HEEE 2026,57(1) :401-413
Acta Veterinaria et Zootechnica Sinica

doi: 10. 11843/j. issn. 0366-6964. 2026. 01. 035 . N e (0
! FF AR (R R & ) Sy

#7878 (OSID) : 55

38 PD-L1 8 58 [ H 4 A i R 40 B s f A /Y
H & M H T N H

F ORVEBL,Fawn ! mek RN, P R A
TR & AR X S
(1 B K 4 B B M 22500932, V13544 3 40 T BE P80 5 A 403 SO 7 2 DM ) G085 .00, 9 M 225009)

& E: BAEHIAM PD-L1 U I 0 5 bt , BT HAE K A g R R 2 W v i g TR A R A TR AR e A BB
B, A e i IR T AR AR AL o AR SRR G PCR Y4448 PD-L1 B[R, 4 £ J5 A% 3R 35 @ 41 k. PET-MPD-L1, 38
it 7E 45 £ BL21(DE3) 3R ik il 4 PD-L14t 5, 9 /) UG 40 MRl 5, ELISA J7 1 HEAT 22 5 96 20 B 07 X6 , 3 YR 7 o P
JE S MPD-L1 2230 4 22 o I G 22 A R 4 b3 /K R0 (PR T2\ Western blot Fl 0 58 40 44k 2 (THC )
PEo PR R R XCAUN TgG 1 Fe A, [ ¥ PCR 4 5 6 W] 48 X (Variable region of the Heavy chain, VH) fil 4%
7] 7% X (Variable region of the Light chain, VL) $f4Z 5 scFv , #— 2L PF % i scFv-{Fe, ¥ 8 pFast-MPD-L1-scFv fl
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Abstract: The purpose of this study was to prepare feline PD-L.1 antigen and screen monoclonal
antibody, and preliminary application was carried out in detection and diagnosis of canine and feline
oncology diseases. In addition, feline derived chimeric single chain variable Fragment-Feline

Fragment crystallizable (scFv-fFc) was prepared, which provided a tool for the treatment of cat
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tumor in future. The PD-1.1 gene of feline was amplified by PCR and prokaryotic expression
recombinant plasmid PET-MPD-L1 was constructed, and the antigen of PD-1.1 was prepared by
expression with host BL21(DE3). After immunization with mice, cell was fused, and an ELISA was
established to screen antibody produced by hybridoma cells. After subcloning three times, the cell line
of MPD-L1 hybridoma were established, subtypes were identified, and the ascites were prepared,
and titer of the ascites was determined. Characteristics were determined by Western blot and
immunohistochemistry (IHC). Total RNA was extracted from the hybridoma cells, and the heavy
chain variable region (VH) and light chain variable region (VL) genes were amplified by RT-PCR,
which were compared with the antibody light and heavy chain genes in the IMGT database for
confirmation. RNA from peripheral blood of a cat in clinic was extracted, and the Fc gene of 1gG1
was amplified by RT-PCR. The recombinant plasmids of pFast-MPD-L1-scFv and PFAST-MPD-
L1-scFv-fFc were constructed by splicing VH and VL into scFv and scFv-Fc into scFv-fFc by
landing PCR, then expressed in the baculovirus expression system. The results showed that feline
PD-L.1 was highly expressed in the supernatant of cultures and the purified protein could be used
antigen for immunization. The monoclonal antibody of 2A5A2F4D7 belonged to IgG 2a subtype, and
the light chain is subtype k. The titer of the supernatant, ascites was 1:3200, 1:102400 respectively.
Western-Blot results showed that monoclonal antibody 2A5A2F4D7 reacted with expressed feline
PD-L1, and THC results showed that the monoclonal antibody secreted by 2A5A2F4D7 hybridoma
cells can recognize PD-L1 of tumor cells both canine and feline. The VH and VL genes amplified
were consistent with genes in the IMGT database, with 4 framework regions and 3 hypervariable
regions. The recombinant plasmids of pFast-MPD-L1-scFv and PFAST-MPD-L1-scFv-fFc were
constructed successfully and expressed in the supernatants of insect baculovirus expression system.
The prepared feline PD-1.1 monoclonal antibody have certain value in the detection and prognosis of
canine and feline tumors, while scFv-fFc might hold great potential for application in the treatment of
tumors in canine and feline.

