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Research progress on nanobody-drug conjugate
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Abstract: Antibody-drug conjugate (ADC) has become an effective method for treating various diseases,
especially cancer, due to its clear target and good selectivity in clinical practice. However, the monoclonal
antibodies in traditional ADC have poor tissue permeability, high modification costs, pose risks such as
immunogenicity and immunotoxicity. The nanobody (Nb) which is extracted from the blood of camel animals, is
the smallest antibody fragment known to have complete antigen binding ability. It has advantages such as strong
tissue permeability, strong specificity, low immunogenicity, and high stability, and can replace traditional
monoclonal antibodies to participate in the construction of nanobody-drug conjugate (NDC). This article reviews
and discusses the advantages of Nb structure, the construction and application of NDC in the hope of providing
ideas for the research and development of NDC.
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R BN K PLAREY, H& —Fh oy 7 B AT 15 KDa,
TE 256 40 J& I P A7 78 10 R R i 2R 0 B 1 AR, 1% T
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(EBRE A BN S R BTR 259) . FIH 9K Bk
WAL R YU, B GUK TR -2 AR B A 2 0t i 44
KBTS Z %) (nanobody-drug conjugate, NDC) fi{i N
WA # . 5 ADC AL, NDC H A S R 55 41
i e J1nE RE S E P AR E R . R 1XT
T ADC 5 NDC If4F £

Table 1  Comparison of ADC and NDC. ADC: Antibody-drug
conjugate; NDC: Nanobody-drug conjugate; Nb: Nanobody; +:

Weak; ++: Medium; +++: Second strong; ++++: Strong

Characteristic ADC NDC
Feature Monoclonal antibody Nb
Specificity +++ Ao
Immunogenicity ++++ +
Solubility ++ -
Tissue penetration + ++++
Drug delivery + ++++
Stability + 4+
Production costs High Low

Limited
Multiple listed products None listed product

Technology roadmap Mature
Listed products
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& X3k VH 5 VL 1) 6 4~ CDR [X 4 4 1fij 5™, 1144
Ky ik VL, B R 45 & XA 34> CDR X 41K,
A BT 2R FIREE AN W 1B FoR, 49K
UK AT LUOR I FR AR G548, R0 — S AP o vk R
TR A, AT 5028 FLE 1. IX AN AU NDC L
ADC H A SR Rs R

A

-~
~~a
-

Figure 1  Structural characteristics of Nb (Green: FR area; Red:
CDRI; Yellow: CDR2; Blue: CDR3). A: Nb f-sandwich structure;
B: The CDR3 of the nanoantibody exhibits a finger-shaped
structure that penetrates deeply f2 adrenergic receptor active
pockets and stabilize their active conformation (PDB ID: 3P0G).
Nb: Nanobody
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Figure 2 Schematic diagram of M 13 phage structure
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Z P SRAT m R A T AR BT B BT $2, Be Ak, B bt i
WAL R mRNA J2 cDNA il 25 1) 57 8 2 1 2 v o
S ) SRR
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HE SR 52 M b, R 3 T IR T H AR
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P i RE . 2021 4, Fan 25991 Kk 7 — R Y 4 3L
H M ) 3R Bz 4 K T F 2 4K (epidermal growth factor
receptor, EGFR) 4 5 NDC, i% NDC RE % & 56 ik 44
K Ptk 7D12 A1 9GS, 4 il FF 1 25 %) monomethyl
auristatin E (MMAE) 5 7D12 I f2f b &R (R 1%, itk
I FINDC B T34 2 456 50, 77 R il
LI EGFR I 251 . 2022 4, Bao ZP9FIH — A4 V&
FEMR IR HE GGG-VC-PAB AR NIESL T, VISR B k4
il 5 T 25 ¥ MMAE () NDC: JVZ-0072-VC-PAB-
MMAE, %5 5% B, % NDC £ & 5 73 P 545 70 51 iR 5F
5 M R $t I (prostate-specific membrane antigen,
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il &, 7T E B A EC AR, PRI B R A

PR GUAR] LUE N EE B 259, LA Ablynx 23 ]
1~ ZE 2R BT (caplacizumab ) J& 2K — A AT HY
PR PR 2, O 36 & 2 0 I EBHE B R (FDA)
FINFRAEIR ST 7 T, o ] = A3 A 7 T R I
FE ¢ I 41 B %8 T i K -1 (programmed cell death 1
ligand, PD-L1) 44K P& KNO35 1] H T4 77 fHiE, &
SR I A PR, JFF 2020 4 1 A 4 FDA #2 F90L 2
5 g L6667
3.2 PRIIMBEL IR S B

TERMR YA 7 7 T, BT ADC R DL S 4 i 17 g
AL i 1 5 S AL TT 25 R Y, 2 2D 9 Fl
ADC At #E Tt va 7, g 100 ff ADC IELE
AT IR RS, 6 2 1 ADC 1 1E &b Iifs FR 8 0 & B
B, AT ADC H g BEHUAA o 1 R ROR, HEBAA
L8 BE VS ORI ik N SR MR8 1R RE R, BAGOK H AR A
FE U, 4 NDC 254, R A SE IR T T 2454
RIBCARAL 1B MR DL TT &, N3 2 1 25 1) — L5 NDC #iff
Fi itk i S .

