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[ Abstract] Objective To synthesize a novel site-specifically labelled probe ®Ga-1,4,7, 10-tet-
raazacyclododecane-1,4,7,10-tetraacetic acid (DOTA ) -Cys-Asp-Val (CDV)-Nb109 and explore its poten-
tial for detection of the programmed cell death ligand 1 (PD-L1) expression level in different tumors. Meth-
ods Firstly, CDV was inserted into the tail of the sequence of Nb109 by genetic engineering. Then the pre-
cursor DOTA-CDV-Nb109 was prepared by mixing the maleimide-DOTA and the single-domain antibody
CDV-Nb109 (amount of substance ratio 1:1) via the maleimide-cysteine site-specific coupling strategy.
Subsequently, the DOTA-CDV-Nb109 was labeled with ®Ga and purified by PD-10 column. Human mela-
noma A375, human PD-L1 transfected melanoma A375-hPD-L1 and human glioma U87 tumor-bearing mice
models were established, and the diagnostic value of *Ga-DOTA-CDV-Nb109 was evaluated by stability as-
say, cellular uptake, and microPET imaging. One-way analysis of variance and the least significant differ-
ence 1 test were used to analyze the data. Results The probe ®Ga-DOTA-CDV-Nb109 was obtained with
the radiochemical yield of (69.79+4.69)% , radiochemical purity more than 97%, and molar activity of
(12.85£1.51) GBq/pmol. ®*Ga-DOTA-CDV-Nb109 had strong binding affinity for A375-hPD-L1 with the
dissociation constant (K,) of (66.43+17.89) nmol/L. The uptake of ®Ga-DOTA-CDV-Nb109 in A375-
hPD-L1 and U87 cells were (3.17+0.15) percentage of the added radioactivity dose (%AD) and (2.08+
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0.03) %AD respectively, which were significantly higher than that in A375 cells ( (1.21£0. 14) %AD; F=
82.87, t values: 15.23, 9.98, P values: <0.001, 0.003). The tumor uptake of the probe in A375-hPD-L1
((521£035) percentage of injected dose per ml (%ID/ml)) and U87 tumor-bearing mice ((3.44+0.69) %ID/ml)
were significantly higher than that in A375 tumor-bearing mice ( (2.17+£0.36) %ID/ml; F=249.72, t val-

ues: 35.70, 3.43, both P<0.001). Conclusion

The site-specifically labelled probe ®Ga-DOTA-CDV-

Nb109, which can non-invasively and dynamically monitor the change of PD-L1 expression level in different

tumors and help screen patients who can benefit from PD-L1 immune checkpoint blocking therapy, is success-

fully synthesized with high radiochemical purity.
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7 PR M FE T 8 I BCAR 1 ( programmed cell
death ligand 1, PD-L1) Syt A i BTG C7E 2
o IR TG Y7 b W 8 R AF 09T 8 (B ER 41
AN Z 15, AR RN 2 10% ~40% i
R PD-L1 235 BHVE B9 H8 #5047 S ie A A AU PH
WA T % WLZ% fifp 2 W25 4 T, S8 O A7 338 Ik ] B
WAER TR 9 ST & PD-L1 Rk 3h
BAAAEREYE I R 0 S sie 1 Sk 27 T vk e
Rl PD-L1 AE g AL i R A 5 8L . PET BAT &
REPE SRR RE A, % Ga-1,4, T- AR AT
JE-1,4,7-= R (1, 4, T-triazacyclononane-1, 4, 7-
triacetic acid, NOTA)-Nb109 AERS S I A5 Rk
Mg b PD-L1 3R35 , AT 7EAR SIS ] N 345 i A
FERY BARSE R (H S2-[ (4-F AR ILIELL) H
£ ]-NOTA [ S-2-( 4-isothiocyanatobenzyl ) -NOTA , p-
SCN-Bn-NOTA ] 5 B3 B {& Nb109 B i, i T
Nb109 YA 3 A Mk 2, il & 2 b oo
BRI R GBI A & Flo SO iyt
S PEREF TR g B BT 7y 45 G 19 B B NOTA
RAY ., ARUFFEHLAE Nb109 P8 B 51 A&
iR - R4 5 TR -4 5 B2 ( Cys-Asp-Val, CDV) , FIJ fl 2f
ot A R AR R 1B A 5 TR R ¥ -1,4, 7, 10-PU & 2%
W —bi-1,4,7,10-00 412 (1, 4,7, 10-tetraazacy-
clododecane-1,4,7, 10-tetraacetic acid, DOTA) &4
JRR G 121 RN, B #E 7% Ga ARic, 19 5 sibs
ICHIHR £ Ga-DOTA-CDV-Nb109, I 483 H T4
AR febdgg v PD-L1 3K 7KV B RE 1, A B Ay Wi ik
YU PD-L1 J7 k52 45 (8 R (S D ) B

