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HE ¥ AR ER. SR B E, MR T 2 A TR RES
Bi567. $ABRKRAYERREIASHNZOET FELLETEZHA. B, 2EAL
5o 55 2 508 3 By (FDA) SR A T 96 77 dnik % 46 B b I 8 69 32 IR AR 2 4 € 55 Y, R 16 RIRAF
RIF6976 7 R, Rkt T 2B 1AV I8 an e e BN VE A . SRR BUME 2 R348
4 o F v BN (ADCC). AMARAR # 4m JZ b B (CDC) Ao X A2 5 18 F4 25 AU 34 5174 o7 P98 64 3
R AN, WE SRS BATEALE . AT A R IR, A T AR SRR e Fe k) ig T AR,
RRA M6 ST ARG I I AT R B TR B Tk e B AT IE 06 T 69 S R LR S A it
AT T EaEFa B dd, 8 T 0697 M U IE AR 20 4 5 4 69 19) 2 Fe 2 ) T 5 .

ES5 30

H L 1H 20704 A QK ohler &1 37 4% A8 98 2 A LA
oK, W T BEHURYIAE B U AR KN
iR e H AT BN IAE T B R 22—, Rt 5
DA GUR [ B i B O S8, RBRAIA2 20075
KL R, T REAEL A 7007 NFET IR .
e B B AR TT LAHE R b 0t #E 03 1, HL R AR TR
%, TR —MIRIT IR I BEAR YY) . 25 ik, &
FDAHLHE RN H (1) #5e BE UAA 25038 3 =+ 43 B, HE
U SRR 2 AT R, PRI 13,
Hi, 550 BE TR 254 1k A 2 0 ) o

1 #hA
1.1 #&

B % BT A8 (monoclonal antibody, McAb, DL
TRIRR R 2 R — M S R AL R A4, ks T
ANBIR L 40 I 1) S B> e AT I A0 T ) v . B
PR SRS — PR — . Rk
1.2 9%

I R Hh i FH B S 52 A UM [R] R 254, #
P o> 1 A RIA R 2 dudk, Juik i B
Ll g5 & Fr BiFab, AR Xy BeFv, FRUBE R AR X
BscFVAF ) FIHTARAB A [an T80 %95 18 6 ) (radioim-
munoconjugate). 1¥,2% 5% {5 14 (chemo-immunocon-
jugate) 14 9% B Z (immunotoxin) %4 .

AR AR TR ST 25 P 1 L AN R

FRSEBEDUIAR 25, LR S AR IR

AREUN A LA ILZE: LR gi i 7y At CD ) 124
B SRT, WHTCD20, CD33. CDS2%5 i, 2 H
TRTT FILE AR EL IR BLER R A A PR 1 52 A (epi-
dermal growth factor receptor, EGFR)Z it A I yii 1t .
Pt, WHPIEGFRILHT, Pk fAE K 132442 (epider-
mal growth factor receptor 2, HER2) ¥4, £ JH TV497
SRR, DUIALAES P9 % 2 K X T~(vascular endothelial
growth factor, VEGF) A #E filf 51, 2 H Ti697 451
Jees P11 S 9
1.3 A3EE

FAT, iy E 247 LU LR & (1) dids
AR Y. 19864, FDAHEUE 25— AN i
OKT3, Ml Tihyr @t B B i s s s (2) B i2
Wr. LB T ORI B2 W, (3) MR ia
7o FRPUE IR g M BB 45, 3 2 MR AR R
il Rg Am Il 5 (4) B 5 S BB IRT7 . 20034,
FDA#L#E ¥ )Omalizumab, F -6 ¥7 i 80 i ; (5)
PUBRS B HUARAE R 4 7R VR TT IR . a0t 5 A
JEFRHTFC2 (ADD)P; (6) XU REPUAR IR Ik T 3. LA
EGFRATHER2 Jy # 55 (XUl BEFLAR B A B 1 e i
A PEN
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FAFT PR R B A AR (A
WGEil, P2y A Ekas 88 LB 4001435 I,
SEIRAE LL20% LA - (138 5 e dde 186 K5 200948 HL gt 24
YIRS R RS 25T 3 B B AUA.9% A 40,
SERAEY T REZ SR EAR 25 S A B 40131 %

