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[ Abstract] Objective To develop the anti-CD30 monoclonal antibody *Cu-1,4,7-trizacyclonon-
ane-1,4,7-triacetic acid (NOTA)-CD30 and visualize CD30 expression in lymphoma non-invasively. Methods
The CD30 expression levels of 5 cell lines (Karpas299, Raji, Daudi, Ramos, and U266) were assessed by
Western blot. Cell lines with high and low CD30 expression were selected for flow cytometry to evaluate the
specific binding affinity of anti-CD30 monoclonal antibody. Thirteen NSG mice were used to established
CD30 positive and negative subcutaneous xenograft models. *Cu-NOTA-CD30 was obtained and *Cu-NOTA-
immunoglobulin (Ig)G was used as the control. ImmunoPET imaging was performed 2, 24, and 48 h after
the injection of ®Cu-NOTA-CD30 or *Cu-NOTA-IgG. Finally, the biodistribution studies were conducted.
Repeated-measures analysis of variance and Bonferroni test were conducted for comparison. Results Karpas299
showed the highest CD30 expression, while Raji showed the lowest. Flow cytometry showed specific binding
affinity of the anti-CD30 monoclonal antibody to the Karpas299 cell line. The radiochemical purities of the
probes were both higher than 95%. In microPET, the *Cu-NOTA-CD30 uptake of Karpas299 xenograft
tumors increased over time, with (11.46+£0.58), (17.60+1.16) and (19.46+£0.99) percentage activity of
injection dose per gram of tissue (%ID/g) at 2, 24 and 48 h respectively. The contrast to normal tissue was
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good at 48 h, with the tumor/heart (blood) ratio of 2.20+0.22. The uptake of *Cu-NOTA-CD30 in Karpas299
tumor at 48 h after injection was significantly higher than that in Raji tumor ((6.10£1.03) %ID/g) and *Cu-
NOTA-IgG in Karpas299 tumor ( (5.12+0.89) %ID/g; F=290.99, ¢ values: 19.65 and 22.25, all P<
0.001). The uptake of *Cu-NOTA-CD30 and the control probe in the heart and liver decreased over time in
all groups. Ex vivo biodistribution at 48 h was mainly consistent with the results of microPET in vivo. Con-
clusions *Cu-NOTA-CD30 is able to visualize the expression level and distribution of CD30 non-invasively.
It is promising to be applied for screening the beneficial groups and evaluating efficacy for CD30-targeted im-

munotherapy.
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IR IR 1 ZHEA v S B 1 1T T R e
fidEE, r Ol B A7 6 R 298 (Hodgkin' s lymphoma,
HL) 5 9E % 47 4 Wk B2 9% ( non-Hodgkin’s lymphoma,,
NHL) . 2020 4E 1 5 NHL # & A B2 & B A i g
R NE 2.8% FET-NELZ 5 4.7% . CD30 4t
R 1A 1 BURES OB AR 1, ) R GK T4 it HIL A ]
AR PR AR CURE . LA CD30 ¥ A BT IR B 24
YA F-E A58 B BT AK ((brentuximab-vedotin, BV)
B 36 & 5 24 5 B R (Food and Drug
Administration, FDA) #t ¥ F TR 97 & & MG P
CD30 FHTE Y HL Rl A P 41 bk L gs 7, {ELA
(D HE S PEHE 7] CD30 A7 1Y 52 4 HEOR 32 WA T
LR R AT P RO AT

N T AR R bRi] CD30 HLiRIEFT s PET
BAARTAE R /R CD30 KA AN FE,BH
BUAHSCHT AL D o AWEFE T A AL IHT CD30
BT REHUA (FRREAHT) HET IE L F UM R Cu
(G 127 h) BIFRIC, dil &1 CD30 70 4R 4T,
X EL TR TR Bl CD30 fg Rk K- 14T 0 B T AR
VAT, ARGE TN T

MEETE

1AM PR R U5 S 4 i 35 57 . A Bk Karpas299
(N TRIZS P R 240 bk E 98 ) T 1 b st 1 B YR e 2R )
BHEA R/, Raji 5 Daudi (A Burkitt’s Wk ) |
Ramos (A B itk EL41 L5 ) | U266 (N 2 & 15 1
A ) ph v B 2Rl 2 e A P R S 25 B B 2 A W)
FORWEFE T g 2 4k ZHMIAE 37 C IR 73 4K
5% CO, M~ , SR 4EL 10% iR 4 13 ( fetal
bovine serum, FBS; 3 [E Gibco 2\ &) AT 43 %1
1% T 55 2%/ 555 Z 1Y RPMI-1640 159555 (34 H Gibeo
o)) TR SR . R Western blot A 2 fig CD30
HF IR,