Keywords: tumor diseases in canine and feline; feline PD-1.1; monoclonal antibodies; scFv; scFv-
{Fc; insect baculovirus expression
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G b i A0 M B R Ik, AT A SRR R e ) A T
B VR IT SR AL — B 1 07 12k

1 #MR5FZE
L1 £

SP2/0 4l ffg . SI9 40 e . PET-32a it k. Fl
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BL21(DE3) Wy F K AR A AL B (Jb ) A BR A A .
HEANEN RPN L R A 7R PN K7/ S
IRAEAS s MEE BLAB/c /b BRI H 45 M Ko7 e 5 B2
FWFE 0 [ SCXK (H5) 2022-0009 1 3 471k 56 i
i P N S Sl M R A A B A S 202308121,
1.2 EZRHE5MH

pMDTMI19-T Vector Cloning Kit \DNA marker,
PrimeScript [[™ 1st Strand ¢cDNA Synthesis Kit, fg
il pe VI A DNA Ligation Kit I H TaKaRa 23 7] ;

Phanta Max Super-Fidelity DNA Polymerase 4 H #F
M A= ) B 2 7] 52 X Tag PCR Mix I \RNAprep
Pure /&5 20 S RNA $& B0 0] & L 50z £ 10 5]
& A [l i A A R & T 3 R AR R (b ) AR
7y F) ; Lipolnsect TM &% Je 3 7 FF R s 35 98 1% 2k 14
bacmid /)y i il #2350 &0 A 2 R AW R A R
A A GHAT HT fil DMEM K5 72 3604 [ Gibeo A Al 5
SF-SFM 58 4 55 3% 5L 18 F 75 MR LA WA IR |
Bt His B 8 58 B $1 4K 9 H Abbkine 24 ®] ; PEG
1500 1 [ Roche 23w ; f& 3 ¥ ¥ 2.0 HL (5810 R,
5430 R) 14 H Eppendorf 22 #l ; i #5{¢ (Epoch-3) 4
H BioTek 2> vl ; 8% W i 5 (TS-2) W { J& HE A ]
(NIKON) /= i .

1.3 PET-MPD-L1M#EfHEH &

A PD-L1 e P 1 - fff A a0 & 4 SOt b o i
B RNA B8 56 PCRY I (51909 L U FilESI A
EcoR 1T M Xho 1 WgYIA7 s, LW 8519 N
5’—ccggaattcatgaggatatttagtgtct-3’, RN 7]
5'-ccgetegagttacgtetecteaaatigt-3') o 7= ¥ 5 3 1k
PET-32a Jii ki 3% 422 1% Ak DH5a, XU V) % 52 , PH%E &
2 oA 36 A R BE DR w0, I 4 2R 5 XM
006939039. 3 # 47 b X o J¥ 51 iE 8 ) PET-MPD-
L1 4 i ki % 4k BL21(DE3) , i % % ik , SDS-
PAGE % 5€ J5 K& 2k frali b, 42 B3R & vd B B
afifLiE .
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K, AL % BEAT 5 S BE TR ELTISA 24
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4L () PET-MPD-L1 #l PET-32a 25 88 {& & 1

#E4T SDS-PAGE &E e H ik , 5% B0, B 100 g- L7t

Bk PBS 25 R B 2 h, PBST Bk 33 , 1: 100 #i
B A AC T A M B3 IR BEH 1 h,PBST ¥e i 3,
1:10 000 # B 1 HRP A5 ic 9 90 Bl 1gG IR E &
1h,PBST ¥k 3l , 5% .
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Vo i g 2 ) W e B R KT P IR
AR R EEYUE B S A 0 PR B bR
WEE 1 h, PBST PEU 3 , N EGHs 1L F bt RPT IR &
1 h,PBST ¥k ¥ 3 , 86 i DAB Qe 49, 78 K &R
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fof e 1 min, 1% $h08 L W1k 3 s, LMK ¥
PI R B A Wk LR o PER IR = R,
CIDRTX G 3
1.7 JEPD-LIEERYEMEE

