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[(HZE] B 1989 40 HIV-1 4L CD4-Fe fll & 8 9 B IRIRELISK,  Fe Rl 28 1 IIRTT PR A S 2524 45Ul [ i
J iz R . Fo a8 A i TIRE /T A e BREE F I Fo S5 dl ik, AMUEA 8 A A=Y= D ag B BpTikimfett, nfeik
WEA KA | 15 SPUAIK AN SR FE RO (antibody-dependent cell-mediated cytotoxicity, ADCC ) 45, il
XF Fo S5H A THESEAL . ARG Ak . S 352 e i 2 A8 0ical, A TSRl 55 LA T2 ADCC 45400, HF I IR 2 Wi
EiBIT. Abh, FeBEATEZ AR IRIR OGS AT 2R . AW EH Fe Rl 8 A S RHE 2 B2t | IR 259
FF R B ICAEAR I PR 0 0 5 R R A T 2538 -
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Research progress of recombinant Fe fusion protein drugs

SUN Yu-fang', ZONG Hui', GUO Shi-yu', CHEN Si-min', AN Mao-mao', SHEN Hui’’

1. Department of Pharmacy, Tenth People’s Hospital Affiliated to Tongji University, Shanghai 200072, China

2. Department of Laboratory Medicine, Southern Branch, Dongfang Hospital, Tongji University, Shanghai 200120, China
[Abstract] Since the first report of CD4-Fc fusion protein in 1989, Fc fusion protein has received increased attention in the medical

field with its therapeutic potential. Fc fusion protein consists of the immunoglobin Fc domain and fused partners, which has both biological

functions of fused partners and characteristic of antibody, showing significantly improved stability and specificity in vivo. Antibody-dependent

cell-mediated cytotoxicity (ADCC) and complement-dependent cytotoxicity (CDC) mediated by Fc fusion protein can be increased or

decreased by glycosylation, deamidation, and site-directed amino acid modification of the Fc domain, which has been widely used in clinical

diagnosis and treatment, and also in nonclinical applications. This review summarize the structural and pharmacological properties of Fc

fusion protein and discuss its future development directions in clinical and nonclinical fields.

§ Key Words ] Fe fusion protein; clinical applications; molecular design; immunoglobulins
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( neonatal Fc receptor, FcRn ) Z54541 T FHEFAAL
il o 2 2 R TR AN 1gG-Fe b BOE R 5 —

JE, BT BT AT W A U AR S B B e T
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Pt (EehEIX -CH2-CH3 ) SR TR il
MR TSR AP . WL e LA R T IR R
P A BA A 2 S5 T LA Fe BodhAT
Rl IR, T FE A LA P o 230, 3 3245
SEVER . MEAh, Fe il A 8 1 BA B R A
AR, NS R TR A0 A 5 1 A
P4 (antibody-dependent cell-mediated cytotoxicity,
ADCC) R,

1989 4F, Capon %5 ¥t CD4 43 1 4 M 4] 4
IR 5 N 1gGl-Fe fil &, M@ T 5 1 MATT T Fe
A EE, ZEBS AR BEH T (human
immunodeficiency virus, HIV ) A4 ( Env ) M
FURESEPESE A, ) HIV s DA™ T4, 3E4F
ok, Fe Rl &8 A2 & e, A SO HE4H Fe
Al 25 ARIE 5 2 P R A TERR, T
2 H A Fe filve 8 H I Im IR 25T & S HAE TR I R
U B T R

1 EAFcRMEEBNHEZERIE

Fe fil &8 R DI A2 LR Fe Boby i, L2 3
RN EE R 225 (1) DIResE iR
TR R PR, Fe B 5 FeyRs AF T T 40
M, 55 ADCC. HUIRMI 40 ia 4+ 1% (antibody-
dependent cellular phagocytosis, ADCP ) Fl#MAK
#5A AN FEPE ( complement-dependent cytotoxicity,
CDC) Zhy, = AEwamiEiEA; (2) ATifedEn
RAFEIREE A2 E ], Fe Bl B E K D) RE
HRE R, HAEAR N R AR
1.1 Fcky 2&Ih4k
111 FaEMR N Fo B TE e i iy
DIREHCIL S FeyRs S0 I AH FLAE FH R B0 sl il
BaPEANAE, /5 ADCC. CDC f ADCP %)z, i
VR 5 S B S RE SN o V22 B ] i RE A i SR TR BT
J ARSI B s BEH A I LR A HE A, )
ZHRGT, MZBRRYT, PSR AR
AR BCAR S Fo Bkl g im sl i) il 6 8 11 R Rt nT
WK Fe-FoyRs WIAH BAE R R A M VE . 4
HIME Fe filv G2 A DR A R SR 4 i 2 T B i,
Fe Bt 5 A 4R 205 (natural killer, NK ) 4l Jitd 2 1fif ()
FcyR Il A 254, P46 NK 4ift, B s ks

