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Quality control and evaluation concerns of recombinant glycoprotein hormones:
“macro” and “micro” heterogeneity of glycosylation modifications
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[ Abstract] Glycoprotein hormones, including follicle-stimulating hormone, luteinizing hormone, chorionic
gonadotropin, and thyroid stimulating hormone, are heterodimers consisting of non-convalently bound « and 8
subunits. Glycosylation complexity and structural heterogeneity are the focus of structural characterization and quality
control of glycoprotein hormones. The modification sites, modification types, and sialic acid content of glycosylation
are closely related to the receptor binding, signaling, biological function, and clearance rate of glycoprotein
hormones in the body. In this paper, we summarize the marketed products of recombinant glycoprotein hormones,
analyze the “macro” and “micro” complexity of glycosylation modification of these drugs, clarify the relationship
between structural heterogeneity and biological function, sort out the analytical techniques used for structural
confirmation and glycan chain identification, and put forward the relevant considerations of R&D pathway and CMC
research based on their quality control difficulties.
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(KA R M r-hFSH 78 A MR 4 2 5 10 24
30 h BEHEERIEAT 1 ~2 WETIESH. BFI,
AU ) B T AT B AR BT G g R R OR R
il S EF KON HAT, T K% FSH B2 /Y
AR T Be T EA 20 BB i Rl A A DL
IgG Fe FrBLRGHE A 2 FhiorX. 2L 1) 3R
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A s Aso oooo (4

Bl1 oo WEME VRGN A FSH,LH,
TSH 1 CG B 57— H 1k

2469 ‘Cyj
PEFDAE 2023 F 5 32 5 24 7



Chinese Journal of New Drugs 2023,32(24)
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RIEA TR AP B 3 N A7 SR 58 2 310 5 5L
F1%0 8 A A A 2 0 S B e, K TP AN 6 4 R A 18
22 5 ] LAk — 20 52 Wi W 9 R AL 7KF-, B LR 1Y VMl
Bl 5 A I 2 2 A7 T2 R e 1 B R 1] A i
3. FIER B WAEMMERMABIS S T W5 .
R PN T B DA B A A A 30 P A G BB 1Y, TR A
58 ML AL 8 i LU 9] 258w I, R BE 22 %2 GPHs 1Y
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o 2R A7 A U
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GPHs [0 5 PRS2 48 o A1 B 3L I+ V- b
SER R Z AR X R A 2% 10 22 FE 1 T RE 2 5 i AR
WA 2= D REFN I R %8, GPHs 1y N-ZR0E 252
EERIRNE, — M HA 2,3 804 DB 4 3 (LR
RRE) . N-RWEHERRESEZOH &L N-2
Tk 46 285 W I 1) 43 S8R R OK AL B i ak AL RS B
R AR AB T L RO i 2 1 A A R YRR AL S TR R
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e hha , 78 GPHs (114 P9 Dy BB AR AR 1 A 6o %
JEUE A S R A T o R TR R 43 S oA o
R VL T A AR P A A 25 S, SR A A AR i RS T 4
AT DLy Sk oo VR Ak PR R b L R Y TR
A = W VL P A R DU I R R R R R R 14 T R

BESCIE T GPHs A9 BR B /K S A1 45 H 8, 0F 1 52 i 2
TR N T PR T3 R VR R AL B i BT 3G 3R GPHs (1 48
R M, A I R G /DN R U A R R UE b e
i B 11 32 1 00 3 B 0ok JE K L ), A TR A
I3 AR UR M FSH [ B & A o2, 3-% 3% % XM
«2,6-3E I 2, R[] A N S IR 3 20 oK 0T g B i)

HSZ R (R 45 A« R B ORD SiE i ) 58 48 ] RE S 22 1A FSH 35 B, 2E— 42 5 0 7 o002 T 1) 2 2
S FER ﬁ’ﬁ*ﬁXﬂZliiF\/J\ﬁ‘ﬁ%f?%E’ﬂ%‘%*ﬁﬂﬁﬁ‘ﬁ%iﬁ &l 3 78 T GPHs ﬁ%fk?ﬁ%)‘l%ﬁﬁﬁ'ﬁi%% e
(932 P2t A e S o 0 W R 40 A T AL 23 3 I (IEF- A
- WAL R
E;ul'ﬂ. Eyur]
o i frlai
b : RN HRAX
(69 209 209¢9)
@ N-zEEFZ R (NeubAc)
O p3.5% (galactose)
® HEkE (mannose)
B N-ZEi# g% (N-acetyl glucosamine)
o A¥bE (fucose)
X% =R% ZMEER I 5 T

