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1975 4E, P 2% 5% Georges Kohler Il César Milstein!"!
S 5 5 /0 BRVLAH A i R R A LR, TR Y 22
A B BE W] P AE PR, T JCRR MGG, i Sr T B K
A A B S 24 3898 2 R (hybridoma  technology). b fi 14 [
WARATT 1984 Foits Dl /R A FRA s B 22 3. Ik, AATTAT3E
I 20 ML T AR AR R A1 R T ) 9T 4 AP R R R Y
BT B HL R (monoclonal antibody).

| QR £ 7 RN Y2

PUi B bk LR 2k, T DURE SR P25 A0 SR T
RELUWT I J5 (52 2. B % BUR T HUaE K ML, 1890 4, von
Behring 1 Kitasato™™ & ¥, ¥ /1 i B 105 N EF 2 S e 19 5
P ifiE h BAT R AR B, AT A PUR— TRk
TRPIRERY BT (ERR2 SR, BUWE — B T2 440
[ 4% Bl S ey vk BRI TR R, BT L AR £
SORENE AU AT e, X LT RORA —, w2 B
IS T N LR A 47 s D DXL 445 26 ] g B o

A S IR B Y SR T T PR I PR e ) e AR
MR, HSZFBEPOME L, 5058 BEHUAR B BUE Y e
JE R SRR B AR 1 A4S S 9 5 SR, B s RS R ] L)
RIER D F IR EEA D () PRUEER; ) T
A EAER; 3) /5 4 i 7 1 H (antibody-dependent
cellular cytotoxicity, ADCC); (4) #iG#MAVER. 1B IEIR
SPCERR RN B B E BTN R), B e BT AR AR Y 32
BRI AT 25

FASIEHAR MBS A MR G BOR. 1958 4F, H A
X 35 i (Okada) & BRI 5 75 HAT fith 2 40 0 5 5958
2. 1974 4%, R EA RIS TR 2 — B (PEG) L
Al 5. Kohler F1 Milstein 76X $6H R FLAl & B T 2438
TR, AR TR N S R AR B R
AR R, HRAS T RS A RE S SR 1
Ty — OB R ] B = UK B IS NS BE R A% W AL B RS
(hypoxanthine guanine phosphoribosyltransferase, HPRT)F
B TR 2L R A D RS A LT . X o 5 70 - URE 0 A
HAT SE£E PSS Fe ke vh 2 R A A T, TRl 1Y 1E B2 4
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2.1 URIHES AR R

211 HEEERTHEA

Wik DA A JR 7 B A A S 55— P L, v 3 7 S % e
o AR SRR BT ik, HETH A RBRARE: Ak
G E BB I I AR A J I B 2% 48 S (peripheral blood
mononuclear cell, PBMC)#ZIUAI L & RNA, If & % 5 h
cDNA; i 1 5 & B 4% 28 5 ] (polymerase chain reaction,
PCR)4" 184 41 A 51 8% 1] 28 X (VH) R 8% 7] 45 X (VL) £ 8
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B, S B SR B ML s TR A A SO s
E S A 22 R W T K (filamentous  bacteriophage) 5 M
EARMA RS ARMAYURERE . SRk bR
SYELE L SRR SRAPURIE R F S, 2R i T 4
NIEFUR. XABAR P E mEL AT 25060, A
WA P WU TG I AT HOR B 2 AR, — RO 2L 7] 3145
B[R] — P SRS [R50 i 2 FP o AA, 46 0 T S 08 S 1 O 1
T ARCEM. B, WA RRER T 2018 4ERE 2 T L
IRAG RO B AR AT W B PR R s
Wik dr & 5 AR M 22 BRI, — @R g m T Hiikny
FEASL R, A AR R R AR IR A PR A A A T
N T Ak,
212 BERTIHA

R REARLHMT NEEREREINERRILR
G L. BMEWEAER. 4 FHE. NEME, &
B AT S A WAL 77 1 5 & S LS AL, T
I 37 R R 1 B 3 T R R R T T R R A S AL A —
g S A A S M i LR A M B B, A B TR S R R Bt
R E LRSS G e . R H, R g R A
REXT FRIR B AR 1 B B UKL AT 4328, SR B i, DL i
BRI E O N R O ER AR B 1 R G5 AR SR A R
AN RS, O PR T REAT A A — s SO,
2.1.3  vEAL o A R R BR