2971 CD30 HBrah & 68 1 il e . 2888 = MK
Fik CD30 A 40 I E BT CD30 FRPLLE A RE S, L

CD30 Fgise N Bl & B, ih b B B R pedt at
DI e I 2 A 0 AR 9 T b 5 46T B
F 24T CD30 F4T Y - BUOH S 40 i ( Chinese
hamster ovary cell, CHO) % ## 3 | I 48 Protein G
H M (35 E GE Healtheare 23 1)) glifk, Hopifkny 48
X B EEMRPS 5 BV BIHTIAR415r AC-10 A,
HL CD30 P —P, 56 HIR %6 F (fluorescein
isothiocyanate, FITC) Frict i LU 34T A fe 2 5k
(immunoglobulin, Ig) G (b 5T 4 3k A ¥ Bl £ A B
NT) N8, BCEARRR R TG B A Bk
YHARVE R XS R, A2 1x10° A4, =20
M4 ( 25 [ BD Biosciences 23 &) ) &l ¢ o & | %
H Flowjo #AFHEAT 5347

3. CD30 BRI B T fif T BUR 2 11 g e
HERE HRE G kB NSG /N[ 13 ;5 Rl ARt ik
(20+2) g Mg FAbnu e BLRRAE W R B3 A7 IR 2 )
[VFATUES : SCXK ( 5¢) 2014-0008 ] , 7£ Ho [# = 2
I B 24 LR W) B R B 5 i 3 W B G R A O D A
(specific pathogen-free, SPF) 2% & 4 W 1d] 57, ¥
PBS M 1x10° A4 (29 100 wl) 53 545 R0 T4
SUNRA TRz R [ CD30 FHME (9 ) sl B =41
IR (4 H) 1o BRRWLES/IN B A BRI 100 N i g /)N,
MK B EHRKAEZ) 1 em BT microPET B4%,

4.4 CD30 FATAYATEAZZR Cu ARic, #5* Cu
WL EA 1,4, 7-ZF2 R ThE-1,4,7-= 2R (1,
4, 7-triazacyclononane-1, 4, 7-triacetic acid, NOTA;
ZE [ Macrocyclics 22 F]) 591 CD30 FAHihRIC 3RS Cu-
NOTA-CD30,* CuCl, M [ ALt @ B 0 A
FRAT, Sefsdit CD30 Hidii5 NOTA LY i & Lt
1:20 7£ NaHCO, ZE 0P (pH {1 9.0) P EIREF 2 h,
%4 PD-10 # ( £[# GE Healthcare 2~ ) 4lifk J5 | &
EH W E, 4ifb )5 9 NOTA-CD30 5 CuCl, 7F
NaAc Z2 M (pH {0 4.5~5.5) P EIRIRZG I 1 h,
B AR H PD-10 #E4li4k, LA 0.01 mol/L ) Z
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el ks, BARRE S 1eG RIVEAT* Cu bRic i
g Xf B FARE

5. MicroPET AR M A=Wy 504, 35l 4 2
Karpas299 } Raji fif 88 B 28 & #t K 7 S Cu-NOTA-
CD30 51T microPET AR, 55 84 5.4 MBq/ H
(29200 wl), FHRTG8L 2% S UbE R, T 10 5
J5 2.24 F1 48 h %3 BI4T microPET 14 ( It ) B
Molecubes A @] B-CUBE/PET, X-CUBE/CT) , & 1%
BFIE] 10 min, PET BURTE G b PR TAE ST  Iii
WEFFEHE, N FH VivoQuant 2020 F{F X} %R 3617 43
B, 2 m e O (IR I VB ROL AT 2E 2 & 404,
THE R SO ZUE 431359 7] 52 %8 ( percentage activity of
injection dose per gram of tissue, %1D/g), H( 5 H
Karpas299 179 fil, LA* Cu-NOTA-IgG A AF 55 5 % IR
BARH, [FIE RAR

WARGEHRIGREHC/ N ARIUIIRE O JH B Jif
B E R BN B S IS I, PR
Ja 4 H 8l v 1S (3£ E PerkinElmer 23 /) ) ] %€
PR, B % 1D/ g