B3 GPHs B 5 AL GO 5

4 GPHs [0 3L AL A& 1 28 AR KRR B 1 B ke
T 3 A A R R AR g 0, B A S 40 B PN 3
EERS TGO T RE ) M AR SR o 5 PR VERN I 14Ok TR
) GPHs #H Lb, th F e = AH WS L5 R il , CHO 41 iy
FE IR0 H AL 5 TR G5 8 T OR AR AE N-2 B F 7B e
MR AW, 3 BALE A o2, 3-3% 422 19 ME
R o W il 25 A B2 ) Sk FH G ) LR ) B ok 058 1) N\ 2K
41 & (PER. C6%) JF & 19 FSHS iy #E JL Ak ki X 5
CHO Z0 i 7= ¥y W S AN [l o AU T 51 44 25 3% i
HE®  FSHS /15 B 52 2% 1) SR W 45 Wi 26 ”ﬂFJHT
£ 8 o2 3-VEHEA o2 ,6-1% 12 A VR R I , (XA
Tk pih 28 2 2 ( NANA ) Bife 74 1% 4 ﬂ,ﬁﬂﬁﬁﬁzéﬁ
NGRS s a3 | I A=l ey - S P T e 3 B
i) FSHS 1544 5 ® 75 5h ¥y 4 8 A0 Ak b 6 B R
[l ) 265 32 (PK) A 25 %2 (PD) 4k 0% iR &
A1 51 90 25 LAk 18 1 nT RE 52 20 R 9 VR, W R

JEAE S A g

20 ST T I O L A B i Y B R AT Y S A

BR 7 i 32 40 B A [ A M L 1R BE ) Ab, GPHs 1Y)
Wl HE AL A i 25 52 3 i A A A A 7 T2 R 52
Wi, W IR B R AR Z A A BT AR, TR, A A
FAB KV J& A 7 T2 — B A fe e e S e, 2R
Ay 25C AT HE® 2 CHO 41 g 6 35 25 44k 3R 15 14
r-hFSH ,{H iy TR IR # AR 4ifb TR F, &M
WAl R VTR 2 RN A L R AT 25 . R
AT 2 B A2 IVE [ Lo v B9 510 3
Sk 3K i PR AIF 5 00 1] JB5 P 0T 5, 45 2R (s 2 Aol i) 55
TEA B 2 T A B2 R WO
EMA 43 5)F 2013 F1 2014 4EHEAET 2 4~ FSHa £ 9
%fﬂ%;OValeap(@ (Teva Pharma B. V. /¥ &] ) #il Bem-
fola® ( Finox Biotec AG /NT)) , 3% ¥4 5 2 B8 24 J 4
JFOZ AT AE— 2] DO IR AL 2 . SR
ZF®AA 1, Bemfola® HL AT T 18 7K - 19 K £k 43 32 I ¥R
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iz Ak A2 B, TR B 2R A0 kR A e AR S AR
Ovaleap® M 75 N-¥8 2, B ¥ 22 E B2 (NGNA) Jz I
W AR TR R ke
T 1 25 5 51 R T 0F 58 3 6 78 I IR 5% e (3 48, —
BE ik 2 T Bemfola® 15 44 75 ® 2 [A] #4 1if IR 2
S il WLEEF] Bemfola® f i — [ S 7 W 5 , B 52
Ik B i LR AR Y R AR RS A B, B R IR
1% L 1) W DR L 0 250 0 33 48 4 R R A R
H AT R R AE T T2 9 32 A it — 25X
2 S (I R AH CHE R e e AR AR A T, e
XF r-hFSH W A% (1 28 4F Lo MR sl A7 2 98 1 S 25
HAE(PCOS) M AR 5% Aotk o 3 LB BIF 5% R i 13 B 4
FAVAB M 0 5 P X GPHs 25 %) 1Y I8 2 R B 1o
52 o I AAB I 52 I %5 GPHs 76K 14 1) 52 1 &5
G 5SS R WO BRI B R
PR B I R 2 4 R S0P B M D
2.3 #£HMRBEMHEMEMA®E