5295 2A5A2FADT %% 52 9 4 L, B2 40 i s
RNA,Z% k[ 24-25] W G Y 4% (H 4%
16 A4~ 19 A EE A Fr Bt 1, 4 388 7 40 Bt g Al v e
HLUK S0 | Il ™ W sk i 42 T 800K 5% {k DH5a J&
ZASUML, 37 Cid TR, PR PR e R T
PCRY%E , 3% 2 4 MER A= W) B4 A BR 2w D0, I
J7- 45 SR b AT 1g Blast e Xt .
1.8 scFvHl&RIEEN

PL“L. 77 R ER Y 4% AR FE D O BUAR £ 4T PCR,
P 5 Y)  VHSF: 5'-GAAGTGAAGCTGGTGG
AGTC-3', MPD-L1 VH5 Linker: 5-GTCAGAA
CCACCACCACCAGAACCACCACCACCAGAA
CCACCACCACCTGAGGAGACGGT-3', VKSF:
5-GACATTGTGATGTCACAGTCTCCA-3, VKSR :
5-TTTGATTTCCAGCTTGGTGCC-3', MPD-
L1 VK8 Linker: 5-TCAGGTGGTGGTGGTTC
TGGTGGTGGTGGTTCTGGTGGTGGTGGTT
CTGACATTGTGATGTCA-3,MPD-L1(SCFV-
F) : 5-CCGGAATTCATGGAAGTGAAGCTGG
TGGAGTCT-3', MPD-L1(SCFV-R) : 5-CCGCT
CGAGTCATTTGATTTCCAGCTTGGTGCC-3,
i Linker #5835 B BE Bt 4, o1 4 35 PR 19 C i #1142
BEFEP A N ol A 15 2 HE R 1Y Linker, i@ i 8 &
FE it PCR #F 47 scFv B9 $F #5 , ¥ 14 51 % MPD-L1
(scFv-F) : 5-CCGGAATTCATGGAAGTGAA
GCTGGTGGAGTCT-3" , MPD-L1 (scFv-RL) :
5-TTTGATTTCCAGCTTGGTGCC-3' , 3k H
scFv A R B MJ A1 8] i b 42 BBOS RNA i 5%
S d 8 5] ¥ feline-IgG (Fe-L) : 5-AAGCTG
GAAATCAAACCCCCTGAGATGCTT-3', feline-
IgG (Fc-R) : 5-CCGCTCGAGTCATTTACCCG
GAGACT-3' #4797 14, 5 scFv PF 8, 51 ¥ i H
MPD-L1 (scFv-F) #1 feline-IgG Fc-R, 38 B scFv-
fFeek .
1.9 ZTHMF I Z rBV-scFv #l rBV-scFv-fFc
K

¥ scFv 5 scFv-fFc i PCR 7= 4y i3 17 Jie [0 i 45
6, EcoR I 1 Xho | W E§YI , i #% pFastBac-HT A

AR, e Ak DH5a, 37°CH5 3%, $ BUSTRL , XU ) % 5
BH P 1) 0 2 J55 R 5 26 48 3 A W Y, 7 A 2R AT
Blast, fif 4 & pFastBac-MPD-L1-scFv, pFastBac-
MPD-L1-scFv-fFc iy # # 5§ pFastBac-MPD-L1-
scFv B #8225 v 4 TA] o

¥ & 4 pFastBac-MPD-L1-scFv Jit ki %% {k
DHI10 Bac /&3 25 40 i, 55 9% 16 hJ5 51 % M13-
F: 5-CGCCAGGGTTTTCCCAGTCACGAC-3'
5 M13-R: 5-CGCCAGGGTTTTCCCAGTCAC
GAC-3"H H 1 BoRe 5 51 247 B PCR %8 &
Ko 196 Byt JI M B8 e el ik 98 IE , 56 UE 1F 8 S5 £ AT IR
5 7 2 M 3R bacmid /N B R R R & R B 4
bacmid., T 41 T #i rbacmid-scFv-fFc ) 4 & 5
rbacmid-scFv B4 & 77 ¥ 40 [\ o

