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Preparation and preliminary evaluation of antibody-

drug conjugates targeting canine PD-L1 using high/
low affinity anti-PD-L1 antibodies and tumor

microenvironment-responsive linkers

PAN Zhiyuan'?, REN Yule'"*, XU Jin""**, ZHU Weifan'*,
ZHUANG Huangzhen'”, GAO Tianyu'*, CHEN Yi'*, GUO Menghui'*?,
LIU Tao"***, WANG Chenguang"**°, QIAN Weizhu'**, HOU Sheng'***,
JI Lusha''*?, LI Jun"*?*, SUN Zigiao"**, WANG Xuekun'**°, XIE Lei""*?,
ZHANG Dapeng'*?, GUO Huaizu'**°, GUO Qingcheng'***

(1. State Key Laboratory of Macromolecular Drugs and Large-scale Preparation, School of Pharmaceutical Sciences and
Food Engineering. Liaocheng University. Liaocheng 252059, China; 2. NMPA Key Laboratory for Quality Control of
Therapeutic Monoclonal Antibodies, Shanghai 201203, China; 3. State Key Laboratory of Macromolecular Drugs and
Large-scale Preparation, School of Pharmaceutical Sciences, Wenzhou Medical University, Wenzhou 325035, China;
4. Department of Oncology, Huashan Hospital, Fudan University, Shanghai 200040, China; 5. Taizhou Mabtech
Pharmaceuticals Co. » Ltd. , Taizhou 225316, China; 6. State Key Laboratory of Macromolecular Drugs and
Large-scale Preparation, Shanghai Zhangjiang Biotechnology Co. , Ltd. , Shanghai 201203, China)

Abstract Immune checkpoint blockade therapies have made groundbreaking progress in human cancer
treatment, but the development of immunotherapeutic drugs for canine tumors remains a significant chal-
lenge. With the rise of the pet market and advancements in veterinary medical technology, the demand for
antibody-drug conjugates (ADCs) targeting canine tumors is growing. However, research on ADCs targe-
ting canine Programmed Death-Ligand 1 (PD-L1)is still in its infancy, with issues such as drug resistance
and insufficient therapeutic efficacy requiring further exploration, particularly the impact of different anti-
body types and drug-to-antibody ratio (DAR) on novel ADC performance. This study pioneers the prepa-
ration of two novel canine PD-L1-targeting ADCs by integrating high/low-affinity anti-canine PD-L.1 mon-
oclonal antibodies (A-mAb and T-mAb), tumor microenvironment-responsive linkers, and the next-gen-
eration topoisomerase 1 inhibitor Dxd. Through controlled conjugation parameters, ADCs with distinct
DAR values were successfully prepared. Subsequent characterization, stability analysis, binding activity,
and cytotoxicity evaluation revealed that both ADCs exhibited well-controlled DAR values and favorable
developability. DAR values and antibody types influenced ADC stability and activity, while both high- and
low-affinity antibodies demonstrated dose-dependent cytotoxicity that intensified with increasing DAR val-
ues. This study lays the foundation for developing PD-L.1-targeting ADCs for canine tumors and provides
candidate drugs for future caninized ADC development.

Keywords antibody-drug conjugates (ADCs); canine tumors; immunotherapy; programmed death-ligand
1 (PD-L1); drug-to-antibody ratio (DAR)
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B0 37 10 G e A A A A0 B A Y P S AR T & BRI T SR TR A s

MRSy R C U NEATT Bk K, BAE ARG thin s 2 6, BERY R A 11
I ST bR K R A9 35 T KT I R R IS BT BRI 523 K 2R ISBR RT3 T A R0A
IT o SR, RIEMIRMIRIE— A TR A MR PRS0 IR B N R IFET B o B RN, H R R 54
TR T A (S DL ERIEMIREIERE L 30207 B EIT FBLANFR ALy % b ™ @I
HAMERMRIAE . B, FF & sk R A R S g 40 ) 25 e 7e JE . A, T 7 T 1 R K (T
2034 AET IR 11, 8 423650 MHR G BEIRY TR FAISRI G L MR R8T 367 SR R [5) 25 A 137

P B 254 ( Antibody-Drug Conjugate, ADC) 1 i 5 1 i3 126 41 i 55 K 2 MR A B2 . 78 A\ 29898 TR
S S AR S L L PD-L1 R ) ADC SRS ) 805 5 S S R U R L R R
SRR AT o B — AR N SR AT T BN Dxd PR R T R R T R 5 O R A 7
FENE) H SR K T AT ST 25 BT A X L (Drug-to-Antibody Ratio, DAR) . if gl i /K i J5 AR5
HLZE R 2 A0 (I R R A, 35 KR Ve 0. SR AT @Rk ds B 3R 17 Fh ADC 24T
X NZETE BEAE s R FHT—1% PD-L1 ADC i#F 584 @ 25 1.

