 25 PEAL J5 1% 25 T
2010 4F4TH o S35, BB F5E R W] Brentuximab
vedotin 7EIIfi R 1255 | 2 ™ 5 A AR 4 7Y

5 ERWHAHATRLR

PEAER, 3R E 2= F A BUR 25 ) 0 BRI Y
Ko fb R B R TR R R HER . s fE
P -HUA SRR SE R A b i, T BB T
SRR B I AT AT IL-2 PA4T Dalizumab!” |
Hi CD20 ##7 Rituximab® . #i LFA-1 B#
Efalizumab!" 45 Z A4 A2 By 1 S AR 45 44 5 35 18
KA T B i 2H A2 @ AT Y Infliximab!™
An R SE R 2Ll B, XTHETE TNFa A9 Infliximab
1 Adalimumab 19531 17E FIMLEIETT TR AR
W T ERPURGE W R 5T, TR

SR TR AL BB R, i g a5
A PR PR SRR E R T, s BT
RN Rituximab 3E4T = & 2845
(HS7DE/H102YK/L93NR) J&, Mk T I Bl
CD20 HLk A BETE FANNIE T A Bl B0, E g
S Bb AR BE T AT By e - RS A R TSR AL B ik
TP TNF-a 53507 ATDS, AEGSA R ]
TNF-a 15371k TNR-1/2 19554151,

FERTIGUAR BT Ty T, AR5 R A R 2 B
THAZE A A T HTL HER2 5 CD16 AL
BT K NG oY N e p R
Trastuzmab F1 Pertuzumab RJ 25 [X_ i f4) 2 i) XL T
REPLIR, REMSAH MK ErbB2 1y “5F RIK”
1t , ZPUIEXTF Trastuzumab i 25 ¥RIGIT A
5 5 BESEA HERL ) VEGFE FIEATF 2R 11 AL
R (Y, 5K RIS % 0] Al 45 A VEGF-A

M VEGF-C Hyfh& 8 ™, B8 2Em il i
MAEBAE, FERN BN B IR R . Li %
FA B 397 O M T CD20 Hifk HA CDC.ADCC
i S AN T S 2 R AL, esh, fE
FUAR LY BB IE 7 T, WL R R AR 7 R
ALTE ADC 25 ry 3l B3E . “XDC” 4,
HH Y TRAIL-MMAE {8259y 3E A M 20
MG, 2 2L WG R AR E R R R R
MMAE®"

FEBUARZ Yy Ak TE AR E AR A
W B4 2RI ESURZ Y BT, Hoh s
) TNF-a fil & 2K A0 “ 3538357 oo " 4500,
¥ EGFR f9 e ZEk et % 2014 4E R H A
FWEE TR VEGF ZKal & 8 1 R
(Conbercept), HJ[FHf454 VEGF-A. VEGF-B
T PIGF Z £ A Ee 3™, HarE &kt i i T
IRIT IR AR B AR

6 EZ

2014 4F, T PD-1 HTALE IR K _E RS EE K
8% , Nivolumab Fl Pembrolizumab ¢ )5 7 H 4%
M LT, FEHL PD-L1 Huid s ir 30 4
of ME— 6T W66 01 % IO 9 Y5 7 B A B 25 . (HR I
IR EAIA 70% 138 £ #5 XL PD-1 HLiR 697
o 2D WRI B, MR ) S e v DL S R
I PR S 28 43 AL SR BOR B VI G . e
B2 I e T b O824 L i 2 ) A A A X e
PD-1 HUAR T AU il T 24 M i 1 784 e i
F Al PD-1 HiRJ5 A tkh 7 ok, ik,
B ) G R 2 S BRI R G IR A rp, 38
WO SHOT . AT DASR S R ) Se e
BCE T F A ey T i (RS R A % v,

cjb@im.ac.cn

865




866

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech June 25,2015 Vol.31

No.6

JEL TR T, 7RSS ) IR TR 5 23 s HILIA ) £
JEINRE. BLAh, VR LARE M WA APk 2y

,

EWIFRICY) (Biomarker) XFF 45 5 Hilf R

FHZG 0 REE Al: Cetuximab 7EIf R 25 25 R 7
XN KRAS K A7 43 i F T4 PD-1
PUR IR KRR ic R IE AR . R, Gndif
WG ARUWERG 2%, YR
THE K2 AE bR icy, KRR R T
B B e S BT I AR IO P %) i J g Il

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

Hanahan D, Weinberg RA. Hallmarks of cancer:
the next generation. Cell, 2011, 144(5): 646—674.
Couzin-Frankel J. Cancer immunotherapy. Science,
2013, 342(6165): 1432-1433.