SFO 40 Jfl 55 3% 4fi i} SF-SFM 5 & 15 32 5L, 28 °C
B, AR S R 4F i, A LipoInsect TM %% 4 i
FI B AT R B 9 4R 2K bacmid /)y B 3l 2328 ) & 42
BBy T 40 4T %7 rbacmid-scFv #4 4 SFO 4i fity , T 28 °C
9% 96 hJg e ak BE 3R A5 PLAR E 4L AT R0 75
rBV-scFv,MOI N 0. 13 2215 =A%, /15 58 & 14 P3
1O, 93 AR 3 4 ClREOB AT . rBV-scFv-fFe
A PR R 5 rbacmid-scFv B R K AH A -
1.10 EAFIRHES TR IE scFv #l scFv-fFc & Western
blot 53 17

P3ACHE #E0 BE Jy 2>X10° pfu-mL ', LA MOT 2} 2,
JEYL SFO A, 28 “CHE % 72 h, 41 i 4 75 W e, 4 °C
10 000X g B 0> 20 min, TUVE FH 45 i PBS &%, i 17
SDS-PAGE HLiK , % 5 2 i 3 ] 2 h, il A Bt His B
JEPATTREUR , EIE M E 1 h, PBST ¥R 3, il A
HRP #5ic 9 £ 5t B 1gG, M F 1 h, PBST ¥
33, R .

2 &F B
2.1 PET-MPD-L1H#ZEfMEF &

W E 1A Fi 1B s, i # # PET-MPD-L1,
Wy 25 3 50 PD-L1 3 A L X, 45 5 100% — 2,
JoT kL XL Y 45 K/ 5 W — 3. BL21(PET-
MPD-LD) & K &ifs T RE G, EAE L RERE
WENLC s, a4ifb)s  BEHWEE N 1. 95 mg-mL ',
SDS-PAGE &5 5 /R, 8 1 457 B 3 — , an ¥l 1D
JR
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A. B PD-L12£[H .M. 200 bp marker; 1. J# PD-L13[H . B. PET-MPD-L1 M) % & : M. 1000 bp marker; 1. PET-MPD-11
AYI45 R . C. PET-MPD-L1E 1335 : M. & 114 F i marker; 1. ¥ % PET-32a ff% 117 ;2. %% PET-32a B e L V€ ;3. K
W% PET-32a B B3 ;4. K155 PET-32a 0V ;5. A %S PET- MPD-L1 B #FUTE 5 6. K% S PET-MPD-L1 @ #% -
7. 1% PET- MPD-L1 B UIVE ;8. W% PET- MPD-L1## 35, D. PET-MPD-L1Z& [14li1k : M. % 14> T & marker;
1. ANBE W 2. S 5 3~9. PRI 10~12. PR

A. Feline PD-L1 gene: M. 200 bp marker; 1. Feline PD-L1 gene. B. Double digestion identification of PET-MPD-L1: M.
1000 bp marker; 1. PET-MPD-L1 digestion result. C. PET-MPD-L1 protein expression: M. Protein molecular weight
marker; 1. Lysate supernatant of induced PET-32a; 2. Lysate precipitate of induced PET-32a; 3. Lysate supernatant of
uninduced PET-32a; 4. Lysate precipitate of uninduced PET-32a; 5. Lysate precipitate of uninduced PET-MPD-L1; 6. Lysate
supernatant of uninduced PET-MPD-L1; 7. Lysate precipitate of induced PET-MPD-L1; 8. Lysate supernatant of induced
PET-MPD-L1. D. PET-MPD-L1 protein purification: M. Protein molecular weight marker; 1. Bacterial lysate; 2. Flow-
through; 3-9. Wash fractions; 10-12. Elution fractions