H i, ZFDAREAE FIPTIIR S pe 2500 + 3,
FoA YR YT R R GEMIR AT 7S PR 1)

2 KRGS R

AL ZR GE A g s i it o~ 40 e 19 A 1)
ARE e B PR, ™ B U N S AR R R,
I R b WA s kBB, 2 R PR e R
5o AL R I T 40 B 72 A (hematopoietic stem cell
transplantation, HSCT)J& 4 i 1 21697 B (HALT
I FEME 22, BERIE K, HSCT & = LB M it
Wi, HOE K. W& REZRRE R RE, Bhiy)
(67 R LR 3 AR — ) i
2.1 BN
2,11 RIRAF 0 T Fe (EEEARENGT T
P41 H A5 1) 40 J 75 7% S Wi (antibody-dependent cell-
mediated cytotoxicity, ADCC)F1 #p 444K #i 4 41 Jiiw
M [ V. (complement-dependent cytotoxicity, CDC), iX
PR RIS B MRS S J5 BRI FC B, Rt 5 i oeg 4
MuBE PSR e 4 A e, HFeB T LS NK4i i, B
W 0 L R A 4 i 5 205 I 95 4 L 3 1T PRI Fe 2 A4
(FeR)Z &, Wb g Ml A 5, RAERN D fig. NK4A
JH6 3 TR TR L 7 A URE (2 L 3 I RORE 1) 5 S0
I 4D 9 T R T i BT R A BT 40 5 4 i
S5 R M AR R I A R A R R A i, R
JRCER T 3 P AEURT 40 T BT 46 D s ADCCAE L

LTS R g0 R 1 R BT 25 S S, T DA B AR
1ACTq, I WOERMAR IR SO, AE i eg 41 i 2 1
% K 4 4K (membrane attack complex, MAC), 4
NG L, 4 e 40 1, [R] I S AL R kAt wT B
5 ADCCHEH] .
2.1.2  xtAb B dm oL ed 4% A 45 VE ) T
A5 e W] SR R L, R b Al A v 2 )
TR 1A% 2R AR IBE, 20 FUAAR S 3 B ) 45 T b R
S B, A IR IR 4 B 2 1 24 4 BTBU T A 25 A I R
JEy R B A BE, BN AR N IR 40 AL, 6T iR 4
JiL = A B R R R AT AR, BT AR AR K Toritumomab
FlTositumomabi?) & PLCD20E Fi {8 B i 9 1 #% %,
H 96797 AEE A7 49k 8 (non-Hodgkin's lymphoma,
NHL). Huy, Mt iyadiE =K. ™
B R AU R D S ) Il A ) ) A5 R RO
PERZ R ATB- KA, Y Refla- K5 7K Ac
2UBiL 2UAE . LGRS 1.
22 MR ARG EEME BRI S L

140 M A 1 5 53 A B AN [R5 28 RUAS [F] i B DA
Jod it R, o SIS E Al e R bR, Bl
Lo APl o IR R G0 % M R A0 B o o e
s RIS A i oy e s, inCD4. CD20.
CD22, CD23, CD33, CD45. CD52. CD66%:,
24, FDA CHILAE /S FIE 7 M98 5 G0 0% 1 Jieh g 1)
LWy, 0L A oA B R A R
2.2.1  vACD20% #e.& 49 %4 CD20,2 Btk
LB R PR, KR T95% LA b 1 1 AU LBk
L 40 2 1h, m 3 O A T8 S B4 A (S S, HTTB
0 B (¥ 38 GE R 4 4L . BTCD20MR Bt 5 CD2045 A A,
AJ LLSE i B i 38 5, H0H] 548

M Z B piRituximab & FDAREE (1 55— M6

R1 FDASUER B EIIAZY
Table 1 Antibody drugs approved by FDA

[BREES EIRGE2R ] SR AR LA I N E HEHERT 1]
Trade name Antibody name Companies Isotype Target antigen  Cancer indication ~Launch date
Rituxan Rituximab Genetech/Roche  Chimeric IgGl1 CD20 NHL 19974
Mylotarg Gemtuzumab ozogamicin ~ Wyeth Humanized I1gG4- CD33 AML 20004F
ozogamicin