B T 2 00RO )22 T 1 4% Ik 6 5 5 1 A, GPHLs
W ELAG A [ ) A o AN X — e 33 R ity S B
e A7 76 T PR S R M s R P, g —
TSR B RN BT B K BE L A hCG Y B Y
BRI UGIE S 4 A HA FE MR O s,
XL O-WE B AL A Ui i 25 K TN &2 2% 0F B4 B 45
MERE#E K, LAk, GPHs 7E — 5& M AN SRR 85 4 11
(AN LI ) iR R R B S ) A B R A R
BB RN AL, IR M A R R A 4
Mo R SCR g X GPHs 25 48 5 5 M Y A 5 1HT B
—1ie
2.3.1 Ni¥mRFte GPHs 8 o WA B 7 JEH
WAETE— 2 LBl N Al C S R Yy — . GPHs &
A o MRS N Sl F A7 FE B R 2 A2 5 (-AP)
HILH 45y, LB 2% ~20% A5 5 B W FE N g o A7 £
B 2 AR LRI 20, r-hFSH /) B F 3 N i
B ) A] = ik 50% ~ 60% o H AT UL, N B R
P Z A T N IR MR E 4 GPHs b, ok UL AT BE X)
A A T RN T R 7 A R R A DG HiRGE
2.3.2 Cumsitk MF5%EW,GPHs A o
SE1 C i i BEORSE N B2 RS A T cAMP R (E
S R R AR AR I o W
LR C oA B SE P GPHs 1y B 4
A A7 FE— 2 FL B C il 2%, C o ke 2 LA o0 Jin
LRI AT S, r-hLH (1 B W3 C S A7 78 ik
K12 MA4ANFIRRWEZRA . — BNl B W

@7‘ 2472
PEH A

52023 FEEE 32 BF 24 BB

1) C o NS5 Z KNG, Wik B WA C i U A
SN A i T
2.3.3 O-BiE b CG B A5 HAh GPHs B
W X TE T3 CTP & F 4 45 O-3% 5 L B4k .
O-HE 5% L VB a5 S0 2 4 52 24k, T SE Rl Y
O 85K 0 WL O-FEELAL 2R A2 V- Bt FLAE I
(GalNAc) 3 o o-FF 1 8 % 322 2 8 1 BT 9 22 % R
(Ser) sk IR &M (Thr) 7% o iy T Bk = 4 30 9 B 1
FB UL KA 450 Z B0k, 0 B 0 R Gtk A A1)
SRTAT IS B R M Bk AR ™) . WFSE W, O M 7E GPHs (1
ZARGE G AE T 2 BB AR N XA
R EY A E R EE Y L RSO A
WA A4 A O-WEN S CTP B % 58 (5 B 48 5
A P A W 3 M R e i I T AR R B — R A
om0
2.3.4 A GPHs iy o I B K i
LS &, 7F— WM BT 250 T (B HLE
FLE IR DGR RS RS R AEMEY . o T
LA B IR B 51 GPHs Y A4 W 27 36 M A
BAAS AR AT B 7 A AR T B AR DR, W o P
W2 5AREHA TR ™4 hCG 1 B T IELENG
BV R A R E R A R R AR R L
I i B B B R S B A AR E M A
FEAR , T BEAE R AT AR I AR o Mo AT
2.3.5 EALWIE  GPHs iy o WIEFN B 3V JE (1 &
FEWR 7 50 ) R A 2 TR A A0 M B R gl Ak T2 R
o TR, T B Al T2 ek e e LBk, Ak
AEAE AR SN EERRZ —, Ad nm]
B 52 7= 5 () 2E ) 2 0 e & e bE . R L, AL
18] 32 7= it IO RN RS I ) BE AR AR, T B AR U R
)RR S A S AT R R
2.3.6 RIEMFE REM AT BEEMASR AR
fif i e 2z — , AR T e S B e R R o, R BT
AE S 2 GPHs 2R3 , Kt 73 7 K/ 53 o M 2 4B 7 i
T 42 ) B AT R I A R R P ) 22 ER A
Z—
2.4 HHEEEMSAEAR

H T GPHs 25 44 17 76 R ot A ¥ — P 52 Z% b 2
AAB i R REL 7 S 5P S AR M, GPHs B 445 44 B I L %
TEBIF 5% 1 0 o ] — T DA Sk A B R IR . I Se
) 53 BT B R T Bl 7 B o Y 5T o 45 1 K & 2 GPHs
AR R S HE N 2 . AT 58 B 0 45 # E E RN
G3 AT AL A — A (SR Sy R R R



