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Abstract: Radiopharmaceuticals are one of the important cornerstones of nuclear science and
technology in medical application. The research on clinical transformation and application of
radiopharmaceuticals in China lags behind that in foreign countries, and there are some prob-
lems in our country. It is imperative to develop new radiopharmaceuticals with independent
intellectual property rights and clinical application prospects. This paper reviews the current
situation of the application of radiopharmaceuticals in China, analyzes the potential common
problems in the development of radiopharmaceuticals in China through horizontal comparison
and vertical analysis, and in combination with the current clinical transformation of small
molecular peptide radiopharmaceuticals application research, which has been continuously

promoted in varying degrees, this paper analyzes the existing problems in depth, and puts
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forward the research and development of new radiopharmaceuticals with application pros-

pects and clinical transformation importance and necessity.

Key words: radiopharmaceuticals; innovation; clinical transformation; molecular probes
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fb2 4l BE R T 80% ., 72 h it Ak 2 af K T
75% LB - YSSCREKA FE (4 0 B M i
S5 FKW] P I-YSSCREKA 7E I i 1 6 h Ay s 5
PEFEEC A (0. 44+0.05) % 1D/ g, 12 h By 5 P 45
HUR (0. 1240.04) % ID/ g . Il 9% 37 B A8 1 s 16 5
% R AR SR A e, AE I BRI, R BT T-YSSCREKA
FEZWIR ARG H M, P T-YSSCREKA 7& i f
RE . JUIL 12 h By R M B AT 35 (0. 74 &=
0. 19) 261D/ g, {FLBifi 5 Hif [ 42 4 ik S 4 8% 3% 7

W RSP R 45 R AT - YSSCREKA
JIRTE S 20 hZe A o A s kBRI SO A
B2 48 h I BHTHIR B R . 4R K% T
TEHA AT REAE D 5 400 1 A A9 S A5 R {EL I A T AL
RS PR R IR 1 Tk — P 4R

3 HRERE

— BT 25 1 B R B PR R D I 3~
5 a, ik 5~8 a ok 18 K i [H] , T DA 24 9 BiF kAt
— AR L R G TR, R RERE REVE L[] 45
T8 A DRI 1) 2155 & 3t S BEL RS SO 1 24 ) % e
TR IR 22— o S 2 W I DR Ak T B EL A T
N2 T 52 07 355 1) A M A AR 5K BURF A G 1]
MR HFf. 2018 F EH R R AL 629 Ik
LRk 25 U U 1 245 W Ak 2 R R R s F O
25, o R AR E AR I v O T 2 i A ]
Jo At TR PF-FDGT L A — it
43 FJ2 " Ga/" Lu-PMSA 85 PR # & AR il 1
PD-1/PD-L1?7fHAF 3 AT B . 44k R E il
3T R R O TR R B B8 G O M 2 el
AR JE W [ AR RE B 2 L R o s 250k
2 3 B} s 25 4 AT IR B G K D1k R A% B 27 i
S VEAZ W IR T 24500 5 BUHR A i o B T BB IR A
AR A B R IA YT O 2 Y LY Tk
TOER A AR T 988 45 5 Jb 3 e 30 [ P B2 24 B 4 i
B3 A BN W IE AR B R S FARIC O L AR F AR AN
tau 2 [ H T AD 2 W 1F #7505 1 25 9 1% b g
BIT W o TR 259 W I R B LI PR % Ak 1
IR E W R R AL
U AR O PR 2 R IR R N A T T2
P 2 T b A I PR A 24 B I R PSR . R
W & A BA 34 2 25 BF 5 12 24 1 BEAL 1 B L 4 3 (A 3
R KR ik A I s 2R sh )
2 RS E LS B R AR R SR . — B
TG REA R 25 0 HAg LR Rl (1D 24
WA B B U I R B S (2) AEAE IR N
HAE T S8R5 K O (3 7Y IAN
BA R0 580 5 45 G M 30K (4) IR
3 WIS B R B AT O AR I 5 (5) BRI
S A NG B B . PO A R hRiC A
A W) 2 A R B T T I R AT AT IR 1L 11 3 A4 B
FEARAN » KLU B 24 3502 A0 25 W AR i 3 g 24 S T
(R S L AR I PR % AL B 5T o — 5 T AT RE 4 R
TP A A IR R RS 0 L



