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[ Abstract] Objective To synthesize the novel targeting probes ''I-generation 5.0
polyamidamine (PAMAM(GS5.0))-SR (where SR: Ser-Arg-Glu-Ser-Pro-His-Pro), ' - PAMAM(G5.0)-GP
(where GP: Gly-Pro-Leu-Pro-Leu-Arg), and "'I-PAMAM(GS5.0)-SR/GP (double targeting peptides) as
experimental groups and evaluate their target capability toward medullary thyroid carcinoma (MTC).
Methods The target peptides SR, GP, and SR/GP were purified and analyzed by using high-
performance liquid chromatography and then covalently linked with the modified PAMAM(GS5.0) to
synthesize PAMAM(GS5.0) peptides [PAMAM(GS.0)-SR, PAMAM(GS.0)-GP, and PAMAM(GS5.0)-SR/GP].
The diameter and zeta potential of PAMAM(G5.0) alone and PAMAM(GS5.0) peptides were detected
by using dynamic light scattering. The modified PAMAM(GS5.0) and PAMAM(GS5.0) peptides were
labeled with radioisotope "*'I using the chloramine T method. The radiolabeling rate, radiochemistry
purity, and stability were determined by using thin-layer chromatography. SPECT/CT imaging was
performed in all groups at 4, 8, 12, 24, and 48 h after the probes were injected into the peritoneal cavity
of the model mice. The ratio of target to non-target (T/NT) was then detected. The percentage injection
dose per gram (%ID/g) with the tumor and important organs of the model mice were calculated. One-
way analysis was used to compare the T/NT in different groups at the same time, T/NT in same group
at the different time, %ID/g at 24 h in different groups. LSD-t test was used to compare date between
two groups. Results The purity of purified PAMAM(GS5.0)-SR, -GP, and -SR/GP were at 99%. The
diameter of PAMAM(GS5.0), PAMAM(GS5.0)-SR, PAMAM(GS5.0)-GP, PAMAM(GS5.0)-SR/GP were
4.47,5.70, 4.71, 5.95 nm, and zeta potentials were +37.95, +20.02, +28.34, +24.37 mV respectively.
The radiolabeling rates of the four types of "*'I probes were above 75%. The radiochemistry purities of
the purified probes were more than 90% and remained over 85% after 48 h incubation at room
temperature. All the T/NT of the experimental groups were higher than those of the control groups. The
T/NT significantly increased in *'I-PAMAM(GS5.0)-GP (6.03+1.45) at 4 h (+=3.235, P=0.033; =3.843,
P=0.019) compared with those in the positive and negative control groups (2.18+0.39 and 1.36+0.00,
respectively). The T/NT significantly increased in "'I-PAMAM(G5.0)-SR (5.12£1.65, 4.82+0.09, and
3.41£1.01) at 8, 12, and 24 h (==4.004, P=0.017; +=3.388, P=0.027; =4.180, P=0.009, respectively)
compared with that in the negative control group (1.50+0.00, 1.43+0.65, and 1.34+0.81). The T/NT of
"'-PAMAM(GS5.0)-SR (3.41+1.01) was significantly higher than that of “'I-PAMAM(GS5.0)-GP
(2.10£0.67) at 24 h post-injection (+=3.990, P=0.016). The tumor %ID/g in "'I-PAMAM(GS5.0)-SR
(1.80+0.18) was higher than that in other groups at 24 h, but no significant differences were observed
(F=3.366, P=0.059). The peak values of the T/NT and ID%/g of the tumor were observed at 4 h in the
"'1-PAMAM(GS5.0)-GP and "'I-PAMAM(G5.0)-SR/GP groups and at 8 h in the "'I-PAMAM(GS5.0)
and "'I-PAMAM(G5.0)-SR groups. The T/NT value decreased to 57% from 4 h to 12 h in
P'1-PAMAM(GS5.0)-GP group. Conclusions The SR and GP peptides enhanced the targetability of
B-PAMAMM (GS5.0) on MTC cells and neovascularization. The *'I-PAMAM(GS5.0)-GP probe may
be suitable for diagnosis because of its rapid ingestion and excretion than other probes in the model
mice. The *'I-PAMAM(GS5.0)-SR probe may provide a new precision method for MTC treatment and
follow-up because of its better targetability and longer residence time than other probes in the model
mice.