(ZFfLE. PRiEE) , SEERHpEMAT" . #m
Fc Bt 5 FeyR Il A B9 36 F1 ) AT 20 3% ADCC 50 4
SR ER . AMAE G C1 B4 Clq
JEH 6 MR B T FR S SRR, ShpeiR
AW Fe BES5 AR, A0 CDC UV, ZE4E MM yE
FER R & Clq, WY EE 59 (membrane
attack complex, MAC ) , iS40 2000 % . 1
FIAYT B 41k I8 1P CD20 ) 2 1 bk
CDC %% W 5 il - B B AN, Hal, ST
SRR CDC WG PE R I 9E F 2R FE T Fe Bt 5 Clq
BISER ST, 2253 F18) Fe-Fe MR FHIE LAY 1gG 75
WA Clq MR ELE A 005 ™ . Jong 211
oL B, Fo BELE AR (E430G ) i 1gG HAY)
TS BRI, #58 CDC W& ;1) Wang 25
RIL, Fo B sp 80 B AT R0 U e 7, fig
HETIE 5 Clq 456, T% CDC A,

112 ZEKheeEaFEH NI IgG 7E FeRn
AT, 2RIk 19 do ERRYERREE T, RN
Mo (pH 6.0~6.5) , IgG-Fc Bt FcRn 4
HAEM, 24 FcRn 2y T 4546 1 41 1gG 4y 1, B
RUEEAY, MEEERANT 1gG MR, TR 1gG
B2 0], T7E pH7.4 FZEBRIRES R, —H%A
g4y, DRI FeRn R pH AR 4 05 =X 48 35 i 73 175
H R ACE R R Y L Sk R — e i R
TERN, G NIRERE ARG . KA KR, B E
TR PR, TCEHARE AT
2Tk L SRRV TR U Z KT Fe BEty
RS EAE, BT TEAS TR
Jii, iid Fe Bt FeRn BIFE, ol % ¥ 20wk
FIER, BEMEAEIRIN RIERAER . Bilan, Pk
JiR = U ZZAEK -1 ( glucagon-like peptide-1, GLP-
1) %% —BKFERKEE -4 ( dipeptidyl peptidase, DPP-
4) JKIRRER, Tk GLP-1 287544k 5 higG4-Fe fill &
Je A5 B AL P IRAE AR K A0S GLP-1R, 4
MR
12 e FZFae R Fell & & A2y B2k b
PEBR B Fo B3 10 200 6 53 1 A R0 B 2 5 8
Gh, DHEEE FIERA M2 BE MM RE R 2. R F
DU B S5 R 0 0 S SE BE PR, Fe mla 2191
DIRem AR, R, A ANz,
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TEVRIT VR SO REPUAAR Y JE A F ol 2530, kAR
Beo AR, 78 TR T AR I AR OC iy 10 1 B A 1
( wet age-related macular degeneration, wAMD )
() AR ) R, BR BB SR T 25 W, e
PE R T i i B A K B 1 A E & (vascular
endothelial growth factor-A, VEGF-A ) , i B 44
VG X B A P 3 2 b Fe g A B 1R 25, ]
5 VEGF-A. VEGF-B. Jii #f/E K K+ (placental
growth factor, PLGF ) Z56, K @A mdi i
TP A S B & ) EE A I - VI -Fe fils 2
1 (efmoroctocog alfa ) T 7 i) P B &E 1L 4 F2
SR B IR 5, T BB ANA T A B A -
AL, DIRERR 2 B IR AR AL T VR A v] B
AT TE R A B EE PR, DTECGE HYGYT
FEPE. I, 2005 AE9E FDA HLEFHFI697 808
PEXETT ¢ (rtheumatoid arthritis, RA ) 1 Fe @& &
F 25 PG, H DD RER o N T ik 40
i A1 ¢ 25 1 -4 ( cytotoxic T-lymphocyte-associated
protein 4, CTLA-4) HIMIAMBL. XF CTLA-4 472
R B AR HE (A29Y/L104E ) 1331
TLHPGE, 5 CD8O Fl CD60 fY4% £ ik g o7
2011 4F, DUHy g gt bofr, 1Tl a8 5%
RHER R IL-2-Fe =548k (IL-23XFe,
R38D/K43E/E6IR ) 5 CD25 W45 4w iil, sk
{3 CD25-CD122"" MP ( memory-phenotyp ) CD8
FIUNK 20 A i 38 58, 167k . 3k 8k 5 TIL-2YTFe Ml
IL-2/mAb & &1 B4

