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Research progress and application of nanobodies

DONG Xinying, GAO Xiaowei, SONG Hao, QIU Huaji", LUO Yuzi’

State Key Laboratory for Animal Disease Control and Prevention, Harbin Veterinary Research Institute, Chinese
Academy of Agricultural Sciences, Harbin 150069, Heilongjiang, China

Abstract: Nanobodies (Nbs), the unique single-domain antibodies discovered in the species of
Camelidae and sharks, are also known as the variable domain of the heavy chain of heavy-chain
antibody (VHH). They offer strong antigen targeting and binding capabilities and overcome the
drawbacks such as large size, low stability, high immunogenicity, and slow clearance of
conventional antibodies. Nbs can be boosted by bioconjugation with toxins, enzymes,
radioactive nucleotides, fluorophores, and other functional groups, demonstrating potential
applications in the diagnosis and treatment of human and animal diseases. This article
introduces the structures and characteristics of Nbs, the construction and screening of Nb
libraries, and the strategies for affinity maturation and then reviews the current applications of
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Nbs in diagnosis and treatment, providing a reference for the development of diagnostic
reagents and clinical therapies for infectious diseases.
Keywords: nanobodies; affinity maturation; immunotherapy; diagnosis of infectious disease

5% BRE 1 G (immunoglobulin G,
IgGYTEZ WIAIA T 48U 12 W, (B A7 AE AR
KGRI Ae . AT RERT DL 2L 3 4 20 e 3
IR SR A ) B SRR AR (bR
WOk, PUlR4g5 A& R Bt (fragment of antigen
binding, Fab)LA } H4% 51 {4 (single-chain fragment
variable, scFv) A B BB S HUIA R A . X PR
KPR EIROREF T RIUFIPTER % (HR B
Fe 45Mak, Hehn 1k i BER AT RIS 10
AU , ] o X SE it i e Bty 7 6 | I AR BE LA KR
SEVERAR, M T PR R R A =B AR
K, TR SRR A & £ rh B A0 K B AR
(nanobodies, Nbs)FHY KL KN, mfeEtE .
R A UL B aE SR R R 2D i
VU2 TR I R B VB AE B 1AM . A SO
Nbs UG5 | Rt | ik LR 10 55 5 T 364 T4
53, Xk HR AR KSR T 1] FU S AR i
B, DU R I Sin T IS %

1 X yuRsiR

Nbs H Hamers-Casterman 51 1993 4E 3
UCARGE , AT NBESERE S A4 I3 b 202 AR
AHEEER IR AR, X IR RARBRR
5P (heavy-chain antibody, HCAb), N T 5
1% 45 B AR 1Y = £% 1] 4 X (heavy-chain variable
region, VH)MPAIX 43, ¥ HCAb 1 N ¥ HA T
REPEDT 45 G A 1 B T /A8 5 4 S PR Oy T 5
PR AT AR X F- Bt (variable domain of heavy-chain
antibody, VHH), 43+ T2 21k 15 kDa, MHEFEH
Nbs'®o BT BBERE s, 5 fhi i v & B
T 2Rl HCAb 45 i e 3R EE FUB P I A2 1A

(immunoglobulin new antigen receptor, IgNAR),
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FEN i ELAT K/MUR 12 kDa (4T R 32 (4 ) 28 X
(variable domain of new antigen receptor,
VNAR), VHH = VNAR J&i A 3% 53¢ Rl sh )k
B 2 R ARAFAE ) HCAD 1 IgNAR [ 5/
1 58 BB I 25 A 11
L1 RIiRRYEEH

