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[ Abstract] Objective To construct ®Ga-1,4,7-trizacyclononane-1, 4, 7-triacetic acid (NOTA)-
CD44 as a novel atherosclerosis tracer targeting hyaluronic acid (HA) , and evaluate its biological property
and molecular imaging features. Methods Low molecular weight (LMW ) recombinant human CD44 pro-
tein was selected, and the C-terminal of the protein was modified by sulfonation and coupled to the bifunc-
tional ligand NOTA to synthesize a novel molecular probe ®Ga-NOTA-CD44 targeting HA. The biological
properties of the probe, such as labeling rate and in wvitro stability, were studied. Three atherosclerotic
plaque model mice and three normal C57BL/6 mice were studied by *Ga-NOTA-CD44 microPET/CT ima-
ging and pathological examination. Results ®Ga-NOTA-CD44 tracer was synthesized and purified with the
radiochemical purity above 99% , and the specific activity was up to 62.22 MBq/nmol. lis stability was good
in PBS, and the radiochemical purity was over 90% after incubation for 3 h. After intravenous injection, the
probe was metabolized mainly by the kidneys, and its metabolic level decreased successively in the liver,
lungs and blood. MicroPET/CT imaging results of atherosclerotic model mice suggested that the uptake in
the plaque of abdominal aorta was higher at 60 min after injection, with SUV _ and target/background ratio
(TBR) ... of 1.14£0.02 and 4.95+0.93, and the probe had certain atherosclerotic plaque eroded targeting,
which was consistent with the pathological result. Conclusions As a novel probe, ®Ga-NOTA-CD44 is
simple to prepare and has a high labeling rate. It has good physicochemical properties and in vivo biological
properties, and can display atherosclerotic eroded plaques sensitively. ®Ga-NOTA-CD44 has a promising
prospect to be a new molecular probe for early noninvasive recognition of atherosclerotic eroded plaques.
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TR B KR AL RE AL, ( atherosclerosis, AS) BEBR
Ji& R B ARG R AR AS 0 R (T FR 0
i ) A MEEE IR 3 ik 25 A 1 (acute coronary syndrome,
ACS) RAMFEIFER !, by BB 2 YA
¥7 Kz R B HE )R B BB G kK /Y ST
BRE R LA SE (ST segment elevation acute myo-
cardial infarction, STEMI) 7E % #7 I /L | SR 10 512 1kt
BEHe %I A SE99E STEMI( non-STEMI, NSTEMI ) i%
ARSI AT RE R R R I BEHORE A il iz B EA
J7, BEIEAYURIAIT Y . B, R AS (2 i BE
oy SR eIl R SRS i 8 HAT B3 Y, RAhBE
P H 2 SCh HAT JRETTT 58 BE O 2T 2 L B2 R
B BIR (hyaluronic acid, HA) FISE LAN M K &
R A% O /INBUTE 8 4 BELZE 1 AR T B
AW AL LS S PR 45 S HA B CD44 2 1 8 Hij
PRU 5 e o R BEA I (FATRR C i) I B et I
M REE A 1,4, 7- A& H T hi-1,4,7-—
LR (1,4, T-trizacyclononane-1, 4| 7-triacetic acid,
NOTA) , & B8 B4 F /R 52570 % Ga-NOTA-CD44 , If:
WL T ApoE BE K RBR AS BEHBLAY (LLH i
ApoE™" AS) /N B microPET/CT AR R AR Sh A
Yyt BT

¥ ETE

— LR R

LSRR 528 8 % Ge/® Ga L 2 Hh o [ R
Sy B2 B 2 4 microPET/CT 4% (3 [# Inviscan
O8] TS IRIS) U PEEZ (455 (thin layer chroma-
tography , TLC) 43H7 R4 (3£ [E Lab Alliance A ) ;
15 BE SR P 4G I 2% ( 55 [E Bioscan 23 ), 145 B-FC-
3600) ; C18 zlifbit: ( 35 Waters /A F], 15 Sep-pak
Light) ; 4 [ SRSk U G52 -y THECAS (L iEA% f
HEREHL A R H], 5 SN-697) ; ForteBio Octet
I3 FREAE AL ISR (D) A RRA ] LS
RE96E ] ,

