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[Abstract] Multipass membrane proteins serve as crucial channels connecting the intracellular and extracellular environments of
cells, transmitting various signals and regulating cellular responses to external stimuli. Many human diseases are closely associated with
abnormalities in the function of multipass membrane proteins, making them ideal targets for drug intervention. In comparison to existing
treatment approaches dominated by small molecules and peptides, antibody-based drugs offer advantages such as high specificity, providing
a new avenue for regulating the function of multipass membrane proteins. However, the development of antibody drugs targeting multipass
membrane proteins faces numerous challenges. The complexity of their structure presents unique obstacles, including epitope accessibility,
difficulties in protein expression, and dynamic protein conformations. Innovative strategies are needed to drive corresponding antibody drug
development. This discussion explores the challenges posed by the complex structures of multipass membrane proteins for antibody drug
development and introduces new approaches developed in recent years to overcome these obstacles. The review systematically summarizes
current antibody drug research targeting multipass membrane proteins. As this field progresses, insights gained from antibody drug
discovery targeting multipass membrane proteins not only contribute to improving therapeutic interventions but also hold significant value
for advancing broader drug discovery innovations.
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Table 2 Selected bispecific/multispecific antibodies targeting GPCRs
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ARSI, 5155 mAb HH L HAT S L5 A
Sy T ELE R DL R R, AR P K PR

FKMEFRIEIUR, Nb R L mAb B = 7
CRERRME FLIF X Nb $E T Eb H At 28 BB 4 o ™5 1y
2z . Nb Bz 7] fih & 5 G I P A G Y Fe 25
sk, HA MR ™, thsh, Nb RN
KIRATF Rt ek, ik, Nb ZEXT 25
PIRHNAIT IR A2 8 )2 G0 .

Nb VER BT ARG A ATIE A 1~ — SR A
Y, B4TF R HIFZ Nb I7E A [E B B A AE 1R )T
Il PRI HH AT 1Al o BT X GPCR U, XA 2 3K
Nb #F AR, 4332 CXC Bk N 32
& 3 (C-X-C chemokine receptor type 3, CXCR3)
f) BI655088 FlI#[i] CXCR4 1) AD-114/214, A4 —
L[] CXCR4 Y Nb ( ALX-0651) [H 45 £ 41 S 2%
[ s e . HET, A 8 S n GPCR Y
Nb &b TG RFT/ 274 B (W& 3)

3 3 14 #Em GPCR MEMMK L *
Table 3 Selected investigational nanobodies targeting GPCRs

HMER 1& R HE
BI 655088 5 kTR
AD-114. AD-214 R MEEF YA 8] P
ALX-0651 Yo i
IN241-9 BP0 )5
238D2/D4 IRIFME G e R LE A iE . CXCR4 FH IS5
AT118i4 R ML
scFv 77-2 P B PR
CA4910 RAE
Nb-Fc18 i e
DN10/13 1 S SRRV IR

127D1-35GS-163E3

& B B L R
IE]ZS CXCR3 Boehringer Ingelheim
I #AIk PR CXCR4 AdAlta
Ty CXCR4 Ablynx (Sanofi)
Il AR Apelin R Amgen
AR5 CXCR4 VU University Amsterdam
2B ATIR DUKE & Harvard & UCLA
2RI CCK-BR Mayo Clinic
2RI ChemR23 Université Libre de Bruxelles
LYy & CCR8 Vrije Universiteit Brussel
2RI mGIluR2 Univ. Montpellier
2RI CXCR2 Novartis

CXCR3: CXC HafbH 7524k 3; CXCR4: CXC HEfbIX 1524k 4; Apelin R: ZIHHKIKZ AR ATIR: 1M EIKE [ 24k CCK-
BR: JHEWHEE B %24K; ChemR23: chemerin 214 23; CCRS8: C-C #{bH 73214 8; mGIuR2: fRBITAEEEZ K 2; CXCR2: CXC

