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AR H IR ARG E oB, SZ2RFGE, IR A 2 2 R0 TR T R E T B 250 i MR AR e
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Quantitive analysis of ®*"Tc-3P4-RGD, uptake and tumor integrin o33 expression in glioma
bearing nude mice with microSPECT/CT imaging

Liu Wei'?, Meng Qingle?, Yang Rui’, Wang Feng’, Wang Zizheng’, Shao Guoqiang®*

(‘Department of Radiology,Tinghu People’s Hospital,Yancheng 224001 ;’Department of Nuclear Medicine,
Nanjing Hospital Affiliated to NJMU ,Nanjing 210006 , China)

[Abstract] Objective:To investigate the possibility of quantitive analysis of *"Tc-HYNIC-PEG,E [PEG,-c (RGDfk) ], (*Tc-3P4-
RGD,) uptake and tumor integrin o,; expression in glioma bearing nude mice with microSPECT/CT imaging. Methods:
microSPECT/CT imaging of ®*"Tc samples with different volume and radioactivity was carried out to assess the influence on
radiocounting based upon volume and activity. *"Tc-3P4-RGD, MicroSPECT/CT imaging was also carried out to glioma bearing nude
mice. Tumor volume was determined in vivo by caliper, microCT,microSPECT and microSPECT/CT. The consistency between
determined volume and actual volume was analyzed by Bland-Altman plots. Tumor uptake of *Tc-3P4-RGD, was quantified to
estimate glioma expression level of integrin o,3; and confirmed by immunohistochemistry examination. Results: Linear relationship
with R? being 0.999 7 was found between the radioactivity counts from the SPECT/CT fusion images and those from y-counter. Bias of
microSPECT/CT measurements (%) compared with the reference ones was (—2.48 + 8.17),less than that of microCT (15.04 + 79.53,¢ =
5.60,P = 0.005),microSPECT (17.04 + 36.27,t = 7.17,P = 0.002) ,respectively. MicroSPECT/CT can reflect vial and necrotic tumor
volume and tumor uptake of *"Tc-3P-RGD, was positively correlated with integrin ,f8; expression with R* being 0.95. Conclusion:
MicroSPECT/CT imaging,which is more accurate in evaluating via tumor volume and integrin o,; expression level,is of potential
value for patients screening for integrin o,3; receptor targeted therapy and dose individualization.
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AR o B RS TR R | FLR
Jees A S5 IR A L B A 1 A8 P B 4 R T A
TE R 2 RGNS Y B A i 2R IR s e 55, HL
REFN & H 2R -G 2R - KA BEE (RGD) — kT3]
MZIKEsE, B, ™Y L % FRid RGD 2k 4
B FE o U R1E T IR BCOR I AR B W 5T 44
SRS AR s RIRKFE B T | )
AR IRYT I E B I FR | O R 4 S UA R
FEEGR o RIBHEREEMEELSR o
RFRCFIIPE R R, SCHkERE , IR BF-RGD
HYHEICE IR B R ouBs RIK KT B VAR T
9Te-HYNIC-PEG,-E [ PEGs-c (RGDfk) ], (*"Tc-3P4-
RGD,)J& “"Te FRiCHIIIR RGD Z ik 1k, 7] BF-
RGD ZJIKAH EL , FRic 7 2 1 5, A2 P A, Fifoeg 4 )
PEGF AR IEBR R, H " Te GRS 15 A& KB 0
HZ AR SCGHE I microSPECT/CT #5% of; %K
A ) AR R HE IR 4 21 " Te-3P4-RGD, $5 1L
MHBEGR o RIBAKFAIITHE, BT,

1 #RFsEE

1.1 ##

Hynic-3P4-RGD, &7 &1 i1 55 [ 38 I I 27 50 3
B T PE R B R A T (Na® T O, ) (7 5 AR
BEAHE]) s TOK ONE IR IS (Sigma/Aldrich 2],
) AT W S PUE AR CD6l Piik KR
Pt CD31 Pk Cy3 bric FHi-mith s Pzt
Z (FITC) bRric FHT KB 91 (BD Biosciences /A F] ,
L) AR (USTMG ) 4 Jifd A1 Balb/c nu nu #f
R e 4~5 JEIIS PR (16 + 2)g] IR FEA 1 5%
B A T (R B A ) 3 U-SPECT-IL/CT(Mil-
abs ZNE] F 22 R4 0.6 mm 245 FLIE BRSO
FAEE HPLC(LabAlliance 2248, 3¢ ELHER /A ] ) 3 9¢
%ﬁ%ﬁ%ﬁ (Olympus N ] , H Z]K ) ,'Y—ﬁiﬁﬁ‘ﬁﬁ(
(Wizard-1480, Perkin Elmer A F] , 32 ),