34

TR TN 22 TS P 2 0 e R O P F 5 BRAR S Bk A

135

PABCT o8 B T AR AR5 55— Ty T W]
RE N 25 A AN A T ™ A — E 1 25 W
Bl RE LR . 20 42 50 4F A5 9. & 1 I
PRAZ B2 2 T U WO 1 25 52 W iR T . 20 22
60 AR ACHIIY L F I A T 4h BF S PR 25 . AR
S L AR A R L R N A G TR 25 S T AR
KRB AH 5 [ S0 58 78 KV H HE AT A7 7R — % 1Y
FEREC RO 25 W RE M 12 2 A W 2 S Rl R BT
JICAR PR3 LA A e e D T i R S B I 114 2
Yy S B BRI T T 1) 52 B ST B 2 Ak B8R D BE S
W RS PR 25 ) b SR R A IR S A SO AL
TP LE

S % 3k

(1] a4, T\ "FARCEHR T RS o
JELTD. Al 5% Sk 2 . 2015, 37(5) : 376-380.

(2] Fokta . RBE. A SR R HE bR & 901
BB AL ). 47 2,2019,32(3) :195-203.

(3] FEoetE. B IM] G PURL. JE5T . b5t K2f B 2E

J AL, 2018.
(4] Tt 2. ZES(ML FIUR. b AR ILE
H R AL, 2018.

(5] BE¥AWHERASBESZFNETRNS K
BE2f A a LML bt B4 i R . 2018,

(6] EHZ M 2. P AN RILHEZ M (ZHOHIM].
2015 Ji. db 5t P [ B 25 B8 A, 2015 1595-
1608.

(7] HERKAMZ G 2. A R LA E 25 8 ih R 25
it A AL 245 A0 AR W ) o LML 2015 Rz Jb et o
= L2 2 Rh4 AL . 2017:1230-1276.

(81 M A% . 41 4 . 5. * Te"-3PRGD, SPECT
P80 T 98 I o5 A R AR B S W 2 38 K i R &% Ak B
FELT 1. Al 2 5 U Ak 2, 2020, doi: 10. 7538/hhx.
2020. YX. 2019090.

(9] Hhf+s, =7 BR4l, 4. ° Te"-MAG;-RRL fif % #
1] K B AR 30 A BT 4 e [T ] Bk 2 5 Ak o
2020,doi:10. 7538/hhx. 2020. YX. 2019086.

(107 W, WA, sk, L o7 MR Z B E A 52 14 K
BB R BT JR 2% 10 R B N R S R R LT . B 5
TCEF 4k 2%, 2020, doi: 10. 7538/hhx. 2020. YX.
2019091.

CL11T XU, W G, i, 2. 27 4 8 1 A3 50 ¥ 1Y SS-
CREKA Jifc ity i £ Bowf 5230 il 4% 2 47 (9 B 58 [T ). %
1k 2 5 5k %, 2020, doi: 10. 7538/hhx. 2020.
YX. 2019088.

[12] Pierschbacher R E. New perspectives in cell adhe-
sion: RGD and integrins[J]. Science, 1987, 238

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

[21]

[22]

[23]

[24]

(4826): 491-497.

Naidet C, Semeriva M, Yamada K M, et al. Pep-
tides containing the cell-attachment recognition sig-
nal Arg-Gly-Asp prevent gastrulation in drosophila
embryos[J]. Nature, 1987, 325(6102): 348-350.
D’Souza S E, Ginsberg M H, Lam S C, et al
Chemical cross-linking of arginyl-glycyl-aspartic acid
peptides to an adhesion receptor on platelets[J]. ]
Biol Chem, 1988, 263(8). 3943-3951.