2 EHEFcRAERNSTFET

21 FeRRERMHFE ARG RY
FoyRs R R, SEOL R m AR .
higG ) 4 /7. B w1, IgGl. IgG3 5 1 %! FcyRs
(FeyR I . FeyR I A, FeyR II B, FeyR 1 C.
FeyR T A, FeyR I B) 93 My &, H AT R
THEAFcAlGEALYMIIR ZE/H 1gGl. |
T 1gG3 MEcHE XK, 2w KR, il
B, SR BT & 32 BIRHLAS 2  (H
HFFE " &I, 1gG3-FcR435H 545 14 5 FeRn 1Y
iAW o TAER AR, RPN R 1gGl,
Xof il 58 % 1R A R s /N B iR R T VR . LI,

MR H A7 TE S BHIKT 1gG1-Fe 55 FeRs 45 A,
1M PR 1 1gG1-Fe 3 4 B, A 84 B 8 X 11 1gG3-
FcRA35H % 8 MO 1 e A 0 B AR M e 2
Ifif higG2 Fl higG4 () Fc Bt 5 FeyRs, Clq il 3%
A, UL eT DT A 5 e v g M sk
FEAE HE TR SN 45 T B2 e 2 0 A T 506 25 W)
Tk

Bk 1gG-Fc Z #b, DL fih %0 % Bk 85 14 Fe Be
LAY Fe fli-A 28 7 mT 8 1A 38 I G 28 40 L 1
FcRs. BilUn, FZAFAE T R4 LU IgA 5 FeaR
FHEAE R T SR M5 5 AR (55, B
SR AEOE, B, Dl IgA-Fe M B 2R R4 & E
WY R, TR 2 M5 B,
T (CD4". CD8") K NK 4l ja4s 4 Mo 12 =
37 14 TgM-Fe BE S B e AR I ARAA > . TgE-
Fc B2 AR FR7E APCs (fUF KR4 DCs ) £,
FEHFIE LB, HUJE -1gE-Fe Bt 4 8 (A ] BE7E 3L T
2 Y 4 PG 3 P A R R ), TgE-Fe Bt ]
P i U N B 25 RS 27 X SR i SR
[ 1 PR 1) 28 R AL IR T AT A TR A TEA
22 Ay Fe BoBEREAL IR A i
U L5 25 T 4359 W Fe BE 5 FeyRs. #MAZE 1.
FcRn &5 Be 1A 19 45 &, #F 1M 5% W Ji5 22 9 ADCC .
CDC & W M It 3% F % . Fe Bt CH2 45 14 4§
Asn297 (i N- EIERMHE — MO LRESSH, 1
1 4 1 N- SRS - ARG A 3 > H 22 bE k5 I
BOE TR TR . A IR R SR I, X
T Fe BERTELEYIAONRERT LT 1 Y [H b
P A A S 3R PR BT 25 9 1) 56 I 12 )
( critical quality attributes, CQA) ', Fc B N- %
A 00 85 4 T A TR FH T B 1 R A TR A W 24
S5, BEA WAL A AL . SRR R AL |
H e L

Shields 45 " BF5E & IR, AH L TR & pE LAl
0 1gG, BRI Fe BT/ S 89 ADCC %)
B AR 100 %, 1 CDC 1&ME Ak, S 4h,
4 Fe A8, MEVR IR B & sl s, AR S
E Fe Bt 5 FeyRs 1 36 #1 1 B4, M # ] ADCC
WY L AR, 2 Y RN, R VR R Y
TG RIBTAAR R P 2 2 0 0 3 A, R, Y4l
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B A Fe BAGRBEK D REE H 2 = EH
b, RIRERR ARSIk . R R AL A, B Fe
Bt ADCC {f 1, WA RN . SR, 5 MHER R
PRAR M B, H R S AL T 2L 10 4 e e 3
3 ADCC U A4 AU Jag 8 (o H T 38 FH T I R A
PR . H WAL LA B AR N TS
Wi JEUA S, 5 IR I s 4 i v ) H R a2 1A 4
A, bR, T 25 KR A TR (AR R ER T
BE B A B E Y L ARG B R 5 1 4%
Fli 3L A0 S AR Fe bG8 o0 T i o Eu i, 78
3 525N 2R 2 AR B T, Xk
PEROCHZ, JE AT YT B 5 B ®E
FE)