[ 4 B B £ (Chinese hamster ovary, CHO)Z fifl J&
Hut AT EERERREN RN A, €4
PR bz ni . SRR AR, SMEE A
W H4E CHO ZHMEh & It/ 2 9 5, HABEHREY
EMrS . B, 42 WEREA, JFEEMEeMR . &
P RLF 5 R AR E AR, e A R 1 &R
R R & R M E. ESMEIEFRE CHO KBRS
Y 2R IR ROE L TE BBk /R & g v IR B8 20 8 11 Y AR 7 AR
B
2,14 BERETEA

KRR /R H A Plickthun 5256 % "2 1997 4E 57
ZHARE L PCR & 1K [ 40 L cDNA "% VH A1 VL 2[4
gl A MRS TR T S, AR5 FE MR A1 T 4n i i
FHE MBI, TR 3TN SR &
-, AR S B PR AZ R R 45 B T mRNA 19 30, fi5C
J2E 5 TR 1) B3R 7 ) RO AE AR AR SR E, TR B 1 - A b
R-mRNA”=J0R &Y. Ja AR i E a9 . 5
B mRNA | W05 48 H AL, AT 3R A5 R 57k A 2
sEREBUART . SHAMRRE AR, ZE RN B
FERR . R ER . T2 . TRk AR . T
PEPEE S, Al S| A AR M B A SRR S AR E
PR SR T SR e, R — T O R R AR S ANk AL e A iR AT )
B 7. Al — 2R S Z R A AR E M, B 1k mRNA B
i, TR T2 AR 5 B A DR 1Y) 5 S [

2.1.5 Bapfi L EY HEA

2008 4F, Tiller %5 A& BT —Ff S i 24~ 4%
i P A B R TAAR k. HREREEE: 4R
Aok PR S MR B 41, PA4RJE RT-PCR 5 i
PCR 4 & 3K BUHL A S A et (1) T AR X L RAE B, Kok
HHFEREIFEEZ RGP RIL. B4 B QM550 Loy
B B I 15 7 vl O 1SS & 8 ) i A 1B 28
“BEMLERE ) EZ A T BAEREN Ak . WX
YR B ARG, PR S A R A PR
B REBR AT B L SO B R £ S 80 2 A i o e A
BEAN, T AR A I A B AT B I B R AR ST N B fE
AR . RS B AMPTIRE A, [Fn, 40
TR B R L Sk Al 2 R AR VSR s B A R B S
AR O, Shy g 3 R i B T BB I AN M B E T A. S
B T IN N N £ 2 A K211 7 N S e B N T
B BRSBTS, RS A A 5% A Y S I L
T EIA R S T R PUAA.

22 NBHUEEARR KRR

221 He A AR LA

H T g /0N B 2% 5298 B R T & 1 PR s R TR R AR
bR I A ARG % N7 N i A L RS T NG W = 1Y N T
FE WY AR, BE DR R B, = R A
B 7 PR B B A B4 I A R T SR T v R X R BB, 20
thzg 80 AR, BRREN] K LAERE TR AN BIR
P T SR AT OGS A, 22 B E AT TR fh A 3
e BURE SR AR X5 S E E X PRE TR ik A B
7, OB BB AR PT AR XY AR 2 5E X (complementarity
determining region, CDR)5 AHUIA 1) H #h e %8 X H 46 4 AL
NTRAE AU i AP B IR ER EE AT 35 60%, “ AR
FEBLR" T IE 90%~95%. X B AR FEM KA BE AR FERE AL
PR HE SEPE RN SE AN T, AR AR S HOE 3 S B RS IRD,
BT 58 4t St A ARG & AR HE R BN 568 #5R N
222 KRR AR R

