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[ Abstract] Liver cancer is one of the leading causes of cancer-related deaths worldwide. However, all liver cancer
treatment options currently available fail to achieve a complete cure. Recently, research on pyroptosis has attracted
significant attention from researchers in the field of cancer therapy. Pyroptosis is an inflammatory cell death closely
related to oxidative stress caused by reactive oxygen species (ROS). The induction of pyroptosis can lead to the inhibition
of tumor proliferation and the improvement of tumor immune responsiveness and is considered a novel therapeutic
mechanism that can be utilized to develop new cancer therapies. Sonodynamic therapy (SDT), which involves a
synergistic application of sonosensitizers and low-intensity focused ultrasound to generate cytotoxic ROS, demonstrates
certain advantages and potentials in the treatment of liver cancer. However, liver cancer treatment utilizing SDT is still in
the stage of preclinical research, and the specific conditions of ultrasound treatment, the biological effects, and the
mechanisms of action are not fully understood. In this review, we discussed the potential of utilizing pyroptosis in liver
cancer treatment, the mechanism of cancer therapy with ROS generated by SDT, and the latest findings concerning SDT
from clinical and basic research. We discussed the utilization of SDT to force the accumulation of ROS in tumors to
exceed the cytotoxicity threshold. Thus, SDT promotes pyroptosis and enhances the immune response to cancer.
Furthermore, we discussed the prospects for applying the mechanism of SDT-induced pyroptosis in cancer therapy,
thereby providing a better theoretical and experimental foundation for the clinical translation of SDT for liver cancer
treatment.
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Table 1 Preclinical studies of sonodynamic therapy for liver cancer

Experimental conditions

Ref Experimental model Sonosensitizer Acoustic Duty Cogllbmatlon Therapeutic outcomes
Frequency pressure/ cvcle Duration erapy
intensity ¥
[32] HepG2 cell line IR780@0, NBs 1MHz 3 W/em® 50% 30s None Facilitated tumor apoptosis
[33] HepG2 cell line IR820 NBs 1MHz 3W/em® 50% 90s MG-132 Decreasing mitochondrial
membrane potential
[31] Balb/c nude mouse model, s.c. DVDMS 1.1 MHz 1 W/cm® 10% NA None Inhibited G,/M phase of liver
inoculation of HepG2 cancer cells; Activated
p53/caspase 3 pathway
[34] C57BL/6 mouse model, s.c. ICG@C,F,-R848 NA 1W/m> NA 2min None Inducing the polarization of
inoculation of Hepal-6 NBs macrophage from M2 to M1
phenotype
[35] Balb/c nude mouse model, s.c. HMONSs-PpIX- 1MHz 1.5W/cm® 50% 5min Doxorubicin Controllable stimuli-responsive
inoculation of SMMC-7721 ~ RGD release of doxorubicin and 84.7%
inhibition rate of tumor growth
[36] Balb/c nude mouse model, s.c. IR820@NCP 1MHz 1W/ecm® 50% 1min RAS inhibitor: Inhibited endothelial cells and a
inoculation of HepG2 farnesyl-thiosalicylic ~ modulated immunity;
acid Modulated hepatic stellate
secretes hepatocyte growth factor
[37] Balb/c nude mouse model, s.c. HMME@Lip-Cas9 1MHz 1W/cm®  50% 1-5min CRISPR-Cas9 Downregulating NFE2L2
inoculation of HepG2 expression
[38] Balb/c nude mouse model, s.c. HPDF 1MHz 3W/am® NA 5min Doxorubicin Inhibiting tumor
inoculation of HepG2 nanoparticles neovascularization and tumor
collagen accumulation
[39] Balb/c nude mouse model, s.c. USFNPs 1MHz 1W/em® 50% 3min Doxorubicin Suppressing p-gp expression
inoculation of Hepal-6
[40] Balb/c nude mouse model, s.c. Ce6-NBs 1MHz 1.82W/cm® 50% 120s  Anti-PD-LI antibody ~Suppressed Bcl-2 expression in liver
inoculation of H22 cancer cells; Enhanced CD8" T
cells infiltration into tumors
[41] Balb/c nude mouse model, s.c. CR-PEG-GBP 1MHz 2.68 W/cm’ NA 5min  Photothermal therapy Improving accumulation and
inoculation of HepG2 retention of sonosensitizers in
tumors
[42] Balb/c nude mouse model, DPMSN 500 kHz 400 kPa 25% 2min  Doxorubicin and Anti- Facilitating tumor cell pyroptosis

orthotopic inoculation of
HepG2; C57BL/6 mouse
model, s.c. inoculation of
Hepal-6

PD-L1 antibody and enhancing immune cell

infiltration into tumors

NA: not available; Ref: reference; s.c.: subcutaneous.
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