R PD-L1 5 A PD-L1 A [R5 A RS [ oA 14 58 SR Ay 85 o o JF B A8 TV e i A
T 5T 2T, BT 5 AR Bk 09T (Atezolizumab) ™ W] A5 % BHLIBT R &0 & 1t 284~ 4% 40 il (PMBO) ) PD-L1 {553
L BRI A HT A HEATHE ) R PD-L1 ADC il B nl A1k, SR, K2 ADC FF A7) 1 i P A% 0
ik H— USRI 5 DAR (X 24508008 M ST 8805 v AR I 5 = AR S i 4 1 2 A as e R 28
TR WO I R S T A BRI A T 5T

FET L AR AN E A T PD-L1 ftikrh ik th #2510 5 R PD-L1 BA SR PTiA, IF i
PRk R EGE A BT T R EMIE PD-L1 HUIRMRILTIT & . % &3] DAR (EF1%E 41 7] REXT 25 WAL RE Y 52
M) o [ BAR 17 38— 4G Ffr i fRc R 5 i 7 50 3 % F B Dxd 22 Il i AR B T2 52 B T DAR {5 A9 kG
WEPE . B0l TWISECE M IR ZE PD-L1 ADC, I &Rt 4 TR IR DAR ERFEES, . i@t
RG] DAR B ADCs (YBRAGIE T 455 16 Pk S AR KA RLRE AT 9E B Efa m PR AL S DAR fH
Xt R2E ADC TIHERYREIR . IF MG 2 R4 ADC B9 R 5% Ak B 1L BRIS AR 4 AV 7R A5 156 43 F

L SRR s ik

L1 B

ASHEFE I AL AL : AKTA avant 25 JZHT & 48 (Cytiva, £ [E) ,ACQUTY BioAccord LC-MS jfi
1 SRR R B R A (Waters . £ [E)D \FACS Canto 11 AL (BD, ZEE) \Powerpac HLIK{L S Gel Doc™
EZ Imager &¢I R R 58 (Bio-Rad, 32 [E) 8 & 80 A G 248 UPLC(Waters, £ [E) | Evolution 300 484}
436 (ThermoFisher Scientific, 38 ) | SpetcraMax M5 i #R{Y (Molecular Devices, 3€ ) | Biacore T200
R B F AR (GE Healthcare, E[E) \MICROCAL VP-CAPILLARY DSC {X#% (Malvern, &),
1.2 5ke

C4 A SR (Waters, ACQUITY UPLC Protein BEH C4 (1.7 pm, 2. 1X50 mm, 3 [E) ; 5> FHEBH (4,
& (Waters, ACQUITY UPLC © Protein BEH SEC Colimn,200 nm,1. 7 pm.4. 6 mm x150 mm, &),
HAR LA  PURZE PD-L1 SR A A Bbt BRI ) T B R SR I AE I EOR A BR A 7))  Deruxte-
can, Dxd-Linker &% (MCE, £ E) HAE AR BIMCE, £ E) . = (2-88 £ 35) B Eh g £ (Tris(2-carboxy-
ethyD) phosphine, TCEP, 73 #fr 4l (L IgBTHL T A AL B B4y 4 FRZS F]D . Mabcapture-R AT A 1 A JZ
PR (R B AYEARARR ] | Series S Sensor Chip CM5 (Cytiva) . Cell Counting Kit-8 (CCK-
8)17 & (GLPBIO) \RPMI1640/DMEM 1 37 3 (g s I AE MR AT IR A "D A . Zenh iR 2% pH 6. 0
W R 2% wP (PB) B HEPES % (Sigma, 44l .
L3 4IEA

R 20 M R (PETCC2478) Fl R Sk 78 Bt 58 1 B Jik 2T 448 90 20 g 52 (PETCC2477) £ 1 24 45 21 41
PETCC(AEREY R 3= W AR bt S48 . A549 S A PD-L1 BEE s 4 At 22 1 MC38 CRRIEAS i 4 il 20
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1.4 Jjik