Campath Alemtuzumab Millennium Humanized IgGl CD52 CLL 20014F
Zevalin Ibritumomab tiuxetan Biogen/Idec Murine IgG1-Y*/In'""  CD20 NHL 20024
Bexxar BI] -Tositumomab GSK Murine 1gG2a -"'1 CD20 NHL 20034
Arzerra Ofatumumab GSK Human IgG1 CD20 CLL 20094
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Fig.1 Main mechanisms of killing cancer cell by McAb drugs

7 R I R P25 W), TR 9T B RGBT BY
fIK/> %NHL. Rituximabs& A Kk & B ow BE PR, fi
5Btk B 41 i 25 10 A CD20T Jif 4 7 Mk &5 &, ik
ADCC. CDCHIHLIARA T 11 40 il 7 1 H (antibody
dependent cellular phagocytosis, ADCP)% 155 i 7 4fl
Mi. ARSMIFST & IR, Rituximab 5 CD2045 45 ), v LA
5 A M N R IBG  , JE RS BT MR TR 1
Rituximab B 4 2% fif 26 1 50%, {H & 58 A G2 i 2%
10%, P2 5 54097 29 BE A o Il AR T 5T
lE B, Rituximab 5 4697 25 W I8 B A BEMENL |
fag g, KA. REMN. KA ATTHRA,
YT BAH Mg BUNHL (B-NHL), 4217 K F5g 4 2 il %
3 W AT, NHLAN M 3% 1 R i 2 o & 3R 0A
CDA47, Chao% "M Rituximablfk & HLCDA7 HL 4T, 1l ik
FeRMKAGUNTE cRAEAR AT (1) 41 B AWz 1 1, 15 DR NHL
I L I B

Ofatumumab /& 20094F 2 FD AL HE [ 5 5T 25 41,
A& MO EHICD20 58 v fEfi A . il if ADCCHICDC
Y8, Va9 % 80 7 Al Alemtuzumab ¥ 6 P e 4 ik
40 o A 10995 (chronic lymphocytic leukemia, CLL).
Ofatumumab?ECD20_I f¥) 45 4 47 14 5 Rituximab A [A],

H o5 R4 G, FE A, 5] 3R [ CDCAE
FHUOL, R AR SEG R, LR g S e, Hol
1EF TR CD20 /) 40 ™. Il R B 56 i 521
Ofatumumab 55 4457 24P G AL, 167 IEIEPEMR
AR i, TUIG RS UE B A8 F O-CHOPYA 7 i
2k RAF

B I HTCD20 AP C R AT A 2 A BRI, A4
EHUARRL ), RIS T R AL = S PUaR il e, s
A Ibritumomab & ZeFDAHEHE (K 58U S 2 AR BEA
Ibritumomab /& — #f' {l HLCD20 A $1lgG1 5 [F] 47 =Y
IR I, 3& FH YR TT BRI T e AV i 5l i 1k
B4l JfuNHL, {7 4% Rituximab AN U I JE I HINHL . 2
i1 11144 588 = AR 1B o0 i, P05 31K 72%,
TeIR EAEHIR6T%! s A5 HE!, YENHLYpi A 2E
AT B AT 40 R A% A A A R AT 2590 i A Tbritu-
momab, W FEARALTT 2500600 N4 i s k. 678
5L FL 4 Tositumomab 9 & Z8FDARE Y 1) — Pl U e
FEARIERD), & B PTCD20 A 4i1gG2 5 [ A7 22 T K
Yy, F¥ 1697 CD20RH P 1) €79 BUNHL A Rituximab 3
ALY G 5 K EE . Kaminski 250G A 57 3IE
B, TositumomabifJ7 J& L BYNHL A R % 4 95%, ¥
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W75%, TLAEEAERIES9% . 94 K HoAd U 1 7]
£ 25 5 HrCD20 L Hu R Bk, H w4 T 5256 B B,
PLCD20 scFv-scfi 44 F B Al BT, $1CD20 scFv-
Cu3 TPt AR A IR 1/ Cul
222 VACD33¥e 59840 CD33 & —Floki 5t
A ) W R TR R B 38 52 A, 08 T IE 0 R A IR i R
M0 M, WG T40 Mo R 1 G R IE, WRE S
0 2 TR R B, 7 490 ) I R ML 5 4 1 4
IVER . 90%LA 1 (1) Pk Pk 11 1% (acute myeloid
leukemia, AML)4i il 3 1ACD33% 1

i AT Gemtuzumabi e HH EE A\ JEAL HLHTIgG4
Ay st RS R AY, el
1 I 40 L 11 CD33 4 - e R4 4, PRodidE A\ 4
JHa, 3z 2 B IEAR N S K IR I, il = a5 G
TDNA/NE, fIADNAXURESE 1, 84 fustr:, H
THRIT60% L F2E — IR K IMAMLE & . H T
FLIG R BACRAS B 5k HL 25 5 ™ 1 41 o R 2
PE, 12010426 H 4 S [ g