6.50 T 2# AL B, SR IBM SPSS 26.0 %k 4 X
GraphPad Prism 8 AT 8 734 . 456 IES
A E B GORELL xts RN, AL N AS [R] I T 5 AR
FHEE 2 I 65 2553 B, 22 20 1) A ) s ) o5 b Ase ok
AR R T 2200, P HE 388 R ] Bonferroni 15, P<
0.05 HZEFAGIFE L,

# R

1. CD30 F ik KF KAt CD30 Hriksh &6 1Y
US5E . Western blot Z55 (& 1) Bor,5 Frauigtk
Karpas299 4l #k 9 CD30 50 & T 541 4 Fh,
AN AR SRR FE 58T CD30 Hit 4 CIRF |
FITC —%ibnicJ5 , Karpas299 41 A5 =5 % A= B % fn
% 1M Raji 40HL{5 5 o lmFe , 4&7n Pt CD30 Hhin] 5
Karpas299 #iffi 211 CD30 ¢ PEss &, Kk,
Karpas299 40 kkA 7 CD30 5 2354 | Raji 40 il
kg CD30 IR FIRHR

Karpas299 Raji Ramos Daudi U266

B 1 AS[ERERE 40 AR CD30 A E LK Western blot 43 #r
gEL AL Karpas299 40fifd CD30 ik iR

2. MK EL IR 98 B microPET BASFIE 0T il
U Cu-NOTA-CD30 F1* Cu-NOTA-IgG T fb 21 1)
#BITE 95%, VE 5 Cu-NOTA-CD30 % Cu-NOTA-IgG
J& A [6) B (8] fef 988 BR. microPET FEE WK 2, X F
Karpas299 i J f,, V£ 41 Cu-NOTA-CD30 J& 2 h, AJ
DL R BSR40 , L it s 1] SEE A 435 B2 M 1 15,48 h
i P 9e i 5 R WA 5 TV S Cu-NOTA-CD30 (1) Raji
Tir9a Bl % 1 59 Cu-NOTA-IgG 1 Karpas299 fif I8 Fil
(R R IR , T AT G 48 h R E T P AN IS
3 AR BRI SO | W AZGR) 224 A 0 (il
W), HLBEF B ) 2 K S A5G0 SR BGE IR

ROI 73 #1718, VE 5 Cu-NOTA-CD30 Ji5 , Karpas299
ek ) S8 AR BB IS v, L o [ i R 28 34 1, 1
BHG 2,24 F1 48 h AR B IS5 h (11,46 +
0.58) .(17.60+1.16) F1(19.46+0.99) %ID/g(n=
4) W14 %5 T Cu-NOTA-CD30 7E Raji 17 988 B F1* Cu-
NOTA-IgG 7E Karpas299 fif /5 KR A9 HEHL, J5 Wi 767
FH5 48 h BT 38 (6.10£1.03) %ID/g(n=
4)F1(5.12+0.89) %ID/g(n=5) (F=290.99,: {H.
19.65 .22.25, %] P<0.001) . 24 h B* Cu-NOTA-IgG
1t Karpas299 far¥gd BRI v 3 B e 1) A A e 1 4
B, M (7.11+1.09) %ID/g, TEA AL, O (LK) .
JHF B ) S AG R B B s ] S 32 sk 2L . Cu-NOTA -
CD30 7 Karpas299 fajJad 54 8/ .0 (IR ) EEAE AN
g/ B A AEVEST S 48 h 8, 20 91 2.20+0.22
F13.1420.25, B .75 T Cu-NOTA-CD30 7£ Raji fif
R F(0.73+0.17 5 0.83+0. 21) FI* Cu-NOTA-IgG 7E
Karpas299 1 fL(0. 68+0.18 5 0.64+0.11) FXF 1
25 (F {4 .84.60 ,222.61,1 {H:10.86~19.54 , 1 P<
0.001) ,

3MRIME AT, TESIG 48 h RSN W o AT 4
R EIEKR microPET ﬁ{%ﬁf%%l‘*ﬁ[( = 1) . Cu-
NOTA-CD30 7£ Karpas299 it 98 119 i 1% 71 4% B N
(17.55+2.30) %ID/g(n=4), W & & T Raji I
[ (3.35+0.54) %ID/g;n=3(1 HIET:) ], W B ET
#Cu-NOTA-IgG 7E Karpas299 fivgi[ (5.72+0.40) %ID/g;
n=5] I (F=115.92 1 {H.13.47 F1 12.77,] P<
0.001) , [RAbfeE FE =z A1, JHF 9 B B B A v, 42
AP CD30 Hubi E 2 R EERR

o

UTARSR , BT AR RL IR T 259 14 B O A Gk
FOMETG PRI R PRI L fR A 4R A T A R
T+ Bt . CD302 15 T 22l ik LU 2 i, {EL7E 1E 7 41 41
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s4Cu-NOTA-CD307EKarpas299
0 %ID/g

