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(ER), FUTEZ IR S E SO R (ERZG S IEEEERD , Jbst 100142)
RE B BTSRRI 24E-1 (PD-1) 2> TiREr, WO 7R 52 B4 AT
SIHLIKTJZ % (Micro-PET/CT) LI A%/ S180 IR PD-1 BEAMI AT, HE it
S180 AR 4T i 5F R JRE U vk il ST B B[R PD-1 €57 S180 IR/ SRR, Zh g vk i ik
PD-1 Hofxf /NSRRI 31, S M4 (IHC) BRiE S180 PR PD-1 1
RIEEG, HE—5A R 2 -anti-PD-1 $ 5w BEHUA S FHREE, TEFEFER PD-1 C57 /MR H ik
7S 18.5 MBq ?4l1-anti-PD-1 41 3F1£47 S180 IR (K] Micro-PET/CT. 4558  mIhi e 14
B:[A PD-1 C57 S180 P /MNRAHAL, IHC f.7x S180 WY W f71f PD-1 &HEHMKIL,
Micro-PET/CT fE/IN RS RET J5 AN [F (I [E] 50 (20, 48, 72, 120 h) #HRERIIEA S180
PR PD-1 SR 24k, 4518 2M-anti-PD-1 B 5 FEHTUAA S: F-PRET AT DL HE ) % 24 (R PD-1
C57 /)il S180 IR PD-1 324K, JF L ILIE N Micro-PET/CT % iifg, M 2 sl o
BN PD-1 BH 4 2RI F Wk e 26 38 9 )
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To explore the feasibility of constructing a programmed death receptor-1 (PD-1) molecular probe f
or non-invasive micro-positron emission tomography/computed tomography
(Micro-PET/CT) imaging of PD-1 protein in mouse S180 sarcoma.  Methods A transgenic
PD-1 C57 S180 sarcoma mouse model was established using the S180 sarcoma cell injection.
Furthermore, ?*l-anti-PD-1 monoclonal antibody probe was synthesized. 18.5 MBq of the
1241.anti-PD-1 probe was injected into the tail vein of transgenic PD-1 C57 mice. Subsequently,
S180 sarcoma was imaged using Micro-PET/CT. Results Study successfully established a
transgenic PD-1 C57 S180 sarcoma mouse model. Immunohistochemical (IHC) results showed
PD-1 protein expression in S180 sarcoma. Micro-PET/CT imaging successfully visualized the
PD-1 protein receptor in S180 sarcoma at different time points (20, 48, 72, and 120 h) after probe
injection. Conclusion The ?*l-anti-PD-1 monoclonal antibody molecular probe successfully
targets the PD-1 receptor in S180 sarcoma of transgenic PD-1 C57 mice, and presents clear
Micro-PET/CT immunoassay results, thus it potentially enables the non-invasive screening of
patients with PD-1 positive malignant tumors.
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11 FELIEMRASLRNY  18~20 g KM /MR, 5~6 %, SPF 2, Mk, WAILRER
MBI AR AT ; 18~20 g NFEALHIL K PD-1 C57 /M, 5~6 Jake, SPF 4%, M
PE, W E iR SEAEYIEZRHA IR A A

1.2 EERH S180 WAL E Tt i RR A EMEAR AR A F] s anti-PD-1
PUAREIALZR 201y B A5 G50 OR 52 R B e % 2 5 FHie k. PD-1 Hii W& T 36
Proteintech Group A F]; 1L=EH/NR ZHi E T3 [H Jackson Immuno Research AH]; DAB
B ERA G E TS ARG IR A EDTA (pH 8.0)41 518 =l & T3
DU B4 /R AR PR A 7]