1 PET-MPD-L1 K2 R G &

Fig. 1 Construction of PET-MPD-L1 and antigen preparation

2.2 BEERAHHERIERERE

i 3 1) 2 ELISA S50 0, A g b5t 1: 1 600 i
B B L BH A IfiL 3 43 0 o4 1: 1 600 AT 1: 51 200 5 B,
HRP A5 ic 2F 50 BB AR B A 1: 10 000 # B . = IR
o B RN 6 S5, AR AR T 1R AR E 40 WA B AR 1) AN B R
it %4 0 2A5A2F4D7, W 2K S5 5% 2A5A2F4D7 ) &
N 1gG 2a, B85 b i o PR gl fb 25 3 an &1 2 i
7L A A% 3808 A 1 U R 13 200, 7 K B
1:102 400, 13 .
2.3 BEEREESMEE M. # H 4> F & marker; 1. MEEME K ;2. F M ;3. VEIKW;

o Ak
2A5A2FADT % Western blot B iiF . 35 %1 4 PD- .

M. Protein molecular weight marker; 1. Preliminary extraction
L1, A5 PET-32a %8 844, Q& 3 s .
2.4 REMBBAARBANK
2ASAZFADT BT AU R b g 41 20, e R
P LR IR AL ZUVR R Rk 2L R 21 21 b 2R i B

of ascites; 2. Flowing fluid; 3. Washing solution; 4. Purification
of antibodies

2 SDS-PAGEWEHFLLER

Fig. 2 Results of SDS-PAGE validation antibody purification
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16

M. & 14y T marker; 1. PET-MPD-L1%&E ;2. PET-32a
M. Protein molecular weight marker; 1. PET-MPD-L1
protein; 2. PET-32a

B3 Western blot 3¢ i #i 12 51 5% PD-L1

Fig. 3 Western blot result of McAb reacted with feline PD-L.1

A. j:ﬂTﬂLﬁFHE @(1oo><) B. jzﬂTﬂLEU“IHC

O F . R THC ;G R FU I THC ;s H. R FLIRJE 55 4L 8L THC .

P R BE PE  E A 0  I EL R R SR O PR A 4
FTR o
2.5 BEPD-LIEERFETEMETE
PUARSE Y™ 34 4n &) 5 7R , 2 BORT DLy 3 g
RIPUAR T RN Y 51 W dk 2L 5 20k 5 . & TA
SO S P AR SE R FE XIS B8 5 5 % B BE SR I
P IEEI PR QX R B B I 38 5 | b 1S (4 4 A Ik
AEAS, W 7 s o
2.6 scFv#l&RIEEWL
VH5 5 VK8 i it Linker % 4% i scFv, 28 ] ¢
Fe X}, & F R 100% — &, i E 8 fr7m o scFv 54
IgG Fe # 4% i scFv-fFe, 20 7 b X, & 35 2 100%
—F, WE 9 FR .

wy ,,{4‘

A 9/,
,v 6’ 7 /ﬁ

IV:"/' ,.-"k -

jt%ﬂ;zﬂiﬂiﬁrm(, D. ijﬂ?«é%éﬁﬂﬁrlH(, E. Zmifﬁtaf“ HE 4

i Sk T A A 2 BE P R A

A. Canine perianal epithelial tumor, HE staining (100X ) ; B. Canine perianal epithelial tumor, IHC; C. Canine pilomatricoma,

IHC; D. Canine mammary fibroadenoma, IHC; E. Feline lymphoma, HE staining; F. Feline lymphoma, (IHC); G. Canine

mammary carcinoma, IHC; H. Peritumoral tissue of canine mammary carcinoma, IHC. Arrows point to the positive tumor cells

B4 HEFBIMIHCEE 2A5A2F4D7 iR 3 K J# g 4 41

Fig.4 Identification of canine and feline tumor tissues using HE staining and IHC with 2A5A2F4D7

