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[ Abstract] Objective To investigate the therapeutic efficacy and potential mechanisms of integrin
o, B,-targeted radionuclide therapy (TRT) in combination with anti-programmed cell death protein ligand 1
(PD-L1) immunotherapy. Methods Integrin o, 3,-targeted molecule Arg-Gly-Asp (RGD) was conjugated
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with Evans blue (EB) and then labeled with ""Lu to obtain ""Lu-EB-RGD. The radioactivity and radio-
chemical purity were determined. MicroSPECT imaging, biodistribution, and in vivo therapeutic efficacy
were subsequently performed in MC38 murine colon cancer models. Volume of tumor and body mass of mice
were observed to assess the therapeutic efficacy and safety (n=9 in each group). Flow cytometry was used
to evaluate therapy response of saline-treated ( control, group A), 18.5 MBq "’ Lu-EB-RGD-treated ( group
B), 10 mg/kg PD-L1 antibody-treated ( group C), TRT combined with immunotherapy-treated ( group D,
18.5 MBq '"Lu-EB-RGD and 10 mg/kg PD-L1 antibody) mice and alterations in tumor microenvironment
(PD-L1" immune cells, CD8" T cells and regulatory T cells). Independent-sample ¢ test and repeated meas-
ures analysis of variance were used for data analysis. Results The radioactivity of "' Lu-EB-RGD was (55.85+
14.00) GBq/pmol. SPECT imaging clearly visualized the MC38 tumors in mice models with high uptake and
long retention time, the tumor/muscle ratio reached 14.87+0.88 at 24 h postinjection, while less uptake and
retention in normal tissues. Tumor uptake of '’ Lu-EB-RGD was significantly higher than that of '’ Lu-RGD
4 h post-injection ( (12.00£1.60) vs (3.69+£0.37) %ID/g; t=8.63,P<0.01). The efficacy results between
each treatment group was significantly different (F=7.32, P=0.03) at day 6 post-treatment. The combina-
tion therapy showed the most outstanding anti-tumor efficacy with 7/9 mice showed complete response. Flow
cytometry results showed that TRT up-regulated the PD-L1 expression significantly, namely, PD-L1" im-
mune cells in group B and group A were significantly different ( CD45°/PD-L1: 2.34% wvs 0.95%,
CD11b*/PD-L1; 2.41% vs 0.66% ; t values: 11.17 and 8.70, both P<0.01) ; immunotherapy and combi-
nation therapy dramatically stimulated the infiltration of CD8" T cells (2.07% vs 0.26% , 2.71% vs 0.26% ;
¢ values: 4.10 and 6.03, both P<0.05). Conclusion TRT in combination with immunotherapy synergisti-
cally enhance anti-tumor efficacy, which is expected to play a role in the treatment of patients with advanced
tumor where TRT can be applied.
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Programmed cell death 1 receptor; Mice
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U AR S i T ORI O T AT g v
7R IR, G S i BRATL A 1) e A o g
TSP A J g R Gk 2RI M B i,
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B, 2017 4 PACIFIC 5% (a global study to as-
sess the effects of MEDI4736 following concurrent che-
moradiation in patients with stage Il unresectable non-
small cell lung cancer) & BH ITHH A v 1) 5 Jmy 310 g A
NSCLC A EARMES BT R R P 45 a0 s, 1l
P R4S BA T ( Durvalumab; PD-L1 #i4K) B 5B &
IRYT, B S TR Y TG J A A I ( progression-
free survival, PFS) il & 4 17 ] (overall survival,
08) " M5 T IR AT Y Bk NSCLC 35 (3R YT 4
e IZBFTE RIS (R 28 A7 i TR I EB 5 B
FEIRYT ) B I RIS EAE A T