fegshiiit 2 Z5ME IR R E 2 IREE(H BE)FI
2 SAHIF PR 2 BRBE (L 841, L #Efuds 2 4
ShkbE, T OH BEITE L 4 S, HOEERT L
HERY N S 45 1 100 e 1) IR T 57, B Y
5 1] 28 [X (heavy-chain variable region, VH)#
¥ #% 7] A X (light-chain variable
VL)PIE 1A). BEBERI S L3 143 25 19 HCAD
GG i Z B A CHL X, AIZE X H
B17 14 VHH 1 Be( 1B), Jel Nbs 51648
Pk VH BAMFE a5, B4 ASORSrE
B IX (framework region, FR)F 3 /M H.#MRE X
(complementarity-determining region, CDR)!"%|
%t % TR B A IgNAR RARBRG VL, U
A 2 % VHIE R R4k, B/ VH 2l 14
AR 5 AMEE XA, a2 XA S 14
SERHL RS, A8 VNAR! (B 10).

g vk VH b RSP E KX 2
(framework region 2, FR2)INH 4 /i LR SF Y
KPR EEBR (V42 G49. L50 F1 W52), Jfi
WY e K S VH 5 VL B3 DI gERE
IgG WtaE, [HiE 1gG TERWEE T o LR 4
IR E R AR o AESE R VHH $Tike, b
B4 AR S R TR AR 5 IR K 1 Y 2 Ak
R (F42 8 Y42, E49, R50 il G52), F Hix Lk
KM E BLIR RE L i Nbs 7E FLUACIR S T 4k
Fet R BFRE , [RIBT L3I 7 Nbs 7K % 1

region,
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P T AR R X Nbs gR 473 H ek
wE, ATRB AN . 24 SRR DL R
4 Nbs FEARZERIIE 24), HHZ 4 Nbs
AR F B Nbs S5 Fl ) B & 5 1 2 4% 5+ M Nbs
AT LR 6] A B S 2, 76 B0 Mg 1y e 2L
A EEAE; ¥ Nbs HiA S [E 9 540 |

PEIGIHE A DL T 25 EAT AR IR, AT LAAE LR B3R

ez AR 2B). AR, BEVR VHH B9 E AR
PLE X 3 (complementarity-determining region 3,
CDR3)H 16-18 ML, MA VH 1
CDR3 {1 14 DM SERRAUN, JEIH VHH HAH
KKy CDR3, wJRIJERUMNIRESH, REMST i
SREETE AL AL s AL PR RS G, 4
SR BT ISR L RSB BE 110,

Fab

Fc

ANTAD

1 EERESHRNAEETEER A ALGHUE. B mEEHUR SHURTUE. C:&IEAIKIUAL. VL.
REETARIX; VH: HEEWEX; CL: BEEEX; CH: BHEHMEEX; Ab: Hilk; VHH: SEEEHUAT
AR R Br; HCAb: HEESUIA; VNAR: HURZARAZZX; IgNAR: R BsRE FBibiisz ik

Figure 1 Schematic diagram of the structure of conventional antibody and nanobody. A: Conventional
antibody. B: Heavy-chain antibody and nanobody. C: Shark nanobody. VL: Light-chain variable region; VH:
Heavy-chain variable region; CL: Light-chain constant region; CH: Heavy-chain constant region; Ab:

Antibody; VHH: Variable domain of heavy-chain antibody; HCAb: Heavy-chain antibody; VNAR: Variable
domain of new antigen receptor; [gNAR: Immunoglobulin new antigen receptor.
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Figure 2 Schematic diagram of the types of nanobodies. A: Monovalent, multivalent and bispecific
nanobodies. B: Nanobody conjugates.
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1.2 PRiniRryFE

Nbs Hy73 FHPUNEGEHUAR 10%, HA
FHEBEALWEET, I HREBIRAE EME
VAR 2 3k M B B, A 2 P B B R ) T
SIS S AL SR B VH A EC, Nbs 1) CDR3
PRI SMEAT, R R R ) R T I EOR
WA AR F R ALES A1 Nbs Hh EAMIGE X 1
(complementarity-determining region 1, CDRI)
FHAMRE X 2 (complementarity-determining

region 2, CDR2)HN S AR Z M HK AR, B
BB sk IR S S PSS . LAk, Nbs &
BUIN, Al RIE 2 B /NER 6 38 1 A AR P sk
TEBRPY. [FIRT, Nbs PIFBAEAEIR ] —afiid, xut
BAM Y B A A 45 IR AT SR AT DL 4y
GRE, O RPTACE T SR R
BLAEHIP, [ TFAE17 . s A A A
Nbs HIEFAEGPUATT & , 4 oK EIERPEE
IKPEEIERR TR, kAR e v ™,
1.3 RIMIKER S ZE