1.4.1 ADC 4 & FAERARZ Mo, (1) HURE R S5 BRI 1 mg A BT T BRA0, FehiiR
TCEP 1 : 20 BYEE/R LRI 14 ul A 10 mM TCEP.#8)5 F 50 mM PB 38 JF 4K Z2 482 500 pl. 37 °C 300
rpm PR3% 1.5 h, B 7. 2 pul. Deruxtecan (FUARZGHIEE /R 1+ 20) AR NAR R LIRE )G 37 °C 300 rpm $&
¥ 6 h B3 ADC(EEHILIE 1. R G25 Bidh ik % pH 6. 0 (% PB 28 il FH T Ie 2255580 . i ad I35 18
SR AW /B EE JR [ RS TE]D 3875 DAR {0 2.4.6.8 19 ADC k&5 PEAN S LR 1,

1 #iPD-L1 ADC &#RER
Fig. 1 Structural diagrams of two different anti-PD-L.1 ADC

§ YL S 4 ~[E] DA N Al x TZ S8k
(2) DAR (W (1SS T fll OT F o ‘E?" oL DC‘E’EfIf if"“",
il PN ﬁ \ ; ?:/ i [[lk ap, ptimization oI conjugation parameters Ior anti-canine
PAR {EU‘JXE/: iﬂ:*jbﬁgﬁ 280 nm E{j{ﬁ ﬁq&/ A PD-L1 ADCs with varied DAR values
Ve T2 AT IE 370 nm ANOHR T E I

FEWI ADC B PB 2R BESE 0, 51,0 mg/ Do/ A8 (ol mol ) AR DAR
mLL W T Bl 43132 5 280 nm (A280) F1 370 nm 12 i i
(A37TO AL SE(E . 45 Beer-Lambert a2 At 37 1:10 5 6
(L K AR L i 7 (1D 358 DAR {1 1115 6 8

[A280 — ADCeAb — 370 — A370 — ADCeAb — 280/(eD — 280eAb — 370 —eD — 370eAb — 280) ]
[A280 — ADCeD — 370 — A370 — ADCeD — 280/ (eAb — 280eD — 370 —eAb — 370eD — 370) ] °

/E\:':F‘ EAb370= 2042 ;J:Eﬁ:# 370nm ﬁﬂ"]@i;ﬁ/é ﬁ%%%[ 3 EAB280=234900 *Eﬁiﬁ 280nm ALI‘ E"J@fﬁ/lﬁ%%ﬁ $ €D280=6650 *
252 G WIAE 280 nm A BYEEJRTH G B K5 ennro—10000 : AW R G YITE 370 nm AR EEJRTH DG A EK

(3) B4 HT (LC-MS) : % Fl ACQUITY UPLC Protein BEH C4 41545, 80 “C AR T #4745 B e
0. 1% WK IEW /0. 1% BRI B A 10%~95%,12 min) . 1IE B T2 A X (m/z 400~7000) ,
i UNIFT 34T 28 B (O3 F i 12 22 £50ppm) .

(4) SDS 2 PN W Bk Mg 26 Jis FL Pk (SDS-PAGE) 3 AT - B8 JFL L UKCR F 10 904 B 1, i SR L TR 12 %047
B, FERRBER 1 pg /mL, AL EAE 2 pg, FIKSMFH 100 V.20 min J5 200 V,45 min, % 55 i gL
5 dFH Tmage Lab 30204 567

(5) RSFHEBH 5350 — B4 (SEC) : 4,154 i ACQUITY UPLC © Protein BEH SEC Colimn, 200 nm,
1. 7 um,4. 6 mm x150 mm, FaIAH A & 15 % BN 200 mmol/ L BEEREE 22 i, i - 0. 2 mL/min; A
FK 280 nm., i Epower3 #K /AL BT .