12 7%
1.2.1  microSPECT/CT 2f Na®'TcO, £ & £ & 69 7
EFAR

96 FLAR, il & 2 17 16 FLAK, BFLIA 100
A BRER K B 100 wl Na®'TeO, 7 (74.0 MBg/ml)
IIAEEE 1 L JRAIE NS 1AL 100 wl
ABIEE 2 FLr TR SIS A 2 FLE 100 wl In AR
3L, MRREHE, TR, AREET U-
SPECT- 11 /CT IR LA TRl & A% .

FAHIE 25 wl Na®"TcO, % (74.0 MBg/ml) ,

IAAHER 7 AL, SRS HERT o Bl A A= # R K
Bt AR LR 25.50,100,200,400 600 F1 800 wl, &
F U-SPECT-CT RAEIK AT A%

1.2.2  microSPECT/CT B4 % B 4 52

A8 microSPECT BARZ4L. BRI 140 keV , E
% 20%,30 min/Wi, SR 75 WSS, 3t 2 i, mi-
croCT 1EH“Accurate " H 2, K4E 6.5 min,

K14 5 43t AN 4 Ak B . microSPECT R4 38 i
POSEM  (pixelated ordered subsets by expectation
maximization) F275¢ E 22, BPKF 2 M7 microSPECT
FUG AT SN E 2 ( 6 iE, 16 F4E) , microCT
PTG 2o B AR R U U I 52 35 (NRecon v1.6.3,
Skyscan) 5E M H &, microSPECT il microCT K4 &
B | 81T “ co-registered " £ AR AR 2K 58 WAV B
PLFC , 3138 5 PMOD (PMOD Technologies , % -1+ ) 4k
PFEFT microSPECT/CT EUSEL G, X REAFE i k4 T
JEOLHR X (ROT) ) I ARE SR AR TS T,
IS EMG R ST [ A TA% 2R IR I
1.2.3  ®"Tc-3P4-RGD, #94- i B R & 32 %)

I Hynic-3P4-RGD, i57 &E T2 I 10 min,
B 1.0~1.5 ml(1 110~1 850 MBq) J 51 Na®TcO,
YW, A Hynic-3P4-RGD, i F & IR 4T, Wh/K s
30 min, B HPLC W A fh2pali B dish Al i
1 ml/min, JEBIAHE 25 mmol/L Jiff FR 44 2% th i
(NH,0Ac,0.025 mol/L,pH = 5.0) FITC/K 2 AL,
WRBERE EE B2 MR 2 2 min B} 90% A F110% B,
5 min B 85% A F1 15% B,15 min B 80% A HI
20% B,20~25 min B} 50% A 1 50% B,26~30 min
[EEIE-E2 8
1.2.4 7 A A i 78 4% R 9 microSPECT/CT
214

AR (RTBEAMI) B2 S 0.1 ml
(5 x 10°A~) A 5098 B (USTMG ) , TETES IR 5
1.3.5 B (BAIFaL 4 5 R -R RO &2 i
KRR, AR5 R R KE S " Te-3P4-RGD, (37 MBg/
0.1 ml)J5 1 h 47 microSPECT/CT 1% , EI% R A4E |
A KB R AN R R) SE G Tk 1.2.2, 37 B8 A R Z)
I T S G L HEZ 49 (200 mg/kg) 2 ARALAE it T
53 S IR RN R AR B = . OliEbs =
R :V=a-b/2(a HIERAKKAR b HEEFR);@
T microSPECT/CT &l 4§ ) 1 Jif 983 Jak 2 i [X.
(ROI) : AR 4 SCHR A B, £ microSPECT W72 K114
BB R R U R BT B Ry b 78 e O S 1
AR RN 50% , /2 55 = 4 (U TETHEUKE),
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H B3R ROT, EIJET microSPECT W2 BAR MY
i ROT; ARFE microCT W2 EIMG L R B R ANl
2158 o) i) R 0 B , B JE5ER , 152 F microCT
W12 A% 1 B9 ROL; microSPECT/CT B4 B4 45
& microSPECT 1 microCT 15 5% )2 52 U 983 i 7
M2, DL E 3 AR R PMOD 3R Se T2
JETA MR RO AR KR 11450 s 2 2% 1k
PR R A 791 53 15 A5 g i et RN % (1,05 g/ml)
THEMIES A,