G VE % R 8 ) 3R 9T (targeted radionuclide
therapy, TRT) DA [] i 96 52 4% (19 22 KR £1 5 4 oK
FIURE A AR, I A2 MR- IO R S R 45 5 1 D BHRHE J
SPPPEAZ 3R 28K B Mg F AL, %o e g A 7 AR S AR
PRGN, SAMREBYT AR, TRT A58 i # ik
ER T 2B a2y, TR 25 2 KR 1 e
Wkt M & R & R-K A R (Arg-Gly-Asp,
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1. 3 %4k ) f1 b kL, PD-L1 $i4k ( Cat. No.
BP0101) 4 T35 [ Bioxcell 23 W) ; a4 137 | 40 i 3%
FEW PRMI 1640 KK 8 R 5% R W T £ H Gibeo
N INREEE G 1,4,7, 10-DU R 2430+ — be-1,
4,7,10-PU PR (1,4,7, 10-tetraazacyclododecane-1,4,
7,10-tetraacetic acid, DOTA) .RGD ¥ Jik ¢ (RGDIK) .
RGD-SH 14 T v [ b ik A= fb A BR 2 /5 #0419 EB
(truncated-EB, tEB) FIIT T ¥ — Bt i -tEB H 3€ =
[ 37 BAARGE BE B /N 0 0852 G 5 BURHPERZ R La
(2l >99% ) W) T8 [ ITG 2> wl ; B4 [ 55 [
BD Pharmingen N, ER RGO ( Fresco
21) W H 2€ [E Thermo Fisher Scientific 23 &) ; SPECT/
CT f¥ ( nanoScan ) W A & 7 F| Mediso 2> A ; Micro-
PET {0 A 7% % Siemens 2\ ) ( Invenon) ;v 1140 %
( WIZARD 2480) Il [ 3% [ Perkin-Elmer A 7], KR
S5 e A MR MC38 0 [ ) 5% S5 56 200 Jif 9 U
HVA L SLEU/INEL CSTBL/6 (METE,6~7 IS R
i 15~20 g,63 ) Wy H b 5t 2 38 R 1 S 56 3 ) 4
ARA R F [ 4] UE 5 : SCXK ( 5T) 2019-0009 ] , 17
T BT REFSLG St , JCR BRI SR AR 0 A 5%
(G

2. MC38 fry g FRBE Y A 57, B MC38 4 it HH
FrRBA L 10% i 2F 175 /Y9 PRMI 1640 £ 37 W 1%
Fi BTN 5% CO, 1 37 CHERIE TR,
B 100 wl 20020 (1x10° N4HAL/L) B2 ST
R 1 d A T ERER C57BL/6 /N, 4/ UM
RFZ) 100 mm® B (FPAERIRE MG 55 7 K) , IF iR
TR rsE . /0 RO AR TR 28 200 mm’
INF(RbAR R 0 IS 56 12 R, T BAR e R W4y
ARG, WA shi S i Zad T R4 5250 30
HLCSE G sh A5 B 10 B 2% 5% 45 1) o A AL VE (12
45 . XMULAC20170063) .

3. EB-RGD W& B S S M % &= An id, EB-
RGD MG IS % k[ 15 ] , W (EB 2» T &2

R R AL B A NEE R ot K DR B
e 2 e-vity, FRRHBR ALY RGD K 5 2 T ok ik
TR, 7% DOTA-tEB-c ( RGDIK) , i #X EB-RGD,
i 4 ml HC1(0.05 mol/L) i 1.85 GBq ' LuCl,,
# 100 wg EB-RGD % RGD #f# T 1 ml NH,OAc
(0. 25 mol/L) /1, 3B LuCl, ; ¥R A 1 7E 90 C
Fm# 30 min, 1 C18 A (38 FEIR Fr R A BR
ONE)D) difl IR AT 0.22 wm JC I JE IR ( 32 E Merck
Millipore 23 F]) B 1 ml (RF 88 60% £ i i C18
FERITC R IE R A ™ i 2588 SR JE A 5 ml A= 3R
KT i K S B A R Y AR R A B A
10% , it FH 43 B 24 38 )23 €00 35 2 00 2 ke Ak 4 ( 36 B
Bioscan AR-2000 Jii 51438 )2 (43510