23 Fcf#FeRn & F A R E4 RN
S 12 E R R BRI A L AL S 25— K
¥, 1535 T Fe Bt 5 FeRn M 45 & 1% 9 EH, Fe
Al R S R o T B GE, (B
FRIeG B A KyTiR (3 8) . Wik, #—Lk
2 Fe il & B A 258 124t 2 F 2o & J N
KA, EREE TR AHAR, WESEN
() Fo B AT 2 SR i o5 2878, B35 Fe Bt 5 FeRn
(IZEFN ST, ARSI A KSR e (1 2 A8 A, i,
AT 3477 ) R ) 25 7 B 2 ) B o ) IO 1 S S B B
( respiratory syncytial virus, RSV ) #[u] $7 {4 5L 4
FREAPL ( motavizumab ), F YTE ZEARK ( M252Y/
S254T/T256E ) motavizumab-YTE,  7£ pH6.0 Hf
L5 FeRn 1 3% F1 7 43¢ 28 A8 (R 19 5k 10 %5, 76 fg
AR N 2 RT3k 100 d, 29 M AR R AR 4
£ Motavizumab-YTE ¥ 265 i 44 % 2 ( Glu,
E) MlEERR AR I 1 4R T FeRn-Q2 SR FEMIEE Y
REEZ A AR E i 25 s I 254 252 fi43 &
ARy ad g (Thr, T) MR (Tyr, Y) ZJ5, 5l
AN TOHT I FERIORIR, 1958 T Fe Br 5 FeRn Bi/K 5%
Jt (L82. Y88, L112) My 7K #H B/ H. Zheng
45008 T 1k JIE B 755 W BChE (P 3601 7T R PRI AL
W ) Y 58 48 1 CocH3 A9 1~529 {3 55 higG1-Fe
Brwh &, #E“YTE” 2748 1 B il b P 34T AS30V/
D671E/L673M K74%, 133l CocH3-Fe(M6) 7814, 5
FcRn f{)3E A1 B 24450 . CocH3-Fe 18/ BUA NI
LR 4 d, T M6 AR RRE KL 9 d.

3 EAFcHAEBNNA

3.1 Feakbs®akshyy SHiLmAwHFIMLL,
Fe Rl A B A2y ik . Rt R, S
PR | IRPRBLH 2 SRR E A 2z AT 7
1998 4, FDA it T 25 1 A Fe il 5 B A2 ——
HARPGE, T RA. 5 HEH K (ankylosing
spondylitis, AS) HVAYT, JFA R #E. HAEl, &f
13 PSS 2 FDA St T . B S5tk
Pi . MRS . SRR . BAHER AT (%
1) 1 TR R 24 TE A Tl R SR (5] B4 e R
DRI B, W BB . 2 RS 2 5T O Tl
3.1.1 VEGF %k # 7 Al I8 W EAEKKF
( vascular endothelial growth factor, VEGF ) J& —
Fb R S AR I N e i A KR 7, i S
MR, 714> A.B.C.D.EHMPLGF 6 fhiF&,
¥ VEGF-A. VEGF-B 2Z {& (1) jfl 4} B 38 i TNT 3
GRS, 5 higGl-Fe BIECHE X N Sl & 72 i
2 SRS BUARBTRI PG (aflibercept, AFL ) J2&
VEGF Z & 45417, AFL 5 VEGF-A. VEGF-B,
PLGF 454, FHLMnNX Se 5 H R EZ R 255
5% Ak, DT BT A A T R, & B BT
Jigga 3 M . AFL 38 n] FH 3878 A i A5 5 R i AR
BHEa, 442507 0 BB B I AN IR T A 25 5,
Zaltrap Fil Eylea iX 2 2541 fr 5 (1) AFL A [A], {H
P USR] Y o R T3 X B v Ry i
RS ESS W, 5 WIAE 2011 4F-4% FDA 4it
HEF TR 97 wAMD FU ) JIES i ok BELAS SOME PR 5 |
LA BEAK

3.1.2 K B GLP-IR % 20 # 36 8 4L >k 2> w5 o
RV R R T 1B 2 R K -1 AZ 4 ( glucagon like
peptide-1 receptor, GLP-1R ) 8 20 1 k7 & ik
KSR GLP-1 781 ( ASG/A22E/R36G ) L) 3 Bk
& 1 GGGGS 2 % 2 )7 51 A linker 5 higG4 1
Fo B N g% 42, B AR Pl ok 45 e DX i) — o e
R B (1) . GLP-1 A8 (KR4 T K 9K
GLP-1 5 #% DPP-4 FEf# I IE MGk, G HES IR
PE GLP-1 #0161, 0% GLP-1R, DL IfIUBEAR# ft 77 =X
PRTERRE S B AT /IR 5 2, TS o 40 A 53
W AR, dERRIAERRE, R TR gREEZ
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Al e SRR RS 0 XU, BRI AT IR & 5
A, 2014 4E 9 A, 2 FDAMLIME, FEf &k T
SRR, FHTRIP RN 2 BRI (type
2 diabetes mellitus, T2DM ) . FBEEAFIE RS, Ffir