125 RmEFHS

I 4 Fopmr NG 988 (USTMG ) BR B, Ji e 4
JRLRE R TS 5 SR, R FRDKEESS 0.1 ml *"Te-3P4-
RGD, (37 MBg/ml) J& 1 h 1T microSPECT/CT .
15, BUGALEE Jhigg ROT ) il 77 3% [T, AR AT IR
TR A IC MR E T, WARE R P 2
(200 mg/kg) MEWET SRR FEIT I FRIC RS WK T
AT ZUOM HE e e b4, fosdife
R s . BT R ,50 wl 10% /9 13 £
1, in—4i[ et s &R B, ik (1:100) Ak
BT CD31 PR (1:100) 1/5 , = I#ECHUE 1 h,PBS
Y 3 K, BR S min, I Cy3 brid SEHmh 5 s —
PURFENZR (FITC) PR FPiR R Pt , EihEE R
M 1 h,PBS ¥y 3 ¥k, BHIK 5 min, HlE R E9E0
5% (Nikon) TULEE IR ZH 2L CD31 A5 R B,
ik, i Image J BMFE BB ER B Rik/KF,
YN FE R IR MBS SO T AR (L1 68,) LY
BT A I, BRI 4 MR IX
YERWFFEXT G, A4 I Ieg SRS X 928 ZH AL 9 0 %
5 microSPECT/CT 1 Hrfgd 2 SR P Hee U e
(%ID/cm® ) Tl B L IF AT I A5 o
13 %it$7#

GEit2 B R R + BRUEZE (X + )RR,
FEAER] L RCR T ¢ R, A (] £ Bl e %%
P — B R Bland-Altman 70 8T, G810 Hr
12K Hl GraphPad Prism 5 3458 %, P<0.05 Jy 2=
FAGIEE L,

2 & R

2.1 Na®TcO, & & A & microSPECT/CT A% 7845
PR B AP A AR R P AT

() (A FEUAS [] 5 5 P 3 B2 Na®"TeO, 15 WA i
microSPECT/CT 214 W 1, 7E microSPECT/CT
ARG TR SR EAT RO ) ) AARRL | a1t
B, RE S TS EETE 0.029~7.400 MBq IiF, RE 5

microSPECT/CT HUHHEIHE(U x 107) FBC P B
EHLEMK, HETREHN y=1.088 5x+0.061 8 (R*=
0.999 7), GG K 1.85 MBq, IREV 54 25,
50.100.,200,400 800 wl BAFE df il S P 115504351 4
(2.087 = 0.251) x10 7, (2.064 = 0.420) x10 7",
(1.932 = 0.336) x10 7, (1.975 = 0.474) x10 7",
(1.862 + 0.359)x107,(1.828 + 0.372)x107, Tij i
AR RFRIG I, B T B R PR AR A H 22 57
TG 2E 7 L (Jr 255 RS F = 0.56,P = 0.732 3;
25 F=029,P=0.909 6),

B 1 #T microSPECT/CT Fl & A% 7 i Na®TcO, V& R FE
IR LR X

Figure 1 Region of interest (ROI) of Na®"TcO, solution sam-

ples was drawn based on microSPECT/CT images

2.2 IR AR R " Te-3P4-RGD, microSPECT/
CT AR BT I ARARE Z M
TEMR ML TAEA S 1.3.5 J, 2T mi-
croSPECT .microCT Fll microSPECT/CT W7 /2 & 1% 3t
A7 R S X ) i (] 2) 7 IR AR AR A/ N (40
faAE AJE 1 J8 ), microCT & 4f I 988 4K B2 mi-
croSPECT 1 microSPECT/CT BEfE X fili (AR 47
HER 2 (B 2A) s TERPRE AN A A S 3 J8 HLIJC ] i
INBEIT |3 Fh B AT 1 o) i e SR X (&
2B) ; TEM R BB W IR BERS , microSPECT S B i i
(Thaets) g 4 AR I 7E microCT +8 5 1]
i b ) 0 R R ORI, B R AR
(1 2C), UUMIEZSZRBO AL, XF e oe e T
microSPECT .microCT Fl1 microSPECT/CT B £ i 47
(4R ROT ZJ i 5 A b AR, 3l ad Bland-Alt-
man 2 B LA AT 45 R LI 3, 2T microSPECT/
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X2 ]
Figure 2 Region of interest (ROI) of tumor on each slice of microCT,microSPECT and microSPECT/CT fusion images after

subcutaneous injection of tumor cells was done tail vein injection of *"Tc-3P-RGD,