KPR SCERT 43R 3 28, BIRIRYKHT
TR | SBE KBTI LA B A5 BN KB A P
9N K LA ST B R T 7 A R [ SE R Y
Nbs HA T EEE.
1.3.1  RAPNKIIAKE

B g G DM Bl e e SR A B RS BE
LA HCAD, AT AR R 28 50 1 3% B
Bl sl ek # 3 th f H0 ) I 96K B 240 ke b K 4%
WORPUMRIE o KRN KB 2 1) 22 Bk Bt 25 i
110 T T 200 i Ao 218 NS 1 1 g i, PRt
AR [5] 2 4 A K )L Y R AR 2 A R 4R
GUKBTIRFE ZREVE S D 25 AR R T RERE
PERE SR A AT Nbs, DAZIAE /& & %) 3l 4 I
W, RIRAOKRBUIARPE R K/ NE S 10°-10" A2
A, FERAKIRGUKBURIEH 80% 447 (1T 471
RENS gt HAT THAERY Nbs!®, RIRGN KBTI
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T LR TR A1 2 R0 ) B A BB AR AS B = 2R A0 )
A% Nbs.
132 RENKRIIARE

ST RIRDUKBURTE, e I8 R sh
LS A 40 L o S8 ol AR S X H AR B LA
v PR S R R A SR R RO s gk
P PE AT LU o S B 2 R0 77 A= HCAb 1) i g
BE | K BE DL R RSN RS SR AT, J& Nbs
7 16 T R DL A SR o B RE AR BT AR ST g
B BB R — R PR 2 IR S 56 B B sh i sk
B, e AR 7 4 HCAD 8 IgNAR FiE47 14
SRR R, $e3E NSl A ] it bk B 40 v
AT VHH R B, FFii 2 g o (R s 5K | il
T JR 7 F AR L R v 2 ) S AR O o L
A 1= A7 1 Nbst™ o I G328 SCE Hr 3K A5 (1) Nbs
FKAF H K2 nmol £ 2 pmol /K-, FEAEAR
BF AN 2 AT N, AU 10°-10%0, B T %
IR S T A, BRI N R R B T —F
RERS 73 1t HCAD (L L /NREY, [R]isf—Ff
2 h<UniRat” i 4= AR BT 745 5L B K R4 AR P
H e L E T IF & AR HCAb o Bt
PRCY S FEXE LS B B S AL S R LR, B
RN UL R AP A0S . eAh, S8 SEFRL s
I RBAAE MR Z e I HAR 22 55, (A5 e
JE KRBT ZE I g S 0 — 25 4 Ak
1.3.3 SRAKIIKE

P T R EDORBUR T, & KPR
= R0 RS R R, EAT AR AN R 2
ZRRAE AL . A RAUOKRBUA I Nbs (19 ZH:4%
FERBAE CDR3 X, Al LU X CDR3 17
5 1 2878 5 Bl R R IR TR A B2 TR
A LU T RARFEAERY VHH ¥4, it CDR3 K
JEE R 1 1) BE ML S A5 e b A N KRBT AR R
HATE 2B T —Fh & B KPR S 48
cAbBCII0, HAELL X JF 4| AT e . ik R4
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DA K o B3 P R, S R AR i
WA BEIEHIIT S A9 Nbs A[H, cAbBCIII0 R
A PRST I At ] LUERIF S, I %X
B N TR AL B R A B b A e S DY
B KPR 2 R 10%-10° 24, T H 5K
SRR BT R 2 0 G 18 A KT AR 2R AH H LA B 4
f) CDR3 ZHEM:, HIGTH X shP b1 1o sl
R R MR FEAL,