FRZ BR 1 filintuzamab (HuUM195) 2 A 1L
IgGl, 5CD334 35 M ), il if ADCCHICDC 1
H, AT AML, H Ak TG AR5 . VDT
I ARIR IS S X 2 A FH TR 2 ST 29 . A
I 7, K4 Lintuzumab 55 22 BB P R A7 5 45
B, 4n"'-Lintuzumab. *Y-Lintuzumab. *"*Bi-Lintu-
zumabf1**Ac-Lintuzumab%%, ¥ ho-k 5 &, H
HLintuzumab {156 B1, 54057 2454 Bk 1 g 4k
A, T 52 Ve R4, vl LAEBRHSCT S 15X B E 6
4l 7,
2.2.3  VACDS52% ¥e.5 69 341 CD524¢— i
P LA I R 12 S SR R 4 R ol B e, KA T°B
A, TN, RN MR A M SR T . R
CL 40 0 () B0 Ao R R A Y, — B AR I AR
B Bl BT Alemtuzumab-i A5 1) B8 58 T
A, fE 5 BAH i AT 40 w22 1 (1 CDS24 7 11 45 4,
1 1F ADCCHICDCAE H, ¥8 97 % b 4k 571 F 3638
TRV YT 0 A B R K R IB-CLL . Kim &5 i ¢
FH, FTAS P IC A Al M ZE KA L FADHE AN
IR 45 ¥ 7 52 R 1k R e v R 0 T A0 B bk 98, 4%
fift 1K 50%
224  HALK T RIKIEMN KA LY Zan-
olimumab & A\ JEHiCD4 1gG1, 1 T¥477 &2 K ok ih
PETZH M bk U8, 4k I PR SR TT-TILY, - Epratu-

zumab & PLCD22 A\ Y5 tk1gGl, ] T ¥ 77 ALLPY,
Lumiliximab/& A\ JEH1CD23 1gG1, H T4 Jy7CLL,
H AT A T 1 R R B TITHRY; H1CD4S B IR IgGL{E Bk
SUH AL T AR IS DR AT, H T8 7 NHLE,
BW250/183 /& fil J #1CD66 1gG11{H Bt ' Re kY,
TR ST NHLA 2 5 PR i, H Oar AL 1 116 R
B I-TTH =,

3 [EEFNRE

H T DU I SRR S, BRI R,
H AT E 80 T LR LA T T
3.1 BRIk &R

R G IS I e SN 1N V1 % ) a1
(HAMA), L4k 1) N5 A 503E ] B il i — 6k 5
BTN NN/ L & o N G R N el e 27 N
LA NS = 1 B S NS R K o
EEELR A NIEHUA RIS B RN . A
S S AT A A N JR A I B BE BT (seFy), 3R
RN LA 107 MR B AR DR o e R DR/ SR
PARr 3 iBuR CYNE7IR ISR Y NN T B N R N S
iE NRPUR. Ofatumumabgll /& — il A 2 BR K
F (2 5 DR/ BRHCo 7RI MR 4% (1945 N5 B 470, #ie
927 JELPE AR,
3.2 HEBIIAEY
321 RERMOEN T PR HLCD20 U s
18 B &) 1britumomab A1 Tositumomab 7 ¥4 57 NHLH 15
AR L7 (097 R4, X AT #0822 WIHTCD22 80U He 2 4% 15%
Yy*°Y-epratuzumab Xif Y€ ¥{g AU K 2 S8 (follicular lym-
phoma, FL) AR &1 11157 24