255 R SR . NEA CD44 i (BLF
FIFK CD44 B ) | L3E[3-( ek ) N3 1B — 1
iz ER PR ER [ 1-ethyl-3-( 3-dimethylaminopropyl ) carbodi-
imide hydrochloride, EDC ] 48 & 57 M N-¥2 3L iR 3%
A G . B 4 £ ( N-hydroxysulfosuccinimide sodium
salt, NHS) Wy A A= T A9 TR ( B B A R

] ; p-sen-Bn-NOTA ( 58 % 147597-66-8 ) 4 H 3 [
Macro-cyclies 2 H]; Jo 7K & g W H 3 Sigma-
Aldrich 23 w5 43320500 ¥4 4y [ 77 43 #5246 K
R BT HRK,

3L, 8 JAIEHEYE ApoE ™ /N B K i B
C57BL/6 /NER (45 3 B, ToRRIRIE AR, 1R T
20~23 g, T4 DUAR (b)) AE P HE AR A BRA L
A[IES : SCXK ( 51)2019-0010; 8 Ji i e 14 4k B B W
(KM)/MER(18 H) , JeHFA AR Z 1A BT it 20~23 g,
AT I PG R K 2Esh i e 1 TIE S SCXK ()
2015-0001 ; 3RS 50 sh 351 35 1 1L 76 BE R R 2# 8)
Pty iR R B SRS IR 3 R m G, B S N
ST L PG BRI 27 S50 3l 4 4 FH RN SR DGR L 3
FE L PG BB SE5G S A R 22 51 2 W B T il T

SRR

1. ®Ga-NOTA-CD44 FJiil £, (1) CD44 Rk
FIEA S B, YEBL CD44 & 1 (AR 7
2 49.5x10%) , 76 H: C i i 45 5 W 51 A EDC #f
AR PR 2T B JE-NHS 1845 )5 3515 CD44 &4
B S DI RERCA p-sen-Bn-NOTA #4) Ji fY
I 105 [ 2 h 5, A5 IR F NOTA-CD44,

(2) ®GatricEiRE T, #L®Ge/"Ga KA
B FES Ga VR , 4 0.25 mol/L NaAc 2% g iR
pH {HZ% 4.0 J5 , INARAE 1 NOTA-CD44,50 °C 51
25 min, RIMBERIFFHEE, 24 C18 M alifb )5 itk
WRVET , 2545 % Ga-NOTA-CD44,

2. NOTA-CD44 5 HA 254 ke, 4
YIEZ TR (bio-layer interferometry, BLI) 5 il
NOTA-CD44 HiAZE (15 HA M5 &R, KR
R R 2% W (R FLAY 2L 0. 1% PBS + K B0 %k
0.02% Tween 20) I A CD44 H H %% WK, B £
500 wmol/L, AR 200 wl, &R TG {1k EHEH
J& ¥ HA FCARRBEZE 500 pmol/L J , A 50 pl/fL
T U ST K60 NOTA-CD44 RijfR & [ 54K
WP HA BeRRIZE & 1, BRI #E 8K, (K, =
K./K,) o K, N, $E A AR e

3R SAR e e, (1) mrak e,
TS TLC #6311 Ga-NOTA-CD44 ik Ak 4l J& IT571)
AT 788 1% PBS, W % LB A (flow rate, R;).
(2) PR AR RE PEIE A, B 11.25 MBq ®Ga-NOTA-
CD 44 M AEF43$01% PBS(pH=7.4) 1, T37 C
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A3 5CE 0,15 #1030 min,1.1.5.2.3 F14 h J5%H
JCRHE TLC 3500 & Hoi e 4t

4 ARNAT LSS, B KM /N 18 L, FIfAT A
BENLAE ok 6 41,541 3 ., ZREIKIESS 7.50 MBq
®Ga-NOTA-CD44 , 735l F 71 4 5 5.10.,30.60 .90 Al
120 min W UT R, A0 E J5 BOC E FF 9 Al 45
HAERS , PR B A v T8I OO P T
BT A R SV E 43R R (percentage activity
of injection dose per gram of tissue, %ID/g) ,