2 HRYUERE LR 5 R A R

T R i 228 gk DA S AR B FE T &
B 78 SR F ) Nbs H 38 JCHEAE T o 4 SCXF Nbs
) 5 16 L B o R s sk R v R TR SR 364 T T
Mgk
2.1 PRIIARRITHIE
2.1.1 MEEARR

Ik T A Jr s S IR B0 2, 11 o 5 e 7 AR A1 5
TR 2R I8 1 /R TR0 B AL 1 2 1 A — 4
ARBT ZH AT FAE 1985 A48, 3 1K ik
5 2 RMETA A pIIT 25 09 G B 5L DR A 7 i
M SE BT 46 R 7 o e A 1 0 SR BT, B
W58 N BRI Z AR G158 745 14 Nbs',
ZH AR S N S0 5 sl W 1 A 8 I B A A
(peripheral blood mononuclear cell, PBMC)H1$#
B mRNA, [y cDNA, ffif1EX PCR
Xt VHH Jr BEEA 9739 5 FF VHH A Beffi A
WANTE, P AL 2 R AT B b L R A I s
FEWE R AR, KIS Zad 3-5 A4 Y0 v i
AR R CEDE RSB BEG S EMIT
Nbs 5 Hr 22 R TR A (F £ 155 T2 14 11 oA Wk o 1K
AN T TR, 2R £l fd Fl M3,
EATRERS W B A A SR IE e, IR HE
XoP i sty pH e Tk A S A AE B8 /K S it 5 25 B
B HA — 2 AP PN R AR R AR Y R
25 N ZREPE R SZ BB, (FRH A T HoAth i
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PP BRAERIAE . AR HL3E % 45 R
Y RE 7o, (A58 ) W D AR SR R T ik Nbs 1Y
R iz B,
212 HERTE

2 T JR s S — i o 22 TR BH P A A 22 R
IF 24 240 7 20 2 vl S TR S VR 1 A PR
2013 AF7E 0 = FCBHHA: 200 181 28 T P s 1
Nbs™, Ti7EHE 2% FCBH M, KA B 8 st
RPN R & A YIS i R PPN
AT i A SN SE M e — € TR BE - BHAS 1 20 1
INECRW B, AOPREY, A FHiEEN
(autotransporters, ATs) S5 53 W B B AN 7 EAT:
far N AR BRI AT a3 S, 70 40 B R BOR
ST 1Z L LB A0 TR 2 TR R R R 1
LR TR R E VHH R BCAfi A ATs 19 B 25 F435
RS EM, ATs B N 3 {5 5 JIK (signal
peptide, SP)5| S JIKEEIMKHI T Sec i F(sec
translocon)7E NI I 5 07, Z 5155 MRe 55
RREEDIH], MG S ORI A i, ATs /9 C
Uig B AEA IR A SN, B ZEAIRAEIE T ATs Hh
BT S RRFN B G5l 9] Y 3fe % 25 A Bl g A
50, MNTTff Nbs Ji& 7% 4t B 240 fif 2 1871,
TR K T N R TE K PR 4 R FA F )
JoT 1) 4 20 B AR AR R L AR AR R DL R R
T RRE T 2% RGP
2.1.3 BERERT

WG A E R L, AR R
1A} 7R (yeast surface display, YSD)A K T T 4F
Sk BT Z W EZEARIKE RGN, EEE:
2 B 2 i S A ML R AT SR s s AR —
3 4 4% Fi G 8% £F (Saccharomyces cerevisiae)
H. EE 7R EE (Pichia pastoris) R B HI G %
£ (Yarrowia lipolytica) D%, H: o R i s £ Ji
TNRGRIRESEE . BERE AN RE th N 2 B H
MR AN R R A, Kb g
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P AT — R A E X H o BEER, o
RO Agalp FI/NESE &5 Aga2p
R, WG VHH F By SMNE R M5 ARERE
AME . T RS S B ER A T B 4 i R