1.3 Fik

131 Anti-PD-1 HiAFHESER  anti-PD-1 4 (A4 K PBS 4 (IR % 4 H KM
ANE(BEHLAY ), 53 BiE R R E kR S 25 pg anti-PD-1 B FIARL PBS £ KM /NRAE A, %E45:
AJ, B 2 R BRIRKWE 2K, SHYIFRBURTTE 2 7k, W% 31d, % 8 k44i)n 6d,
B 31d JGALBE/NER, BUCHE. BFE. BEME. fii. BRE. BNZHZY, 4T HE Befs: %R
ff e LA B2 TCA0 0 - BT 23 f B BRI, 43 25 135 J5 W i 7 22 R 28 2 i 7 186 (alanine
transaminase, ALT), K[ 14 & R & 3 ¥ 7 i (aspartate aminotransferase, AST) , JJLET (creatinine,
CREA) JJRZE%. (blood urea nitrogen, BUN) /K7, #E—BIGUE/NRA LI E IhREHE .
1.3.2 S180 ABAHMMRIIEEFE R AR B FR AL, RN 244, B 10 mL $59R 2648
A 15 mL B0 . FKBHIRERESE 37 °C, MIREREH U S180 PR ANM, Z&i H
8, TREEKIEAE, PRIERE AT AL . Bk S, BOEWHEE, JTEE, 1 mL iAo
15mLE, WAJEE L. BOEH I mL BRI, BIAR NI, *heRiREE, WA
5%CO2 [¥] 37 °CEs TR AT AL AR EE 7% .

13.3 BB RBSEREEST  DURR A R 4 # M ds-Ke S180 PR 4 i RS A 21 A UKL
WHEILIA PD-1 C57 /INRAT MRS BT, AR /N BB 1R SR ELA 8 21 0.8~1.0 om Ji5 gk
ITAR NSRS . BT A S SE 53 7 G R B A e BEANAE FH 25 A OGHR S U7 8 (BEME AR
PRt H 2 it 5. 2 2020384 5)

1.3.4 PD-1ZAE AR AEHLSILFEYE (immunohistochemistry, IHC) Bt A J5ifk 54 5
[KIPD-1 C57 S180/AJJ /)N SRS Y F) AR L ZRATPD-12 AR SR FFIIHC . H AT B o, 21
LU ETHIRBEEMN RS & TR R, TRN3%E /KR KT R
Wl TEAACIE N IN3%BSAR ], IN—Hi 5, DABREM, FiANSE R4z, V1N



fikE Fr, BB N IR ARE YA N e, R B M RIA
1.35 #Hl&21-anti-PD-1EE L THREM 7615 mL EPE H KK 10 L anti-PD-1 (20
mg/ mL) . 200 pLBERRZEMR (0.1 mol/L. pH 7.0) ¥EHAI250 pL&74 MBq “2*1-1 V5
SRJIEMIAT0 uL (1 mg/mL) N-FBARBEFAME VA% (N-Bromosuccinimide, NBS) Jx60s, 5
FEILFIIA200 pL 10% A3 A E AL IR, AP Y)4PD-10/ tht 4k .
136 #EFEPD-1 C57/) K .S180 A M AL IE BT R 4T W7 2 B4R/ THEHLWTZ B (micro
positron emission tomography/ computed tomography, Micro-PET/CT) il £0.5% KI
VA VR BEL I 467 S180 PRI 87 14 % KL [IPD-1 C57 /) B PR Mo B R0, 1) A Ay 0 0 e e 2
PREFAT3 o SZBG A AR BRI R R K 43 T3 564 18.5 MBQ "2 1-anti-PD-14 T ¥4+,  FFLETE ST
JE B R RIS CFESFHREF /520, 48, 720 120 h) #EAT/NENYIPETICTIR AR 18 R 4t
Micro-PET/CT[A!5: ¥ FInveon PET/CT; EE0#3: 1.4 mm; BfEH#F: 1.5ns;
SKAEHE: 0.3 s/Mi]S180AJRIPD-15u)% A% . Ve L FHIIAL, 45 frfRg 6% (0 2 i ik 23 ol 7 o
18.5 MBq*?*l-anti-PD-1%3 T4R%T #1500 pg Anti-PD-1R744, FFLEVES 5 (AR R 1) 25 R S4R
k48, 720 AT RIERA.
1.4 Giit%AbE KA GraphPad Prism 5.0 #AHEE], I1BM SPSS 23.0 Siih 5 8k 47 £ dfs
MIGE 2, R s EoR, Hh KM /NRE PR 24-anti-PD-1 41RIFH
YHVESREN S 48+ 72 h (1 RO (PRI LUK t A5, **1-anti-PD-1 204y T #R4EHE
B E S [ ) R 5 2% 28 5 1 SUV EUAE R B R 3 5 22 40, P<0.05 2 5 et 2%
2 GR
2.1 Anti-PD-1H 57 EHi AR A I
211 AREREZH KM RIES ZIERERE R, ARENE — e RER L
Fto HIRAEZIH{RICADO, 8K H6d, EID31, Santi-PD-1ZHAHE, PBSZH AN &
ZR TG E L (t=1.017, P=0.356) . KM/ R IASR B2k K1,
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Fig.1 Trend of body weight change in KM mice after drug administration
212 S180 WYBAEREfLANAN S180 PB/NRRANER . R B B ABIUEE, /M S180 AN
ML AR I BRI, AR e B, Az tbaBoR, M5 . JRAR S180
HPRAERTRR P AR 24 h J5, S180 40 2 1A s s S i 4i i % (1 2A. 2B) . S180
YA HE Gt oR: ML I3 ARNE L il €, B 20N 40 0T S ik 20 65, PT L2 i 52 i Y
IR, HA40MZ i 2 (& 2C. 2D). f)a, RAEUE /N R S180 PR 4H ML, ek
T NIEACFE LR PD-1 C57 /M RAT AR T (510% R ) 337 S180 AR /M Bl A

