R E2:Bi2 4R Acad J Chin PLA Med Sch  May 2026, 47 (5) https://xuebao.301hospital.com.cn 447

PRHE %

ZrMOF-Fc 20K 8 F v S B RUKE #%-3h 7738 77 37 O Bz 851X 48 B 72 Cal-27
MR R B1ER

WIRE 2, ARES, BEAES, k2, xR, BERES, EMALY, OB R’
'AEEFR, T O100853; A ERERSE —EF P o oA, T 100853; P EAFIREA
HAFRIAGRE S ERT, ARMHTIEANES EAEEET, b7 100190; ‘FEFEXFORER
HERF P, BEEHE 710032

WE.EE ORI NG R MR AR D s ST ik, HERECOVAR. BRI ks 5
Y% 3L 4 JE A MLHE SR 40K F (ferrocene-doped zirconium-based metal-organic framework nanoparticles, ZrMOF-Fc NPs)H5 fif
- BT A0 1D IS SRR A I Cal-27 AiAYRE 1. ik SRAISIASLEETH Y (dynamic light scattering, DLS) . 4 LT~
1 7% 5% (scanning electron microscopy , SEM) . % i Hi T i ¥ 5% (transmission electron microscopy, TEM). X £ fi7 431 (X-ray
diffraction, XRD), {# HLH-AE e 21 M6 1% (Fourier transform infrared spectroscopy, FTIR) LA K EDS GE 1% i 47148 247 BAL HAE
T LT ANAIR G 2 G5 W A [] 46 3 ZrMOF-Fe NPs(1, 3. 5 mg/mL)7E (4@ 5 TRl s 4k, R 3, 37, 5, 5-PUHISE
WA (TMB) 2, (A A TE IR AR 5 B B S T AN [RIME B ZrMOF-Fe NPs(0, 5. 10, 15, 20 pg/mL)AYFESHE F i BER)
TG DL, SR A ARG & 8(CCK-8)ik K i /AL At M e (410546 AN [R] ¥ i ZIMOF-Fe NPs(0. 25, 50, 100, 200 pg/mL)
YEAIT Cal-27 F1 HOK AR IAFTEIE L. K5 Cal-27 AN S X HRAL . el B i+ ZeMOF-Fe 41(25. 50, 100, 200 pg/mL),
K CCK-8 A A AAE T %5 HEHL 200 pg/mL e B EA TG AEAN YL (A 03E , IR F DCFH-DA 2 A6 T 241 i P 1 1 41
(reactive oxygen species, ROS)/K-., Z58R  ZrMOF-Fc NPs 2Bk, “FHPRite 7(269.3 £ 0.5) nm. {46 I T Hia iR T+
PN, ELREVRBESEIE R . AT IO A, S AT S RGO TMB S (U S g, FL NN RER LMk B 388 i35 . 7 Cal-
27 MTHOK 4 i, 25 ~ 200 pg/mL 415 0 pg/mL 4 9 40 IAFIT K 25 S B4 12438 L (P>0.05), JRYT L, 200 pg/mLA+y
U5 2 40 MO A7 1% R B i i 35 (P<0.001); 7E 200 pg/mL Z5FF, % +ZeMOF-Fe 1AL 4l i i 2 . ROS 55 ot . ik
ZrMOF-Fc NPs B4 R A5 )22 2 MERm RN WOBA- S 0 e ie g, ml i3 50 Cal-27 40D

SRR MR D EERIRANI ;. SEAVUELE; BUE-SnRT; R

FE S :R584.2 XERFRRS: A X E S :2095-5227(2026)05-0447-09

DOI: 10.12435/j.i1ssn.2095-5227.26012605

SIAAS: ST, AHKE, mEM, 5 . ZMOF-Fe GUKKLIT A T Ao -3l I 67 % 1 Bk AN A& Cal-27 40
RIAER [T] IR 22 B4R, 2026, 47 (5): 447-455.

ZrMOF-Fc nanoparticles-mediated microwave thermal-dynamic therapy Kkills Cal-27 oral
squamous cell carcinoma cells

HU Yawen'?, FU Changhui®, MENG Xianwei’, ZHANG Na? LIU Hongqi'?, YANG Yanmei®, LI Pengli*, GU Bin?

'Chinese PLA Medical School, Beijing 100853, China; *Department of Stomatology, the First Medical Center of PLA General
Hospital, Beijing 100853, China; *Laboratory of Controllable Preparation and Application of Nanomaterials, Key Laboratory of
Cryogenics, Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190, China; “The Second
Medical Center of Stomatological Hospital, Air Force Medical University, Xi'an 710032, Shaanxi Province, China

Corresponding author: Gu Bin. Email: gubin000@sina.com

Abstract: Background Microwave thermal-dynamic therapy is a promising alternative treatment for oral cancer, but
currently, research on it is extremely limited. Objective To investigate the role of ferrocene-doped zirconium-based metal-organic
framework nanoparticles (ZrMOF-Fc NPs) in enhancing microwave thermal-dynamic therapy and elucidate their cytotoxic effects
on Cal-27 oral squamous cell carcinoma cells. Methods Dynamic light scattering (DLS), scanning electron microscopy (SEM),
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transmission electron microscopy (TEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and energy-
dispersive X-ray spectroscopy (EDS) elemental mapping were used for physicochemical characterization. A near-infrared thermal
imaging system was used to monitor temperature changes of ZrMOF-Fc NPs at different concentrations (1, 3, 5 mg/mL) under
microwave irradiation. The 3, 3', 5, 5'-tetramethylbenzidine (TMB) colorimetric assay was used to evaluate hydroxyl radical
generation with or without microwave irradiation and under microwave irradiation at different concentrations of ZrMOF-Fc¢ NPs (0,
5, 10, 15, 20 pg/mL). Cell Counting Kit-8 (CCK-8) and live/dead cell staining were used to assess the viability of Cal-27 and HOK
cells treated with different concentrations of ZrMOF-Fc NPs (0, 25, 50, 100, 200 pg/mL). Cal-27 cells were divided into a control
group, a microwave group, and a microwave+ZrMOF-Fc group (25, 50, 100, 200 pg/mL); CCK-8 was used to determine cell
viability in each group. Live/dead cell staining was performed at 200 pg/mL for validation, and DCFH-DA fluorescence was used to
measure intracellular reactive oxygen species (ROS) levels. Results ZrMOF-Fc NPs were quasi-spherical with an average
diameter of (269.3 + 0.5) nm. Under microwave irradiation, the solution temperature increased markedly and rose with increasing
concentration. Compared with the non-microwave group, microwave irradiation significantly enhanced the TMB reaction, and the
enhancement increased with higher material concentrations. In Cal-27 and HOK cells, there was no significant difference in viability
between the 25 - 200 pg/mL groups and the 0 pg/mL group (P>0.05). In the treatment experiment, the 200 pg/mL+microwave
group showed the most pronounced decrease in viability (P<<0.001); at 200 pg/mL, the microwave+ZrMOF-Fc group exhibited the
ZrMOF-Fc NPs show good biosafety and efficient
microwave thermal-dynamic conversion capability, and can significantly kill Cal-27 cells.

highest number of dead cells and the strongest ROS signal. Conclusion
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Fig.1 Characterization of ZrMOF-Fc¢ NPs
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