2016 4, Fang 25U i 41 i 75 P 249 DM 1)
BER) S0 ) /N BRI 2R = A LM AR SR PUR (the
mouse major histocompatibility complex class 111, MHC-III)
gk gk (VHHY) b, 1 8 NDC & . i i
sortase i f# 16 K H 2 B2 12 1 1) 35 & & (mertansine,
DM1) 5 C i % 4 LPETGG-His, bx %5 () VHH7 i $,
DA o e M A BB B0 77 2045 21 1 51564 VHH7-DM,
W58 &K I VHH7-DM1 1E 8 ¥ 7K~ B A7 R i) 1 i
R AR, HA S48 # . Stenton

Table 2 Examples of research progress on NDC. PDT: Photodynamic therapy; HER2: Human epidermal growth factor receptor 2; TIME:

Tumor immune microenvironment; RII: Radioimmunoimaging; IL: Interleukin; IFN: Interferon

Name Application area Study phase Targeted receptor
Nb-PS conjugates PDT Preclinical Tumor cell
f[*'1]SGMIB-2Rs15d Cancer treatment Preclinical HER2
Pt-NGC, Pt-NGCA Cancer treatment Preclinical HER2
ENb-TRAIL Reshaping TIME Preclinical Tumor cell
IL 2-anti-PD-L1 VHH Reshaping TIME Preclinical PD-L1
[FNy-anti-PD-L1 VHH Cancer treatment Preclinical PD-L1
VGRNb-PE Cancer treatment, reshaping TIME Preclinical Tumor vasculature
[®*Ga]Ga-THP-APN 09 RII Recruitment Solid tumor
PD-L2-Nb probe RII Recruitment Solid tumor
CLDNI18.2-Nb probe RII Recruitment Solid tumor
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SEUVIE L AT BT U] (1 X0 T BE T B I ST HER2 44 K 144k
(2Rb17¢c) 5 R B Z R R AT 25456, i [
—/NNDC K F o 1A% R 1% £ 14 6 HER2 BH % 1 i
JE A M B A R B B, PR AR TR IR T RCR . Al
Ry 25 b T A AR SR AR, R4 2
Bf 2> 77 A 7 B R RSN . Huang 25020t 7 — fih 3
TAA RSB [FIE T B NDC. F) 40K A 5948 A,
SEL T B AR DR E A R R R . XU
BT EGFR 44k i 7k 7D12-9G8 #] DL 4 7 P 45 & EGFR
AR, FEAERLG B A C i 5] A C3-tag (Cys-Cys-Cys) it
AT RURE S 1 R A 2 AR B, 4 0 2R 2 W e A% 02
F EGFR PH 4 7 i 68 40 B vp, e PR 15 S 40 B 125 4L
44 B H ProCA32 SE M8 MRI A& Thfig; Ptifilisg B
H YR Albl F 2R ZE K NDC 75 7k Py 1 £/ B4 B 1],
HE— DB BR T 2550, 1% NDC S FH 24 578 240 i A0 56
PR A F RIS E) T IR . X2k T2 RENDC 11
UARIE, ANFTHREMI L& R DL T 9K Uik fESE 7 5 24
L AL, SRR T A% 48 ADC A 2, HJE 82 NDC
(I 7 7 AL 1R R AT R .

B T B 1) B 6 AT 234, AR PR IR AT 5 ok R
7] (photosensitizer, PS) 3% 4% LA 3 58 PDT X i 88 45 5=
T . Heukers ZF7°VK ¢ #( 57 IRDye700DX 5 X $t
EGFR 44K ik (7D12-9G8) M EL . & T 41 i /K 7
far Il 25 2R B, 1% NDC A 4 7 V£ 15 5 EGFR FH £ 48 g
eV, FETE 25K 22 90 BE IR B (1) 4% 1 OB R
SR A M . A4 PN SR 58 AR B, 1% NDC Al ik B 1% 15 5
/N BRI SR AR TR I A R 4T AE TS . Beltrdn Hernandez
VR 5 b R B, 1T 7D12-PS (¥ PDT 1E FH 5 5
I3 2 SR BE., T AE T A0 B PR 453405 A 0% T AT B 8
PUMIR G o TD12-PS 2> 5] i EGFR FH 4 41 g i 58
IR 41 PR B % 2R CD4” T 40 i 35 AL, 38 B 9 K i ik -
TG A NDC A AT UG 5 & i 8 it i 1, 3t
AT T B G 5 S SR 6 B R i 72 R0 Bk ik R
"R