MRl 5 7%

— LR AR SRR

L BB ® Gas® Ge & % (1GG-100, 12 [
Eckert & Ziegler AG A H]) , =AU AH (1 (high per-
formance liquid chromatography, HPLC){¥ (1525 %4,
F2 [ Waters A H] ), HURE 2 63534 (thin-layer

chromatography, TLC ) {¥ ( Mini-Scan , 3% & Bioscan 2
A, 2%k Ay IHEER (1470 Wizard, 32 [H
Perkins Elmer 23#]) ,microPET ¥ (Inveon Dedicate , {2 [F]
Siemens 2y A ) o

2. G DORBEZ-DOTA g T 74 2 55
YR A IR A T = (2-BRIE 23 ) B R AR £ [ wis
(2-carboxyethyl ) phosphine hydrochloride, TCEP |, Z
T VY ¥R ( ethylenediaminetetraacetic acid, EDTA) .
LR T Fitg B T 100 A R A 7] 5 i HCL, 2R
B R IR A T o 24 AR A R D 5 /N BT
W) T P 5t 2R VLA WU BB A BR 2 0] 5 BT A7 20 i 35 5
AR I F LA Biological Industries 2y &) Fl
R R RAEYEARA R A 5 b T 5
REEE A AR BRA ]

3. ANR AL S Y . A WESERRAE T A
PG ZIR A375 41 PD-LI B4, A U5 PD-
L1 44 A375-hPD-L1 414 PD-L1 &3k 40
NI SSTRE UST 40 Jf > 3 I PD-L1 5 3% 3k i) 4
JEEO PRI, B K 4 A i AT S 2 S, Hp
A375 Fl A375-hPD-L1 £ id rh 55 JH 38 A% AR ) B 245 7
BA PR F A, U87 4ty i FE R} 25 B 40 i /%
HEVE BALB/c #1524 H 4~5 Jil% IR Ti 24 20 g,
W) B M R ST S 56 sh A BR S ) TEARIA R I A
PRI ) 3% [ S50 3 W 4 AV TAIE S SYXK (75)
2019-0025] . ASEHGJ7 58 VLA 51 BE 2= SE i
BPIEELSR HEZE R 2tk (2020046) .

Tk

1. DOTA-CDV-Nb109 ) il £ K 5 2 . 3@
A HED TARKE CDV X1 DNA 1 Bes] A% Nb109
i DNA B, By DNA B B o b
B EIE I 7L 3 ¥ R K HUAA peDNA4 | 2 B SR
[5)#EAT I 1y 2 Ak 15 2 & S B Wi i &E [ CDV-
Nb109, # CDV-Nb109 5 TCEP LAWY & LL 1:2
RA, 737 Ci&JE2 h )54 € F12 000 r/min
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(B4 10 em) B0 15 min, B0 2 K, BEE
TCEP, 3 ¥ A& A 2 mmol/L EDTA B £ R &%
(0.2 mol/L) ¥, F 2 F1 5T 43 5l 55 5 R ot 0. -
DOTA UMRIHE L 1:2 IRA, T 37 CHHEE 2 h,
i fe 3 R B AR AT iR 4li4k , 464k )5 i DOTA-
CDV-Nb109 7E4lizK it , -80 °C A7, 1T HPLC
R 43 B T o BT AR A T BT i o