45K, WS ARIRIE R EL R LB
(glycosylphosphatidylinositol, GPI)% i€ 7E i
A e R U 5 NGE AL Aga2p 1Y N K ek,
C RimiHfrf &, GG Aga2p WEHE LT 2 /4>
ThisY Agalp WHRZS, ME TGS

HEHE A, AT Nbs [ 7 75 15 £ 20
O TR (= B T} N 5 N3, A il /W

BEANBEE T, RIAMNEEZE AT
FIURE AL, [ s 0 2 1 J R R 5 i =4
fitd 9¢ 6 43 1%+ R (fluorescence-activated cell
sorting, FACS)FHZE & 7T LA H /55 2% A1 Ay
g ML NbsPY,
2.1.4 mRNA B

mRNA JE7RF- 5 YR R EE
Jo AR R 1B BAE RS A ) B

mRNA JE 7 1) 5% ) SO DL I 1) KSR ) IR
R, EELTEME (RNA 1 3K, #] L
ABHER AL 2R B, AT 2 71 By

AP0 ARG S THFE DNA U, ZE
HA T7RNA R450 . A3+ . SUTR, 3'UTR

DL R FIZiAb bR 2855 7E T7 RNA RAEEMIE
FH ¥ DNA SCE ) DNA % 55) mRNA, 4=
B mRNA 3K Ui i 2 WS 8 R RS 5 R
ARZHER A 7 509 5 B30 8 1 0T 2 IREE 1Y
BRI LM B, T mRNA-BE A RE &
Y, SRJE K% E AW sl Ak 3F IR E K
mRNA-cDNA-ZE [T E AV, 803k B 5%
B BB R T SRR AR R AR, O
PR AR S ELE A1 mRNA-cDNA-%E i &2
&Y, IG5 EH cDNA 883 E4T PCR #1 ;
M mRNA F553%  FiE . aifbiiigk . @ik skl
TKANREE, BFH) PCR 1, X—id BN
1 i 4 5 — BT 2R 57 Fe ik |\ 4R A RE Ak
15 0% = SR AT NbsP7Y(1&] 3). mRNA JE/RSE

In vitro
translation
o]
In vitro e
nvi .
@ transcription Puromyein =0
pBMC @ . prien (1) ®
®F0rmation of mRNA-
DN A protein complexes
Total “SAA library mRNA display
mRN A./'\/\/\ "
PCR @ f\/\f\@«oﬁ
cDNA WWYWY? @ Reverse
transcnptlon
QLL Elution (%) n
[ Capture and
washing

E 3 mRNA RREAGE
Figure 3 Flowchart of mRNA display technology.
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SETERANIETT, I 9B AN 52 b D TR
FR 5 [RIEHE B mRNA-2E [ R A W Jo iz b
AR, THERCR R . H2H T4z
5, stz EmARMEEm T 58, et
— 50k 58 ¥ mRNA R IEGES (% 1), H
Al mRNA R AN i) 2 FRSMNE RS
EEMAMKAITE PURE ZR%Si(protein synthesis
using recombinant elements, PURE), 1% & 4t &
W B . K% AT B (Escherichia coli) (4% b
A5 tRNA . SRS iR R4, T
B AR b o A 1 B RA AR
2.2 PRIIRETEFL ST LR
221 FEMAEH

TERENE DR, B Ik E 40 ) Uk 3 i
P 7 A AP AT BT B SR AN ALK, (HBE
HRABWMERA, PURRERMIZH R, X—
TR R 2 A0 0 G e EL A T e R
J1H) Nbs AJ BB L 2R A A YEDE, LI
KEEbER 8 5RIE, D LRREARTER
SR EAE R KRR RBR S, Hik, FE
W2 06 ) AR R g 2B O 2
222 ARPURFEFI 1 AR R