[ Key words ] Thyroid neoplasms; Carcinoma, medullary; Molecular probes; Generation 5.0

529


http://dx.doi.org/10.3760/cma.j.issn.1673-4114.2019.06.007
mailto:1026909611@qq.com

530 FE PRI B E 2 2019 4F 11 A% 43 %55 6 ] Int J Radiat Med Nucl Med, November 2019, Vol.43, No.6

polyamidamine; Ser-Arg-Glu-Ser-Pro-His-Pro; Gly-Pro-Leu-Pro-Leu-Arg; lodine radioisotopes

Fund programs: National Natural Science Foundation of China (81360223, 81860313); Senior
Medical Leadership Talent Project of Yunnan Province(L-2017003); Graduate Innovation Fund of

Kunming Medical University (2018S094)
DOI: 10.3760/cma.j.issn.1673—4114.2019.06.007

T Wk -Bi (polyamidamines, PAMAM) /2 1 H
BT MECIRR G, HLUERmIERFAE, £
TR KA, BT A issi, »
HRAS ) AT B A KE sk 2 s, T LLE IR
MV E BRI 0, HETC W TR
ik . DNA K/hH4E RNA 3% 68 40 i 04
TR | L e ] 24 0 g R A R AR A
#EFEEE (medullary thyroid carcinoma, MTC) K F
ANF IR BN [ i AR ) AR BRI 55 4, AN
HATHURMERRAYT , HIBYT ik LA S FAR R
RSN A B, i, ARurFH2 W,
HER L R I S R kb 8 G2, SRTT, B I
JH IR R A P RS 21 B R S e 7 fr 4% 2 %% 1)
G, R XS MTC 2 Wi )t IR B 1 25 2R
HF XS MTC B2 Wik = ¢ 54, MTC AJ UL HR
BRFLR I R A R, £ 2 238 1/3 19 MTC B
A CAREE B RBT, 2015 4E 5L E AR RS
18/ M Trimboli 25" Meta /M5 B~ , 4R 5F
SFZ B 274G A X MTC 12 W HER R A E] 50%. -
I, AWFEE B 1R S 05 AR WAL -k
[PAMAM(G5.0) ] 44K 5 256 28 1T Ko AN [) i ) ik
[ ¥ ] MTC 20 ff ) 22 2 IR -KG 24 PR - 13 24 TR - 22 2 IR -
i %= PR -2H 2 R - & 2 ( Ser-Arg-Glu-Ser-Pro-His-
Pro, SRESPHP)( & FR SR). H1 [i] fit 98 3 A= 1l 457 119
H R 2R -4 2R - Il 2 2o 2R K 2R ( Gly-
Pro-Leu-Pro-Leu-Arg, GPLPLR) ( fij #X GP) Jz X #
K SR/GP], 433l U R0 o 4 1 R4, R
PFHAE MTC B8 g, BT .

1 #REREE

IRy IESE e+

I A4 S . F12 15 3% 3k DL R g i [ 55 [
Gibco 23], PBS W [ V328 - RAYHE ARG IR
Ao Na"'T Wy [ R F R A PRAE . #EE K SR |
GP 5 # R A PAMAM( G5.0) S 4 & B 1
PAMAM(G5.0)-SR. PAMAM(G5.0)-GP filPAMAM

(G5.0)-SR/GP Hi 3 H 5 /EJ7 35 [ LR Ml 37 K2
fE2EEB At . C18 [EAH A BOR: I F 35 B L HE R A
Al SN T WA R AR R R A IRA R R
HOVBRRRENE [ IC8 i mEHME TABR AR, BRI
H WL =S AR R A . BrdE 1 524t
A BT ERAOL A F