JU B 2 A R R 1 R N/C o S TR AR AT )
EREE R (B SR . B A
B VBRI (N-BE R AL 50 N BESS o A R
BB B YRR A Z (E) B B i (4

Chinese Journal of New Drugs 2023,32(24)

e JBEBERE FRE SRR AR ) R S (R MR A B
ALY SR E ) S, K1 PR T E 4 GPHs 24
W ) 45 ) I R E R AR DN A B T B8 B O
eV

&1 H4 GPHs 259004 56 58 Fw 20 B 07 vk 7 41

7 SEHT T A
— REHIBEEE Y5 (PTM)

StORARM/ R o A1 B I N/C B AL T RER IS (R 40 T REBIIA LC-MS ST

— Y AR PTM R BRI ) b N/ C A 52 T LC-MS/MS Jic i 43 7

N K3 A DY HETE R, A0 2 7 Fdman F ff 1

BN

T Ey i

=Ygkt

W %
RS

R A 1R kA
N-HESEARAL 5 A 3R

R V- 3 A (37 45 0 8 1K 43 A
O-WESEARAL A5 O 5 4 4 2 RIS £ &k

bk /3
BRAE SR> THREA (HMW)
S A0

B~ 8 (451 IESRA1) 2 U RE A (DSC)
EeRA

it id LC-MS/MS 7 7 3F i J5L 2 fik 3%

DMB 7 ic HE Vi % (1) RP-HPLC

LC-MS/MS Jik 1 43 #F

LC-MS M K3 43 H7

LC-MS/MS,LC-MS, UPLC-MS/MS , UPLC-MS

AUC,SEC-HPLC,SDS-PAGE
4k i& Ji CE-SDS, SDS-PAGE
RP-HPLC

GPHs (15 HE A0 A& i BT 575 T8 8 ) 475 1 5 A1 A3 s
T AE SR A 0 RO 2 R0 BT | N Y TR A 2 A
Ao WFFEFH AT LASR T 22 B 70 M 5 A A [R] )2 1 23 B
&AL, AR S R R E A T A
I AigE 7 A R TR LA R A 2 R 1 B 4 90 R

XF T N-HE A i S AL 10 23 B, 5 08 43 BT 7
T T (0T (80 38 75925 X Rl X2 8 AR s 1.2 ) i 28 SR
11 RBETE 2B, B A RME MR R o b R, X b
Bl fie 2 S [ o i A N 38 B8 OO 1R 5 A
— i, oIk DX R R L s BB T 2 B A K - o i
SCHTIR , o MEFEFN B SV FE AN [R) 4 35 A0 A7 A5 60 A
W U A 22 53 0 A 45 36 AN TR I DR, Ui 32 i 2
BESHES RS, I, O 5T N ]
AER A HE AR T B BRI o WA B A
F89 A [ 7 s 14 WO 348 TR A e 9 A A 188 A S 7y 0 A1
SRR DA I B G A 22 1B A ] B A AL
SRS A, B0 4 T M 3R AT 2R B — ot
VAL B AR W 25 AU A

O W A48 1 45 7 o 60 5 % SR AL 28 1Y b e 4L

B WEEESS 0 LA S g 500 o AN T B R H
A — O A N-BEE A, 0-8E 0 B A F
BAR M08 2 H A A2 550 5, 2 nl LUK O-8%
HERR N Z IKEE EVIHIR ok 09 VTR , Rt O-# &
P15 B JBT 3% 0 17 B O TR E AN LA Pk e . B R, 58
B O-FEIK 3 1 7K1 OB 2 B2 IR B Y R T H g
% i O-WE 2 13 T 20 27 02 O-W KAk 20 i i) £ 205
o FIER| O-MEE O F AR AR HA H & R N-
WA 1Y A7 TE, O-8 BE Ak 19 43 BT — ik 75 22 96 1 g
(4n PNGase F) B N #
3 EMHNEIREKTR

GPHs 1y A= ¥ 2 J1 38 3 Vo % v i &2, U
“U-mg '"E{“TU-mg ™" " 275, FH ok M 5 7= 5 52 30 79
A= )27 BN R R E RE T o ASTR) T HABIR 7 R E 2H
A AR PR R A A W T A DU AT
TR P 2 i vk S ] B 3l R AR UE T vk . 940 Steel-
man-Pohley A 1l 5 ¥4 J2 I %€ r-hFSH A= ¥y 2 1 i
7R(i D Re S BURILE & L NN i)
BEIAVEAG A= R o N B W A TEFE I BCK

2473 ‘Cyj
PEFDAYE 2023 F5H 32 55 24



Chinese Journal of New Drugs 2023,32(24)

PRAVE BB RS B S ME R B A 25 AR IR R, Dy k2D S
55 2y ) {3l 4 T [ 9 72 S Pk X F
FERY I, B 5T N 512 W R AR S0 A= 1 I e 12k
FRAA P9 30 4 12 5 TE M GPHs By A= 22 3% 2
GPHs 5 HAZ RS54 5 38 H 23 W0E BT e 24 (L g, fif
cAMP JKF- T8, 38 b i 5 c AMP i 3 A5 5 AT DL Sz
PRAMAE Wi Ve o A AR SR AR SRR P A= 5
SR A 250 R T [ RE (A A 5 R R
Yr) 5 KW 2 By 2 B e 08 A ZGR B r-hFSH A8
A 22 [) DG e 0T o J 1k KOF 19 25 S (A0 R Vi R AL LR
A B KT 1 22 S ), AT A 2P 15 W A4 A 4
5 55 R W) RE 77l JBCA T G N R T A o Y AT
FrpE