Strebhardt K, Ullrich A. Paul Ehrlich’s magic
bullet concept: 100 years of progress. Nat Rev
Cancer, 2008, 8(6): 473-480.

Kohler G, Milstein C. Continuous cultures of fused
cells secreting antibody of predefined specificity.
Nature, 1975, 256(5517): 495-497.

Nadler LM, Stashenko P, Hardy R, et al
Serotherapy of a patient with a monoclonal
directed
lymphoma-associated antigen. Cancer Res, 1980,
40(9): 3147-3154.

Maloney GD, Grillo Lépez AJ, White CA, et al.
IDEC-C2B8 (Rituximab) anti-CD20 monoclonal
with

antibody against a human

antibody therapy in patients relapsed
low-grade non-Hodgkin’s lymphoma. Blood, 1997,
90(6): 2188-2195.

Reichert JM, Dhimolea E. The future of antibodies
as cancer drugs. 2012,
17(17/18): 954-963.

Harmsen MM, de Haard HJ. Properties, production,

Drug Discov Today,

and applications of camelid single-domain antibody
fragments. Appl Microbiol Biotechnol, 2007, 77(1):
13-22.

Feng LF, Wang X, Jin HC. Rabbit monoclonal

http://journals.im.ac.cn/cjben

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

antibody: potential application in cancer therapy.
Am J Transl Res, 2011, 3(3): 269-274.

Kovaleva M, Ferguson L, Steven J, et al. Shark
variable new antigen receptor biologics-a novel
technology platform for therapeutic drug
development. Expert Opin Biol Ther, 2014, 14(10):
1527-1539.

Scott AM, Wolchok JD, Old LJ. Antibody therapy
of cancer. Nat Rev Cancer, 2012, 12(4): 278-287.
Weiner LM, Surana R, Wang S. Monoclonal
antibodies:  versatile platforms for cancer
immunotherapy. Nat Rev Immunol, 2010, 10(5):
317-327.

Park S, Jiang ZJ, Mortenson ED, et al. The
of anti-HER2/neu antibody
depends on both innate and adaptive immunity.
Cancer Cell, 2010, 18(2): 160-170.

Yang XM, Zhang XM, Mortenson ED, et al.

Cetuximab-mediated tumor regression depends on

therapeutic effect

innate and adaptive immune responses. Mol Ther,
2013, 21(1): 91-100.

Shim H. One target, different effects: a comparison
of distinct therapeutic antibodies against the same
targets. Exp Mol Med, 2011, 43(10): 539-549.
Sakai K, Yokote H, Murakami-Murofushi K, et al.
Pertuzumab, a novel HER dimerization inhibitor,
inhibits the growth of human lung cancer cells
mediated by the HER3 signaling pathway. Cancer
Sci, 2007, 98(9): 1498-1503.

Ramakrishnan MS, Eswaraiah A, Crombet T, et al.
Nimotuzumab, a promising therapeutic monoclonal
for treatment of tumors of epithelial origin. mAbs,
2009, 1(1): 41-48.

Lin TS. Ofatumumab: a
anti-CD20 antibody. Pharmgenomics Pers Med,
2010, 3: 51-59.

Pardoll DM. The blockade of immune checkpoints
in cancer immunotherapy. Nat Rev Cancer, 2012,
12(4): 252-264.

Hodi FS, O'Day SJ, McDermott DF,
Improved survival with ipilimumab in patients with
metastatic melanoma. N Engl J Med, 2010, 363(8):

novel monoclonal

et al.



BEE/BETFRRERIAMBRRETTEHRTHE

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

(29]

[30]

711-723.