AR 1524k 2
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2.1.4 HABEXT GPCR MyLiRR bt kit B8
B AWM AW E R, A FEIKZY) (X-drug
conjugates, XDC) AWl B, W 7 & vl
B 259 & 25 . EF X GPCR 25 ) 1 & 40
5, PhADC. $iikZ KB (antibody-peptide
conjugation, APC) [ k& B M., ADC i i
b2 T A IR B 25 W) A mAD LLA IS 1 7 Tk
PEAT I B, BIRYIREZS A T mAb = R S
MR I RE ), SO A A A R T 2 ) Y SRR 3 A
FH, SEBURE RO KB A B Y, B P
YRR RGN 2 — 1 240K, X GPCR Tk .
HIRIT MR SR R E C A A KiFE R LR
1] GPCR ) ADC & PR i et 5Lt 545 T4
WP IR E S & 5 GPCR 512 e br, %
B GPCR Rl {El ADC FF &R EAE PR . Hir, #
1t 20 FH[E GPCR () ADC 4 F IR () Brit.
Horbr, AL R 25 5 T B B J1H 77 £ LX-ADC ™
FARE G IF & 59 LM-305 2 8F A T/11 911 R 56
(NCT05647512) , % ADC #E[7] GPRC5D, H]
T MM 193657 " sk, AL R 2%k ADC
T 2023 4E 5 H 12 H FHB 57 AR 38 4 2ROt 5 42

B, ARRAE S BAHIE 6 1570, biiks Z ikiE
AT SRR S AR G 7 A2 () APC 22 I8 ) T i o5 0L
= FE k-1 32 1K ( glucagon-like peptide-1 receptor, GLP-
IR) , RIEFSIFIGYE, FEHT 2 BRI
FERYIAYT T, AN, £FXT GPCR YA TR Z AR
T 4iifg ( chimeric antigen receptor T cell, CAR-T)
yrik U 3L Nb IR B IR YT ik ek —
(S 2 ep 173
2.2 M BFEEHEEDY
FHIET GPCR, 8538 HAG N5 22254k

FUEIHHUARTE & o Bk E ™, B AT EEAETUA
g 4 PR ME——HE A ARG 15T 6] 25 il i
AIBTAE ST X B A M AR DI RE P2X G4 A2 14 7

( nonfunctional P2X purinoceptor 7, nfP2X7 ) A
# BIL-010t"™, R—FZraphiik, P2X IE4Z14 7

( P2X purinoceptor 7, P2X7) J&— MMMl K1
THHIE, BAEGPAFERILTUAR, %2 i EhUALE
2016 AF5E 1T AR5 7, JFoARE 2h TG R
55, BIL-010t /) A/ & HL#4 ( Bioceptre International )
HE 20 N Z SE BRI P8 T 1 4 mADb BIL-03s™™,
{EHEBITE H AR BB ARG R Be o
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Table 4 Selected investigational antibody therapeutics targeting ion channels

BHYawm 1& RIHE &% B B L 20
BIL-010t B IR ff e T R nfP2X7 Biosceptre International,Peptech UK
- I I R Nayl.7 Abilita Therapeutics
TTG-108 J Bl e 22 4547 Il R T Navl.8 Tetragenetics
- Ve I R I Navl.8 Abilita Therapeutics
1080 IR 2RI Navl.7 Ucb Pharma S.A.
REGN106. REGN1064 &I 2RI Navyl.7 Regeneron
12H4 Ve Il R T Nayl.7 Shionogi
BIL-03s Jigea It A i nfP2X7 Arana Therapeutics, Biosceptre International
ART-5803 H & R 57 NG0) NMDAR Arialys Therapeutics
VIS-NAV PR NGl VGSCs Visterra
Ab 1: Na,1.7-Na,1.9 LTV ORI 2RI Nayl.7 & Na,1.9 Oblique Therapeutics AB
- P 2RI Navyl.7 Integral Molecular
Q-202 R 2RI ORAIIL QUE Oncology
A-049 IR 2RI TRPMS Amgen
FB-001 B S S esm . AR, AE. Hh b Kvl.3 Fabrus

nfP2X7: AFT)HE P2X M 5244 7; Navl.7: HUEIJPEHVE TI0E 1.7, Navl.8 HUE 1S8R 738 1.8 Nayl.9: H M| 13808 Tl iE 1.9
NMDAR: N-HE-D-RZHIRZM; VGSCs: HUE[ TR TIEI; ORAIL: FSRMGEHES M 1A 1 1; TRPMS: BRI 2 {A Az M8
BT Kvl.3: HUR T8 S T 1.3
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VGSC S i 14 25 ¥y 1 & i #THE f, Horp
Nay1.7. Nayl.8 Fl Nay1.9 #IA R /2B i, 2K
i, VGSC HABRMANRAL, HAeKEHRX
BORRAME, R HPUATF AR Tk, HET, AZ
G\ VXX LA B I PR T &,
H Ucb Pharma, Regeneron 2\ i) 5% 1% 4t (1) £ Jik fhe
£ 7 RT3 1 mADb A A, H R R TE IR IR
AR 0 7 DR AR 777, Shionogi 23 7 S
175 BRI 1 Bk mAb W AESh Yyl vh s i 1
—E MR ", ULHR 2 IR ik,
X 33X A 8 T T PR R R R PR, H R A
FEA I PTE AR AT LIRS AL AT B PTAR . Oblique
Therapeutics 1 Visterra 5523 7 54 T Wfu] e 5 B 47
LA T B Pl r U R B ™ 53—y,
Abilita Therapeutics, Tetragenetics F/1 Integral Molecular
G2 RN AR B KB A Fas R B, ok
IR VGSC 1Y mAb. X SR ARAT B kg 1
T AP TT R ME AL, (HX SEG IRk A T A
IR Be i A R TR A 0 A A