F5 1, 3% GPHs (1) 72 WL GO0 5 J5 4 52 i),
Wi VAR S04 35 PR 2 R BE R IE 5 I R 7 3 B
FEAOCE . B, B B AR N AR B T A i K
W ERAEIEZ T, Olsson 2 iR K B Py
130 r-hFSH 1 £ W1 30 77 B8 35 JF A — 28 B W i IR
BCR B AF o LU, AR A A0 i ik At SR X i A R
B () — FhH5 7, SR T hESH 9 AR 52 BR 97 500
Z R R A B AR 7 A4, 32 hFSH I3 2 3
RN 3Z R AH B R 520 QT SCIT A BE B I TR
R & fBEAR, FSH 552 K 25 G fig J 3o AR A=
SN PE TR AR N R N R R 9 A o M
(IR 5 A

DRI, T 5% 5 7 16 B 6 3 10 0% P G T 7 9 B, g
FEAT IR RN S1  AH DG T | 3k 5 2 R o iR AT
EZE CHANY AT, A R T R BRSO . Y
K RSN EARE R N T 2B W) 236 Ve o A i, 5
BV A XURS: I FH R o 04 F 5 B8 A Sy S B
b B AR 35 V7 ¥5 B AR S W ik 0 B 25 v G B
PE, 048 UE W 2 Ff 7 vk 04 A D& PR SR S 1 T R T
BB ATATE o R, WF SR N A RO S B b
FEACAE M MRV R & i Z L H AT R R AR A OQ B I
R RS AR, HE T A DA U A S RS L 25 R
WL TP 7 i BT ARG o I R I A AN B R
I 238 SR R TR) 28 5 it 0 TR R SR R G L AT DA S BT
iy g TR RS DA S
4 EMEUTHAENHIZERE

H i CHO 21 1 %35 19 r-hFSH, r-hCG F1 r-hLH
B it H TR IR . i £ 4 GPHs 259
R A B 0 T AL Tl PR AF & BN TR B Be . — O T,
GPHs 7£ (B i B AT BB A0 2 BRAE A LA, B AR

@7‘ 2474
PEMD#]

52023 FEEE 32 BF 24 BB

PR B R R VT . 5 — 7 T B % S
SEMTH AR R BIF ST 0T LA A T 9 L R O
FRE5H S AR PERT ST . 4 A B 2 5, GPHSs 4t ]
VLT R B AT 78 55 BB 2 JE il A4 R S8
J5 2 B P T AR R A A0 24 25 0ot I 5 2 A 2 A
25 HF K 0 L Al AR A 0L 242 L X BF S R Y L
IE W45 6 25 15 2 W8 24 B S AR 0L PE Sk H R R AT R
SFAMMPIFIE T, BT GPHs 45y ) i 3 2 24 vk
LS P, W58 3 10 SR I AE 22\ 7R 480 40 47 T BE e %
RV R T R 10 6 25 A1 5 BR 25 Sk b Sk i R
ARARUPE PEAL , 7843 31F BH % % 25 F1 2 IR 25 7 — SR
RLER (O = HM % A OB 3 b A X A
U B A M A ) LB AL R 4 RN 2% K S AR b
A DN A 6 T RS M R i R A5 T T Y Al
Bl PE R 5T .

X T2 25 Ho b K W E £ 2 5 W5 3 AT HE— 2
2 25 e PR 6 B0 KT S 75 5% W) — 3 0 AR L, 7 R Il
PRI PRI T 56 P 0% 2 S 2 75 X 772 i %2 4
AR e SR PK P A S, 7E DA il
FEONE] 6 25 A NGNA (19 N B & B 0s w5 T R oF
2, S8 0 AT A3 BT, A6 3% 24 R EAUE 25 h B NGNA () N
WE 8 BARIK - (AN 5% ), JfF H NGNA & & £
45 5 5 SCRR A 9 Ovaleap® i) NGNA & A
TEAR L 245 5 2 BR 24 19 I R U7 2850 A 28 4 1 X L BF 5
o 2 21 5 2 BE 2 A Y B B A0 e KR e/ — T 3
B 22 19 95 % B {5 DX [B) 76 55 25 A8 38 B oY, 16 2 T
BN E B SRR IE I RO A 5 BRI
NGNA 1] fig 5 28 11 19 9 9% S b A G (E i 1k 25 5
TR 245 195 200 PR3 25 S A6 D0 1 e 26 9 4, oR 2% Bk 91400 1
FEE AR . ZEA UL B NEE, BF 5% & A R o ik 24
S5 NGNA Jo SR IR & ik 1 22 5 R &
X 2578 PK &2 4 S g IR Mk A R0 Oy T 5 R
TIF 245 B9 AR R4 7 A S
5 RBE