Topalian SL, Hodi FS, Brahmer JR, et al. Safety,
activity, and immune correlates of anti-PD-1
antibody in cancer. N Engl J Med, 2012, 366(26):
2443-2454.

Hamid O, Robert C, Daud A, et al. Safety and
tumor responses with lambrolizumab (anti-PD-1) in
melanoma. N Engl J Med, 2013, 369(2): 134—144.
Powles T, Eder JP, Fine GD, et al. MPDL3280A
(anti-PD-L1) treatment leads to clinical activity in
metastatic  bladder 2014,
515(7528): 558-562.

Croft M, Benedict CA, Ware CF. Clinical targeting
of the TNF and TNFR superfamilies. Nat Rev Drug
Discov, 2013, 12(2): 147-168.

Robinson MK, Hodge KM, Horak E, et al.
Targeting ErbB2 and ErbB3 with a bispecific
single-chain Fv enhances targeting selectivity and

cancer.  Nature,

induces a therapeutic effect in vitro. Br J Cancer,
2008, 99(9): 1415-1425.

McDonagh CF, Huhalov A, Harms BD, et al.
Antitumor activity of a novel bispecific antibody
that targets the ErbB2/ErbB3 oncogenic unit and
inhibits heregulin-induced activation of ErbB3.
Mol Cancer Ther, 2012, 11(3): 582-593.

Kienast Y, Klein C, Scheuer W, et al
Ang-2-VEGF-A CrossMab, a mnovel bispecific
human IgG1 antibody blocking VEGF-A and Ang-2
functions simultaneously, mediates potent antitumor,
antiangiogenic, and antimetastatic efficacy. Clin
Cancer Res, 2013, 19(24): 6730-6740.

Hu S, Fu W, Xu W, et al. Four-in-one antibodies
have superior cancer inhibitory activity against
EGFR, HER2, HER3 and VEGF through disruption
of HER/MET crosstalk. Cancer Res, 2015, 75(1):
159-170.

Seimetz D. Novel monoclonal antibodies for cancer
treatment: the trifunctional antibody catumaxomab
(removab). J Cancer, 2011, 2: 309-316.

Bargou R, Leo E, Zugmaier G, et al. Tumor
regression in cancer patients by very low doses of a
2008,

T cell-engaging Science,

321(5891): 974-977.

antibody.

[31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Reusch U, Burkhardt C, Fucek I, et al. A novel
bispecific TandAb (CD30/CDI16A)
efficiently recruits NK cells for the lysis of CD30+
tumor cells. mAbs, 2014, 6(3): 728-739.

Sassoon I, Blanc V. Antibody-drug conjugate

tetravalent

(ADC) clinical pipeline: a review//Ducry L, Ed.
Antibody-Drug Conjugates. Methods in Molecular
Biology Volume 1045. Humana: Humana Press,
2013: 1-27.

Bross PF, Beitz J, Chen G, et al. Approval
summary: gemtuzumab ozogamicin in relapsed
acute myeloid leukemia. Clin Cancer Res, 2001,
7(6): 1490-1496.

Castaigne S, Pautas C, Terré C, et al. Effect of
gemtuzumab ozogamicin on survival of adult
patients with de-novo acute myeloid leukaemia
(ALFA-0701): a randomised, open-label, phase 3
study. Lancet, 2012, 379(9825): 1508-1516.
Younes A, Bartlett NL, Leonard JP,
Brentuximab vedotin (SGN-35) for relapsed
CD30-positive lymphomas. N Engl J Med, 2010,
363(19): 1812-1821.

Pro B, Advani R, Brice P, et al. Brentuximab

et al.

vedotin (SGN-35) in patients with relapsed or
refractory systemic anaplastic large-cell lymphoma:
results of a phase II study. J Clin Oncol, 2012,
30(18): 2190-2196.

Beck A, Wurch T, Bailly C, et al. Strategies and
challenges for the next generation of therapeutic
antibodies. Nat 2010, 10(5):
345-352.

Desnoyers LR, Vasilijeva O, Richardson JH, et al.