5. ApoE™”~ AS /MR ®Ga-NOTA-CD44 microPET/
CT A%, (1)MEH ApoE™ /N AS BERL B 8 J&
1% ApoE ™ /IR, 2R BRI (21.2% 15 W7 +49.1% ik
KAL) +19.8% 35 5t +0.29% H [ B 5 5 /3 Kk it
RE L) 1A% 20 J U5 AL BB, 3 o g B Y €0 % fe i 241 21
A2 2 FEATAC AL IGIE . (2) MicroPET/CT BA%,
ApoE™" AS /IR 3 H oS, [R] i i fat Bl C57BL/
6 /N3 HOMXHIRAL, 4Rkt 7.50 MBq ®Ga-
NOTA-CD44, 53 5 F 3 41 )5 10 F1 60 min 1T micro-
PET/CT BA& KM FGE R, R PMOD #1741
Mt , 20 = 3 ik K0 il ROT, 58 SUV, 33
F Bk I L/ A L ( target/background ra-
tio, TBR) ... (3)JWEEXS I, MicroPET/CT BAR 5
ARBE/INER, 0 5 R T S kIR A T S A fif ] HE
RN AS EE B P 98 14 A1 A R T A7 O, A BeT 1
#% 8GX (Leagene HA YL (a3 ) kil AS BEHL N HA 4
A R e, TOLF B TR e g IR

= Gt

% H GraphPad Prism 9.0.0 B fF A IES
) PR w45 T

# R

1. ®*Ga-NOTA-CD44 (14 ., NOTA-CD44 Fik

BTN 1.6 mg/ml, FXF 437 5 &y (40 ~
50) x10°, S50 S0 e e il B 50 °C, 722 1] 25 min,
SR AR IC A ARAR IR TR Sl KT 99% ; 4
C18 #:4lifk J5 9% Ga-NOTA-CD44 Jit Ak 4l 99.26% , I,
W 62.22 MBq/nmol , AL F= 5 53.88%

2. NOTA-CD44 5 HA B9 454 F1R 00 K 7= ) i
s, BLI KM K, 455578, NOTA-CD44 51K AH
o B (29 250 10° ) HA 8] 77 76 B 5% 19 A0 B AE
45671 (K, =0.009 6) o HURTE TLC £5 R B, i
B%Ga 1Y R, fH°4 0.67 ~0.90; #% Ebric 5 1” Ga-
NOTA-CD44 JE R, {HA 0.15, A UL BH I A= B,
ALLER T 99% , ZARE B T PBS 3 h Nkl
PBPREETE 90% LA I, 4 UL A G JiiE 2% Ga HY B,

3N A W43 A . Ga-NOTA-CD44 7E{d Jé KM
NIRRT AR 5 AN FE 1 s B BRI, i
B BRI S5 5, 4% T il A7 A R 6T s o R,
A RS 259 5 MR P S/ MR L T s TR
HSE 60 min RIS BES SREFEARKSE, X
INRET B AR AR 24 A R A (B R IS
60 min IR AR JEAKF AR, A AR AT AR A A4 1
FUG B TBR, HAH X R e M8 ar, FF & /e F
B SR R AR B A3 A AT

4. ApoE™" AS /MR ®Ga-NOTA-CD44 microPET/
CT ZAZ(E 1), HEHE 10 min, S04 ApoE™™ AS
/N BRI T SR A 7E A % 2Pk g 3 U i %o R 2
C57BL/6 /] ERAA P9 IS 32 3l ik X J0 sl AN L/ R IR
HSE 60 min, SEEZH /N BRI 32 20 ik e 46 B0 1 4
UK — A 388 (B BE 20 /N BRI 52 30 ik S5 Ui
FEWARELC JC I AR, 2 B A, LR/
FUE F 30k SUV, K TBR, Hm TXF B4 (% 2),
HFE 5560 min B microPET/ CT &4 42 75 19 | iR

F 1 “Ga-NOTA-CD44 515 AR i) 15 g R EL B (KM /)N U N A 0 3 A 25 R (=3 505 )