1470 4= [ 3 y 15U [ 328 PerkinElmer 2%
], MINI-SCAN TLC 3 JZ2 i A5 (0 5 & =
BIOSCAN A F], Symbia T16 SPECT/CT {4 H 7
Siemens 2\ H] . CRC-25R JR G Z 16 E 1T
H It ER R A A TR vl . Agilent1100/1200
FIN RSO B0 H 26 F 254 F] . Nicomp
380 BAICHSHRLEE /3 B8 A 36 [ PSS 23+,
1.2 4 55583

AN MTC 4 jfd (TT 48 bk) W4 B T 35 D B A=
YR E R A F . MitE BALB/c-nu [ 75 2 H i
BB s SLRSA R R, GH%IES: SCXK
(#i1)2016-0002, 4~5 %, AfEH 18~22 g,
1.3 4ff RS s g T S ik

TT 40 MR F F12 K5 258 (4% 10% B4+ 135 )
T 37°C. 5%CO, i FAa iR, R
BF TR 3 Uk, BEFRAL T XEBUE R TT i
To286 . WIS T BALB/c-nu UM R
TS 13107 4~/0.2 mL B IPIE 40 A, a7 A MTC
TT 20 i BRAE TCRE e e IR AR S bn e R s in 52, &
W7 2 o BRI — MR RN, TR K &
1.5 em® ZE A7 B EA TS0 50 . HBCHR K ot Az 000 o 5 2 A
SRR, B 41200 T R G e 1A
DU, X g7 P IR AR AR T A 7 B
1.4 ZHK KRR 25806 S BRAL M SRS

K FH [ AR BR % G i 43 1) G BCHE ) R SR
GP J SR/GP Ff-Xf H it 47 55 0O AR (15 4l 4k 1
Mr, PEFAH C18 A (2.1 mmx50 mm, 3.5 um) %3
B, KR 40°C, K 0.3 mL/min, #EFER 10uL, ¥
A A HIARFREREE S 1000 < 1 Y4IK 5 =Rz,
B WCHARF B 1000 1 2GS =W TR,


http://dx.doi.org/10.3760/cma.j.issn.1673-4114.2019.06.007

[E BRs i BE 2 A% B2 ik 2019 4F 11 A48 43 %45 6 ] Int J Radiat Med Nucl Med, November 2019, Vol.43, No.6 531

LHMEI P KA 254 nm. 43 K PAMAM(GS.0)
Ej 80 Bk SR, GP K SR/GP 38 it S il i 425 1
HIfAZ5% PAMAM(G5.0)-SR, PAMAM(G5.0)-GP
1 PAMAM(G5.0) -SR/GP, ¥43X 3 Fh 425973
METAGEK, HBEREEE N 1 mg/mL,
FH Millipore 0.22 pm 3k i g as b 0€ , Bl 5 1 H]
Bl A U AL BE A3 B A3 2 g KR AR I Zeta
CERS

1.5 BHEH&

TS 100 pL(BTs¥kEH 30 mg/mL)
¥ PAMAM( G5.0) . PAMAMI( G5.0) -SR,
PAMAM(G5.0)-GP fIPAMAM(G5.0)-SR/GP
B OA HI A 2 555 MBq( 15 mCi) 119 Na"'I( 1t
WCET PR BE Ay 3.7 GBg/mL) 1 60 pL &Kz TR =
WM 1 mg/mL), Fo0R~), i T 13 min, B
JEMA 60 L i 2V B 4M (B sk 4 30 mg/mL)
ZObE RN . K BRI A W4 0 C18 5 R i
Ue 2% %, fJE FH 300 pL(0.1 mol/L) £k g £ i vt
U J5 AT ST M bR e R PT-PAMAMC( G5.0) |
"'I-PAMAM(G5.0)-SR, "'I-PAMAM(GS5.0)-GP 1
'I-PAMAM(G5.0)-SR/GP.,