BT ik 2 2805, NMDAR™ | SEREHMIE 451
A F 1 (calcium release-activated calcium channel protein
1, CRCMI, {liFx ORAIL) ™. TRPMS™ #1 K, 1.3,
WA AR ST IR I A, HILIRT I . P20
DA H S o R GEPN o FERTIX s -3 1 i h AT
K, KSR R TR SN,

2.3 HMHFEEANREEDY

B e i A PUIAR I E B PRI T L
KR (WK S5) o 55 1 JERTE MR i rhs ik
M B 8 . Fan, 2b 7R AR il R b 7% is A

( sodium-dependent phosphate transport protein 2B,
NaPi-2b, Mk SLC34A2) £ 3E/IN4H fifd fils 5 71 519 51
A R RIR, b SRR . RBRIAE . A
ZENE | SEAUTICA IE AHAR S R (AL 358 HOR R |
FUBRIES ) A, B 2 ER £ %X
— B SOFRIRITIER PR . ADC BB LR -Z R 8
By, H SR AL 2 08 4 8 1] 38 NaPi-2b 1Y
IEEANNG, JEARFEXLEANM, H AT RE ADC
254y Upifitamab Rilsodotin £ 3 A T AR5
PR A ( zine transporter, ZIP6, M FR SLC39A6

PPS

BCLIV-1) 7ERERRAE . FLAREE . FFE . w08 AR di Fn
B 2000 A5 R A e TP A A ok Rk, DT AR R X
FHUAF ADC 259 IS ZE e R A0 ™ Hr, B
BE . PUOHE IR N 45 22 R 8 w330 TR LIV-1 1Y
ADC 25 %, H ', Ladiratuzumab vedotin &2 4
Je 2 A RS . AR 2 B AR 1 4 (choline
transporter-like protein 4, CTL4 ) 7EZFhE H L,
WHAE Ry ADC W HE RLHEAT 259 i &, o ASG-
SME TESE/L 1 T Wim KIS 5 o T H A IR 9T
P ERA A SR RIS P 7RI SRR BT
W, ik BRI A TI6E,
SO I AN, 38 A H S G A0 B B O b
KR GERA SR IR B A

DR BN 18 28 e Z A vh e 3Rk T e
K RECHIEH . AR, AEBIsE
F RS ok Bz B AL, Hodr, 25 HI BT
TR 2R e 2R 22 2 R4 iz &5 1 2 (alanine-serine-
cysteine transporter 2, ASCT2, tLFK SLC1AS) .
SLCTAS 1 SLC3A2 R4 Y L B S B R 4% i 1
F 1( L-type amino acid transporter 1, LAT1 ) FIft 2 -
B RABRAC s 1245 H ( cystine/glutamate antiporter,
xCT, WAk SLCTAIL) JF% T mAb 5 ADC. %I %t
XSS IR s B PR, AEAE T LA L i
B = NTTTE L b e S P [ N N = @ {20 B 1 K % N1
# ADC ] LLE— L R4 S hiiAs 59 ADCCHEH],
B 1 3 K A M REYE 1Y /N A, DT ST
ez 240 B B A ) A

3E10 J&—~ M MRL/Ipr ZLBEARAS /)N UL 173
Bk AYHT DNA ST, Hu] DITEAIXS TCRERY 25 F T
PEAANEAZ Y, T UHF RN R Fidik. 5
IR IR iz b A E 2 5 A | P A i
M 2 (equilibrative nucleoside transporter 2, ENT2 )
SEAUEAANN P, 0T R e 122 AR i o
PEARR P 3E10 A9 N IRALPLIAR S WL BRI T 3L A
4 1 (retinoic acid-inducible 1, RIG 1) # 37l 1
T EAE A IR h A H Ry i ) B,