TE SR J5 AN ] B 111 3 14 5 58 L 40 53 TR 650 126 ( %01D/ )

wE (418
5 min 10 min 30 min 60 min 90 min 120 min
IR 0.87+0.24 0.41+£0.06 0.36+0.08 0.34+0.02 0.30+0.06 0.31+0.09
Jiis 2.41+£0.30 1.67+0.49 0.94+0.25 0.98+0.24 0.74+0.07 0.80+0.18
Jiti 1.39+0.88 1.16+0.37 0.83+0.13 1.01+£0.15 0.72+0.17 0.90+0.05
(=3 18.46+4.49 10.67+3.29 6.25+£1.07 4.56+0.55 3.95+0.84 2.96+0.58
i 0.84+0.16 0.80+0.27 0.62+0.14 0.63+£0.35 0.68+0.25 0.83+0.24
H 0.69+0.05 0.56+0.48 0.31+0.11 0.25+0.08 0.24+0.03 0.28+0.03
7B} 0.74+0.04 0.33+0.16 0.21+0.05 0.20+0.05 0.16+0.03 0.47+0.15
ki 0.14+0.03 0.09+0.03 0.06+0.01 0.05+£0.00 0.05+0.00 0.05+0.00
g 0.77+0.35 0.47+0.10 0.56+0.14 0.35+£0.04 0.40+0.14 0.42+0.04
WA 0.69+0.05 0.45+0.12 0.58+0.25 0.22+0.03 0.26+0.13 0.24+0.02
QIR 1.39+0.58 1.81+0.08 1.07+£0.76 0.53+0.15 0.44+0.05 0.55+0.17

H:NOTA M 1,4,7-=RHIEHTHE-1,4,7- =218
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5. ApoE™" AS /Nl microPET/CT 5 %5 # X} B8
5T, XTEARIE 3k Ga-NOTA-CD44 microPET/
CT $2&7 1 i e U A2 A Al , 479 B REAH Y
(K 2), HE 3£ )5 005 505 T 7] WL ApoE ™ AS
/N BRI = 2 ik v e BB 722 Ak o A5 4 M A v B e
PR R AL A3 5 O, PR B3 T 4 A iR S8 B AL T AN
S, PR T P A IR A RO B, R /M R
A% IR B, 240 L A1 5 T B AR B JUL 248 5 o Dk
/U s FFNE FASE BT A0 i % €8 )5 't 2 S AU T Rl LR
RS X, RIAAAE K HA 20, f5 5 AS R Bt
B 20 S R Ak, H B 05 BRRR AR 75 X R 4H
C57BL/6 /NI 3l ikE AT R4 3 B R BA B
., PR gE R FEI | ®Ga-NOTA-CD44 microPET/CT
P27 0 e R U B AL AAAE AS (RIS

W

PEARIE , 29 1/3 () ACS JE i AS RIhEEH 5] &
[ NSTEMI'™ | B 58 42 7% HA 3 53 Toll #£5Z {k 2
(Toll-like receptors I, TLR2) # i N Bz 41 Bl , fisk A&
AS {2 BEB N HA-TLR2- A 1447 40 it il , 5 350K &

ApoE™/~ AS C57BL/6

microPET/CT

““w""

..

ROI‘AHE X HEHJE10 min

ApoE~/~ AS

HA BURTE AS R0 BEH g iz 1w PRk, $8 1)
HA F AL AG R B R IEAl AS 4= Tl BE S i)
FERRREE 48 SIG PRI AR YT, X i B TR 2
KHEE,

CD44 7] 5 HA & B S Egs &0 AR g xd
CD44 B C b £ 7 i L AL & 1, (B¢ XU e T 1
NOTA , & W 5] HA % Ga-NOTA-CD44 (£ 84 T &
&5 HA 19 3 A EBEEA 0 S IhRE, 7N
FROEPERFSE b TS 25 W 0 04/ BRI RE A v R
TR 5 (% S A5 500 48 B, AT BE S IR N 2 WY 26 A
UUREAE F B AR B /N o T B R AT IR &L
PR B B AR I PO W bR, S 5 min O
(18.46+4.49) %ID/g,60 min } (4.56+0.55) %ID/g,
120 min {24 (2.96+0.58) %ID/g, TEA& N ARXT 244>
AIEE, BREFESE 60 min, /)N BRI 6 AAS 56 il 5 P e
ZRARIK -, IS 3 3l Bk AT PR 5 s 4R B, SUV 5
TBR,, 7359 1.1420.02 & 4.95+0.93 , $#/5 HAF &
INGY TR A E R Y B AR R AIE , SE SR A% R 4R
TBR, B4 ot & B4, B AR E 3 3 Ik microPET/CT
SRR IR 0% Ga-NOTA -CD44 & 5 UL, Hops L HE