(6) ZE/REFEIIE(DSO) 2K DAREHHR 0.2.4.6.8 [l ADC FBE % 0. 8 mg/mL MM, LA PBS fEH
25 X IR, A TEE 10~100 °C (FHELGE R 80 ‘C/h) . FHE4 MicroCal Analysis Launcher 34047,
1.4.2 PP aaRsEee bk i 4 T B 547, BUDAR {H-8 8 (19 ADC, 730 % B #: %] 50 mmol/L BB Eh

DAR =

D
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SEwPRORT pH A 7. 35 A PBS A, H A i B AR 0L 55 R M R 8 L PBS AR H HLIML R R . SR R 2% s i A
5 pg/mL B LE HF B, PBS AR A G [FEALBE, 37 “CAKIAEEYT 4 h, /KIAoE s OB P17 B I B
I 4G 2 0R) I

L.4.3 F4AKXKEPDLl &a# &, 5T NCBLEFEER PD-L1 J¥5 it % FOL et g pL101 Fik#k
{4, HindI11/Nhel BUEGYIN S E A, 5/NR Fe BBt #35 . R A ExpiCHO-Sh BERT 235 Rgu L 4 14
KI5 % Mabcapture-R 25 A SEMZHT44L , 2GRS AT AR PD-L1-Fe & EH.

L4 4 AR ADC ZhaeiftE, (1) 4566000 K PD-L1 &1 (10 png/ml, 1. 4. 2 2L ER§ & 9k T
fithrAR (pH 9. 6 BRFRERZE M - 37 “C 1. 5 h) , B HE KU ABE BEFG BEHUIAR (WU MR 50 pg/mL, 2 £% LL#i
BEL 10 DMFRREED JHRP bric it M b (U0 B R G %€ 450/630 nm M. %l i SoftMax Pro 6. 3 R
£, GraphPad Prism 437, (2) B TIHR (SPR) 3£ F1 /0 : 78 CM5 f£ 868 Fr [# %€ 500 RU K PD-
L1 &, Ul HBS-EP NZ& Mk, ARIEEF I, SR FH Z 083 (A BhD) FLEAIEIA (T S Bk 13 122 0
B BUHE &4 Biacore T200 Evaluation Software & 38158 KD {H. (3) =4, ¥ PETCC2478 #1
PETCC2477 4lijfd (1. 5X10° /mL) , S5H0 B Mk BEPUAARILIEF (45 min, #I6) . YEESF A FITC fric i (45
min, VKIE) » TSI AR AR , FACSDiva Software 3044081, (4) 40 M FE M SZ56 8% bJss 40 it (5 < 10° /4L
SkpREEHE ADC 225538 72 h, CCK-8 &l 5%E 450 nm WOGAE i i GraphPad Prism i3 1C,, {8,

2 ZR Y5t

2.1 ADC il & . 920 R AE B R s P 53 B

ASBIFSE R BT — AR T BRI i LM 285 7 5 B3 D S Al Il TR Dxd S50k PD-L1 BHTiEAT
HIK, L4 T DAR fH 0~8 I RFIHIR PD-L1 ADC(A #iffi ADC 4 5ldn 4 A, A-2, A4, A6, A-8; T
gt ADC 235l 4408 T T-2, T4, T-6, T-8) , JifJ fol B 55 Wi 107 5 7 4 1 FA) AR S P 28 A A0S0 T S M 2 1
Wi, M TSR ADC (2 BRI AR5 T2 MRS B DAR {6 ADC, 25 45 8 i R 58 i 1
PR AT RE T3 T3 IR RORSE I IR B A RE 1 L L T 3R 4 25 WL AL

% 2 ADC DAR {E#fIA
Tab. 2 ADC determination of DAR values for anti-canine PD-LL1 ADCs

UV & (ROGED
EY DAR Tk AR 0) DAR
280 nm 370 nm
A2 0.47 0.15 4.70 452. 80 4.50
A-4 0. 69 0.31 6. 60 651. 40 6. 50
A-6 0. 50 0.23 6. 80 720. 20 7.20
A-8 0. 40 0.23 8.50 787. 80 7.90
T-2 0.51 0.12 3.40 240. 20 2. 40
T-4 0. 50 0.17 5.00 560. 40 5. 60
T-6 0. 32 0.15 6.90 666. 20 6. 70
T-8 0. 43 0.23 7.80 750. 30 7.50