2. ®Ga-DOTA-CDV-Nb109 ffI45 (&l 1) Joifds
il KeFasE vk, 1 0.05 mol/L HCL(4 ml) % Ga/®Ge
KR TR RS Ga, BUC S P 76 B 45 i B 0
Br(1.4 ml) #FAT/E 225050 . WRURINA 0.25 mol/L
CFRANTETR (29 380 pl) & pH=4.0, il Abricaijik
DOTA-CDV—Nb109(50 pe),80 C KA 15 min, X

PSS AR K ORI ] PD-10 bt i A7
,w REFSHC 3wl SO i 2B R AR (P 1 em)
T 1 em &b, B T EIFAK R (10 mmol #7142 HR K
W) R R IT 2 HE R U 10 em AR B HRHR BET,
AT E TLC 2308, B4R (200 pl,37 GBg/L)
% 200 pl PBS s/ UM, BCEALE 37 C T il
H 120 min, RJHBESHE TLC FEATHAL 46508,

3SREEE(K,) MIE . B A375-hPD-L1 Zifd
FPF 12 FLAR (3x10° MR/ FL)  BEFRR ., i T T
TIRNZE G 53 AT, 1 4 5 v B 336 3% (0 ~ 125 nmol/L)
)% Ga-DOTA-CDV-Nb109 gl (.25 4 ) 55 %4
100 159 DOTA-CDV-Nb109 ( A-HR 245 ) £E 37 C
B 1 h,SR5H 500 pl ¥ PBS THUEAIAL 2 ¥k, B4
WOSCER SR y THEER I R, RS G E
FERE LS A i AU S AR B A A R 2

4 3N S2 5 BF A375-hPD-L1 40 i35 T
12 FLA(3x10° AN/ fL) 555 . RIKIA® Ga-
DOTA-CDV-Nb109(3.7x10* Bq) .DOTA-CDV-Nb109
(HeFEH 107 ~10° nmol/L) ,7F 37 CIEH 1 h; R
FH 500 wl ¥2 PBS IEUEAIMI 2 ¥k, K A M 4L 5 F y
FHECES I ik . LA DOTA-CDV-Nb109 ¥ By

cogn HOOCa/—\/\(

b Pt

AL bR il e A At 2k

5.2 MU B HUSC B, fF A375., A375-hPD-L1 FiI
US7 404 HILL 1x10° AN Z0 /200 wl 5 & G 1L 77
BRI B R AL B0 TP B S A & 4R 5 Ga-
DOTA-CDV-Nb109(3.7x10* Bq) Fit 35 5 JC IfiL I 1% 5%
B£(100 wl) . PBH W 4H £ ] 500 4% 9 DOTA-CDV-
Nb109 Fii4b#H 30 min, 485 7€ 37 C /0l E 15.30,
60 F1120 min, ZERIGFFRIESH 500 wl ¥ PBS PRk
2 R WA B S FH y ARSI s e T A
B IS & (percentage of the added radio-
activity dose, %AD; s % AD = FEAS ST HEU AR ic ik
HWNE S T 100% )

6. R MR ALY, (1) microPET A% (3
n=7) F 5x10° 1~ A375 Fl A375-hPD-L1 A3 4%
FiFR 1 SR A A OSSR B 5x10° A4
US7 A EeFt TR B IS e . (2) A=
R (B n=5) . % 5x10° P A375 5 A375-hPD-
L1 AP T4 B A O s B Wl b g
F(V=m/6xLxWxH; Horb LARER Mg KA W AR
RERBEEMBES HARMESE), FKE
150~250 mm® A RIA] FH TS24