BRSSP BT SR IR 5 07 2 AR S i A5 TR R S R L
RIRUE T e, (B TRR SR Z AN R g & PRl
JAAE 7T 2R (W BRI, ZRAT AR BT AR5 T 2 = 35 0 ) B e
EHURMRCRR WAL, HEM A B AUt d bk L m A
TEAL/INER, I I [ RO e A AR SRR T TR AR 2
B R R ARAZE, HEBCN B EP R Yt
A SN s N LN R LN Sk W VN R
R, I FL o E 5 i oA R HE 5 e el B R A
FR AVEPUARD B 0. HAT, MR AR/ B 3
ATy 2 2 OE BUR R T 40 i (embryonic stem cell, ESC)H
AT R R B 20 AT R A DU R R Bk, BRI R4,
TRIE T WO . W SRR . B R A TR RS
WEREF A FIME DNA ¥R H AN |2 NRSUAR IR
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FR I T 0 AN AR P, e 2 A Ji 4 R Bl oA
AR U 2 R Y PR 58 BE BT 4K . HuMAb-Mouse 5
XenoMouse 2 H il 5 2 A 14 5% L /N R AR 520
F VRN BB SEFEAR N =2, 205 6% & & R
LR, HE A AR A R B R R B AS  oR
Iy R, ZEARMEEAS R ZAL, A3 HFAT AT
Oy NIRSEH 5 iR ZREEAR, XN A P f e Ji
PERCHS, IS AR XA ) 3 R AU T TR PR Y
8 A il 48 O R 5 A ORI Ak A8 1 2,

3 MudREDLIR PR I

H 1986 4EpRE R ESUIAZGY) b Lok, K
B 259 % R (Food and Drug Administration, FDA)3t
HEE T 79 FhEBL 2PN AR KRS AR R, PRI 2
05T BIREBUAR . ik Gk . NIEARTIR . @ ANEPLIR
PUASBY B, JHL Y Rl B B X e . B S e AR
YL SEPR N IR YT .

3.1 BIEETAZGYI ARG

OKT3 /& RIURH: S ht, G0 T U 3R E 1Y CD3 4
T, BIAN P LT T Aii 0935 1k, B2, 34 OKT3 /4]
SRS FBCREAR . WK . A Bl 2 R G0 R SR RIE AL
XHHEK IL-2, y-TH0E . TNF &40 K1 2 B i 4
MR F KSR 5, HIIEITRORIEARHAR Y, (i f a2y
YT 3 % R — B R AR Y. B3] 1997 48, 55—l
FIAIT B A0 AR Ik ELIR 1Y) B T RE BT AR 2 0 F1) 2 (Rituximab)
T 2B S el BB MR T AR X5 P E 2 X
PHETIE S AP, HAEEh B AR B E A
CD20, Ja# W3Rk T B AUMRIFEA MR IV . 1 I 55
A L B 2 5 G P RN A SR Y B AT 20 PR Ik
SRHRTT IR CUE . I AL L 1 B e . R
BT b TH R R A R I DR YT RO 3 T S S B L K
R AIGk H AS 3

1998 4F, FH T T B J H - W 3 & e 7% BF (respiratory
syncytial virus, RSV)5 | i /i B L™ 5 I W a2 iy 5
i FE B0 A4 P R B (Palivizumab) b i i) B S BRUpT A
ALAR X B A P X 5 NP 9 B AR P X B 3544 A% Y
CONBALPLA T, HAE S O RSV KR F B A, 7T
F R (4 S0 RSV 5 40 59 B fi A3 A2 28 Fe AR
PLZHT, RSV P55 (4 T Bl AR 4 F — Fh 1 fE RespiGam (I
RSV-IGIV) Y £ T [ I 7 1 7. X Fh 22 52 [ il 770 49 b T 1
BEAIR, e LA PR X DR ) a3 A R ) BR AL
T ) LAR LA TR TR AR, O Ak SR A
By RIVE FH B T RSV (R0

2002 4, FikA(Adalimumab) i B, B ESBKE 2
N BT, T 697 A8 65 42 (theumatoid arthri-
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tis, RA). BTk A A #0850 Bl gt IR AE Rl F TNF-a%Y, 58
KB, fE RN T TNF-a, IL-1 F1 IL-6 AY53 JE = 2 5
O TS S M A 1 B R R, i BHWT TNF-o Bl AT HH &
A AL A JAE SR P, A B A AR BT A 42 AR I AR
Wk DA A R AR B AR SC R 4 R & ¥ 4 T B SRR . I
W BRI E RPURA G PE, BT A X$T TNF-a 193]
YIPi IR BEA TR, SCER T XL TNF-a PTG 4 A JE AL,
I | WA BRFNB T AR S5 A R BB I B e
9 B Tk 5 RHJRIE YA T 7 TD I R B R P O X6 T 5 A R
Gl fEHE BB AN ERS T MM T TR m, bt
25k T 5 kR AR .