Cui L, Liu Z, Jin X, et al. Evaluation of ' Re-
MAG:;-RGD-bombesin for potential prostate cancer
therapy[J]. Nucl Med Biol, 2013, 40(2) . 182-189.
Zhang J. Niu G, Lang L, et al. Clinical translation
of a dual integrin alphavbeta3- and gastrin-releasing
peptide receptor-targeting PET radiotracer, % Ga-
BBN-RGD[J]. J Nucl Med, 2017, 58(2) . 228-234.
Fan D, Zhang X, Zhong L, et al. (68) Ga-labeled
3PRGD, for dual PET and Cerenkov luminescence
imaging of orthotopic human glioblastoma[J]. Bio-
conjug Chem, 2015, 26(6): 1054-1060.

Liu ZF, Liu H, Ma T, et al. Integrin alphavbeta
(6)-targeted SPECT imaging for pancreatic cancer
detection[ J]. J Nucl Med, 2014, 55(6) . 989-994.
Zhu Z H, Miao W B, Li Q W, et al. “™Tc-
3PRGD,
cancer: a multicenter study[J]. J Nucl Med, 2012,
53(5): 716-722.

Zhang J J, Mao F, Niu G, et al. *Ga-BBN-RGD
PET/CT for GRPR and integrin alphavbeta3 ima-

for integrin receptor imaging of lung

ging in patients with breast cancer[J]. Theranos-
tics, 2018, 8(4). 1121-1130.

Shi] Y, Jin Z X, Liu X J, et al. PET imaging of
neovascularization with Ga-68-3PRGD(2) for asses-
sing tumor early response to endostar antiangiogenic
therapy[J]. Mol Pharmaceut, 2014, 11(11); 3915-
3922.

Chen X, Tohme M, Park R, et al. Micro-PET ima-
ging of alphavbeta3-integrin expression with ®F-
labeled dimeric RGD peptide [ J]. Mol Imaging,
2004, 3(2): 96-104.

Li Z B, Chen K, Chen X. (68)Ga-labeled multime-
ric RGD peptides for micro PET imaging of integrin
alpha(v) beta (3) expression[J]. Eur ] Nucl Med
Mol Tmaging. 2008, 35(6): 1100-1108.

Lang L X, Li W H, Guo N, et al. Comparison
study of [ "F] FAI-NOTA-PRGD2, [ '"F] FP-
PRGD,, and [ *Ga]Ga-NOTA-PRGD, for PET im-
aging of U87MG tumors in mice [J ]. Bioconjug



136

Bz Sictey H4azg

[25]

[26]

[27]

[28]

(29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Chem, 2011, 22(1): 2415-2422.

Guo ] X, Lang L. X, Hu S, et al. Comparison of
three dimeric **F-AIF-NOTA-RGD tracers[]]. Mol
Imaging Biol, 2014, 16(2). 274-283.

Wu J, Wang S, Zhang X, et al. (18) F-alfatide [I
PET/CT for identification of breast cancer: a pre-
liminary clinical study[J]. J Nucl Med, 2018,
59(12): 1809-1816.

Du X, Zhang Y, Chen L, et al. Comparing the dif-
ferential diagnostic values of (18) F-alfatide [I
PET/CT between tuberculosis and lung cancer pa-
tients [ J ]. Contrast Media Mol Imaging, 2018,
2018 8194678.

Dong Y, Wei Y, Chen G, et al. Relationship be-
tween clinicopathological characteristics and PET/
CT uptake in esophageal squamous cell carcinoma:
[(18)F Jalfatide versus [ (18)F]FDG[]J]. Mol Ima-
ging Biol, 2019, 21(1). 175-182.