7. MicroPET 14, farJ # B # ik 1 3 Ga-
DOTA-CDV-Nb109(5x10° Bq) 7 , K FIARFH /341 2%
SRGERRERE AT 1 h shAFHA 10 min FRAAH
WAF G PET WAZ, A =466 7 745 K
(EIEARTE R IR, 2) 0 ROT S B R A A
i geg s et FUL PR A8 48 BRUAA, I LB 2 T 4 T 45
15 K ( percentage of injected dose per ml, %ID/ml) 3
/N[ %ID/ml=ROI 5% B BRI B ( Bq/ml) /3 4t
B TIOR3 BE (Bq) X100% ] o

AR AW sy W58, A375-hPD-L1 il A375
IR (3 n=5) 43 BIFRIR T i R DK 5 Ga-
DOTA-CDV-Nb109(5%10° Bq) , R4 4G 1 h, %
AL FE 5 BT AR R 28 B COME it 8 LE B

COOH COOH

, )\y )imj)‘\ENH

\1‘ j\j HOOC-/ ) ¥coou //,y - e
Cswczh pH 4.0,80 C, 15 min :Z 0
0
CDV-Nb109 (\ . N(\N_\
Hooc/\{ N_Q\/coon ooc--.---<.. Ga 5000
Hooc” oc

DOTA-CDV-Nb109
Joe-1,4,7,10-PU Z 2 ( DOTA ) -2 e & iz

BE1 ®%Ga-1,4,7,10-PUEZe3H+—

0!
%8Ga-DOTA-CDV-Nb109
KA F R -4 & 82 (CDV ) -Nb109 4 RLi% 2k
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Jo B ULEA)) R 420, e v PR TR O I Tk
SV, TR S L 2 23 R 5 R (percent-
age of injected dose per gram of tissue, %ID/g) .

9.5 FAb B, ] IBM SPSS 17.0 4K {17
Geita 4 M, [T Origin 2018 #7474 A1 15 Ak
o K, SGipul GraphPad Prism 5 T ETT AR
FEE IEAS A0 B R GORH A w25 KR, 2 411H] LA
SRR R T7 2253 Br , 2L 18] P T LU BER T /N S 35
225 ki, P<0.05 AZESAGITFE X,

& =R

L HTAR SERET I il A ABT 45 . HPLC 43#7 i
7R HIMARZEE A 95.09% ; 151 53 PRI SR, B AR T
Sy TR 14 455.79 , 55 UF HZ5 R IR A, A B4
43T 554 DOTA I35 —Z5F 0 7= 4, s i
TLC /307 B, ® Ga-DOTA-CDV-Nb109 Ji k2777 %
$7(69.79+£4.69) % ; 2 PD-10 Wbtk alifb s , Ho ik ot
KT 97% , BEIRTEIE 7 (12.85+1.51) GBq/ pmol , 4>
FRicgi b nl 7E 20 min P58 AR ; HAE PBS A/ RS
R E 120 min J5 B EALSESR 51 95%F1 93% .

2. K, e K sa g il se s, il 2A i,
K, }(66.43£17.89) nmol/L, % Ga-DOTA-CDV-
Nb109 5 A375-hPD-L1 4l B A BRI R T, K
# RV 2 DOTA-CDV-Nb109 4 ¥ Ji 7% ¥ 14
i, ®Ga-DOTA-CDV-Nb109 254 FZ ik, DOTA-
CDV-Nb109 1> 41 il e B A (25.43+£2.85) nmol/L
(& 2B) , B DOTA-CDV-Nb109 HEMSA R4 BHK* Ga-
DOTA-CDV-Nb109 5 A375-hPD-L1 40455,

3N AE IS, W 2C FrR, IR E 30 min
J5 ,® Ga-DOTA-CDV-Nb109 7 U87 . A375 Fl A375-
hPD-L1 4 i) 5 B 3k 1 °F- 1, 43591 R (2.08 +
0.03) .(1.21+£0.14) F1(3.17+0.15) %AD, R4 7E