1.6 BREFRURUAb 2= 2l B R R e T e

K H #2635 2% P'T-PAMAM( G5.0) |
"'I-PAMAM(G5.0)-SR, "'I-PAMAM(G5.0)-GP &
B-PAMAMI(G5.0) -SR/GP T3k 2 2 B T ke sE
PE, MEBEMEBFERSETHE 1 SERaR L, T
B - A PRERAKARFR L 8.5« 1.5 YR IFHIH AT
JeIF, TEZ S AR T, FEZE s R A
FH R TR AR i S k22 2 . HUZY 74 MBq
(2mCi)"'I-PAMAM(G5.0), "'I-PAMAM(G5.0)-SR ,
'I-PAMAM(G5.0)-GP FI"'I-PAMAMI(G5.0)-SR/GP
43 5E T 200 uL PBS 1, JRA), R TIEE 1.
2. 4. 8. 24, 48 h 5 RAH)Z sk A I IF g
ARSI E T
1.7 fpfR R UL SPECT/CT 1%

TR 75 H OO PR B B HUIRAR , 5256
I 24 h 25T 5% WA B i W 3 A FROIR IR L 28 S
504 S A, 1S Ko TR SIS
£ Na ' T(BHPERTIRZH ). ' T-PAMAM(G5.0)( BH M+
Hagl) FIP'-PAMAM(G5.0)-SR . "'T-PAMAM(G5.0)-GP
I -PAMAM( G5.0) -SR/GP( S8 4) , 4 H 4
37 MBq/200 pL( 1 mCi/200 pL), ¥ §F)5 4. 8.

12, 24, 48, 72 h FIRFUECK 2% 53500 S AARIRR
i JF4T SPECT/CT A%,  [] i) 1) fifr g 5 X)) AH
N TR ROLC K /NZY 2.0 emx2.0 em), I35
T/NT,
1.8 Na"'T &' bRic % e 78 7 I8 #R B N 1 2B 9

oA

4. 8. 12, 24 h SPECT/CT B445 WG, &4
SyAbAE 3 R AR B, X bR . FRAR . &
M. . BB E L B AR E S S TR
i, oy BRI L, DR A8V E
B 1] 7 >R ( percentage activity of injection dose per
gram of tissue, %ID/g) FK/r o %ID/g=4 ZUjk 51 14
T (5T 25 W B o U ) X 100%
1.9 Sit#ath

i IBM SPSS 20.0 #1785 8T . irds
BAETE A IES A0 B R ebiife 22 (R + 5) Fom, £
BAMAS 43 A LA D437 8L [M(P25, P75)] Fom. [H
— M [E) SR TR R ET B T/NT Fe, TRl —#R4EH ARl At
6] 50 T/NT bk, LK 24 h AS[EHERER Y sg ot
PERREUE LRI R HBRIR R T 225001 . TE T 25551
MR, BPIHECR A LSD-t KiK. P<0.05 2R
ERAGIEE L

2 #R

2.1 RURZGH I i S AL I A

afi fk J5 ¥ ) Bk SR, GP A& SR/GP 19 41 & ik
99%., PAMAM(G5.0). PAMAM(G5.0)-SR . PAMAM
(G5.0)-GP. PAMAMI(G5.0)-SR/GP 4 K kid2 sy
Wk 447, 570, 471, 5.95nm, Zeta HLA74535) R
+37.95. +20.02. +28.34, +24.37 mV.
22 REM— R

"'T-PAMAMI(G5.0). "'I-PAMAMI(G5.0)-SR ,
"'T-PAMAM(G5.0)-GP fil*'I-PAMAMI(G5.0)-SR/
GP IARIC AT 9l 77.48%. 76.33%. 75.21% Fi
75.26% FUHILAE Al BRI 2 R WoR , ARic 4R
HFE RS (& 1 A~D), TR 5 1) Na™'T B 3% 57
ERRNZH AT (E 1 E), "' T-PAMAM(GS.0),
"'I-PAMAM(G5.0)-SR, "'I-PAMAM(GS5.0)-GP 1
SLPAMAM( G5.0) -SR/GP 1) 1 5 4k 2% 4l BE 43 1] Ky
99.91%. 93.44%. 93.98% F190.28%. “'T-PAMAMI(G5.0)
"'I-PAMAM(G5.0)-SR ., "'I-PAMAM(GS5.0)-GP 1
B I-PAMAM(G5.0) -SR/GP 7E PBS H# & 48 h )5,