FER N e ROVt R, R T B SR S R BR

F1 Nbs BREAMMEES
Table 1

BRI ZS G EPUR R RE ST, PUik H HETE
20 V-D-1 B R BCE A, AhHE B 40 fiid i
FE A R L i AT 28 ) % 4 E 4 (class switch
recombination, CSR)F:7E CDR 42 {4 4H Jitd #8
2875 (somatic hypermutation, SHM)JESEFA N 35
RS, Nbs 454 LA S 5 F 38 H el 11
o A LSS T RN SR A R Y H
HI A VT Z B 1 2% 1 07 5 20006 w2 2 4
B, 5% PCR. DNA 4l . 4 &, 250
LR uli b2 A O WL G hUA S VHH #H11Y
S5k 43 HTERI, VHH [ CDR M TIE G bk %R
P Z IS5 Z R, CDR-H3 FMEHTEIR
SR A CEE A, IHEXT Nbs (1) CDR i1 75848
BHGE S AR R AU B i =, T LA
KRR RE CDR ARSI SERL sh Y0 VHH Al 4%
SERILY) CDR Hr, SR3fai Nbs (925 G35 0117,
SR T A AN ARG TE S cAbBCIILO SRAb S
BUVERR SO AE VHH (19 CDR3 Hg | ABEHLT
F) - w3 T R R I F B Nbs (7 s itk
17 RN S S5 SRR i 645 31 B 1 SR AT 1Y
Nbs' L, [rl At v] DUF A A USRS B AN s
Nbs %, X} CDR #A i FifAS s, fiiets 2 HA
B SR AR RS A NbsO 7

Advantages and disadvantages of nanobody display technologies

Nanobody display Advantages Disadvantages References

technology

Phage display Simple operation, endurance capability for The capacity and diversity of phage display  [39-40]
severe environment libraries are limited

Bacteria display ~ High transformation efficiency, gram positive The presence of the outer membrane has [43-44]

bacteria have a comparative higher tolerance hindered the development of effective display

to mechanical stress due to a thicker cell wall technologies in Escherichia coli
Yeast display

Efficient posttranslational modification Small storage capacity and low transformation [53]

machinery, without the need for soluble efficiency
protein expression and purification steps
mRNA display Large storage capacity, high screening No cell involvement, lack of protein [58]

efficiency, not limited by the transformation  posttranslational processing and modification

efficiency

http://journals.im.ac.cn/cjben
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3 ARG LA

3.1 ZESETH B A

Nbs PRIH AR I AR W) 2k, ZEARSM A
I W T R 45 B AR TER IS Wi
Nbs T8 B0 ] T 22 Tl 36 7 il 166 2 T B ik
%5 (enzyme linked immunosorbent assay, ELISA)
PRI vk, R R EE . FEIRIEE 2
Hl (porcine circovirus type 2, PCV2), K= JE H DU
T K FF B 295 D A (R A 370 Hor Nibs X
AL R HA —E B2, i) ELISA J5 ik
S WE DA B AR 24 1 5 1 R0 v L BUA A X 3¢
ik, MREGHEEGEAAFEZEZ XL, &%
M, 5 A A A% s 1 S B W DL K fe T
WA SRR L, ELISA kil 7 2K 1Y
WEE ], b 7RSSR, HRCSH A T
ZFHEET Nbs MU A PRI, ] G il
A A T R B A S A AR TS BT Nbs
5B HLH 24 S A% (organic electrochemical
transistor, OECT)EkA& i I A AILH Ak~ A W 1%
SR, TR BT B IR A R AR I 2 AR B
PR ARG Hh LA B g ) A AR ST O HL
RIS e BAG I S 7R SR 06 B S 2R A G
1CHLAb 27 e A Bt , LA BRAR T2 42 i ik
FAG IR AESIBRI Y, ELISA J5 5T
b 27 A A% I 1 S 95 0 S B T A D A
RPYPEESR | BARERPE L SAEN R 16
RIS WAL T, Nbs i TB/b 510K P s 40
Ml b Fo ZIRAERE 45510 Fe 4588, e
SIHE Fe A Mg tEAE R, NI BAE RN
BURE AR Z W A Nbs BA e E
PE AR S P AN 5 TR0 8 R P 5 iy B
B R Z—, a0 ) ph 28 o0 58 fil rh i 28
fil2t 52 1 (synaptotagmin-1, Syt-1)mk HAhy