Rev Immunol,

Tumor-specific activation of an EGFR-targeting
probody enhances therapeutic index. Sci Transl
Med, 2013, 5(207): 207ral44.

Kontermann RE. Dual targeting strategies with
bispecific antibodies. mAbs, 2012, 4(2): 182—-197.
Weidle UH, Kontermann RE, Brinkmann U.
Tumor-antigen-binding bispecific antibodies for
cancer treatment. 2014, 41(5):
653-660.

Wu CB, Ying H, Grinnell C, et al. Simultaneous

targeting of multiple disease mediators by a dual-

Semin Oncol,

cjb@im.ac.cn

867




868

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech June 25,2015 Vol.31

No.6

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

variable-domain immunoglobulin. Nat Biotechnol,
2007, 25(11): 1290-1297.

Bostrom J, Yu SF, Kan D, et al. Variants of the
antibody herceptin that interact with HER2 and
VEGF at the antigen binding site. Science, 2009,
323(5921): 1610-1614.

Wozniak-Knopp G, Bartl S, Bauer A, et al
Introducing antigen-binding sites in structural loops
of immunoglobulin constant domains: Fc fragments
with engineered HER2/neu-binding sites and
antibody properties. Protein Eng Des Sel, 2010,
23(4): 289-297.

Merchant AM, Zhu ZP, Yuan JQ, et al. An efficient
route to human bispecific IgG. Nat Biotechnol,
1998, 16(7): 677-681.

Gunasekaran K, Pentony M, Shen M, et al.
Enhancing antibody Fc heterodimer formation
through electrostatic steering effects: applications
to bispecific molecules and monovalent IgG. J Biol
Chem, 2010, 285(25): 19637-19646.

Muda M, Gross AW, Dawson JP, et al. Therapeutic
assessment of SEED: a new engineered antibody
platform designed to generate mono and bispecific
antibodies. Protein Eng Des Sel, 2011, 24(5):
447-454.

Wranik BJ, Christensen EL, Schaefer G, et al.
LUZ-Y, a novel platform for the mammalian cell
production of full-length IgG-bispecific antibodies.
J Biol Chem, 2012, 287(52): 43331-43339.
Schaefer W, Regula JT, Bahner M, et al
Immunoglobulin domain crossover as a generic
approach for the production of bispecific IgG
antibodies. Proc Natl Acad Sci USA, 2011,
108(27): 11187-11192.

Doppalapudi VR, Huang J, Liu DG, et al. Chemical
generation of bispecific antibodies. Proc Natl Acad
Sci U S A, 2010, 107(52): 22611-22616.

Chang CH, Rossi EA, Goldenberg DM. The dock
and lock method: a novel platform technology for
building multivalent, multifunctional structures of
defined composition with retained bioactivity. Clin
Cancer Res, 2007, 13(18 Pt 2): 5586s-5591s.

http://journals.im.ac.cn/cjben

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Kipriyanov SM. Generation of bispecific and
tandem diabodies. Methods Mol Biol, 2009, 562:
177-193.

Salfeld JG. Isotype selection in antibody
engineering. Nat Biotechnol, 2007, 25(12):
1369-1372.

Niwa R, Hatanaka S, Shoji-Hosaka E, et al.
Enhancement of the antibody-dependent cellular
cytotoxicity of low-fucose IgG1 Is independent of
FcgammaRIIla functional polymorphism. Clin
Cancer Res, 2004, 10(18 Pt 1): 6248-6255.
Natsume A, In M, Takamura H, et al. Engineered
of IgG1/IgG3 mixed
enhanced cytotoxic activities. Cancer Res, 2008,
68(10): 3863-3872.

Richards JO, Karki S, GA, et al
Optimization of antibody binding to FcgammaRIIa

antibodies isotype with

Lazar

enhances macrophage phagocytosis of tumor cells.
Mol Cancer Ther, 2008, 7(8): 2517-2527.

Robbie GJ, Criste R, Dall'acqua WF, et al. A novel
investigational Fc-modified humanized monoclonal
antibody, motavizumab-YTE, has an extended
half-life in healthy adults. Antimicrob Agents
Chemother, 2013, 57(12): 6147-6153.