32 PR TERETAZ YN AR

B I e B o [ 0 VA 24 A AR A L T LA 43l R 1)
iR it St 5 L 1] S B o R OR 2. mrE AR 2
1998 4EJHL K 28 7 (Genetech) A 7] _I 17 A% il & Bk (Herceptin).
it 22 B L 1) A\ 3R B AR K B F 32 AR K 51 HER2(human
epidermal growth factor receptor-2), #F T 14¥7 HER2 [H
RIFLAYE. VRV E S BH T HER2 {5538 B, #04
Jiiged AL PRI B A W) Dy — b iR o s B B A 25 ) 2
D1 % ¥k (Bevacizumab), &S B ME N K EK K F
(vascular endothelial growth factor, VEGF), #{/H TiAJr4h
i, DU ER nT 4R R4 & VEGF, 1 il H ] 34 40 i e
¥ VEGF S /A i 8g M55 A pi, - DA T 40 o o g A= 4 ),

KA 5 (immune  checkpoint)4FJ& T I8 S &
FEGUHER T 0 IR . AU PR 00 4 M 7 1 T 9k L 20 A Ji -
4(cytotoxic T lymphocyte antigen-4, CTLA-4)FIFE 1 41 fifd
BET-3Z k-1 ¢ H g /& (programmed death 1/programmed
death ligand 1, PD-1/PD-L1)%. LK (Ipilimumab)jg— Ff
CTLA-4 (i N RS SE TR, LI 5 — R At o i o e £
SRR RIS IA S, CTLA-4 i@ 1 BHWT T 41 i 3t
R T CD28 Sl 2 4 HY CD8O A1 CD86 454, M
W0 T 40 E R0, Fhi AR nT il 2 & Ve, M inikg
ST R EL AR AR D BE. 2011 48 3 A, HFITAHE FDA it
WEF TR 7 e SR 2R T RIS AN, AR
T PR Treg 4 A A B3 Xt g 1) S 28 4 1% PD-1 i
J& B7/CD28 IR Z A K IEH L. PD-1 455 ik
PD-L1PY AT 5 & A0 MO PR T=, FlA5S T Ik U 200 335 5 75 50 40
M AERE B B e . M 4iie nl & 3ki5 PD-L1,
T AT AL G, Sl e kiR 2005 4, BT
AN GURBBTABH BT PD-L1 (% PD-1 #4234 A] LA S e i
R PE R, 2012 4F, 1 PD-1 HUIR B UK PRI 6 45 R &
R 2014 4F, B PD-1 H 5T RS 25 9 IR i (Pembro-
lizumab) b1, fE 07215 PD-L1 fififiE i — 23677 24140,
HEr, ©4 5 #¥i PD-1/PD-L1 2B BEHAR G 1T, %
FrZ T RO UM R SRS



ST

JBIF 2013 48, MR SR TIE B Science VEN 2G4 Rl
Rz E Y. 2018 4E, BHWT CTLA-4 5 PD-1 3@ B4 14 g fie
PEIT D SR B AT G 5 DL R A PR B 6 2432

33 PR TR YN AR

Bl B B A HIPTAR SO REROR Y &, BOR B X
PO S 11 B T B T A 4 AR ok A DG 9 g ko b ot
PEHI AR 3 B 2, IRYT HIV., Sl S5 e p g
Ptk A Horh, HIV-1 ()7 3% R (bnAbs) & M
— 88 HIV &Y 5 A8 K ] OR A7 AR B I00AE (9 A 95 R
2 (elite controller) ) PBMC H1 /> B 153, fe4s& HIV KR
SRR ST B IR SR AL R R FUERAT VRCOL,
Herp MR AL HIV-1 £ gp120 2 11 E (9 CD4 2 T45 41
A, AT HIV-1 X CD4* T kL 4upargingl. 5 sh—4
bnAb 10-1074 P FIRALELL gpl20 21 V3 b EEARSF
9 N332 WEAE, LUK V3 BE ARG R I R AR I ML 2 I R 5
PEFRNL, AP HIV-1 ASTEARALEI A%, {Hal§E
5¥Hiik%454 Env JGFLAF Env 5 CD4 43T 145 &4 %140
fE 2015~2017 4F, )40 i PRl 90 45 2R Wo7s, T8 4 ax 2
bnAbs (14 8 F #R LI T W] A0 BE IAE B A RIS, H
RN R S R