B2 S180 PRAMIEAS K& HE 3t8
Fig.2 Morphology and HE staining images of S180 sarcoma cells
A, B: Morphology of primary mouse S180 sarcoma cells observed under an inverted microscope;
C, D: HE staining images of S180 sarcoma cells.

213 /PREBHALHE REER B8 XHGZ)E 6d, B D31, HAHM 3 A KM /MR,
iy fitis BB 0 6 N, HE Qe RSN AR G L. 45 R oK, PBS 415 anti-PD-1
MR, WA HE Qs R 3. Hrb, BFAZU T (B 3A. 3B) , AL
WO AR RS, SNSRI, S /INSEEE M IEF, P2 R I 58 PR PR A 4 A
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WAE: AHZTTH (B 3C. 3D) « WM SR a Y, HEPIR S, HoE
LA EE, Retdys): MAZrm (B 3E. 3F): WAMMELEMIES, KA, WA
PR LA 25 B S A, P L A B4R L AR PR IR T S A AR PESAR B LS5 T (1 3G
3H) , WA R NERIY I E, S5 5ERE, AR W R AR, PALEE A NE
JRA WA LT (B 31, 30), WALBIELIEE. RS AIEMT, a5
B Aashys], B HESIA Y, B RAE . RS LU T (8 3K, 3L),
PRALC VLT AERIHEB RN, [ S5 Te 7K Bk S 2T A, SR WAAE S IR SEER AR T o

PBS group anti-PD-1 group PBS group anti-PD-1 group

B3 ARARER HE Jetags R E <100

Fig.3 HE staining results of different tissues of mice <100
A, B: liver; C, D: brain; E, F: lung; G, H: kidney; I, J: spleen; K, L: heart.
214 AMBIRMUSEE 8 k4%E 6d, B D31, 41l PBS 4145 anti-PD-1 41 KM

/N BIR BRI 45 25 3%, A& 4 ALT. AST. CREA & BUN & & . 458 57R,

anti-PD-1 A %4645 5 PBS AER TG R L. Wk 1.



£ 1 anti-PD-1 A% 5 KM PMREFIFHBLBR (n=4, x5

Tab.1 Changes in multiple indicators of KM mice post anti-PD-1 Administration

(n=4, ;-_PS)
Group ALT (U/L) AST (U/L)  CREA (umol/L) BUN (mmol/L)
PBS 56.2+17.7 242.24165.6 15.641.0 4.010.5
anti-PD-1 59.2+12.8 219.7476.6 16.922.7 4.240.0
t value -0.254 0.215 -1.112 -0.745
P value 0.810 0.838 0.380 0.509