FH R DAR {EAY ADC HA Rl Hotk A BAFE T 2450 P, 500030 J5 T B i) Aok o ff £
A B A —E BRI DT HERS: T (07 A 2 X I S DD RE FE AR (0 T4 . 3 5 2R i 32 AR 1% o A
(3 2,8 2)%F DAR {EBEAT T I, 45 R FE W4 ADC B2 25 825 S 3w, (B IS 02, ik R
7R AR DAR ) {EFE A 52 B0 8 A 42 EE B S B L B DAR (B 0 Ui 125 1100 B [1) 370 3568 ¥ ol A B0 i S 3
e A 48—, RN A BRI T T 2 BUWAHAT MR DAR (B2 8] 59 AT He PR T R

i DAR {H/ ADC A % T 47 By 4 —4e it DL AT BAE ] DAR {64 8 19 ADC #E4T I A 52 14 45 145 5
PEDIEI S8 , S 2, S (& 3) {7 B S A58 3 42 e UL BRI 4 -1 i 7 PBS 25 3230 B34 BE
RSB , R AT DLERS Iy P20 i Al 1 080 T ADC B SRR PE KO HLIA i B T . OB e AL
Tl A7 TR TS A i 7 TR 2 -0 o R S P R A ST NS M 245 0 R TS, 9/ =1 8 ) P B O A i 245 XU 5 5 5%
35800 T A A A A7 S8 T AP e i i 2451 9 200 6 2 A e S e IR o [ e i 35 8 B B 5% b R 80



B AR S TR AR PD-LL GRS R AR B T BT 25 il 5 MW EREEAG 99

apg ol

Rt IR T 200 T SEE bt S (A R LR A 405, T BAiE— 23847 T SEC 5 SDS-PAGE 41
BT 25 R (B 4, AT DAR {H ADC FE & R & S 38T 300, ik BRI P R b S5 B IR oA 454 58
HNE AR DAR {EAE 5 MBS BPE IR A 4l B = A 5 . I8 R Yk B /R 4 F Bl DAR (B3, —
TR P, TR T —. IR RIS RN B OR , BiE DAR {E8 0, AN PLIAR 4 S5 A —
SER TR AT . A DAR M ADC Y2 B /N — B B R PSS, 130 01 96 5 e
At I RAIR A A AL . W12 R AE L5 R R 4 DAR M ADC 574 Wl . ¥ HA i i 4l

H T EUEE DAR fH ADC i#f—0 2tk DL AR FIHTAR R R X ADC (G e PERZ A . AT IEAT T
DSC 4387 (8 5,3 3) 43 Fras Bddn T HiERE A 5 DAR (EXF ADC #9454 E Ha W I, AN 8 5 mM
T A BUARSZAEM I T Hik A DAR (EFHE T2 Tm Al Tm Onset M ARBBKGTAEA T T
R, T EBEE DAR 345 MBI —ME 9 $2 T FRE7E DAR 8 B, X FK DAR {H . PiPTIA R Tm
Onset & FH#ETF, MHAE T Hiik I, T-8, DAR {Eh 8 F 274 . U6 BB B34 45 1 IR BX , 5 DAR {H A& i Al
ADC MR E R . ASFEPLAXT Tt e i md A F . A PR B T PR RBPRE T, &
AHE SR Tm LI Tm Onset, HREH B DAR E$EF. A-8 F1 T-8 HAZERIAY Tm Al Tm Onset,
T PUiRAE R DAR BRI 30 5 R P 3.
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B2 ETFTRiEH ADCHMBERERIES (L) /K (T)FEMARK PD-L1 HiAFEEK Dxd FEERRIEE
Fig. 2 Mass spectrometry validation of drug conjugation efficiency deconvoluted mass spectra of high (up)/low-affinity (low)
anti-canine PD-L1 antibodies conjugated with Dxd

T A D9 DAR {2 8 19 A Sgi ADC, _E o B BEUI Bk 141, T S A il o i 1]
3 ETRIEN ADC EZETERBMIE A B EERREE
Fig. 3 Mass spectrometry-based analysis of ADC linker toxin release mechanism:

deconvoluted mass spectrogram of monoclonal antibody A
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1 (2) AERJE /R 5 SDS-PAGE 4345 (b) SEC-HPLC #: i 7Rs Jirl ADC SR E5#<3% .,
4 ADC ¥ RIE

Fig. 4 Preliminary characterization of ADCs

#: ADC 0. 8 mg/mlL,10~100 °C,80 °C/h,
B 5 DSCIEE M
Fig. 5 DSC analysis

2.2 ditth S ADC REFIES HEPE S BT #£3 EHT DSCHIFR PD-L1 ADC S ZIEEEN
R TIPS F RIS PD-L1 BYHE ) 25 & Rk Tab.3 Thermodynamic stability analysis of anti-canine