CT MR AT S S MR R F I ehr 22 (%) 2.3 REFhE e kil

53R (-2.48 £ 8.17), W AKX T microCT (15.04+ Hiki JE J55 988 " Te-3P4-RGD, microSPECT/CT it
79.53,¢ = 5.60,P = 0.005) Fll microSPECT (17.04 + (R W7 J2 B %8R X 5 5 B R AH B 4 21 HE
36.27,t = 7.17,P = 0.002), Ktt, DA microSPECT/CT {6, 342 B, Ml CD31 FiE4H b A 45 % UL 4,
Rl 0045 T 1 e e A B i g 2 5 AR AR HE @i KA R EH 7 microSPECT/CT A% 5
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Figure 3 Bland-Altman plots of region of interest (ROI) of tumor volume measured by microCT, microSPECT and microSPECT/CT

versus reference tumor volume
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R K208, TR IE T A2V B i AE i B
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TRR, R EARE AR IC R I 98% 1, B
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Figure 4 Pathology and immunohistochemical examination results of integrin o,3; and CD31 expression of tumor tissues with differ-

ent tumor uptake of *Tc-3P4-RGD, on microSPECT/CT fusion imaging.
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FAPRE B D e D

TE— 8 B BEYE TN, microSPECT/CT 1]
FBE B P Te B S CH RS B AnAR SEgs v R
TSRS FELE 0.029~7.400 MBq, microSPECT/CT A
s S P O O P T B S A OC , FL T
Ky = 1.088 5x + 0.061 8,R* = 0.999 7, HASLI:
e PRFROG RIS TE FE I 2 LT e sg ), 25 i S A
AR BUING G, ARBITE R FH BT IR A0 2 k51
35 R FH/IMAFRRE i B9 R 22—, SPECT/CT 2141
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T AR AR RO 5 e 4 AR T S R AR AR
Jrik T TC R S SE e R e (AR o 1) R
Tk AR Z MR R R A i fa R, ELX
kg S e X LA ST e AE A 1 By T i R v
DI RE M e G e 2 SR AE S5 B B AR AR
A, SRS A R AR DR AT A1 1 e 24
B RFE, microCT F3HER G, X g 41 2155
Je L AE R 2 P 2 S SRR IR 00 A )
FARF SR B, (X9 3 22 S A /N TR, %o 3%
B B RS KT 2R 3K 1 ik S B9 " Te-3P4-RGD,
FEFKIESS microSPECT A% 0T UL IH 5 il S 1 e
R DX B IR I IRFEE | T8 R, " Te-
3P4-RGD, BHPE S AR 7R A7 1) M98 20 e % e
AR MAETE RS DG, T microCT FEfREFEN s H
B WA I, microSPECT/CT & 1% X & mi-
croSPECT F1 microCT B 53 AT A R0 % #& A b Jeg
FAPATR, Dt/ D B T2 RANKIU] AN RN 53 5
Jea I 52 B 25, 25 A 0 e e =) TG g R ) [X -
Xof P A AR EA RS A 2, G X AR IR S 1 e
rh R R 2 AR R R A T A, el XoF B R 2
SR P AAS , S A S Al I & R 2
ik BRI P RO SR U S8 8k . an
ARSE | BT microSPECT/CT H R4 FR 52 3%
IR AR SAME + FRifE2E (%) 73 il -2.48 + 8.17,
B AT microCT(15.04 + 79.53,¢ = 5.60, P = 0.005)
1 microSPECT(17.04 = 36.27,¢ = 7.17,P = 0.002) .

K, " Te-3P-RGD, microSPECT/CT Eli-& A% Ak
AN TCR S B PR RS IR SV A R oBs 2R R
KPR AETT RE
microSPECT/CT A% AT LASE A 8l 25 Te A A
“Te-3P4-RGD, RN AEY) 225340 il i3 SPECT-CT i
B AL " Te-3P4-RGD, BB PR H5 R PF
TR A R oanBs ZIRFRE , LA RURES TR A= i
ERYTIE N IE B A RO IR e A A7
Jra, HA HEIGIRE X,
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