2.2 ¥EF PD-1 C57 S180 P& PD-1 I IHC et #45:[K PD-1 C57 S180 WAJJR /) LB A
RRINHE (B 4A) , HE—25 IHC UESE S180 WA (¥) PD-1 2k FIRIE NP, |
PD-1 244 IHC Akt (KE14G) , UESERRAZFLE PD-1 AR MRk
2.3 PD-1 ZEEBK Micro-PET/CT B  {E¥5E K PD-1 C57 S180 PR /)N il R ki 4
18.5 MBq *?*l-anti-PD-1 H 50 [ 5> T R4 20 h J5 TR 4647 Micro-PET/CT i A5 - AR g
Wifg, TTLLE BULE S180 PIRTHAL A I S PREN BRI, iRl X ok M B A8, 4 TR
R EEREANRAOIEF (B 4B) o 24 Micro-PET/CT BU& e 4 )5 48 h i, 7£ S180 A
S AL T DAL EZ BB S 1) 241-anti-PD-1 70 FHREHEH (&1 4C) , 72 h iR X3 2 48 tH
TR (B 4D) o BREFESH 120 h B 5 d )5, S180 PSRBT SR 1716 W 5 FOHR T s 5
W AED , R AL AR I MT . S180 PAIJRE /) BRVES 241-anti-PD-1 R4 f5 FFE/AREE R SUV
AL i P 160 0 S K T ST 36 I (P 4F, Freat =165.869, Fiiver =184.763, Fruscte=40.422, Finyroid
=87.918, Furain =68.995; 14 P <0.01) . BF 7T Il fAc 20 St BELIT CHEVESREHFIRTAAD 1%
MR, 7EVESS 18.5 MBq 4l-anti-PD-1 (525640 « 18.5 MBq *?4l-anti-PD-1 1 500 pg Anti-PD-1
CBHWrZH) R0 48 72 h 3HAT T %% PET Rif% . FHIFTZ bR 547 1 1241-anti-PD-1 R4
TREC AR TS24 4 (B 4HL 4D o 5T 241-anti-PD-1 (SZ364H) . #41-anti-PD-1
A 500 pg Anti-PD-1 (BHWZH) Jo, SB02H BN ] 85 R 0P bR 32 w5 T BEL T 2H (tas

=3.015, P < 0.05; t7;2n =4.632, P <0.01) (& 4)) .



Bl 4 #EE PD-1C57 /M S180 BB Micro-PET/CT B4 K H 6
Fig.4 Micro-PET/CT imaging and staining of S180 sarcoma in transgenic PD-1 C57 mice
A: Transgenic PD-1 C57 mouse model of S180 sarcoma (tumor located in the right axilla); B:
Image of mouse collected 20 h after PD-1 molecular probe injection via tail vein (white arrow

points to S180 sarcoma); C: Image of mouse collected 48 h after PD-1 molecular probe injection;



D: Image of mouse collected 72 h after PD-1 molecular probe injection; E: Image of mouse
collected 120 h after PD-1 molecular probe injection;
F: SUV ratio of tumor to various organs at different time points after PD-1 molecular probe

Fkk

injection; "P < 0.01, P < 0.01, ™ P <0.01 vs 20 h; G: IHC staining of PD-1 receptor in S180
sarcoma tissue; H, I: Images of mice collected 48 h and 72 h after co-injection of 18.5 MBq
1241.anti-PD-1 probe and 500 pg anti-PD-1 precursor in the blocking group; J: ROI (tumor/muscle)
ratio 48 h and 72 h after probe injection in the ?*I-anti-PD-1 group and the blocking group; K
Schematic diagram showing the binding of *?*I-anti-PD-1 monoclonal antibody with molecular
probe; “P < 0.05, “P < 0.01 vs *?*l-anti-PD-1 group.
3 Wi