Mi B, Yu C, Pan D, et al. Pilot prospective evalua-
tion of (18) F-alfatide [ for detection of skeletal
metastases[ ] ]. Theranostics, 2015, 5(10): 1115-
1121.

Yu C, Pan D, Mi B, et al. (18)F-alfatide [| PET/
CT in healthy human volunteers and patients with
brain metastases[J]. Eur J Nucl Med Mol Imaging,
2015, 42(13): 2021-2028.

Shao T, Chen Z, Belov V, et al. [(18)F]- alfatide
PET imaging of integrin alphavbeta3 for the non-
invasive quantification of liver fibrosis[J]. J Hepa-
tol, 2020, doi: 10.1016/j. jhep. 2020. 02. 018.
Brown C K, Modzelewski R A, Johnson C S, et al.
A novel approach for the identification of unique
tumor vasculature binding peptides using an E. coli
peptide display library[J]. Ann Surgical Oncol,
2000, 7(10);: 743-749.

Weller G E, Wong M K, Modzelewski R A, et al.
Ultrasonic imaging of tumor angiogenesis using con-
trast microbubbles targeted via the tumor-binding
peptide arginine-arginine-leucine[J]. Cancer Res,
2005, 65(2): 533-539.

Yu M M, Wang R F, Yan P, et al. Design, synthesis
and iodination of Arg-Arg-Leu peptides for potential
imaging agent of human prostate carcinomal J]. J La-
bel Compd Radiopharm, 2008, 51(10) . 374-378.
EoAE, THIL A, 4. —F T MR BAR 1
SE R Z FRid 2 K. H L 2200810114762, 9[ P,
2012-05-30.

Yu M, Zhou H, Liu X, et al. Study on biodistribu-

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

tion and imaging of radioiodinated arginine-arginine-
leucine peptide in nude mice bearing human prostate
carcinomal J]. Ann Nucl Med, 2010, 24(1); 13-19.
Zhao Q. Yan P, Yin L. et al. Validation study of
PIT-RRL: assessment of biodistribution, SPECT
imaging and radiation dosimetry in mice[ J]. Mol
Med Rep, 2013, 7(4) . 1355-1360.

Lu X, Yan P, Wang R, et al. The further study on
radioiodinated peptide Arg-Arg-Leu targeted to neo-
vascularization as well as tumor cells in molecular
tumor imaging[ J]. ] Radioanal Nucl Chem, 2011,
290(3): 623-630.

Zhao Q, Yan P, Wang R F, et al. A novel " Tc™-
labeled molecular probe for tumor angiogenesis
imaging in hepatoma xenografts model: a pilot
study[J]. PLoS One, 2013, 8(4): e61043.

Yao N, Yan P, Wang R F, et al. Detection of pul-
monary metastases with the novel radiolabeled mo-
lecular probe, *Tc-RRL[J]. Int J Clin Exp Med,
2015, 8(2). 1726-1736.

WE A T . TeRRL 25030 192 1
AVEREPERE ST LT, b Bl K 25 3125 4¢3, 2015,
31(16):1610-1612.

Arias H R. Topology of ligand binding sites on the
nicotinic acetylcholine receptor[J]. Brain Res Brain
Res Rev, 1997, 25(2). 133-191.

Yin Lei, Zhao Qian, Li Ling, et al. An experimen-
tal study on "' I-CHIBA-1001 a radioligand for a7
nicotinic acetylcholine receptors[J]. PLoS One,
2013, 8(7): e70188.

Ishikawa M, Sakata M, Toyohara J, et al. Occu-
pancy of «7 nicotinic acetylcholine receptors in the
brain by tropisetron: a positron emission tomo-
graphy study using [''C] CHIBA-1001 in healthy
human subjects[J]. Clin Psychopharmacol Neuro-
science, 2011, 9(3): 111-116.

Gotti C, Clementi F. Neuronal nicotinic receptors:
from structure to pathology[J]. Prog Neurobiol,
2004, 74(6) . 363-396.