Stapleton NM, Andersen JT, Stemerding AM, et al.
Competition for FcRn-mediated transport gives rise
to short half-life of human IgG3 and offers
therapeutic potential. Nat Commun, 2011, 2: 599.
Labrijn AF, Buijsse AO, van den Bremer ET, et al.
Therapeutic 1gG4 antibodies engage in Fab-arm
exchange with endogenous human IgG4 in vivo.
Nat Biotechnol, 2009, 27(8): 767-771.

An ZQ, Forrest G, Moore R, et al. IgG2m4, an
engineered antibody isotype with reduced Fc
function. mAbs, 2009, 1(6): 572-579.

Panowksi S, Bhakta S, Raab H, et al. Site-specific
antibody drug conjugates for cancer therapy. mAbs,
2014, 6(1): 34-45.

Junutula JR, Raab H, Clark S, et al. Site-specific
conjugation of a cytotoxic drug to an antibody
improves the therapeutic index. Nat Biotechnol,
2008, 26(8): 925-932.



BEE/BETFRRERIAMBRRETTEHRTHE

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Shen BQ, Xu KY, Liu LN, et al. Conjugation site
modulates the in vivo stability and therapeutic
activity of antibody-drug conjugates. Nat
Biotechnol, 2012, 30(2): 184-189.

Hofer T, Skeffington LR, Chapman CM, et al.
Molecularly defined antibody conjugation through
a selenocysteine interface. Biochemistry, 2009,
48(50): 12047-12057.

Axup JY, Bajjuri KM, Ritland M, et al. Synthesis
of site-specific antibody-drug conjugates using
unnatural amino acids. Proc Natl Acad Sci USA,
2012, 109(40): 16101-16106.

Boeggeman E, Ramakrishnan B, Pasek M, et al.
Site specific conjugation of fluoroprobes to the
remodeled Fc N-glycans of monoclonal antibodies
using mutant glycosyltransferases: application for
cell surface antigen detection. Bioconjug Chem,
2009, 20(6): 1228-1236.

Strop P, Liu SH, Dorywalska M, et al. Location
matters: site of conjugation modulates stability and
pharmacokinetics of antibody drug conjugates.
Chem Biol, 2013, 20(2): 161-167.

Hansel TT, Kropshofer H, Singer T, et al. The
safety and side effects of monoclonal antibodies.
Nat Rev Drug Discov, 2010, 9(4): 325-338.

Hiinig T. The storm has cleared: lessons from the
CD28 superagonist TGN1412 trial. Nat Rev
Immunol, 2012, 12(5): 317-318.

Tabares P, Berr S, Romer PS, et al. Human
regulatory T cells are selectively activated by
low-dose application of the CD28 superagonist
TGN1412/TAB08. Eur J Immunol, 2014, 44(4):
1225-1236.

Teachey DT, Rheingold SR, Maude SL, et al.
Cytokine release syndrome after blinatumomab
treatment related to abnormal macrophage
activation and ameliorated with cytokine-directed
therapy. Blood, 2013, 121(26): 5154-5157.

Weber JS, Kahler KC, Hauschild A. Management
of immune-related adverse events and kinetics of
response with ipilimumab. J Clin Oncol, 2012,
30(21): 2691-2697.

[72]

(73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

Phan GQ, Yang JC, Sherry RM, et al. Cancer
regression and autoimmunity induced by cytotoxic
T lymphocyte-associated antigen 4 blockade in
patients with metastatic melanoma. Proc Natl Acad
Sci USA, 2003, 100(14): 8372—-8377.

Giles FJ, Kantarjian HM, Kornblau SM, et al.
Mylotarg™ (gemtuzumab ozogamicin) therapy is
associated with hepatic venoocclusive disease in
patients who have not received stem cell
transplantation. Cancer, 2001, 92(2): 406—413.
Gandhi MD, Evens AM, Fenske TS,
Pancreatitis in patients treated with brentuximab

et al.

vedotin: a previously unrecognized serious adverse
event. Blood, 2014, 123(18): 2895-2897.