4. MicroSPECT A5 K AW At oy, BRI 2
Ko iR/ IVKEIEE R PR MC38 T Bl 8 H, 40l 2 4,
R 4 H, 2Rk BIEST 2 18.5 MBq/ R 9" Lu-
EB-RGD 5" Lu-RGD, TG 4.24 .48 &£ 72 h
TH A2 5 microSPECT &%, 1 PU#E3k SPECT/CT
IXFERL, 345 SPECT G B BRI 45 25~ 60 s,
SRS BT IA] R 25 ~ 60 min (B 1 $ERE . 20% , 4 .
256x256 , FEEAETL) . SRAEEHE 5 8 i F 4 ( Tera-
TomoTM ; SPECT/CT 1 P & 544 ) f# FH 56.1.112.9
F1208.4 keV By Lu vy fig i % CEE SPECT 04 ;
{6 [ InVivoScope A ( 3£ E Bioscan 2 H]) 43 Bt
SPECT %,

B 55 i S B R/ INAHAEE 1) PR MC38 far 8 R
12 B, &R #MkiESE 0.55 MBq "Lu-EB-RGD, 43 %Il
T 4.24 48 J¢ 72 h J5 454038 3 B, 53 Ah B3 H
MC38 I B2 B # bk i3 4t 0.55 MBq '’ Lu-RGD , Jf:
FE 4 h JEAbFE, WCAE MRS AR, A y 11K
A FOUR T AR, 45 R RN R HAUA i
B3] 1 K ( percentage activity of injection dose per
gram of tissue, %ID/g)

5. TRT 505697 MERAIR YT T %8, BuUkE
PRAURIAR Jo A ST A P A 7 L 48 L, A 4 4,
Tl 12 H (9 BT W00 s AR R A BT i, 3 H
FAF =AM ARAG I ) | >R FHAS [F] 7 22 k4 7 % BR Bl i
7 A HAEIEIT T IR BEE 0 K& k5 100 wl 4
PHERK B AlEVRIT IR B 2R 0 R & B ik i 4
18.5 MBq ' Lu-EB-RGD; C 2H & R % kA 1897 T
LRINEE 0.3 .6 RAHITEST 10 mg/kg 19 PD-L1 HT4;
D HAERIT IR AU 2R 0 R4 2 i ik 51 18.5 MBq
1" Lu-EB-RGD , I HTEIRIT FF AR 56 1.4.7 K4
S 10 mg/ kg (UPD-L1HTAAR B2 d W1k
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PR AR FEURIMA I i, 13 IR (R B /N (R AR x4 x
Te18/2) o A~D AW 3 RAEFFIRIAITIE 56 3 Rit
T ISF—HE‘E/%:L%%%( fluorodeoxyglucose,, FDG ) microPET
BB EERIT RS RGER[16] . B LLT AE AR
B, 37 RIS 1 X 320N BRI S 0 -4 L JRR R Ab B « AR JB
> 15% ; MR IAFR>1 500 mm” ; 1% S5 .