T B RS DU v B S AR = A
CH, Prakdss s 15 22 & 1 2 MR 4N SR T, #E R R
128 A A IE N e 40 i, DT 2 4 i e 4l i, ande
CD3e || M5 25 Fe 9% 5 25 H 17097 T-40 ik EL9g 0
IAER FHHEAADNARAR, v B AL K 1w Rk
WA R R, BL22E —MEAREER HT
16T 5 R BHE R T B 41 B 1 1l 9 (hairy cell leuke-
mia, HCL)?",
322 BGEAURFCR PiikFeB & did)q, gl
A BB ) S B B AE FH o XmADS 574 — i it 3
BRI TR HTCDI9 5§ 45t, A H] B (I Fe B, AT LASE SR ) 45
& TFeyRIlla, JNsEFes/r S (140 Mo 25/ H . ADCCHI
ADCPAEJIZE, F T CLLAI#E I8 36 T2
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323 hEsSES EIR N e S WP I LN
ik i Be 5 oA AR ) P B RS 1 PR, AT RS
FHUARCHT BN WIKE HTCD33 ) FUkE ) A% X 4T A
Jv BescFv-5 ] 5 P i 88 08 A6 BR 7 A OGO T2 15 S D
PATRAILFL A, TRATL & — it Jif 8 326 4 P 412 03 1 %%
Ny, RIET Z R gL . PuidfsEE
scFvCD33:TRAIL 1] F T-AMLI# VA7,

324 BAFFHEIA WRERIEBUATE W AR X A
PRSI 45 57 1, AT DL 3 152 o 8 4 M R 255 1
20 M, nT LS IR 40 B SR T AN PR S5, AR
T 3 IR 40 M . Singer®:CORIF 5T HY LACD33HICD16
h B SRR S PR, JePiiE i BescFVIk) — A,
iz ity PR A seFv T Ry 1 45 4 1 I8 41 il 4% I CD33,
Ha] R scFv & T NK 4 Jig R 1 frICD16, JEid ADCC
YEH, 18 214 e B AMLAN i VEH

325  miem ik et HEREA A, Kt
AL DR G N e 4 B, 7 i 40 i P & eiAgs, T
BEL D s 40 ) P 0 2 1 (3R L . ZhoS5PRIE S —
PN i A il 300 2 S 1 PO e F B AT i g o g 1%
AT 0 51 9 40 g 34 5

33 BRI AYEN

PUAR T ) i A4 24 400 0 FHUARAE R 8044, K i

210G — PTG AL R e M 5 A T R A, G

BEPE IR 24570 IR 40 23 P B A D A7 Mk 1 A0 PR
531, NI 540 I 40 B2 3 A — b BRI ALY T 7
AR TR B R S R A 40 e 1 R LT A T
B,

FAT, SRPT 2y P e 1 3 2 a2 B4 () U
AT A = HR o BB DI ) 2% T FE 2
A, 1M PR 75 B ) BT 2 R R K, 4l R
SEUNK BB, LERFIURTIN S 2 YR SO 25y
BRI, R TR AL AR P2 HOR (R 508, FRARA,
J2 H AU PR S FH T T 7 2 B ) . A 8 0 ) 2
R PR B2 T B 36 [ 3% 07, PR 25 W e I v R e

YRR V6 7 Hh T B R4 BN EE A .
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Monoclonal Antibody Drugs for the Treatment of Hematological Malignancies

Fan Nana, Ding Qian, Zhao Tiantian, Zhan Jinbiao*
(Department of Biochemistry and Genetics, School of Medicine, Zhejiang University, Hangzhou 310058, China)

Abstract Monoclonal antibodies with its high specificity and less side effects, are widely used in disease
diagnosis and treatment. Monoclonal antibody drugs have also played an important role in the treatment of hema-
tologic malignancies. Currently, six monoclonal antibodies have been approved by the U.S. Food and Drug Admin-
istration (FDA) for the treatment of hematologic malignancies, and received good clinical responses. Monoclonal
antibody drugs mainly achieve the effectiveness of treatment through the mechanisms of the direct killing tumor
cells, antibody dependent cell mediated cytotoxicity (ADCC), complement dependent cytotoxicity (CDC) and the
interference in signaling pathways. In addition, monoclonal antibodies conjugated with radioisotopes, chemothera-
peutic drugs or toxins, were used for targeted therapy of cancers and other diseases, which has become a hot spot in
biological therapy. In this article, the structures and functions of therapeutic monoclonal antibodies for hematologi-
cal malignancies in recent years were summarized, and the problems and prospectives of therapeutic monoclonal
antibody drugs were discussed.
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