Bkl 5 DB, RS | e e ]
EET RS R, 7EA R E TR A E A
PR, 29801

®1 BLTHESHFBEEBELGY

.
Ty it ik EE e s
Strensip asfotase alfa ALPL-Fc ez RBERRSEEAE 2015 4E(FDA) W7 5

Ve
Trulicity FH Hj( GLP-1 254 -Fe GLP-1R 2 BRI 2014 4E(FDA ) HLk
( dulaglutide )
Elocatate efmoroctocog alfa FVIl-Fe A T4 95 2014 4£( FDA ) [ER 238l
Alprolix  eftrenonacog alfa FIX-Fc A T4 20144E(FDA )  FEfEH
Bk BHAPSH  ypGRRiVEGFR-Fe  VEGE  CHEFRHLRHER sk oppay g
( conbercept) BEARPE
BRI Pt VEGF-A P —— - —
Zaltrap (ziv-afibercept) VEGFRI-VEGFR2-Fe (oo RV EAE 2012 4°(FDA) FEEIE/ fido0
. NETNE S - .
Nulojix CTLA-4 -Fc CD80.CD86 A E RN, 2011 4E(FDA) A SEHE 5%
( belatacept )
BTt VEGF-A. - A
Eylea (afibercept) VEGFRI-VEGFR2-Fe (oo o 1 MEARRBEASME 2011 4R FDA) AT
AT . Cryopyin £ [1- J# .
Arcalyst (tilonacept) IL-1R M B a5 14 -Fe M A 2008 4( FDA ) o
TR A PP g2 I IR R
Nplate (romiplostim) TPBP-Fc TPOR Wbbpsegy 2008 AE(FDA) Lt/ W Hi
Orencia Pt 7% (abatacept) CTLA-4-Fc CD80.CD86  ZEKBMELTT4 2005 4F(FDA ) A AFIiti 554
Amevive F7EZERE (alefacept) LFA-3-Fc¢ PEYEBEHAUALESG 2003 4E(FDA )  Zelrgesk
75 % N HRBPESAT R | I
Enbrel (ctancroept) TNFR2-Fc KRN TNF MU 1998 4E(FDA ) it/ #5 5
[ KZTE Fo B 808 XA N o 5 L@l A . B i /M
e R AR B Ok A (Nplate) 1943 745
- ¥y OCE 2) BMERER, 2 A1/ A R 45 &
Linker(G4S)3 = .. .. .
L - ( thrombopoietin-binding peptide, TPBP ) %t 8 4~
o HRA M PEIE 2Rk, a5 A H 2R 4
1) linker 5 Fc Bt CH3 X 3 ¥ C %l &' . TPBP
# % %] (IEGPTLRQWLAARA ) /A [A T K 4K It /)N
hlgG4-Fe WAz i & (thrombopoietin, TPO ) Ay 3= % JF 5,
SR LT Z R0 A T R ) — B AL A, 5
TPO Sa4+ L4 A i/ MR IR 2 321k (TPOR ) 7,
TPBP X} TPOR [ 5% Fl J7 55, AT A ZUAR #F 2% 4

-

B1 HEEKRTEE

3.1.3 TPOR % # 7| Fc @il & & 1 2 g 4> F

L £ 434 5 RS2 2008 4F, FDA St v 8 K S8
= FH T2 VR G g% P ol /N A s A0 7 25 (immune
thrombocytopenic purpura, ITP ) J&377 .
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- F-

hlgG1-Fc—

Linker: GGGGG 4
TPBP

Linker: GGGGGGGGH

TPBP{

2 FRESETEE

32 FewbZaEAGPHREM PR -Fels
B AT S ) APCs FE1HT ) FeRs, 3% — 452
AR Ak b N SR . 3l A CH2-CH3 2544
F%) B 1) % e W BAR Fe Rl 3 PRl T 45
2B F RIS ERIK, 5 APCs 32138 T,
IR ACR, Fe BESR e iR A B2l
— TR ) R RS P AN, T B A% e e
' IR (HA-HuFe) ) | PAaifis i i
(HSV, gD-Fc) | 45 ( ESAT6:HspX:Fc) ' |
W98 W5 7 (E2-Fc) 7, Zhang 41980 )% RSV [ F
P A5 1gG 1Y Fe BLRLA T oS RAK F-Fe fill & &
1, DL TLR4 34 3h 5 smt i ig AMMPL) g 4A 7B &
Fae /N, TR RSV YL S HY B4 455 o