6. it 2 A0 A XS iR S A S5 s, s /N B
JigRs L 2 L BRI FE AL LRI IR 7 , ot i 988 41 23 D) ke
INBL(Z52 mm) , BT & 1 o/L 5 IV ( Cat. No.
C5138; 3 [F Sigma-Aldrich 22 F] ) #1 0.1 g/L DNA fif§
[ (Cat. No. D4527; & [® Sigma-Aldrich 23 ] ) 4
ZUHALH T 7E 37 °C TR 40 min, SR 20 L
VI A 200 B 0 X i, P A0 B % €8 2% 0 ( Cat. No.
554656 ;3% [E BD Pharmingen 23 7)) Vi, 300 xg &5
L 7 min, A5 EF LW, 1S AR T EUS B T
Mo gL a2 whif ., 7E 100 wl( 29 10° /N4 ) 20 i B
WA 1 pg gifb i di /B CD16/CD32 41
(Cat. No. 553141) T 4 C TR E 5 min HH Fe 7
& Far i AR RPN CD45 .CD11b  PD-L1 |
CD3e Fl CD8a MY ZI AT ( Cat. No. 553018 557396,
564715 553061 F1553032) ,2~8 CIAHE 30 min;RJ5
FEAMMIAE 2 ml G B 52 phl e 2 1K, 350 xg Bfil»
5 min, X TTPE T 400 (regulatory T cells, Tregs)
FRic, 76 CD4 B ( Cat. No. 553051) YeftJi5 , XLAHE
# H (forkhead box protein 3, FOXP3) H YL 4, ( Cat.
No. 563101 ; 3£ [E BD Pharmingen 2 7] ) AR 4% 2 it i
Yot 5 AT, BeJa il NovoCyte 244X ( H
ESCRAEYARA R SEA TR, HAARKS I 48 A5 62
F& PD-L1* £ % 40 g ( CD45*/PD-L1, CD11b*/PD-
L1) .CD8*T 40 fifs (CD3*/CD8" ) Fl fith 43 12 i Tregs
(CD4*/FOXP3") ,

7.853 203 SR ] IBM SPSS 19.0 A4 43 #r

Bollg . FFEIES A e BRI x5 £oR,2 A
(] FL AR PRI ST AR AR ¢ K 305 2240 1B] LR R
S 22 438, 2H (5] P EE 33K Bonferroni £6:
K, P<0.05 AZEFA G FEX,

# =X

L S M dr e fb & 90 1 £ AE " Lu-EB-RGD
Y Lu-RGD FAIC 1 3% BE 3514 (55.85+14.00)
F1(18.60+4.70) GBq/pwmol , 4li 1L 5 7= ¥y i i b 4l
¥IRT 95%.,

2ARNA M3 A . MC38 4 g et Jeg U6 Lu-
EB-RGD 4 .24 48 F172 h 517 microSPECT 214 ( &l
1A) E5 SRR IS 4 h RIT A g DX S 2 3114
A A5 300 45 B, Mg/ LA LEAEL ( tumor/muscle, T/
M)} 9.03+0.44, VEST G 24 h fivsd BEECA 2] 04
(T/M=14.87+0.88) , Ifii J B Fiof [1] 2 AL 42 B KA1 5 AT
B A A B 1 S AGR B B, L IR B AV A S B
6] 7% Ak 32 W A . Lu-RGD Y microSPECT & 1%
(F 1B) 7”7 Lu-RGD 7 ML 3 H 88 U 35 B, 1 5
4 h MR ( T/M=2.90+0.30) B] B % T Lu-EB-
RGD(1=19.45,P<0.01) ,

" Lu-EB-RGD TEfrJ8 FUAS P 1) 4341 1 150 ELAA DL
1, TEHE 4 h," Lu-EB-RGD 3= % FH B 75 1M ik
ML A AESS , GnAFRE A, Lu-EB-RGD 7£'% F1 A9
PR IUIE B L 2 W R R B, ST Lu-
EB-RGD J& 24 h, I $5 G R (R, 100 968 45 (B 7 i
FeAk. VESTS 4 h, " Lu-EB-RGD #"" Lu-RGD F
M I A R BB (12.00+1.60) 1 (3.69+
0.37) %ID/g;t=8.63,P<0.01], 5 microSPECT I
G RIEA 3,