F AL GPHs 25 1 “ 2 W0 1 B0 W 3 L 5
o DA R At B AN RS DR 2R e R 3 i T i s i A
A R0 2L 0 8 R SR S M 3 e 4 4 5 TR A R H —
0 H 5 A W T R RO DR O, A Rl DL R oK
FEAS R F 296 97 7 b A6 I R 97 280 % AP Fn PK
T A 22 57 o FHSCHE I o0 A B R T Be e S Bl 24 1 i i
R R JE GPHs 2y2A0F & 1) C Al N 25 . BF 98 & L
LT R R o LA B A S A R T S A A1 R
S ARAB TR B, 4 TR 5 42 1S W S [ A 057 2 1



AR 23 A1, AT B 4 7 A T2 R B — B Al
LA RALLG AR PR o AEREAT A2 W 2 T PRI 5T
I, 758 53 T AR A R A S35 1 23 A O vk B R
YR LBl Oy PR UEAT IE A AN A TR B

T2 (H LA SR A A G B TR R R A SR Ok, B

G DK AW R T 5 B OB S Al 4B A | MR TR

A7 T A Jo e A SR S £ B W R RE Y 7 o R
RIS

[10]

[11]

[12]

[13]

[14]

[15]

[ & % x # ]

CAHOREAU C, KLETT D, COMBARNOUS Y. Structure-func-
tion relationships of glycoprotein hormones and their subunits’ an-
cestors[ J]. Front Endocrinol ( Lausanne) , 2015, 6 26.
PRACTICE COMMITTEE OF AMERICAN SOCIETY FOR RE-
PRODUCTIVE MEDICINE B. Gonadotropin preparations: past,
present, and future perspectives [ J]. Fertil Steril, 2008, 90
(Suppl 5) : S13 - S20.

COSS D. Regulation of reproduction via tight control of gonado-
tropin hormone levels [ J]. Mol Cell Endocrinol, 2018, 463
116 - 130.

A, AR, BRI WA 25 ) K AR AL L]
A EE 2, 2009, 49(15) : 110.

BOUSFIELD GR, BUTNEV VY, RUEDA-SANTOS MA, et al.
Macro- and micro-heterogeneity in pituitary and urinary follicle-
stimulating hormone glycosylation [ J]. J Glycomics Lipidomics ,
2014, 4. 1000125.

EMA. Elonva[ EB/OL]. (2022 =07 —05). https://www. ema.
europa. eu/en/medicines/human/EPAR/elonva.

LOUTRADIS D, VLISMAS A, DRAKAKIS P. Corifollitropin al-
fa: a novel long-acting recombinant follicle-stimulating hormone
agonist for controlled ovarian stimulation [ J ]. Womens Health
(Lond) , 2010, 6(5) : 655 —664.

FAUSER BCJM, MANNAERTS BMJL, DEVROEY P, et al.
Advances in recombinant DNA technology: corifollitropin Alfa, a
hybrid molecule with sustained follicle-stimulating activity and re-
duced injection frequency[J]. Hum Reprod Update, 2009, 15
(3):309 -321.

BLUMENFELD Z. Corifollitropin-a is useful for low and normal
responders, but what about hyperresponders? [J]. Fertil Steril,
2019, 111(4): 675 -676.

BISHOP LA, ROBERTSON DM, CAHIR N, et al.

roles for the asparagine-linked carbohydrate residues of recombi-

Specific

nant human follicle stimulating hormone in receptor binding and
signal transduction[ J]. Mol Endocrinol, 1994, 8 (6): 722 -
731.

FLACK MR, FROEHLICH J, BENNET AP, et al. Site-directed
mutagenesis defines the individual roles of the glycosylation sites
on follicle-stimulating hormone [ J ]. J Biol Chem, 1994, 269
(19) ; 14015 — 14020.

THOTAKURA NR, BLITHE DL. Glycoprotein hormones: glyco-
biology of gonadotrophins, thyrotrophin and free o subunit[ J].
Glycobiology, 1995, 5(1): 3 -10.

ULLOA-AGUIRRE A, MALDONADO A, DAMIAN-MATSUMU-
RA P, et al. Endocrine regulation of gonadotropin glycosylation
[J]. Arch Med Res, 2001, 32(6) : 520 —532.