B _EIR PR NDC, 48K HuiRid ol 58U % 2= 45
1C F DLBE ) T80T 1% #% R IR 9T (targeted radionuclide
therapy, TRNT), & 45 41 A 2 14 JBOH 14 4% 3= ik 219
G, [R] B A g 5 2H 2R R R R A KRR B 2017 4,
D'Huyvetter 2573 i 7 — Ff ' b5 ic () $T HER2 942K
PUARAE N HER2 b Rk hE VR T IR 9T T . /N EUBE
R e AR W) o0 A5 I E 26 B, PT-ND 7E R A 2L A R R
00 SR LA (Y ¥ B RO, 8 IR S K /N BRI AR A7,
i H.# &l ) BB . Pruszynski 557V i p-SCN-Bn-
DOTA #% 4% ** Ac 1 2Rs15d #4 & T HER2 # [7] fY) TRNT,
Al 5E A7 T HER2 i 634 1) SKOV-3 fivsd 41 ify, I 78 ik

Ji ] fi R £ 23 e TR I VO T A1 A e ) 4 T BB e
J1o BRULZ AL, KBRS U VA% 2= AR BT T 5
A4 i 83 ) RIL, 3 %0 F T G & 1 NDC 259 L E A
I PR B B, B AT B0 A8 Bk 1 38 R 5 U M A R
85 417 259 3 ) R AR B 4 &) B (fludeoxyglucose,
18F-FDG). % % ®Ga+ 18F-FDG (¥ 3).

Table 3 Clinical typical examples of NDC

ClinicalTrials.gov ID  Application area Linker Drug
NCT05436093 RII Radiolabel 18F-FDG
NCT05156515 RII Radiolabel  Nuclide *Ga
NCT05803746 RII Radiolabel 18F-FDG

X e g JLR B, KPR S U % R
NDC FE 7] LAF7 % FH T $E 15 TRNT, 7] DL BT, A
TR 9% AR, N NDC 1R SR 5 2 ) e .

b 1 LE MR YR TT 5 B T T R R, A A R
1697 b, NDC FIAE A . Zhao 1T T
R T — R TRV SLYE R & 2 4 NDC, H BAXT R
IR IR i BRE w1 24 22 B0 s IR 9T AT 10, #1581 NDC 1
N A3, R LAt B 0 YR 9T R 25 W LR AL BE £ mT
REPE
4 REESERE

NDC 3t B ADC 259 1) e 5 53 P A s 2 F, X
H A& GKPUE B G /N T 5 TAB G IR /N4
P, AR B E DI

NDC 7E¥F £ J7 115 AN - -5 40 i 755 1 25 90 1%
BCIB T e hE ; @5 U /N oy FAR B T % @&
I8 IR G2 A B DRE /NG T 2 I A

BT UK BT I 4589 1 55, NDC 8% e fi i 5 ik
W) LA R /N 1) 7 () 5 A B S D S 40 o e e R L 4
MuiBiE e 1, o i 25 A B B 1Y) 8 0 W 2 3 n, e
% B U bk B 45 259697 B9 H B IS R R B . NDC
& B S BRI 52 FE, o Rk AF s s ok A 2
WA ARG E 2P, XL TS S gkt
PG 1 H AR (U T A JE 7R R, i R R IA HOR (i
JRRIEHAR), IEEAE N EET, KRB NDC Bf
) — DA B LG L B G R AR N 2 3 2R PR T ORI R
m A DU KSR

{ENDC 7E B 245 77 TR SR AELE A 55, K P32
WU, LRI N B A 1 NDC BLAR B 441 % &
PEEFROL S, BN HE R HITCH
g H DUE K NDC 23 3, W 2 /g 2 9K bt
R RS A E A MRS Fe g5 . FRithz
Ab, T NDCfE v 5B A L B A 2 Fhik %,
DAL b 75 B AT K B TS 56, 8 NDC 1)) 2 58 i S 5
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2. (HFEFE B TEE T2 MG, ENDCRAES
A RETE

JEEGURPURAEIN 16T 7 T DG LRk
R, EEAE AL T th DB D BN 2
R, 1 ADC 23 RAT e itk it &, 70 7 it &
BOR, RN AR I8 BB R A AN R N A SR L, AR BL
AN BTARUHT M HE 51 N B AL B NDC s B BR Y
KT

YE& SUK: 5K T 05 5T BORMICSR SRR B RS R B
JERARA S SRR o Bl XU AR S5 T R e
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