P BAGE o FAZ R IR % T R 26 PD-L1 EEH L IZ R SiRE PD-L1 ADCs via DSC

PR EA T PD-L1 A 1AM SR Ak B0 1R J5 81 , 3 X Ty Bilk Tm 1/°C Tm Oneset/'C

Az SLH I S THEIA ADC 5 R M PD-L1 A 84. 45 76. 85

F4E B SE 0 AT BAGE i ELISA K SPR #6:3, A 81.80 5. 92

P 6Ca~d) . BIA T B R A A HLAR AR PD-L1 22 z; Zj z ;Z

AT ATK 0. 3 nmol /L 81, T T Hio bl 15 K % e 0 s

PD-L1 W3R 1 29 uM 03], (B 1 5 12, % T T 79. 02 67.18

RAYNMIRE L) PD-L1, SACE R A $iikid 2 T T-2 64. 98 55. 59

PR E—EWRE T RSB 6(e), XA ™ 65. 65 55. 14

THT 25 45 R 7 5 A TR R I 225 10 25 5 T RE VR T2 (D) i: :7 Z; i ;i

YRR T PD-L1 MR 4 S5 ok s (2) T By X b2
AAB M F 07 RT3 (3) el IR s i B 2 1 X e R R PRI/ I . XL 3R 1E ADC ZIREITMN
e SR B Y B S AT R

ARG SHT T AR DAR (H I BEEXTHA R PD-L1 454 MEHersem ., 45 B iR (38 O 5T T PD-
L1 P25 A TR R B R . Zead W25 R AE SRR ()RR A3 HT , R J5 S I TG PR TS $ 8L T 3L A
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2.3 PRAMHUMR TS PR E A

CCK-8 SR, WKl 7(a.b) s ADC 1Y 4 H A% 47 2% fE 2 B i 19 DAR {EARK i : DAR 6-8 ADC Xf
PETCC2478 4 i AR DAR2-4 W B 42T, AR 4s R wos , Horp R 0576 M bl DAR B 942 7+
Hahn, EAZHUARZERSFNE A7 52 00 P PR B A AL DAR (EHROBPMER L., % B 5] A JUiR A T ik
BRI PD-L1 BA @A) ARBE G — 25 78 AN 2 R SR A0 A 2 b A T 04 25 SR ELA 2R ek, il 7
(o), EHAFEEMZ,IE T BHAR PD-L1 SWAHFE M 5L, 3 DAR 2 8 ADC {5JRELH 5 A Hifk
ADC AH 5 W ZR8CR X AT REVA R T+ (D B R ACHRASN 5 (2) 3% 2 1 24 B 1 U7 25 Dxd 38 32 55 W35 2007
AAIT RPN ; (3) PEZR T 20 25 A4 T B — 7 3SR A AR 5 () AR PO B R AT REAME S5 A0 1)
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ETIREN SRS/ (mol « L)
A 2. 79E-10
A-2 3. 214E-10
A-4 2. 860E-10
A-6 3. 033E-10
A-8 3. 150E-10
T 5. 068E-5
T-2 1. 813E-7
T-4 3. 864E-7
T-6 2. 138E-7
T-8 2. 087E-7




104 SRR 272741 CHARBL 7 RO

(1]

(2]

(3]

[4]

[5]

L6]

L7]

(8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]
[24]

% % X W

ZHUZ Y, JINY G, ZHOU ], et al. PD1/PD-L1 blockade in clear cell renal cell carcinoma: mechanistic insights, clinical efficacy, and
future perspectives[ J]. Molecular Cancer, 2024, 23(1): 146.

LIN X, KANG K, CHEN P, et al. Regulatory mechanisms of PD-1/PD-L1 in cancers[J]. Molecular Cancer, 2024, 23(1): 108.
KIEM D, OCKER M, GREIL R, et al. Enhancing anti-CD274 (PD-L.1) targeting through combinatorial immunotherapy with bispecific
antibodies and fusion proteins; from preclinical to phase II clinical trials[]J]. Expert Opinion on Investigational Drugs, 2024, 33(3); 229-
042.

GOU Q, DONG C, XU H, et al. PD-L1 degradation pathway and immunotherapy for cancer[J]. Cell Death &. Disease, 2020, 11(11):
955.

LIU BN, GUO H, XU J, et al. Elimination of tumor by CD47/PD-L1 dual-targeting fusion protein that engages innate and adaptive im-
mune responses| ] . mAbs, 2018, 10(2);: 315-324.