B 7 M R, B BT IR 2 W A 58 K AR Y R YT
HEAE S22 T ok I E L. 2019 4F 5 F19 H, FDA
A3 KGR L 25 % 4% (orphan drug designation, ODD)FIZE 14
i) i (breakthrough therapy designation, BTD)Z T4 T

B SOk

— Al FH T VA7 R R 1 A ——mADb 114, X Bk b
RN — 2 B R EE RN B 2. mAbL14 [y
FISL S Ry 35 95 B 3% 1T A HEOME 2 11 (glycoprotein, GP) 1Y
ZAREE G X, TRHLAY GP A5 95 75 5 50 4H L 1) 52 AR TR 51
5 Y, RN sE el 4§ ADCC, I BB
YRR E 5 d MAEARR K. 18 2018
AERPAR A I R = I 5 O, B A B R B, mADbL14 15
Hh—FhBABTIR &%) REGN-EB3 RE W E L 28 d IIRILE.
[, 43 mAb114 F1 REGN-EB3 JAYT B3R i 2k gy
B REA R, B AR 5 90%. 2018 4E, N Engl J Med &
FeSCEE O EI IR T B A i e M R A R, R S
HEBLAARAH DG ST AR 58 E 8, AR DR | 7 SR g T & B 5
BEPLUAR, K5 M BiA H 25 ™ T 0 R P e Ja W £ 4t 7 2
AR HE, TR RECE (& YR A T AR,

4 PGSR

g5 1, PREREBUIRE AR B9 BRI B R R 2 A A
10 BE AL MR SO0 (4 S RF. FESERBT ST T 1T, 25 A0 R
N W B A AT AT LA T )22 T UL ) S AR A
FRARSC AL, AT PR PR 47 A TEBR PR Z2 B 1 71 HL
TR AE A e T AR T 2D, BN 4, R DA 4
ARG R AR S EATREAS S 1) . A RCE LR
T, B BT R BT AR 24 W AT R B SO AT TR
BIreR. A BT, SRR AR AN YRR AT
e S BB T RN A A Jo s A 3 ) 4 5 A 2 .
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Advent and rise of monoclonal antibodies
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Antibody is naturally evolved, highly specific immune molecules that recognize and eliminate pathogenic and disease
antigens. Since its discovery, antibody has been widely used in clinics for the treatment of infectious diseases or as diag-
nostic tools. However, due to the polyclonal nature of serum antibody and the inconsistency of antibody titers, the effi-
cacy of antibody therapies was severely compromised. Moreover, the potential hazards of anaphylaxis and the transmis-
sion of undetected blood-borne pathogens further hampered the clinical use of serum antibody.

In 1975, a Nature paper by Georges Kohler and César Milstein reported how to generate monoclonal antibodies (mAb)
with the hybridoma technology. This ground-breaking discovery not only provided experimental evidence for the clonal
selection theory of lymphocyte development, but also made it possible to produce a large amount of antibody with highly
defined antigen specificity, which formed the basis for the future clinical applications that led to the tremendous success-
es of mAbD therapies in the last three decades.

In honor of this important historical event in scientific discovery, we present a historical overview and summary of
mADb development and clinical use. First, we briefly introduce the history of how the original mouse hybridoma technol-
ogies were developed. Next, we highlight two major technique advancements of mAb in the past forty-five years. The
first is about the various techniques that can help in massive screening for mAb, such as those based on antibody display
techniques using phage, yeast, mammalian cells, or ribosome, as well as the more recent single-cell techniques to obtain
antibody genes directly from human blood cells or other samples. The second is about the techniques to develop human-
ized mAbD, as well as the techniques to directly generate mAb of human origin using novel tools such as transgenic mice
that harbor part of the human immunoglobulin genes and can develop lymphocytes express human antibodies. Last, this
review focuses on the development of mAb drugs for clinic therapies. Exemplary cases are provided to illustrate the ef-
fort to develop the first successful mAb drug for human therapy and the gradual evolution of mAb drugs from murine to
human origin. Moreover, mAb therapies for malignant tumors, the arguably most promising direction of mAb drug de-
velopment, including the mAb targeting the immune checkpoints are discussed. In light of the recent outbreak of the
COVID-19 pandemic and the heated search for effective treatment, the development of mAb drugs for treating infectious
diseases such as HIV and Ebola are also discussed. We believe these successes of mAb therapies herald an era in which
the commercial development of mAb will continue to make even greater achievement.

monoclonal antibody, hybridoma technology, antibody engineer, antibody therapy
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