33 BRAEHREGITE  Fo BRI
0 4 JE 20 i FeyRs AH B /R, 40 DC 45 5 4 40
L) BB 4 3- 85K (DC-SIGN ) 5% BRI [F] 5=
Py SIGN-R1, B Ziffigkifi () CD22 ( Siglec-2) , i
5 APCs 31k FeyRIIB, #14H] APCs 1470 Ji 5 336 1)
BE, A IVIG BRI VE T, Fe 45 #3819 CH2
SEMI R AEAE IR 2R BT 2R 01, A7 2 PO
B HAw 44 R “Tregitopes” , H: i1 — 2L Tregitopes 5
FeyR. FeRn W45 G0 s AFAESC B o FEAR )G 1) 1gG-
Fc 4 MHC- [T 284> T AbH I 5 i, BRI 15 1k
Treg 20 i, X —45 3 5 1gG-Fe 2 51% Fif 52 1
) Z EHLHI A ESAHRT . S, FE FoyR #Kifi
AU AR AL TE 9 1) 2 AR AL, 3@ 4L Fo 4544

SRR S AEE S s, A IVIG BIBT R
3.4 Al REA B FoRla H Flm AR N r
R, HARIR R IR Z 2] 7z e, it
MMA ., Sepedifh, EETLSA RS W
Sy A0 L N AR — X LRI Y 1 BT, T
5 1gG3 1 Fe BRI MM A, B 58 25 1 A A
SEE, SAFIREE TR E R . TR B S
BEFI AR, Fe il a2 A B0 S B HA SR 240 2%
A Wb, 10 Protein-G/A Tk, 1E A % 51 3 BUAK
SRR FSOR B I el 735, WRkh T
A BE A 52 AR TC AN AR S A 1 45 R 1Y
BB o

gi Lpnik, B4 Fe @il 0 H AT SORTERY L
e, FESpEsR . R VE RAF SRIMACH KRR
IIREFE 15 Fe Bl © AN BB /2 4% T I 2 0 14
s RIGYT 5K o A4 Fe Rt 8 F 225 W R T K nl
BN HIG BAEY A HOR, BEERRN R, R4
NIEBUREE GO, X Fo B A7 e i 28748 . Wik
e Wit tkis, LU0y 25408h
VRIS B RO D R H 2 Fe G S H K2
Yo 535h, VAREG A 8 A 1 CAR-T 41 i %%
VERESNIDVES 22 RN DN E A N 2 S LR RN D)
A R HUR g IR B S B PE  HAE S
PRI R BE T8 BIET i 5 77 10 o

FlaRip s FrAVER A UIATEAER G o
S5 3k

(1] GOULET D R, ATKINS W M. Considerations for the
design of antibody-based therapeutics[J]. J Pharm Sci,
2020, 109(1):74-103.

[2]  JAFARIR, ZOLBANIN N M, RAFATPANAH H, et al.
Fc-fusion proteins in therapy: an updated view[J]. Curr
Med Chem, 2017, 24(12):1228-1237.

(3] KONTERMANN R E. Strategies for extended
serum half-life of protein therapeutics[J]. Curr Opin
Biotechnol, 2011, 22(6):868-876.

[4] CAPON D J, CHAMOW S M, MORDENTI J, et al.
Designing CD4 immuno-adhesins for AIDS therapy[J].
Nature, 1989, 337(6207):525-531.

[5] WEINER L M, SURANA R, WANG S. Monoclonal
antibodies: versatile platforms for cancer
immunotherapy[J]. Nat Rev Immunol, 2010, 10(5):317-



Hh [l PR 2

20224F2 H 298 1

Chinese Journal of Clinical Medicine, 2022, Vol.29, No.l 103

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

327.

LAGASSE H A D, HENGE H, GOLDING B, et al.
Fc-fusion drugs have FcyR/Clq binding and signaling
properties that may affect their immunogenicity[J].
AAPS J, 2019, 21(4):62.

RICKLIN D, HAJISHENGALLIS G, YANG K, et al.
Complement: a key system for immune surveillance and
homeostasis[J]. Nat Immunol, 2010, 11(9):785-797.
GROS P, MILDER F J, JANSSEN B J. Complement
driven by conformational changes[J]. Nat Rev
Immunol, 2008, 8(1):48-58.

UGURLAR D, HOWES S C, DE KREUK B J, et al.
Structures of C1-IgG1 provide insights into how danger
pattern recognition activates complement[J]. Science,
2018, 359(6377):794-797.

DIEBOLDER C A, BEURSKENS F J, DE JONG R
N, et al. Complement is activated by IgG hexamers
assembled at the cell surface[J]. Science, 2014,
343(6176):1260-1263.

STRASSERR J, DE JONG R N, BEURSKENS F J, et
al. Unraveling the macromolecular pathways of 1gG
oligomerization and complement activation on antigenic
surfaces[J]. Nano Lett, 2019, 19(7):4787-4796.