2.7 EHFIRBEF rBV-scFv #1 rBV-scFv-fFc &
R

4 AT %7 rbacmid-scFv #l rbacmid-scFv-{fFc #4
AT, WY M3 FRE s %, H A
R/ G WU AR AT, W 10A~10C Fros o il 4
20 KT AR % B rBV-scFv fil rBV -scFv-fFc, 4 M13
FURE 574 51 4 PCR % & P1-P3 X 41T IR 5 75
rBV-scFv fl rBV-scFv-{Fc, H ¥ &4 /N5 1 A
7, A 10D R .
2.8 EHTFRFBERIZE scFv il scFv-fFe & Western
blot 43 #

scFv fl scFv-fFc 78 SFO 4il ffg v ik H £ 2 7E

AT E PO R R FE AR N R b R AR AL
11 frs -

3 it 8
FEAR B 4 IR 0932 97 B Rk B IR O T B B
A REIR YT AE NIRRT TP R R R T
2 HE AR A B AU R A AR R A
15@1%%%5%%5‘ A 55 G A A A4 T R B AR R
R/ B N AN LR AL E AR H R PD-1#1 PD-L1
E@%ﬁlﬁéhﬁs,ﬁﬁaﬁHzlslﬂlﬁ\j:qaﬂaéé*ﬁﬁ%JtﬂT
M PD-L1 M g i (k™ . g £, Pt
PD-L1 5§41 28-8 AT LI A I 48 A K 4 e 88 PD-1L1 /Y
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1 2 3 4 MIM25 6 7 8 9 10 11 12 MIM2 13 14 15 16

M 1 23 4MS5 6 78 M 9101112 MI13 14 15 16 M 17 18 19

A, PR EBEFE N1 . M1, 100 bp marker; M2. 200 bp marker; 1~16. 45 1 %} ~%45 16 %P S 45 F KNP 44 . B. Prik g4 WP
4. M1. 100 bp marker; 1~19. 2 1 XF~%5 19 X 52 48 3L K ™ 14

A. Antibody heavy chain gene amplification: M1. 100 bp marker; M2. 200 bp marker; 1-16. The first to the 16th pairs of heavy
chain gene amplification. B. Antibody light chain gene amplification: M1. 100 bp marker; 1-19. The first to the 19th pairs of
light chain gene amplification

Es5 mEERYIE

Fig. 5 Antibody gene amplification
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1 000
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VK8

100

A PUREBEFL P 1 .M. 100 bp marker; 1. 55 5XF HAEFE N P18 . B. PUARRRAEFL NP 18 .M. 100 bp marker; 1. 2 8 X 4855 3t
R
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Fig. 6 Amplification of antibody light and heavy chain genes
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Fig. 9 Assembly of the feline-derived chimeric single-chain antibody gene

A B C

I 2 3 I 2 3

(B 10 Fig.10)
(% T % Carried forward)



410 HOMom OB ¥ R 57 %

(B 10 Continued)
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A. rbacmid-scFv i W A% 5% : 1. 1 kb marker; 2. 200 bp marker; 3. rbacmid-scFv XUE§4] . B. rbacmid-scFv-{F c it X L] %
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A. Double enzyme digestion production of rBacmid-scFv: 1. 1 kb marker; 2. 200 bp marker; 3. Double enzyme digestion of
rBacmid-scFv. B. Double enzyme digestion production of rBacmid-scFv-fFc: 1. 1kb marker; 2. 200 bp marker; 3. Double
enzyme digestion of rBacmid-scFv-fFc. C. PCR production of rBacmid-scFv and rBacmid-scFv-fFc using M13 primers and
specific primers: 1, 4. 1 kb marker; 2. Identification of rBacmid-scFv using scFv primers; 3, 6. Identification of rBacmid-scFv
and rBacmid-scFv-fFc using M13 primers; 5. Identification of rBacmid-scFv-fFc¢ using scFv-fFc primers. D. PCR production of
P1-P3 generations of recombinant baculovirus rBV-scFv and rBV-scFv-fFc using M13 primers and specific primers: 1, 11. 1 kb
marker; 2. 200 bp marker; 3-5. Identification of P1-P3 generations of rBV -scFv using scFv primers; 7-9, 16-18. Identification
of P1-P3 generations of rBV-scFv and rBV-scFv-fFc using M13 primers; 6, 10, 15, 19. Non-infected controls; 12-14.
Identification of P1-P3 generations of rBV-scFv-{Fc using scFv-{Fc primers

B 10 BAMIKFF rBV-scFv 7l rBV-scFv-fFc K&

Fig. 10 Rescue of recombinant baculoviruses rBV-scFv and rBV-scFv-fFc
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