E 2

84Cu-NOTA-CD307ERaji

vy

84Cu-NOTA-IgGZEKarpas299
\ 20 %ID/g

T EEL R 8 Bl SR TR AR AT 5 AN RN ) Y microPET AR, A% Cu-1,4,7- = A T h6-1,4,7-= 2R (NOTA ) -CD30 H1.57 &

HifA (* Cu-NOTA-CD30) 5% Cu-NOTA- G Bk 4 (1Ig) G G A RIS A Karpas299 & Raji fif I8 Bl microPET & AT I Karpas299 far 8 B
R Cu-NOTA-CD30 32 #3848 h ik e 8 5 458 15 0 5 1 5% Cu-NOTA-CD30 A9 Raji fards Bl % I3 5% Cu-NOTA-IgG Y Karpas299 fafjgi

B, PR B SRR 53 AL /INBR O (IR ) B FF AT U S 52 , BRI [0 - s A1 5 AV B pR 2 B2 R RS IR L 5 91D/ ¢ S8 S L 4 4 VR SR 3R
1 AFEBAZTREFES G 48 h 7245 AL p e B IRSMED) 0756 (%1D/ g5 x+5)
i sas 2051 1l 7 Jifr e L lils gt Jifs =} B
#Cu-NOTA-CD30  Karpas299 8.24+1.70 17.55+2.30 2.34x0.62 8.19+0.87 8.81x0.56 2.52+0.24 2.7420.82 1.19+0.06
Raji 8.85+0.70  3.35+0.54 2.87+0.23 9.56+0.82 9.59+2.18 3.25+0.45 3.96+0.54 2.14x0.87
#Cu-NOTA-IgG Karpas299 8.39+0.99  5.72+0.40 2.66+0.27 8.89x+1.55 9.30£1.97 3.03x0.52 3.93+x0.94 1.92+0.60
F1H 0.22 115.92 1.53 1.11 0.19 2.87 2.81 2.85
P{E 0.805 <0.001 0.268 0.372 0.826 0.108 0.113 0.110
BEF 20531 Jri& B i JB% Ik WA Bk SRk i
#Cu-NOTA-CD30  Karpas299  0.73+0.26 0.93+0.21 2.77+0.99 0.62+0.28 2.48+0.19 1.8420.52 0.2320.12
Raji 1.24+0.35 1.11£0.31 2.84+0.77 0.90+0.35 2.08+0.29 2.06+0.29 0.48+0.15
4 Cu-NOTA-IgG Karpas299 1.13+0.21 0.97+0.21 3.37+0.44 0.9420.14 2.44+0.38 1.95+0.27 0.44+0.16
F1H 3.86 0.57 0.85 2.06 1.69 0.29 3.25
P1H 0.062 0.585 0.459 0.183 0.239 0.757 0.087

11 : Karpas299 | Raji i/ [RA Ik EL I ALK ; % 1D/ g S sd ZHZVE A VSR 5% g S e 8RR 11, NOTA hy 1,4, 7- = A3 The-1,4,7-—

153 AN B fps A 4 3.5

FEIRA BR, S e AR R G B A T R, )
CD30 [ HT A 56 254 BV B CD30 i SGN-30
(AC-10) HEHHUMAE B 254U, v 9% CD30 BHPE
R SRS AL, IR R LM R 3 EH . BY
AR, R, B 5 E FDA HLER TIA
7 & R MERYE CD30 B A HL 0 A A8 P K 4 i ik
EL >, HAESNE T ik EUR | Rk T 40 Ak
Jo S5 A e PRATE 2 Hh S /s H 858 0 B3R 9T R iR )

AN BRI T KA [R] A PR Ik T 988 9 CD30 3Rk
K25 55, v PLJE I W6 I7 W] BE 2 5 5 MR R A
CD30"*, [A] A8 P R A0 Mk EL 9% 22 BV 3A)7 )5 vl B
CD30 2763k o HIE 20 LU A (TR RIS K ) 1T
JE ST FRANTHE 0T, {5 g8 77 78 25 8] S It [A]
SETUE 19 R G ¥ 4 1T R A R4 CD30 119
Feik , HICIE MR k04T 2 GE SE AR . 53 4h,