Dani J] A, Harris R A. Nicotine addiction and co-
morbidity with alcohol abuse and mental illness[ ] ].
Nat Neurosci, 2005, 8(11): 1465-1470.

Nott A, Levin E D. Dorsal hippocampal alpha7 and
alpha4beta2 nicotinic receptors and memory[]].
Brain Res, 2006, 1081(1). 72-78.

Perry E, Martin-Ruiz C, Lee M, et al. Nicotinic
receptor subtypes in human brain ageing, Alzheimer

and Lewy body diseases[J]. Eur ] Pharmacol,



34

TR TN 22 TS P 2 0 e R O P F 5 BRAR S Bk A

137

[49]

[50]

[51]

[52]

[53]

[54]

2000, 393(1-3); 215-222.

Wu A Q, Li X, Xue Q Q. et al. Radio synthesis
and in vivo evaluation of two alpha 7 nAChRs radio-
ligands: [ I-125 ]JCAIPE and [1-125 JIPPU[]J]. ] Ra-
dioanal Nucl Chem, 2016, 307(2) . 1345-1351.
Wang H, Wu A Q. Liu J P, et al. Radiosynthesis
and in-vivo evaluation of [I-125]IBT: a single-pho-
ton emission computed tomography radiotracer for
7-nicotinic acetylcholine receptor imaging[ J]. Nucl
Med Commun, 2017, 38(8): 683-693.

Wang S, Fang Y, Wang H, et al. Design, synthe-
sis and biological evaluation of 1. 4-diazobicylco
[3.2.2] nonane derivatives as alpha7-nicotinic
acetylcholine receptor PET/CT imaging agents and
agonists for Alzheimer’ s disease[J]. Eur J Med
Chem, 2018, 159. 255-266.

Gao H, Wang S, Qi Y, et al. Synthesis and biolog-
ical evaluation of 9-fluorenone derivatives for
SPECT imaging of alpha7-nicotinic acetylcholine
receptor| J]. Bioorg Med Chem Lett, 2019, 29(23):
126724.

Simberg D, Duza T, Park H J, et al. Biomimetic
amplification of nanoparticle homing to tumors[ ] ].
Proceedings of the National Academy of Sciences,
2007, 104(3): 932-936.

Song Y, Huang Z, XuJ, et al. Multimodal SPION-

CREKA peptide based agents for molecular imaging

[56]

[57]

(58]

[59]

[60]

of microthrombus in a rat myocardial ischemia-
reperfusion model[ J]. Biomaterials, 2014, 35(9):
2961-2970.

Zhou Z, Qutaish M, Han Z, et al. MRI detection
of breast cancer micrometastases with a fibronectin-
targeting contrast agent[ J]. Nat Commun, 2015,
6: 7984.

Zhong Y. Zhang Y. Xu J, et al. Low-intensity fo-
cused ultrasound-responsive phase-transitional nano-
particles for thrombolysis without vascular damage:
a synergistic nonpharmaceutical strategy[J]. ACS
Nano, 2019, 13(3): 3387-3403.

Wang T, Rodina A, Dunphy M P, et al. Chaper-
ome heterogeneity and its implications for cancer
study and treatment[J]. J Biol Chem, 2019, 294(6):
2162-2179.

Ishiwata K, Takai H, Nonaka H, et al. Synthesis
and preliminary evaluation of a carbon-11-labeled
adenosine transporter blocker [ (11)CJKF21562[J].
Nucl Med Biol, 2001, 28(3). 281-285.

Pomper M G, Phillips E, Fan H, et al. Synthesis
and biodistribution of radiolabeled alpha 7 nicotinic
acetylcholine receptor ligands[J]. J Nucl Med,
2005, 46(2) . 326-334.

BLLLAE . XUAA B [ RO PR 25 W i SO 5 e 22T
[F L 2 ,2011.24(3) :129-139