YANG Y, LIJ Q, ZHANG J, et al. PPAB001, a novel bispecific antibody against CD47 and CD24, enhances anti-PD-L1 efficacy in tri-
ple-negative breast cancer via reprogramming tumor-associated macrophages towards M1 phenotype[ ] ]. International Immunopharmacol-
ogys 2025, 144 113740,

CHEN X, XU J, GUO QC, et al. Therapeutic efficacy of an anti-PD-L.1 antibody based immunocytokine in a metastatic mouse model of
colorectal cancer[]J]. Biochemical and Biophysical Research Communicatiol, 2016, 480(2): 160-165.

PEARCE H, NEILL C L, ROYAL K, et al. Can dogs help chickens? Pet owners' willingness to pay for animal welfare-friendly pet food
in the United States[]J]. Animal Welfare, 2023, 32; ell.

WIDMAR N O, BIR C, SLIPCHENKO N, et al. Online procurement of pet supplies and willingness to pay for veterinary telemedicine
[J]. Preventive Veterinary Medicine, 2020, 181 105073

DHEIN E S, HEIKKILA U, OEVERMANN A, et al. Incidence rates of the most common canine tumors based on data from the Swiss
Canine Cancer Registry (2008 to 2020)[J]. PLoS One, 2024, 19(4): e0302231.

NOSALOVA N, HUNIADI M, HORNA KOVA I, et al. Canine mammary tumors: classification, biomarkers, traditional and person-
alized therapies[J]. International Journal of Molecular Sciences, 2024, 25(5):2891.

STRAKOVA A, MURCHISON E P. The changing global distribution and prevalence of canine transmissible venereal tumour[]J]. BMC
Veterinary Research, 2014, 10(1): 168.

BERGMAN ] P. Cancer immunotherapy[]J]. Veterinary Clinics of North America: Small Animal Practice, 2024, 54(3): 441-468.

LIU BN, GUO H Z, ZHANG ] J, et al. In-depth characterization of a pro-antibody-drug conjugate by LC-MS[J]. Molecular Pharma-
ceutics, 2016, 13(8): 2702-2710.

DONG Y J, ZHANG Z 1., LUAN S Y, et al. Novel bispecific antibody-drug conjugate targeting PD-I.1 and B7-H3 enhances antitumor
efficacy and promotes immune-mediated antitumor responses[J]. Journal for Immunotherapy of Cancer, 2024, 12(10):e009710.
YANG Y., GUO Q C, CHEN X, et al. Preclinical studies of a pro-antibody-drug conjugate designed to selectively target EGFR-overex-
pressing tumors with improved therapeutic efficacy[J]. mAbs, 2016, 8(2): 405-413.

ZANELLO A, BORTOLOTTI M, MAIELLO S, et al. Anti-PD-L1 immunoconjugates for cancer therapy: are available antibodies good
carriers for toxic payload delivering? [J]. Frontiers in Pharmacology, 2022, 13: 972046.

DUMONTET C, REICHERT J M, SENTER P D, et al. Antibody-drug conjugates come of age in oncology[ ] |. Nature Reviews Drug
Discovery, 2023, 22(8): 641-661.

OKAJIMA D. YASUDA S, MAEJIMA T, et al. Datopotamab deruxtecan, a novel TROP2-directed antibody-drug conjugate, demon-
strates potent antitumor activity by efficient drug delivery to tumor cells[J]. Molecular Cancer Therapeutics, 2021, 20(12): 2329-2340.
JO U, MURAI Y, AGAMA K K, et al. TOP1-DNA trapping by exatecan and combination therapy with ATR inhibitor[J]. Molecular
Cancer Therapeutics, 2022, 21(7): 1090-1102.

LI L, XUMZ, WANG L, et al. Conjugating MMAE to a novel anti-HER2 antibody for selective targeted delivery[J]. European Review
for Medical and Pharmacological Sciences, 2020, 24(24).: 12929-12937.

JANNE P A, BAIK C, SU W C, et al. Efficacy and safety of patritumab deruxtecan (HER3-DXd) in EGFR inhibitor-resistant, eGFR-
mutated non-small cell lung cancer[]]. Cancer discovery, 2022, 12(1): 74-89.

SIDAWAY P. T-DXd improves PFS versus T-DM1[]]. Nature Reviews Clinical Oncology, 2022, 19(5). 283.

GIUGLIANO F, CORTI C, TARANTINO P, et al. Bystander effect of antibody-drug conjugates: fact or fiction? [J]. Current Oncolo-
gy Reports, 2022, 24(7). 809-817.