CD30 fZIAKFIE 5k ER R S ARG, R4,
CD30 PHERISRIZME K B 20 At bk B 988 s el
T RZJBR T 20 AEIAR LR CD30 A 2 38 4 7R K 4 i
b R B R, R Ae 2t L I, R B
FEL A X 9RE CD30 19 3RA 1 DL kAT I & nT HLAL DA
A BT R 1] CD30 H IR 97 1Y 52 4 BEAA, IF W]
DR ST SN, A B TR0 Fi

e PET SARF A A% R R iC R Bt
AT TCR .75 4 B g o kAR R R A AR O, JF ]
TEIRYT R B e T 2 A5 W, 45 S HUAR S 2 8 iR
I7, IE R B CD20 BRI BB (it
uximab ) 42 fiz 5L B TR IR R T A ST, [R) g )
Wﬁ%ﬁﬁ%ﬁﬁomme%ﬁm%QE@%ﬁﬂ
BT T Cu-1,4,7,10-PUR AR+ —%E-1,4,7, 10-
U FR (1,4,7, 10-tetraazacyclododecane-1,4 7, 10-
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tetraacetic acid, DOTA )-rituximab % Zr-Z #k %
( desferrioxamine , Df) -rituximab X ik (0983 %) i 1% Az
HAY M, #1E CD30 MIPTIREBEE 25 BV 11
PRI LK, Rylova 41 FIIHIY Zr FRiE CD30 Hifk
AC-10 TEA7 R FRBS AR B R 1 X% CD30 FH M bk I 3
HEFT T 545, CD30 PR Ibeg i) S A5 00 S I J o
CD30 FIPEMPE . Kang %" Y Ze-DE-BV X fili i
farJR R CD30 [ R IR HEAT T JC M AR, & B i3
B CD30 Feik & iy i . AH TR K
i (3.3 d) 9% Zr A1 (60 min) Y% Ga,
“Cu FERNE T (12.7 h) , ATRRIC Y23 7 R/NE
RIS (NN FZ IR Bidk i B sl e hidk) 55
P A 4 3 1A DT 4 ] s, HC B AT A
BA%, AR5, CD30 FHY: Karpas299 faf 988 B
1% Cu-NOTA-CD30 14U CD30 [t Raji fif I
EUMRIRY 3 4% L4 F T (19.4620.99) %ID/g 5(6.10+
1.03) %1ID/g], HE5F)5 48 h, B/ iT 5 Bh /.o
(IR ) B FCARL A S s, 000k 2.20+0.22 F11 314+
0.25, M8 i 52 i i, 3 B W 9% 4l 76 Cu-
NOTA -l Z-ER B4 ( trastuzumab ) H [a] N 38 |2 AR K
T2 -2 B LRI B DR G0 PET A%, i
TS 48 h WHAEI >, SAHFI A AR,

ARWFFEH, CD30 BRI g 5 A, 32 B
BA T IR R R B, 3 1T B2 BT h AR AR X 4T
Fra A, Tl AT AR I SR, R ek
ERCUIME YA R 11385 R (lidamycin, LDM) AJ
HRH 41 CD30 PR S PR MK 254 anti-CD30-
LDM, H A4 1 Fric, §l % 5 1-anti-CD30-LDM
HEEFHAEAR N AW o3 A5, 45 57RO ()
FRAR A o, R WA S AR — 3, ASF
FEIB KB, * Cu-NOTA-IgG 7E Karpas299 & KL g
WA TE— 8 2 B A AR R S PR B B, TETE S IS 24
48 h Hy g B R, 43 R (7.11£1.09)
5(5.12£0.89) %ID/g, RECSHF—E, XrigE
Jifrgeg A R AR AR R I A O, ARHIFSY
MIERR S 1eG A A ILYE TG, 75 /N BUAR P9 AT BE A7
B Z AR R BURBUARZS &

Zi |, % Cu-NOTA-CD30 %t CD30 BH ik t R 45
SRR, FE LS, AT CD30 MR IA A
B T35 S PR RS v L E A TH0 7] CD30 3397, KRR
T E— Pt a) CD30 A9 PET 43 F#R4%, it —2
BEARAS IS B2 AR S R R L, O 250 AR IR A% Ak
SR IAIRYTHRED , I TR N FH B AR B i 4 T v] SE 1Y)

==y

H.S o

PR ARSI R

TEETTRAS R W)W SRR SRS BB Sei b 2R
WEFEaR S SRR AR SCBRG XU T B SR AR S e
PIF SRR R BORSCRR 7 R BT EAE (R S
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