- 466 - BRI 5 0 T4 205 2026 4F 8 4 46 545 81 Chin J Nucl Med Mol Imaging, Aug. 2026, Vol. 46, No. 8

- a EERZIy — M1l -

CaCO, KUK IR Ra B Ca™ BRI 52
JFF 210 360 968 0 38 D 80

FXAR EZE® B BB LAKT

' T K RS TSR, i 2000037 5 E EEXFE WG E R E S,
5 200433

WBAEVEH A2 | Email ; chao_cheng_1999@ 163.com; £ K %, Email; ¢jzuo@ smmu.edu.cn

[WE] HM MEGZERa i CaCO, HOKIURL(NPs) , LTI (HCC) 41 HE MR PRAk
HABRYTHBE , IRV CaCO, NPs FEANAE I /K M BEAL Ca™ B8 o B ZEIRIT M FHLHl, ik RH
CaCl, 5 Na,CO, HULIEZLH % CaCO, NPs, IFLU/DHE BaCl, AR CaCl, #E17184% B0 5HIE™ Ra 4R
i CaCO; NPs (U AIAT1E, iz JHESTHL T W AEE (TEM) X SFEAT S (XRD) (FRHE 73BT (TGA ) X
NPs #F17RAE, #4 Ra-CaCO; NPs FFRIUFRICE . SRR N1S1 HCC 401, 38 i3 58 2 Wbl 1
TFIRSE, MM HE (CCK-8) WAL CaCO, NPs L)% 41, LA™ RaCl, 57 Ra-CaCO, NPs
X N1S1 4HA G A5 he , Kl N1S1 MEPY Ca® 7K - (Fluo-4 AM #REHE5 6 =40 M AR ) | 20 B J8 34 45
15 (AR ) | 83T 56U (0, B Western blot Kl DNA S T 2447 75 40 y-H2AX il [a] J5 41
(HR) B E H RADS1 YR IAAE b, SR FH WAl S7 BEAS ¢ 650 12 R 28 5 22 40 1 (385 K 38 o)
Tukey ¥ Dunnett 1) ZbPRE s . 458R I ERIAR 2 20 nm 1Y CaCO, NPs,* Ra-CaCO; NPs tric &
9(98.10£1.23) % (n=3) , 600 pg/ml K LA FBEWKEE CaCO, NPs X iF % JF 4 il BRL-3A J¢ N1S1 4
¥ TEI &, CaCO, NPs 7T i 3 4 7+ N1ST 4L P Ca™ ¥ (1=6.97, P=0.002) ,** Ra-CaCO,
NPs 4bFH 5 N1S1 2005 71K % (49.95+3.21) % I T RaCl, 41 (F=25.33,4=8.65,3 P<0.001) , AH#&
F**RaCl, Fll CaCO, NPs ZbHE4] ,**Ra-CaCO, NPs ALHLSS 40T S 1Y N1S1 40t 3% i ( F=4.38,P=
0.042) , HAHME A v-H2AX 56580 B # #& (F = 433.20, P<0.001) , RAD51 £ [ R kB0 BATFEAR (F =
119.70,¢=25.14 1] P<0.001) , £ CaCO, NPs J&:* ' Ra [ BT3B 26 404K , B H:HE A 41 M5 7K iR Tk
) Ca™ Al 3@ 3 N A RADS1 & [R5 FIHI 55 HR 185 g )7 15987 Ra % HCC UM Mi1ER

[SEBR] i, FFENE 5 SR Ik s 4 5 BR R AT s AOKORE T 5 Il 2 M, 5 97 0 s B

BE&WH . FKARP 54 (82272040)

DOI; 10.3760/ cma.j.cn321828-20260414-00121

2 Ra-loaded calcium carbonate nanoparticles enhance hepatocellular carcinoma cell killing via syn-
ergistic Ca’* release
Li Wenjie' | Wang Siyu’ , Wang Tao® , Cheng Chao’ , Zuo Changjing’
"School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai
200093, China; *Department of Nuclear Medicine, the First Affiliated Hospital of Naval Medical University ,
Shanghai 200433, China
Corresponding authors: Cheng Chao, Email: chao_cheng_1999@ 163.com; Zuo Changjing, Email; cjzuo@
smmu.edu.cn

[ Abstract] Objective To construct **Ra-loaded CaCO, nanoparticles ( NPs) , evaluate their a-
particle therapeutic efficacy using a hepatocellular carcinoma (HCC) cell model, and explore the molecular
mechanism by which Ca® released from the intracellular hydrolysis of CaCO, NPs sensitize a-therapy.
Methods CaCO, NPs were prepared via a coprecipitation method using CaCl, and Na,CO,, with a minor
substitution of BaCl, for CaCl, as a dopant to simulate and verify the feasibility of **Ra labeling. The NPs
were characterized using transmission electron microscope (TEM) , X-ray diffractometer (XRD) , and ther-
mogravimetric analyzer (TGA ). *?Ra-CaCO, NPs were synthesized, and the radiolabeling efficiency was
measured. Rat N1S1 HCC cells were used as the experimental model, and a completely randomized design
was employed. The biosafety of CaCO; NPs was evaluated in rat N1S1 HCC cells using the cell counting kit-
8 (CCK-8) assay. Intracellular Ca>* levels were measured by flow cytometry with a Fluo-4 AM probe. Fur-
thermore, the killing efficacy of *RaCl, and **Ra-CaCO, NPs against NI1S1 cells was compared. Cell cycle
distribution was analyzed via flow cytometry. Immunofluorescence staining and Western blot were performed
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to assess the expression changes of the DNA double-strand break marker y-H2AX and the homologous re-
combination ( HR) repair protein RAD51. Data were analyzed using independent-sample ¢ test and one-way
analysis of variance with Tukey or Dunnett post-hoc test. Results CaCO; NPs with a diameter of approxi-
mately 20 nm were successfully synthesized, and the radiolabeling efficiency of ** Ra-CaCO, NPs was (98.10+
1.23)% (n=3). CaCO, NPs exhibited no significant cytotoxicity toward both normal liver cells (BRL-3A)
and N1S1 cells at concentration <600 wg/ml. CaCO, NPs significantly increased the intracellular Ca* con-
centration in N1S1 cells (1=6.97, P=0.002). Following treatment with **Ra-CaCO, NPs, the viability of
NIS1 cells decreased to (49.95+3.21) %, significantly lower than that of the **RaCl, group (F=25.33, ¢=
8.65, both P<0.001). Compared to the *’RaCl, and CaCO, treatment groups, >’ Ra-CaCO, NPs treatment
resulted in an increased proportion of N1S1 cells in the S phase (F=4.38, P=0.042). The *’Ra-CaCO,
NPs group displayed the highest intracellular y-H2AX fluorescence intensity ( F=433.20, P<0.001), and
RADST1 protein expression of this group was significantly decreased compared with that of the control group
(F=119.70, ¢=25.14, both P<0.001). Conclusion CaCO, NPs not only serve as an excellent delivery
carrier for *Ra but also release Ca® upon intracellular hydrolysis, which downregulates RADS1 protein ex-
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pression, impairs HR repair capacity, and ultimately enhances the cytotoxic effect of **Ra on HCC cells.
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