Hi A W2 (glucose transporter member,
GLUT) fi 53 A 1A 41 21 40 i i 5 25 B 5t J,
GLUT1, tifk SLC2A1, NS . Ml h s i
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O IV FE SR B0 A IR TT JL 05 5%, Avaxia Biologics
ANFIER TEXT GLUTL W Z sibebii, J+7IH A
SR AT AL E R E AR iR 2, DU S B IR
424, [RA, Immix Biopharma 23 &) Fl| FH GLUT1 7
PO ) S e B b SRk i B R — g, B

GLUTI MFTAR AT 25 W ik . & XX — 5%
B9 57— iz 85 1 GLUT4, & H Integral Molecular
() Tucker %5 "™V R VLP 5 R I EE 1 2k il sk ik

JF 2R e TR A s B i 18 AR A5 1 A R R e PR Y
mAb, TERH] T mADb F5E i iz R T 2 1 ] e

x5 MAEMEEEAMETRELLGY *

Table 5 Selected investigational antibodies targeting transporters

BHYawm i RLE MAEHE £2 A
Upifitamab Rilsodotin oLb %ﬁ;J\ f;i;i;@ﬂﬁﬂﬁﬁﬁ I]]/I]fg ,ﬂ;ﬁ?ﬁi NaPi-2b Adimab, Mersana Therapeutics
Ladiratuzumab vedotin hd T H1 R LIV-1 il &Cco(iiab%;l;?\t/l::r,n ]ég:g el;llealthcare
BRY-812 SEARSE T SR LIV-1 Seagen Inc., BioRay Pharmaceutical
MEDI7247 FAE [ #IkR  ASCT2 AstraZeneca PLC
(@iﬁiﬁf‘j ) e i R NaPi-2b Genentech
anti-NaPi2b ADC JiRd I AR NaPi-2b Genentech
Anti-xCT ADC JeiE Il R A SLC7A11 Agilvax
AXBI12 JEAE I R R SLC3A2 Ossianix
GMAB-7001 SR 7N ENT2  Gennao Bio, MedImmune LLC, AstraZeneca
GMAB-D31N (3E10 D31N) SRR It PR R ENT2 Gennao Bio, Yale University
IMX-120 RAENE 7 I R GLUTI Immix Biopharma
ZW-220 P e It AR NaPi-2b Zymeworks
AGS-5-ME s - 13 CTL4 Agensys, Seattle Genetics
KHK-2898 SEARSE - T #  SLC7AS Kyowa Hakko Kirin
(Iéjﬁgt_u%ﬁi‘iiﬁ) JeiE Hilii- T NaPi-2b Genentech
XMT-1592 JeiE Hh - 11 NaPi-2b  Recepta biopharma, Mersana Therapeutics
211-astatine-MX35 F(ab')2 JeAE 1= -1 NaPi-2b  Memorial Sloan Kettering Cancers Center
AVX-3030 FEIRT . R - R B GLUTIL Avaxia Biologics
HYB-241 I - KB P-gp Hybritech
IGN-523 SR REA AR 1 MR PfE-18  SLCT7AS Igenica
LY-2928057 T MIE -4 FPN1 Eli Lilly and Company
MRK-17 e HE-RIMMB P-gp MEDITE Cancers Diagnostics

NaPi-2b: 2b BUGAKAPEREIR Th LB 1A LIV-1: $E58HEE; ASCT2: ASC RGRAMMRILIZE A 2; SLCTALL: EFEEK TA11;
SLC3A2: ¥ JfiFkfAk 3A2; ENT2: Vi TrHieE A 2; GLUTI: H&FigEA 1; CTL4: LIS EAREE A -4; SLCTAS: IR
#fk 7AS; P-gp: P-BEEE; FPN1: #EEA1
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IXLE)EL, 40, Nb A CDR X4 il ke M1
R R A IR T ATRE. AR EL . 2O
KPR S BAR TR E 42 K MMP, ik MMP £2
SE PRI B T8 R, BB X MMP AT
RBIMERE . RME A TREHUATE A R E, A
U I P B A0 2 T e Bk 2 2 MRS 2 AR A 2 11
FeMIAT M BT AR I8 R GE, BN BE X A
2 RG2S YA D IRBT A AT B S
UTAERK, BERRIAEARDITTRA, FA TR
A SR Y DR BRI T R, X
BHAS MMP BOBTIR BT TR S Rr . £ MMP
U ARy E T DIk e SR D SAINE Y s 4|
G AIREZ MR SCBERME THEMSBFEL, WA
FLAGTAREL R A AR, DUJSSaptisitiese
BETIRAM T H, SEabx MMP A4 s, A
A LA i B HAE e TP AR RIS R . 20 3.
A BRI AR T s S (e 2 A
AR, AN TR RER A EXTT MMP Bkt
BB T E IR B R | PLdRes ]
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