3. TRT BA RBEIRIT B DR RIRL N, A ~ D 4 fap
Je8 R o1 1 76 97 0D 18] 38 A o 30 B I R TG , R

Bl 1 455 MC38 i fd B 87 Lu- U (EB) K & AR - H & BR- KA Z#R (RGD; A) A1'" Lu-RGD (B) J5 A ] B [6] 4 microSPECT i
5 B (7 Sk R )
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£ 1 ""Lu-EB-RGD fE4%5 9 MC38 fajfe il
KRNI AEY) #5310 (%ID/ g3 xs)

TS5 AN [  4 J30 S  R HA

HAEE
4 h 24 h 48 h 72 h
O 5.06+1.29 3.33+1.32 2.69+0.79 2.65+0.96
Ji 10.29+£2.33  10.92+5.77 8.63+2.21 9.79+1.22
Jiti 6.78+2.25 5.15+2.84 4.13+£1.49 3.54+0.38
=1 14.55£2.09 18.13+4.87 13.80+2.73  13.71+2.95
gt 12.00£4.75 12.19+£5.06 13.45+4.11 13.11+£2.29
H 3.68+1.59 3.48+1.67 2.05£0.48 1.98+0.69
B 3.67+1.25 3.14+0.72 2.56+0.34 2.98+0.98
LA 2.14+0.49 1.90+0.67 1.44+0.58 1.26+0.31
N7 4.14+0.92 6.08+3.89 5.56+2.57 4.91+0.98
M 10.54+2.22 3.23+1.47 1.96+0.58 1.54+0.25
ki 0.48+0.10 0.45+0.19 0.37+0.12 0.35+0.06
il rA 12.00£1.60 14.78+4.74 14.26x2.74 9.77+1.28

VE - 4 I /N BUBCR 3 1 %D/ o S 440 E 4 T
B EB R PSCEE RGD MR R H AR - KA R
TRT HAN X /N B ™ EE W A= s 4 A far
98 MR A Hh Ze DL Il 24, AT DL A 2H i bk 3
K IRI7 A 24 d R A2 1500 mm’ ;B 41
A C MR A K A 4 B SR | 4540 T Flds it 5
i 1] A9 52 B AR X ek g A R 52 il A7 G 12 B X
(F=13.32,P<0.01) , 7EIRITHIRIG 5 6 K, 4 4lH]
PR R 22 A ST F B L (F=7.32, P=0.03),
AHRTF CHRMD (4 P<0.05) ,B HIFKT C4H
D H (¥ P<0.05) . TEIRYT ARG 10 K, 4 2[A]
R 22 R A Gt E X (F=13.47,P<
0.01) ,ZRIT AP LB 45 R 555 6 AL, (2
BAMT A4 (P=0.02),D HIFWBIET C 4 (P=
0.01), BEJFANEIEEIN,D 45 A B, C A [H]
Jed AR RRU) 222 5 BB S [E) S S 38 10 5 6 50 o g 00 sk (1]
W,D A 2 HU/MNR BT S, 7 /MR ER

2100 ~ A#H
~ BH
1800f  __ c@
1500 D&
‘B
émoo
£ 900
*
= 800
300

SEA G HAE WIS TR SR R B &2 A . TEIRYT
%5 3 KAT®F-FDG microPET 1% (&l 2B) ,4 41
XTEF-FDG 32 S A Gt B L (F=41.74,P<
0.01) ,B 211 D 4 bR kX5 *F-FDG HEHUE: A 41
BB /D[ (5.86+0.92) , (3.73+0.38) A1 (8.72+
0.80) %ID/g;¥) P<0.01],