DE JONG R N, BEURSKENS F J, VERPLOEGEN 8§,
et al. A novel platform for the potentiation of therapeutic
antibodies based on antigen-dependent formation of
IgG hexamers at the cell surface[J]. PLoS Biol, 2016,
14(1):1002344.

WANG B, YANG C N, JIN X F, et al. Regulation of
antibody-mediated complement-dependent cytotoxicity
by modulating the intrinsic affinity and binding
valency of IgG for target antigen[J]. MAbs, 2020,
12(1):¢1690959.

KUO T T, BAKER K, YOSHIDA M, et al. Neonatal
Fc receptor: from immunity to therapeutics[J]. J Clin
Immunol, 2010, 30(6):777-789.

OTVOS L, VETTER S W, KOLADIA M, et al. The
designer leptin antagonist peptide Allo-aca compensates
for short serum half-life with very tight binding to the
receptor J]. Amino Acids, 2014, 46(4):873-882.
GENOVESE M C, BECKER J C, SCHIFF M, et al.
Abatacept for rheumatoid arthritis refractory to tumor
necrosis factor o inhibition[J]. N Engl J Med, 2005,
353(11):1114-1123.

SALMON J H, LETAROUILLY J G, GOEB V, et al.
Actual persistence of abatacept in rheumatoid arthritis:
results of the French-Ric network[J]. J Clin Med, 2020,
9(5):1528.

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(28]

[29]

[30]

[31]

ARCHDEACON P, DIXON C, BELEN O, et al.
Summary of the US FDA approval of belatacept[J]. Am
J Transplant, 2012, 12(3):554-562.
VAZQUEZ-LOMBARDI R, LOETSCH C, ZINKL
D, et al. Potent anti-tumour activity of interleukin-2-
Fc fusion proteins requires Fc-mediated depletion of
regulatory T-cells[J]. Nat Commun, 2017, 8:15373.
STAPLETON N M, ANDERSEN J T, STEMERDING
A M, et al. Competition for FcRn-mediated transport
gives rise to short half-life of human IgG3 and offers
therapeutic potential[J]. Nat Commun, 2011, 2:599.
SHAH I S, LOVELL S, MEHZABEEN N, et al.
Structural characterization of the Man5 glycoform of
human IgG3 Fc[J]. Mol Immunol, 2017, 92:28-37.
MEKHAIEL D N A, CZAJKOWSKY D M,
ANDERSEN J T, et al. Polymeric human Fc-fusion
proteins with modified effector functions[J]. Sci Rep,
2011, 1:124.

BALU S, RELIJIC R, LEWIS M J, et al. A novel human
IgA monoclonal antibody protects against tuberculosis
[J]. J Immunol, 2011, 186(5):3113-3119.

HANSEN I S, BAETEN D L P, DEN DUNNEN J. The
inflammatory function of human IgA[J]. Cell Mol Life
Sci, 2019, 76(6):1041-1055.

FOSS S, WATKINSON R, SANDLIE I, et al. TRIM21:
a cytosolic Fc receptor with broad antibody isotype
specificity[J]. Immunol Rev, 2015, 268(1):328-339.
NIGRO E A, BRINI A T, YENAGI V A, et al.
Cutting edge: IgE plays an active role in tumor
immunosurveillance in mice[J]. J Immunol, 2016,
197(7):2583-2588.

LEVIN D, GOLDING B, STROME S E, et al. Fc fusion
as a platform technology: potential for modulating
immunogenicity[J]. Trends Biotechnol, 2015, 33(1):27-
34.

SUBEDI G P, BARB A W. The structural role of
antibody N-glycosylation in receptor interactions[J].
Structure, 2015, 23(9):1573-1583.

JEFFERIS R. Recombinant antibody therapeutics: the
impact of glycosylation on mechanisms of action[J] .
Trends Pharmacol Sci, 2009, 30(7):356-362.

WANG T T, RAVETHCH J V. Functional diversification
of IgGs through Fc glycosylation[J]. J Clin Invest,
2019, 129(9):3492-3498.

SHIELDS R L, LAI J, KECK R, et al. Lack of fucose
on human IgG1 N linked oligosaccharide improves
binding to human FccR Il and antibody-dependent
cellular toxicity[J]. J Biol Chem, 2002, 277(30):26733-



104

Chinese Journal of Clinical Medicine, 2022, Vol.29, No.l

REGREE:  20224F2H 26294 5511

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

26740.