AHFFCE LN S180 PRI ML DA 2 1 H6 R PD-1 C57 S180 AR /MR, I i
it Anti-PD-1 FUiA S SR IAE 1% B s LN KM /NRIEI R85, #—25 IHC 5k
Bk 7 PD-1 32 ER A/ S180 WRALZIH (M 3Rik, FFNZ A 1) Micro-PET/CT g #E# 1
AT FE RIS . S180 PSR/ OB R R KIS 141-anti-PD-1 S g LA 2> T HREH 48 h 5,
JIRE AR B RS, (RIS BRI 124-anti-PD-1 4> T ERET SR EN BE M A AR BT BELIT,  SE364H
FEESHRENE 5 d JE e BARMRKIRTEMT, SEBL 5 0L E B PD-1 5244 BRI [) I 61 St
W, A PD-1/PD-L1 5 5@ BRI GBI &S24t T IaREr . 340, 121 FRid oy i g Js hnbr
0, ARENEEEGH), PD-1 70 TEREMPRIC TR ITE, oA ImARAE, AL 5T
UESEHT A 241-anti-PD-1 B3 BTG THRET USSR 35, S BRI, A ELEIRIR
A

FEANNE L PD-L1 5 e i B PD-1 AHEAE M, M2 S e ikife. X T2
M EE ST 5, PD-1/PD-L1 Hili fifee 6 e S W ) LR GE D B o FHIT PD-1/PD-L1 AT LAY
2T MRsERESIHERREA, R, R /s> PD-1/PD-L1 32 AR &3 e A
a-PD-1/PD-L1 % fy7 ik b3k adl®, X nraets il B ki PD-1/PD-L1 R AREEDH
Ko FIREAFIE LS PD-1U/PD-L1 H54EM T 4M[HI C-X-C B 124k 4 1
(CXCR4). % ADP-EZ¥E5R A (PARP) sl% AR+ (TGF)-p HIHIFHIHIEC & N A &
2 I R AR

FER AR GUEANE R o, PR B R DARDR 22 0L SR SR 2 4 BB I S JULIA)
FIREE . B REHEL. 22 LA DA B 2 fs 5 B SRR T SRR R TR . Kim et all®l2z 2%



FSE PD-L1 SZARTEAE T 2 P AL SR, 17 PD-1 32 0K T2 5 B4R 7 e R0 02 0 £ K 2.4
e, ABAIRF TR PD-1 2 AR FRIANE B rI A E A AR H M TS 1R b5 . 3Lk, sk
R TE AU 1 S SR S5 2 18 VR T A AR o VI, Sl YT 5 VR U G R R A LT
Y2 1 FE S SR () S IR SRR O YT R BB S A6 G AL, PD-1/PD-LL A
CTLA-4 K2 s ) S S e 7 10 o T WA TR s 1, I 7 50 3 P P e ¥
7R JEBAE . anfE /N il (small cell lung cancer, SCLC) 1, & HA &R NH, &
Gl JE PRI A0 0 0 S T A R e e R IR, B3R 7R AT RE A SCLC ¥RYT L
BRI, 54k, PD-1 #I) (i RERIZR TR alR e D) SRR TRyT L
EVIBR IR M R R R R E, JFCROE ST R B B AR AA M. AT, PD-1/PD-L1
1555 0 B A0 STk RT ) e ¥ T B DR BB . AW LS E TE B B 7 AR TS R h PD-1
AR, WL KHAR B PD-1 S 17 (K7 R0 FTRESCRE M R BB 1 W MR T
Eivt

A HBABE A AT A SE, PD-LL (AR ANMERUE AT LATE AN 2 PD-L1 Z AR AR
TS BEPE BB, 207 AR R B R PD-LL iR MR N . AR T
—BUESE T 141-anti-PD-1 85w B 4 TR B AT AR ) R R b PD-1 2R 1

5 LRTi&, PD-1/PD-L1 FlifE A T 40/ G e ik (YO OGRS S B, 0 QAR I S VP A i
B LR WIS KT R 1 S VR T T A 3 AN o A ST T T B T i
TFHREF 41-anti-PD-1 FRELFEI 8, BhA S0 UE SHZAREN R FIA N T A E, AT DURE 4D
I /Nl $180 AR PD-1 2 AR 1, WFFESEBL 1IN ] KA 120 h s Ao iR e g, BB
GRS AR TR AL . WF 70 R A B R e PD-1 FH P A 1)k P 2 B A1 1 S
HIHENE o
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