&: 010-64807509

JRIZWIR PR Nbs 5906 FEEK AT 16
LN N SR R R [ T (U7 e ol
BEA, Nbs 5 A% 2= A8 B AT DU T 506 1
K ST HLKT )2 8 1% (single photon emission
computed tomography, SPECT). IEH,F & &l
B LW 2 B 14 (positron emission tomography,
PET). T8 HLWIZ 1% (computed tomography,
CT)AE MR EA, ST AL IS, A8 RS
BRI Nbs 1L gs GiE v, Hisd
EIE R . AR A Rl el OO A
WEE RS, TR — D4 e A S e
AU RE S,
3.2 HEHRmATHPHINA

LA, Nbs TEMUEIGYT . B B i L
Fegp etk rh A3 201z 1w AR, Nbs REAT
g2 & AR TR O RE ), RGO
S R HEE AR . A N AR A2 Ak 2
(vascular endothelial growth factor receptor 2,
VEGFR2) /& MR 6 97 1 — A>3 2280 45, %
VEGFR2 ¢ 5P Nbs 55 #8210 5 4 it
SREER A R T 9 A0 1 5 A
BET Nbs BB 5 Tl 4 H AT 58 KA BT i
FEGVE , i Nbs BN IR 16 Y7 A BTG i 804,
il 4n Nbs 5 25 PR HE AT LUK 58 0T g 240 244 3=
AL e, PR 2 W0 AR iR AR AR S 1 A R K
(T D O S Y REOE K TR € K e A ik v
RV VAT, AT DR e A A R
WRIY . REIBUMR AT, 8BS MO R
VB R 7 B 5 —F s B 00 T LS o g 03 97 10
B T B IR IR RSN, Nbs AT AR 4
PR ARG AL AN R A FEBT AR MR, 3 S e
R R RR T P RA BN TR Z —,
o Nbs 540 e T U A ML e 4
(cytotoxic T lymphocyte antigen 4, CTLA-4)%5
FERL A 10> T AT 45 G ] DU AR s H R O

Bd: cjb@im.ac.cn
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P I

HHET, Nbs TEIGYT H S e 5 in 5 s
REBEELZAEM . B B Rk 5mn &4 540
MU A B VIR, 5 A S et
BANEIT ) F LM I/ &R 6 (interleukin-6,
IL-6). [14+% 17 (interleukin-17, 1L-17). JfyE
PRFEIH F o (tumor necrosis factor-a, TNF-o) % 4
H TP, Nbs 2590 FF & 3 B 5505 1R TT
P TR IIEAE . BRI Nbs 10T 24
Yy K & 3% Bk B BT (Caplacizumab) f& — F 88 [i] IfiL
BV I A 9% [F F (von willebrand factor, vWF)
A1 ZEFIR SN AR BTAR 2459 , 8 3 9/ 1 /)
M 2R A AR 4 AR TR B, IR YT AR
I /NBR I P Y S S A H A Nbs 254
WA AR A, Fln#Em 2 4~ TNF-o #
1 N80 1% ] (human serum  albumin,
HSA) I = WU 5+ P Nbs 245 9 B F1 41 Je $g
(Ozoralizumab)BE W4 ML ZE & I+ H A1 TNF-a,
MR AE PriE PR, AT U IR R 6
F5 4 P25 7Kk B R R BT (Vobarilizumab) MU & — 7
BRI IL-6 BT 11 45 4 0 SRR M Nbs
25, RENE IR T 28 XU 1T R DL S R G 21 5
R, HErie A £ 5 Nos 2591k Al AR
T B, R Nbs 78 A B B iG 7
BAs 1 52 | (E 7R B 1 5 R T 0
B I FH AR X 85D o H R 2 2SR T e I
4 W95 B (respirtory syncytial virus, RSV)fl&
EEM =M PORPUAZ Y ALX-0171, F 2R
2 B 75 RGBS Nbs 78 95 75 25 52 9 1Y
BITHEA RIFIRCR, B2 Nbs AP
S BRI T AR IR T Ak b N AT DL S
HZ M Nbs B 8 55 K511 Bk 4
KPP b5 Nbs 2i90F & £ AR R
W2 25 FLRIET , 45 Sy 5 22 B0 R T S 1R 1Y
W& N T