SCALLON B J, TAM S H, MCCARTHY S G,
et al. Higher levels of sialylated Fc glycans in
immunoglobulin G molecules can adversely impact
functionality[J]. Mol Immunol, 2007, 44(7):1524-1534.
EGRIE J C, DWYER E, BROWNE J K, et al.
Darbepoetin alfa has a longer circulating half-life
and greater in vivo potency than recombinant human
erythropoietin[J]. Exp Hematol, 2003, 31(4):290-299.
LIU L M. Antibody glycosylation and its impact
on the pharmacokinetics and pharmacodynamics of
monoclonal antibodies and Fc-fusion proteins[J]. J
Pharm Sci, 2015, 104(6):1866-1884.

ROBBIE G J, CRISTE R, DALL’ ACQUA W F, et
al. A novel investigational Fc-modified humanized
monoclonal antibody, motavizumab-YTE, has an
extended half-life in healthy adults[J]. Antimicrob
Agents Chemother, 2013, 57(12):6147-6153.

ZHENG F, CHEN X, KIM K, et al. Structure-based
design and discovery of a long-acting cocaine hydrolase
mutant with improved binding affinity to neonatal Fc
receptor for treatment of cocaine abuse[J]. AAPS I,
2020, 22(3):62.

BECK A, REICHERT J M. Therapeutic Fc-fusion
proteins and peptides as successful alternatives to
antibodies[J]. MAbs, 2011, 3(5):415-416.
HERMOSILLA J, PEREZ-ROBLES R, SALMERON-
GARCIA A, et al. Comprehensive biophysical and
functional study of ziv-aflibercept: characterization and
forced degradation[J]. Sci Rep, 2020, 10(1):2675.
CAVACO M, CASTANHO M A R B, NEVES V.
Peptibodies: an elegant solution for a long-standing
problem[J]. Biopolymers, 2017, 110:¢23095.
GERSTEIN H C, CLOHOUN H M, DAGENAIS G
R, et al. Dulaglutide and cardiovascular outcomes
in type 2 diabetes (REWIND): a double-blind,
randomised placebo-controlled trial[J]. Lancet, 2019,
394(10193):121-130.

SCHIFFERLI A, NIMMERJAHN F, KUHNE
T. Immunomodulation in primary immune
thrombocytopenia: a possible role of the Fc fragment of
romiplostim?[J]. Front Immunol, 2019, 10:1196.
CWIRLA S E, BALASUBRAMANIAN P, DUFFIN D

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

J, et al. Peptide agonist of the thrombopoietin receptor
as potent as the natural cytokine[J]. Science, 1997,
276(5319):1696-1699.

NING L, HE B, ZHOU P, et al. Molecular design of
peptide-Fc fusion drugs[J]. Curr Drug Metab, 2019,
20(3):203-208.

YE L, ZENG R Y, BAI Y, et al. Efficient mucosal
vaccination mediated by the neonatal Fc receptor[J 1.
Nat Biotechnol, 2011, 29(2):158-163.

LOUREIRO S, REN J, PHAPUGRANGKUL P, et al.
Adjuvant-free immunization with hemagglutinin-Fc
fusion proteins as an approach to influenza vaccines[J].
J Virol, 2011, 85(6):3010-3014.

SOLEIMANPOUR S, FARSIANI H, MOSAVAT A, et
al. APC targeting enhances immunogenicity of a novel
multistage Fc-fusion tuberculosis vaccine in mice[J].
Appl Microbiol Biotechnol, 2015, 99(24):10467-10480.
LI J L, LI X M, MA H, et al. Efficient mucosal
vaccination of a novel classical swine fever virus E2-
Fc fusion protein mediated by neonatal Fc receptor[J].
Vaccine, 2020, 38(29):4574-4583.

ZHANG Y J, ZHOU Z, ZHU S L, et al. A novel RSV
F-Fc fusion protein vaccine reduces lung injury induced
by respiratory syncytial virus infection[J]. Antiviral
Res, 2019, 165:11-22.

ANTHONY R M, KOBAYASHI T, WERMELING F, et
al. Intravenous gammaglobulin suppresses inflammation
through a novel T(H)2 pathway[J]. Nature, 2011,
475(7354):110-123.

BLUMBERG R S, LILLICRAP D, IgG Fc Immune
Tolerance Group. Tolerogenic properties of the Fc
portion of IgG and its relevance to the treatment
and management of hemophilia[J]. Blood, 2018,
131(20):2205-2214.

CZAJKOWSKY D M, HU J, SHAO Z, et al. Fc-fusion
proteins: new developments and future perspectives[J].
EMBO Mol Med, 2012, 4(10):1015-1028.
ABDELATTI M, SCHOFIELD P, CHRIST D.
Expression of human VH single domains as Fc fusions
in mammalian cells[J]. Methods Mol Biol, 2019,
1953:121-136.

[AZmig] Ao