Yang H, Wang JC, Du JM, et al. Structural basis of
immunosuppression by the therapeutic antibody
daclizumab. Cell Res, 2010, 20(12): 1361-1371.
Du JM, Wang H, Zhong C, et al. Structural basis
for recognition of CD20 by therapeutic antibody
Rituximab. J Biol Chem, 2007, 282(20):
15073-15080.

Li S, Wang H, Peng BZ, et al. Efalizumab binding
to the LFA-1 o I domain blocks ICAM-1 binding
via steric hindrance. Proc Natl Acad Sci USA,
2009, 106(11): 4349-4354.

Liang SY, Dai JX, Hou S, et al. Structural basis for
treating tumor necrosis factor a (TNFa)-associated
diseases with the therapeutic antibody infliximab. J
Biol Chem, 2013, 288(19): 13799-13807.

Hu S, Liang SY, Guo HZ, et al. Comparison of the
inhibition

mechanisms of adalimumab and

infliximab in treating tumor necrosis factor
a-associated diseases from a molecular view. J Biol
Chem, 2013, 288(38): 27059-27067.

Li BH, Zhao L, Guo HZ, et al. Characterization of a
rituximab variant with potent antitumor activity
against rituximab-resistant B-cell
Blood, 2009, 114(24): 5007-5015.
Qin WS, Feng JN, Li Y, et al. A novel domain

antibody rationally designed against TNF-a using

lymphoma.

variable region of human heavy chain antibody as
scaffolds to display antagonistic peptides. Mol

cjb@im.ac.cn

869




870

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech June 25,2015 Vol.31

No.6

[82]

[83]

[84]

[85]

[86]

Immunol, 2007, 44(9): 2355-2361.

Xie ZG, Guo N, Yu M, et al. A new format of
highly
heterodimerization, expression and tumor cell lysis.
J Immunol Methods, 2005, 296(1/2): 95-101.

Li BH, Meng YC, Zheng L, et al. Bispecific
ErbB2
resistance through comprehensive blockade of
2013,

bispecific antibody: efficient

antibody to overcomes trastuzumab

ErbB2 heterodimerization. Cancer Res,
73(21): 6471-6483.

Kou G, Shi JP, Chen L, et al. A bispecific antibody
effectively inhibits tumor growth and metastasis by
simultaneous blocking vascular endothelial growth
factor A and osteopontin. Cancer Lett, 2010,
299(2): 130-136.

Zhang DP, Li BH, Shi JP, et al. Suppression of
tumor growth and metastasis by simultaneously
blocking vascular endothelial growth factor
(VEGF)-A VEGF-C
receptor-immunoglobulin fusion protein. Cancer
Res, 2010, 70(6): 2495-2503.

Li BH, Shi S, Qian WZ, et al. Development of
novel tetravalent anti-CD20 antibodies with potent

and with a

http://journals.im.ac.cn/cjben

[87]

[88]

[89]

[90]

[91]

antitumor activity. Cancer Res, 2008, 68(7):
2400-2408.

Pan LQ, Wang HB, Xie ZM, et al. Novel
conjugation of tumor-necrosis-factor-related

apoptosis-inducing ligand (TRAIL) with
monomethyl auristatin E for efficient antitumor drug
delivery. Adv Mater, 2013, 25(34): 4718-4722.

Tan QQ, Guo QC, Fang C, et al. Characterization
and comparison of commercially available TNF
receptor 2-Fc fusion protein products. mAbs, 2012,
4(6): 761-774.

Wang Q, Li T, Wu ZG, et al. Novel VEGF decoy
receptor fusion protein
multiple VEGF
anti-angiogenesis effect in vivo. PLoS One, 2013,
8(8): €70544.

Vanneman M,

conbercept targeting

isoforms provide remarkable

Dranoff  G.
immunotherapy and targeted therapies in cancer
treatment. Nat Rev Cancer, 2012, 12(4): 237-251.

Gajewski TF, Schreiber H, Fu YX. Innate and

Combining

adaptive  immune cells in  the  tumor
microenvironment. Nat Immunol, 2013, 14(10):
1014-1022.

(R34  HERTT)