C57BL/6 ApoE™~ AS

C57BL/6

5560 min FESHE60 minBSfk B E SRk

1 SIS ApoE ™ Sk ML (AS) /INREXTHRAL CS7BL/6 /NR® Ga-1,4,7- = A A THeE-1,4,7-— L FR (NOTA ) -CD44 microPET/CT
AR, AGDHE O It ) B HE 3Bk ROT /) 7R 2] B AEI 2/ NEL AS AR I BEB AL (21 %7 kR ) 777 W 2 A% Ga-NOTA-CD44 755 R, T Xof
FRLH/IN U EBIIKIX (AT SRR ) FEFERIT AR Ga-NOTA-CD44 $5HL; C. 325020 /I BB A 32 3h ks 728 A4 B dud g T HERZH /N B

F2 LB ApoE ™" AS/NR S XTI CSTBL/6 /N 51 Ga-NOTA-CD44 J5 AS [ it [8] A 1 B 245 3R (qs)

10 min 60 min
25 R
SUdeX TBR!HHX SUdeX TBR!]]HX
ApoE™™ AS SZIG4H 3 0.37+0.04 0.84+0.08 1.14+0.02 4.95+0.93
C57BL/6 X HELH 3 0.33+0.06 0.70+0.17 0.10+0.10 0.90+0.07

1 AS J B IKIRAEREAL  NOTA Ny 1,4,7-=H M T-4i-1,4,7- =28, TBR N/ AJE L NREA B> | RATHE— 25400



- 108 - rRAERL BE A 5 T A5 2035 2024 4F 2 45 44 55 2] Chin J Nucl Med Mol Imaging, Feb. 2024, Vol. 44, No. 2

B2 %Ga-1,4,7-=HALKTLE-1,4,7-= LR (NOTA) -CD44
microPET/CT S BIYL X BREE R . A SCE04U1 (A ) ApoE ™ 3l
Jik s RERE 1L (AS) /N BRUIE 32 30 DK 28 4b % Ga-NOTA-CD44 L
4k X BRAH (47 ) CSTBL/6 /INEL (B HEZR ) 3 B SZ 50 4 /1N Bl
H2 BRI BE HE Je (3 (x200) 1T UL P9 B T 4T 4E iR
SEREAE MY AN, P B2 F A R Y TR A B %, JR AN AR AR 3
IINBR FUAZ O R iG] B /I BRO A8 Ah A UL 5 4 5 €L S g /s
FRIE 3 3 Kk v 155 B et L B 7 i 4 £ (< 200) 7 DL K 53 1]
TERIRE (YL IX) | % B2 /DN B AR A o L 5

T A 1 i e €00 S A7 AR R 19 HA 23 | 4
[ e (F LR HE Mg 2 4 S AS {2 I B e 114 95 3L 4 401 2
FRIE, IR AR AR ET HIAE Tk i | 7 %
o TR Sz b, B TS B PR T R Ay, ]
FHF I R AT AAL B G TEA |

H T, AS (ZIRBES () 0] AL 5 F AR W 5 34 ik
T B B, ARSI i) 15 0 200 G0 ol S84 R e ) - B
P F G EA VR 22 F B R JGHEIE A, Bigalke
LN RS AR % Cu- B 1 VI-Fe PET A 2EF AS
RPBESR P R T 5 5 1 K e SR AR AT A (R
R PEAE, S0 A I IRAFSE RV, HA I CD44 7F
AS M BES 5| K B ACS h R HE R B O E B AME
FH L3RS HA VE NG AS {2 th B B () #0050 1 B
K EH AT ) AS A= ik BEER 5 R 56 4> AR 2
F5T et 2 I

Zi b RBERRTT I A T R LAY TR E Ga-
NOTA-CD44 , HiAil & & 8 H bR ic 5, B B0
PRI T R A P A 2 P R, B T R AS (R DB
et RABE B, 2R Ga-NOTA-CD44 T AS =ik

PEY R U BAT R 9T T

REIRIR A R 2 v

B RN T UL SO S AT 3 S s A B
POV RS RES S IE R S 1 S0

S B A MR R RAT A R

2 % x #t
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