A375-hPD-L1 4l i, U7 41 g b % 45 B B . & T
A37S 40l (F =82.87,¢ {H:15.23.9.98, P {H: <
0.001.0.003)., 5 A375-hPD-L1 # U87 4H fifl #H
I, % Ga-DOTA-CDV-Nb109 7E A375 4l th 76 T A
sk ] 515 2 I A IR . 28 500 £ A% T 44 T 4k 2
30 min J&,* Ga-DOTA-CDV-Nb109 7£ A375-hPD-LI
S i Y B R AR MR B R B 22 (1.57£0.09) % AD,
HA35 MM ESLRITFE L (1=1.49,P =
0.135), DA &5 K % Ga-DOTA-CDV-Nb109 H.
Bl s A REAMEH PD-L1 £k AEHHT

4. MicroPET R ARZ5 R, H4 /5 15 min,® Ga-
DOTA-CDV-Nb109 7£ PD-L1 &3k #) A375-hPD-L1
R | B, g PN Y S AR TR 1 h
DL b M, B A375 BERIE R A AR R R
WEEH BT AR R (B 3A) 5 b, BREFE N
JEPE PD-L1 R 323k A1Y UST s 4 BRI AN R[] st
A B g 5 (181 3B) . ROT 20 BT B 75, Ga-
DOTA-CDV-Nb109 7£ A375-hPD-L1 fit 98 v i % K
BN (5.21£0.35) %ID/ml, B3 & T A375 Mg
[ (2.1720.36) %ID/ml) JHILA[ (1.93+0.19) %ID/ml;
F=675.13, t {4:35.70 .43.58 , %] P<0.001; 8] 3C];
BREHE SIS 10 min, 78 U7 g v 1k 31 B K 5% X
[ (3.4420.69) %ID/ml], B3 T A375 MR (2.17+
0.36) %ID/ml ] FILA[ (1.69+0.34) %ID/ml; F=
35.96,1 1 :3.43 .6.29, 1] P<0.001 ] , i J5 1% W A,
60 min B R 5 BR(E R AR 22 (1.81£0.46) %ID/ml
(I 3D) ; 3% 4H7E A375-hPD-L1 F1 U87 far 95 £ KA
S b B BRI 2 = T A37S fR AR B (F =249.72 ¢
1#:35.70.3.43, 3 P<0.001) . 5% g% M55 31 5
PD-L1 FH P4 20 21 5 D\ AIE 31 20 23 v P 33 B, 7E
A375-hPD-L1 faf 88 #1 B P s RAF 1 FE A L,
S 10 min (9 iEd/ LA 45 B EE ( tumor-to-muscle

- 1207 ,
19 k ~(66. 43+17. 89) nmol/L 6r —usr
100 IC,;=(25. 43%2. 85) nmol/L 5t +2§;g—hPD—L1
10 . L 80 24 A375-hPD-L1-block
~ ~ BN
B g0t B3
4o 4o )
& 5 8 40t 29l ©
g Qa
20f k) 1t
0 20 40 60 80 100 120 140 -10 -9 -8 -6 -5 4 0 20 40 60 80 100 120 140
Cuga-pota-cov-Nb109/ MO+ L7 ® L1ogCygy cpy o100/ mol - Lt ® t/min ©

2 %Ga-1,4,7,10-MEZIFT58-1,4,7,10- 8 Z R ( DOTA ) -2 i 2 #R- R 4 S BR-451 & 2 ( CDV ) -Nb109 Xif it J 1 4t B 58 17~ 26 I e 1
(PD-L1) Fe S PERIRSMASE . A. ® Ga-DOTA-CDV-Nb109 U454 5 FI J1 9250 455 B. ®Ga-DOTA-CDV-Nb109 )58 53 i LI 245255 €. ®Ga-
DOTA-CDV-Nb109 7 A [F] 41 s 5 AR [R] s 18] 057 4 4T B R O B 25 21 . UST O A R A M L A375 O N SR8 2R 4T M L A375-hPD-L1 S AR
P PD-L1 #6541 A375 40f0 . A375-hPD-L1-block 48 500 15 DOTA-CDV-Nb109 HiAbH = () A375-hPD-L1 4T ; % AD A E 20 I AT HE1
B 1Cs J AR B Ky S ARES H 8 NS N 22 R4 X, P<0.001," P<0.01
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uptake ratio, T/M){E K 2.90, FF-Z @, &K T/M
{H AT 5 6.90; M 7E A375 far e #R B 9 T/M (B 344828
1%, BAEREA BAGT R T0 B A0 A %A UST mpRd it
BRI T/ M {EAR RS2, FEST IS 30 min 5 31 5
B0 2.74 (K 3E) . BLA, BT PET BRI Wi
B 7R PRE T B IR IO A7 48 o ) BB, B R B A 2
LS Ao R A A