1 AR S TR CEAIUR PD-LL GRS R MR B T BT AR 25 il 6 SO APEREREAG 105

[25]
[26]
[27]
[28]
[29]

[30]
[31]

[32]

[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]

[42]

Hh | &N

GOLDENBERG D M. CARDILLO T M. GOVINDAN S V. et al. Trop-2 is a novel target for solid cancer therapy with sacituzumab go-
vitecan (IMMU-132), an antibody-drug conjugate (ADC)[J]. Oncotarget, 2015, 6(26): 22496-22512,

MODI S, JACOT W, YAMASHITA T, et al. Trastuzumab deruxtecan in previously treated HER2-Low advanced breast cancer[ ] ].
The New England Journal of Medicine, 2022, 387(1): 9-20.

KRR, RFUNR IR R PN TR S T AT TR 4 DI B R MR A SRR R (D, KR AR, 2023,

POWLES T, DURAN I, VAN DER HEIJDEN M S, et al. Atezolizumab versus chemotherapy in patients with platinum-treated locally
advanced or metastatic urothelial carcinoma (IMvigor211): a multicentre, open-label, phase 3 randomised controlled trial[J]. Lancet,
2018, 391(10122) . 748-757.

PANTELYUSHIN S, RANNINGER E, GUERRERA D. et al. Cross-reactivity and functionality of approved human immune checkpoint
blockers in dogs[J]. Cancers (Basel), 2021, 13(4):785.

PAUL S, KONIG M F, PARDOLL D M, et al. Cancer therapy with antibodies[J]. Nature Reviews Cancer, 2024, 24(6): 399-426.
P, BRI, 2, & ST OGN T A IR 25 25 - PO (6 L i 77 s i Sr AR EL) . P R BE 25 AR AR, 2024, 19
(1. 22-29.

YU X, LONG Y R, CHEN B, et al. PD-LL1/TLR7 dual-targeting nanobody-drug conjugate mediates potent tumor regression via eleva-
ting tumor immunogenicity in a host-expressed PD-L.1 bias-dependent way[J]. Journal for Immunotherapy of Cancer, 2022, 10(10):
€004590.

FUJII T, MATSUDA Y. Novel formats of antibody conjugates: recent advances in payload diversity, conjugation, and linker chemistry
[J]. Expert Opinion on Biological Therapy, 2023, 23(11): 1053-1065.

CHANG H L., SCHWETTMANN B, MCARTHUR H L, et al. Antibody-drug conjugates in breast cancer: overcoming resistance and
boosting immune response[ J]. The Journal of Clinical Investigation, 2023, 133(18).

JIANG M X, LI Q H, XU B. Spotlight on ideal target antigens and resistance in antibody-drug conjugates: Strategies for competitive ad-
vancement[ J]. Drug Resistance Updates, 2024, 75: 101086.

BENICKY J, SANDA M, BRNAKOVA KENNEDY Z, et al. PD-L1 glycosylation and its impact on binding to clinical antibodies[ ] ].
Journal of Proteome Research, 2021, 20(1): 485-497.

WANG Y N, LEE H H, HSU J L, et al. The impact of PD-L1 N-linked glycosylation on cancer therapy and clinical diagnosis[]J]. Jour-
nal of Biomedical Science, 2020, 27(1): 77.

W, XN, Rk, 55, JEIA Y BB I i R e XA U2 P S PR ] WIHOR 22 i (A ARBL R0 , 2024, 37(5)
155-168.

GUO Y. SHEN Z Y, ZHAO W B, et al. Rational identification of novel antibody-drug conjugate with high bystander killing effect a-
gainst heterogeneous tumors[J]. Advanced Science (Weinh), 2024, 11(13): €2306309.

CHOI J] W, WITHERS S S. CHANG H, et al. Development of canine PD-1/PD-L1 specific monoclonal antibodies and amplification of
canine T cell function[J]. PLoS One, 2020, 15(7): ¢0235518.

YU X T, ORR C M, CHAN H T C, et al. Reducing affinity as a strategy to boost immunomodulatory antibody agonism[]]. Nature,
2023, 614(7948): 539-547.

HANNING K R, MINOT M, WARRENDER A K, et al. Deep mutational scanning for therapeutic antibody engineering[ J]. Trends in
Pharmacological Sciences, 2022, 43(2): 123-135.

(TG AE - X PR

https://www.cnki.net