532 FE PRI B E 2 2019 4F 11 A% 43 %55 6 ] Int J Radiat Med Nucl Med, November 2019, Vol.43, No.6
USRS EE TR 85% LA b, JFH 4 MHREFA 2.4 TR R SPECT/CT A%

Sk TG B AR (B 1 F),
2.3 R AR BB A B IR
MEERIMIEER R, B ZEKT-R(347.76 +

84.4 )pg/mL, FEIIHTEIKF-H(7.84 £3.18) ng/mL,
ar SRR ALY R B bR AN 18] 2 v A BT . sl
ZURIRZE R WoR M, AR IR AR,
SR MR, AR RO (1] 2 B); SsiEdl
FREE R R, S 2R e (0 20 e o g o R (1A 2 v

C), i M i G o 20 1t Jo 4% 5 BH M (181 2 vh D),
DL 5 SRR R AT i I R BB N )

150
nl
2 100+ |
= .
2 50f |
0 01 02 03 04 05 06 07 08 09 1.0
#f 18] (min) ®
100
S 75
= 50
# 25 \
0 \‘—"v—"-r'—'——v— e e o e ]
0 01 02 03 04 05 06 07 08 09 1.0
Hsf 8] (min) ©
200
— M
S 150 I\
1 100 J
= 50 L
J .
O " " \?——-—ﬁ
0 01 02 03 04 05 06 07 08 09 1.0
A A] (min) ®
B 1 AREE R RBEEE Ed, A-E:

SILPAMAM (G5.0).

SPECT/CT WALE5 R Won, ST Na'1 J5 far i

A ERUFFR MR DB PR SR O 2 (1L 3 v A, TS
PI-PAMAM(GS.0) J5 4 h F1 8 h i 983 3B 1 ik
ISP AR R, PR A (B 3 B), TS
"'I-PAMAM(G5.0)-SR, "'I-PAMAM(G5.0) -GP
K I-PAMAM(G5.0) -SR/GPJ5 , [ 5545 A5 AS [l
R B R, (L BE R B R RS A AN R R
FIVERE (B 3 H C~B). SXFBRdl Heds, SCHAAN
] 5[] SPECT/CT R AL ) TNT ¥4 ¢, 4. 8.
12 F1 24 h BFARREEN 0 T/NT B2 58 Gt oF

100
E 75
= 50t
s f
0 \’\-—v—q—---'——-—u—-ﬁ—‘-r'- ———————y
0 01 02 03 04 05 06 07 08 09 1.0
A ] (min)
75 -
S50}
]f
w25t
0 -"r. .\ O S e S e s st e
0 01 02 03 04 05 06 07 08 09 10
1A (min) (D)
< 105¢ -+ BIL.PAMAM (G5.0)
< 100t = BIL.PAMAM (G5.0)-SR
o] - BIL.PAMAM (G5.0)-GP
g 9 - BI.PAMAM (G5.0)-SR/GP
S
= 85}
ool v v v v v o0

4 812162024283236404448
fit il (h) ®

"'I-PAMAM (G5.0)-SR. "'I-PAMAM (G5.0)-GP.

"I-PAMAM (G5.0)-SR/GP., Na"'l )2 ZH1&; F: BEHWREM . PAMAM (G5.0): 3B AACRENE-IE; SR: Z&M-HEER-FR
1R - 22 R R - =R -2 R - 22 (SRESPHP); GP: H&(IR-fi & ia-o 2R -l 2 k-2 R4 =R (GPLPLR),
Fig.1 Radiochemistry purity and stability of probes

B2 i MTCRRREURRL, IRIPRAS . IR B Sl AL R (b, A AR U IR bR A (ZLESkom R ) 5 B: 4

ZURELIE (RARE-PLLYE, <40, BHORAMM) ;5 C~D: IRAL AL (C: BRISERGE . D: B A, <20, &
kR Ye PR ZHAL BT ) MTC HOR IR BT o

Fig. 2 Mice with medullary thyroid carcinoma, tumor specimens and pathological and immunohistochemical results
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Fig.3 SPECT/CT imaging of different targeting probes in mice with medullary thyroid carcinoma
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