SAIRAM MR, LINGGEN J, SAIRAM J, et al. Influence of car-
bohydrates on the antigenic structure of gonadotropins; distinction
of agonists and antagonists [ J ]. Biochem Cell Biol, 1990, 68
(5): 889 -893.

DAVIS JS, KUMAR TR, MAY ]V, et al. Naturally occurring

follicle-stimulating hormone glycosylation variants[ J]. J Glycom-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[33]

Chinese Journal of New Drugs 2023,32(24)

ics Lipidomics, 2014, 4(1) : ell7.

BOUSFIELD GR, HARVEY DJ. Follicle-stimulating hormone
glycobiology[ J]. Endocrinology, 2019, 160(6) : 1515 - 1535.
LISPI M, HUMAIDAN P, BOUSFIELD GR, et al. Follicle-stim-
ulating hormone biological products: does potency predict clinical
efficacy? [J]. Int J Mol Sci, 2023, 24(10) ; 9020.

FARES F. The role of O-linked and N-linked oligosaccharides on
the structure-function of glycoprotein hormones: development of
agonists and antagonists[ J]. Biochim Biophys Acta, 2006, 1760
(4):560 -567.

BOUSFIELD GR, MAY JV, DAVIS JS, et al. In vivo and in
vitro impact of carbohydrate variation on human follicle-stimula-
ting hormone function[ J]. Front Endocrinol ( Lausanne) , 2018,
9: 216.

BERGANDI L, CANOSA S, CAROSSO AR, et al. Human re-
combinant FSH and its biosimilars: clinical efficacy, safety, and
cost-effectiveness in controlled ovarian stimulation for in vitro fer-
tilization[ J]. Pharmaceuticals ( Basel) , 2020, 13(7) ; 136.
WIDE L, ERIKSSON K. Low-glycosylated forms of both FSH
and LH play major roles in the natural ovarian stimulation[ J].
Ups J Med Sci, 2018, 123(2) . 100 - 108.

JIANG C, HOU XY, WANG C, et al. Hypoglycosylated hFSH
has greater bioactivity than fully glycosylated recombinant hFSH
in human granulosa cells[ J]. J Clin Endocrinol Metab, 2015,
100(6) : E852 - E860.

FOURNIER T, GUIBOURDENCHE J, EVAIN-BRION D. Re-
view: hCGs: different sources of production, different glycoforms
and functions[ J]. Placenta, 2015, 36 (Suppl 1) : S60 — S65.
WIDE L, ERIKSSON K. Molecular size and charge as dimen-
sions to identify and characterize circulating glycoforms of human
FSH, LH and TSH[J]. Ups J Med Sei, 2017, 122(4) ; 217 -
223.

WIDE L, ERIKSSON K. Low-glycosylated forms of both FSH
and LH play major roles in the natural ovarian stimulation|[J].
Ups J Med Sci, 2018, 123(2): 100 - 108.

DENG QP, HE LX, XU FY, et al. Characterization of beta sub-
unit variants of recombinant human chorionic gonadotrophin[ J].
Anal Biochem, 2023, 668: 115089.

BORK K, HORSTKORTE R, WEIDEMANN W. Increasing the
sialylation of therapeutic glycoproteins: the potential of the sialic
acid biosynthetic pathway[ J]. J Pharm Sci, 2009, 98 (10)
3499 -3508.

STEIRER LM, PARK EI, TOWNSEND RR, et al. The asialo-
glycoprotein receptor regulates levels of plasma glycoproteins ter-
minating with sialic acid alpha2, 6-galactose[ J]. J Biol Chem,
2009, 284(6) : 3777 -3783.

OLSSON H, SANDSTROM R, GRUNDEMAR L. Different phar-
macokinetic and pharmacodynamic properties of recombinant folli-
cle-stimulating hormone (rFSH) derived from a human cell line
compared with rFSH from a non-human cell line[ J]. J Clin
Pharmacol, 2014, 54(11) ; 1299 - 1307.

HARLIN J, CSEMICZKY G, WRAMSBY H, et al. Recombi-
nant follicle stimulating hormone in in-vitro fertilization treatment-
clinical experience with follitropin alpha and follitropin beta[ J].
Hum Reprod, 2000, 15(2) : 239 -244.

BRINSDEN P, AKABOSU F, GIBBONS LM, et al. A compari-
son of the efficacy and tolerability of two recombinant human folli-
cle-stimulating hormone preparations in patients undergoing in
vitro fertilization-embryo transfer[ J]. Fertil Steril, 2000, 73(1) ;
114 - 116.