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

4 ReES5RE

Nbs K I8 F 5% G B 2h 9y 1. 3§ 2 & /Y
HCAD, &—FhRIRAATE B/ MIUBES & B
M T TR, Nbs HAT BN 454
RAFRIHLBENE . w26 M DR s i ik <5
Rt , MEOLAERL I 25 Wik . o TR DL R
9312 W A5 4 b LA AR e AN (P B
PS5k Nbs HYSE R KB T Nbs SR
L FETR R BT AR R i 3 ) e g
SEH I IORPUARPE (X055 7 2EA XA
[5] F) T B A 7 AN R ) S 8 SC %8 5 [ Ik R AR 4 oK
PO = R A PO A T A R BT i
JE RS T Sl S LA R MR AS SR A, 0
CDR BEATR7E 50, il ad 71 se b 4 75 3UfE
AT RLRAS R SRR NbsP7, X Rl Nbs
AR RS TR AR AR . BEE AR BOR A R
K&, Frstk Nbs BT LB AR Z #ifs 25838
R 5 306 B A 5 e 2 0 LA A i i B AR AR
S5, O MR & 1 07 16 8 25 R HT Nbs IR,
WA G RIZ W56 7 TERE T 8T Ry al BETE o

Nbs [FFE AL IRTT . HFFE L K2
Wi b B R AW T, (ERAE S PR i Pk
RHEHEZMINER . FE XL 167/ K A
i, JEHGRAE RS E DL A SRR ST B
s, Nbs [RHAAFR/IN . B s | g B
PRAERFNE, AT LU B PR S 25 W R S0
SPPPEAZ SR AR IR AT TR 200 P v B 4 4T it
SR Nbs fF MR, 72 E 2 A5 Eok Ik
FEAF AT RO, DR Nbs 5 EFSER
G350 A R AT A I TR A o
W —MERRARRIIT 5 SR SRk
PUARREDS [F] I U3 2 PSR B e I i AL,
HIHTF Nbs FA HSRIYEM ST . SR AL ]
P, WIE R T HAER N B ], 7ESTIA T
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REAIF T ST A L iR iy U A R R Y
HifS o Nbs AL A] 75 2 MF 58 U b 4 5 224
FI, B Nbs SfEZR . Sl BER S/ Bk
A vy 8 5T 2 AR AR R R s B
T Nbs 15 [A) R0 I 22 5] 9 AH E AT FH R A b 2
JE AR RS 1 R Nbs AW & & Fhifs &
Rl T e S 4 S WoiE i) o T N P )
T3, G A A I ) 2 AR S R S R AR
SMZ W T 5 ST R SRR B . Nbs 1] LS 254 |
HAbHTARG MRS S5 00 1455, FRINZ IhE
HUEH B/ E alll R Sy = I C 2 ¥ ¢ 7S vl IS 2
AR JRAS R 4 55 7 R B A RR A 3, el 2
A% TR o o 000 R B U1 98 A 12 DR P T8O B AT
. Nbs B Z N H@EEAHERE, B8
— MBS BT, Nbs DSRS0 2R W27 e bk
FIRE TR F7, 0 2 B B I A P B 9 R
A B S MR 4R T RIS 8T 3R T Y i ke

VE
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