SAENEY A (R 1) WEFTESE 1 h,
A375-hPD-L1 F1 A375 faj 98 # B B U 34 40 7 368 v 1Y)
G5 B | A% Ga-DOTA-CDV-Nb109 3= % M Wb
JRAEGHEH . A375-hPD-L1 il A375 fapfe it Sl At O
Fs AR ) RAGR R AR i . FESTIS 1 h 3%
A375-hPD-L1 g rh 48 BUE hy (3.35+0.16) %1D/ g,
WEET A375 MR (1.22+0.14) %ID/g;t=11.58,
P<0.001],5 PET 1545 58A0—3% .

o
R

A375 (k)
A375-hPD-L1 (£)

Wi

UTARSR  SBEIRITAE A I T FR R B T R
Y788, PD-L1 R IK XA iA 7 B B 5 Dk T
PUZREETY S T R A UL 1A R DL
T R S B, AR R L RE AU/ 0 Y Bl PD-LL
(B IK AN REA RO B A e e 4 2R R
KEROIGBC S Hesh  FE R & R K e b PD-LL 11
Tk — N E IR AL R LA 2R R AR
Se1fi SERF RSBR PD-L1 kK AR E A

FIRT, B4 2 U Y R PR IC 5T PD-L1 B
FEREPUA (TRIFREAPL) Pkl , XLEAHT S PD-L1 A
A EGRBIES SRR T, I LI Tl i 25 22 7o
Fah PD-L1 RIK M B2 WM SR, by T o
X IR 1) 2 1 RE s, e B R R U A A

8
—— Tumor-A375-hPD-L1
7 —— Tumor-A375
T 6 —— Muscle
I Do e
5
10 %ID/ml =
34
g :
W R
1 2
10 20 30 40 50 60 70
0 %ID/ml
- /m t/min ©
SR TE 5
5 —— Tumor-U87
T, —— Muscle
Ty
=
xR
=3
P}
W ® #\}‘i\}i ©
1 T3]
10 %ID/ml
0 10 20 30 40 50 60 70
t/min 0)
o M us7
8 M A375
7t Il A375-hPD-L1
0 %ID/ml 6
s
=
=4
3
2
1

o

30
t/min ®

B3 AREZIEANM A375(A) FEMR P M SE T2 IO 1(PD-L1) 55941 A375-hPD-L1 40 (A7) XU far 938 R Bl S A I3t
A UST i i BB A IR A1 Ga-1,4,7,10- DU 2 3R+ —458-1,4,7, 10-DU Z. R ( DOTA ) -2 e & R - K & = IR -451 %4 B2 ( CDV ) -Nb109
(5%10° Bq) J& 4% I} 18] 25 49 microPET 4% ) (15 18 7% i 988 ) B 988 ( Tumor ) 5 LPA ( Muscle ) BEHUSE S, A, A375(Z) Al A375-hPD-LI
(A7) BT8R LAY microPET EA%18 s B. UST i # LAY microPET SAZIE] ; C. A375(Z2) I A375-hPD-L1( A7) WU 7S 46 Bl A4S ik 1] o5,
Jige 55 ILPA) ) B IR ; D. U8 fi e i B4 B T i Jodd 55 JOL P A B BRI s E. A375-hPD-L1 A375 LA Je UBT FifJe 4 Bl s of [ e g/ WL 1A 48
BCEG (/M) AH 0 %1D/ ml B2 1 E 43 S0 %5 NS 25 5 B4 £ 3 L,*P<0.001,"<0.01
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