DE MORA F, FAUSER BCJM. Biosimilars to recombinant hu-
man FSH medicines: comparable efficacy and safety to the origi-
nal biologic[ J]. Reprod Biomed Online, 2017, 35(1): 81 -
86.

GROSSMANN M, SZKUDLINSKI MW, ZENG H, et al. Role of
the carboxy-terminal residues of the alpha-subunit in the expres-

sion and bioactivity of human thyroid-stimulating hormone [ J].

2475 ‘Cyj
PEFDAYE 2023 F5H 32 55 24



Chinese Journal of New Drugs 2023,32(24)

[34]

[35]

[36]

[37]

[40]

[41]

[42]

<4

Mol Endocrinol, 1995, 9(8) ; 948 —958.

ZENG H, JIT, JI TH. Lys91 and His90 of the alpha-subunit are
crucial for receptor binding and hormone action of follicle-stimula-
ting hormone (FSH) and play hormone-specific roles in FSH and
human chorionic gonadotropin [ J]. Endocrinology, 1995, 136
(7): 2948 -2953.

RYU KS, JI I, CHANG L, et al. Molecular mechanism of LH/
CG receptor activation[ J]. Mol Cell Endocrinol, 1996, 125(1 -
2):93 -100.

KLEINAU G, KRAUSE G. Thyrotropin and homologous glyco-
protein hormone receptors: structural and functional aspects of
extracellular signaling mechanisms [ J]. Endocr Rev, 2009, 30
(2): 133 -151.

SENDAK RA, GANESA C, LEE KL, et al. The effect of postt-
ranslational modifications on the in vitro activity of recombinant
human thyroid-stimulating hormone [ J]. Thyroid, 2003, 13
(12): 1091 - 1101.

PETER-KATALINIC J. Methods in enzymology: O-glycosylation
of proteins[ J]. Methods Enzymol, 2005, 405 139 —171.
YANG S, ONIGMAN P, WU WW, et al. Deciphering protein
O-glycosylation; solid-phase chemoenzymatic cleavage and en-
richment[ J]. Anal Chem, 2018, 90(13) . 8261 —8269.
BOIME I, BEN-MENAHEM D. Glycoprotein hormone structure-
function and analog design[ J]. Recent Prog Horm Res, 1999,
54,271 -288.

FURUHASHI M, SHIKONE T, FARES FA, et al. Fusing the
carboxy-terminal peptide of the chorionic gonadotropin (CG) be-
ta-subunit to the common alpha-subunit: retention of O-linked
glycosylation and enhanced in vivo bioactivity of chimeric human
CG[J]. Mol Endocrinol, 1995, 9(1) : 54 - 63.

MR, LR, WRImEE, . B ANE Uk T A SR

2476
PEHARG 2023 F55 32 555 24 1

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

MW R R[], 25224, 2017, 52(3) .
430 -435.

QUERAT B. Unconventional actions of glycoprotein hormone
subunits; a comprehensive review [ J]. Front Endocrinol ( Lau-
sanne) , 2021, 12 731966.

STEELMAN SL, POHLEY FM. Assay of the follicle stimulating
hormone based on the augmentation with human chorionic gona-
dotropin[ J]. Endocrinology, 1953, 53(6) : 604 —616.
NEVELLI F, PALMESE A, GLEIXNER R, et al. Biological as-
say to determine gonadotropin potency: from in wvivo to in vitro
sustainable method[ J]. Int J Mol Sci, 2023, 24(9) : 8040.
Fgpr, B, RE, S AL INIE R R A A YT
PRI E T7 v IS SRAIE [T ] . 25724, 2023, 58(3) = 760 ~
766.

INIE, B, R, . B TR LD Y 2 AR BRI I
R Fe flaEA LY A E N E I R[], 25950 i 4t
WL 2022, 42(1): 60 - 67.

POULIN P. A single-species approach considering additional physio-
logical information for prediction of hepatic clearance of glycopro-
tein derivate therapeutics [ J ]. Clin Pharmacokinet, 2011, 50
(10) : 665 —674.

CDE. A=Wy el 24 A oL VR ¥ 4 F03E REAE Sk £ AR 45 5 5L
[S].2021.

I, RANEE, X, . PP IZS 5 RURT 24
AR AT S AR AT [J]. P R 2 ek, 2022, 31(6) : 523 -
531.

iKWY, B, BREW, SF. RET Nb2-11 40 MHG S AT A
A RBR A A G M 52 D7k 45 (0] R R 25 Tl 2%
i, 2022, 53(12): 1726 - 1734.

Gy 2 M/ B2 H B 2023 -12 - 04