4 BRI R RS IRET AL, fE R X
UM ASCEAIRTT 2 4 R I I OB i i AR | 45
N, 5 A HAM L, B HAY PD-L1T H 40 il (CD45*/
PD-L1 1 CD11b*/PD-L1) %= B W34 (2.34% 5
0.95%,2.41% 5 0.66% ;¢ i 11.17 F18.70, %] P<
0.01) , 1M C ZH3xX 2 P4 Jf e £ DU BA 4 T 1% (0. 43%
50.95%,0.30% 5 0.66% ;1 i :4.56 1 3. 61, P<
0.05),C A1 D 2Hi¥) CD8' T 4B A 4
T (2.07%5 0.26% ,2.71% 55 0.26% ;¢ 1 .4.10 F1
6.03,3] P<0.05) ; FHIBrHTIPIE GfiE SOV Y Tregs i
AT ER TSI E L (P>0.05), 45 L KW
TRT w] LR A % PD-L1 335, PD-L1 5%
IRITRICAYRIT AT CD8 T ZHMIZ .,

i

T PD-1/PD-L1 BYSLEER 7 1 — L1 U i
HRE L R RS Al SE I 20K H 5 2 GEih T
ZEE LR THOUMRE OR . BUIR T AE 2 509% (158
PR B IR TR A N, AT R e R R AR
T AR SR TR ORI YT R I R A A
FE e PRAAES: P B B U RO R, SR T &5
FIBAFAE—E BIPRR, anan i PRBg I 536 77 By AL
(PP A A | e BT Se S R T i S Je iU A
J7) JRERTT G AR (R R R
pan I DI UL 1B B e Ry it 7/ i e i 11 i U )

2 R PER R EAYT (TRT) BRAHRBEIRITRCR . AL A~D 459 MC38 farsag BUMIR 2B K 4R BRI AR 3 KA UL R B microPET
BAZE (TR . A 55 0 REREFE IS 100 wl ARk, B 4156 0 K& B EkE 41 18.5 MBq A9 Lu-t ST % (EB) -4 & k-
HEMR-RAHEM(RGD) ; C 415 0.3.6 RGRHIKITEH 10 mg/kg MR FHIETZ IR LR 1(PD-L1) HTik ;D 4155 0 K& i bk i 4t
18.5 MBq ' Lu-EB-RGD B G55 1,47 KIEHT 10 mg/kg (9 PD-L1 Hifhk
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167 e — D4 sk S 55 P 22 T A P [ A T AT
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TRT S HAHNG YT A0 3, AR b A5
LN HIEZ WM, FDA T 2018 4F 1 H4HE#E T Lu-
DOTA-D-ZKN TR 1-Ms TR 3-75 2 R 8-2& il ik ( D-
Phel-Tyr3-Thr8-octreotide, TATE ) ( B f 44 Luta-
thera ) VA7 AR AW ZR 52 U4 B 1) 15 M 30 P 28 1N 3 04
et o TRT 5 SR 7 156 A 1o H R BiF 52 40 6
i, 2018 4F, Choi 55" 1 ¢ #iRill T 7£ B16-F10
REFIHAL D TRT FRRERYT A IR T
Ti 58 HA R4 2R o B 518 07 BB R ROR G T
B—IRYT . SR, W 5T TR AR IR YT 75 58 R I
T PD-1 A4 EEtE T kAR AH C B H 4 cytotoxic
T-lymphocyte-associated protein 4, CTLA-4) 2 F$7
73X 2 FhARBEIn T BT A I & A0 2 8 S e ik
J7 T E N RN Y R AR BB S TRT A Al fE
SRR RN, Ak, b5 p i A Lu-
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AR — e B HBA R A I /R
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HO I N 339475 (9/9) o
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b PD-L1 BYFRI5 B8, 15 PD-L1 b 823 n 4 i
], D2 A 0 kAR e kR . IR, 7E PD-LI
I X BRIV IR PD-L1 iRy T RE S 4
HU B THHATIR ST, 1Ak, TRT 5 PD-L1 %9235
I AR T A VRS AR A R R R A T 4
R SR S e L, BAT A FEPE R CD8™T 41 Y
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KHAY 5T, HAAMEYR A A0 T 40 M Dy RE 2 it B
FELNE e e kR ABESE T, 5 MR 2 TRT

SARBETRYT 1/IN UM L, 42 32 36597 7 1 /0N BRU 98
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