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Leonurus japonicus: A promising anticancer Chinese medicine

modulating regulated cell death
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To the Editor: According to the latest statistics published
by National Cancer Center of China, approximately
4,824,700 cancer cases were newly diagnosed and
2,574,200 patients died from cancer in China in 2022."]
Uncontrolled cell proliferation and physiological death
resistance, which are the most representative cancer
characteristics, complicate the process of restoring health
and restrict treatment effectiveness in clinical practice.?!
Regulating multiple cell-death pathways to reprogram
cancerous suicide has emerged as a promising approach
to achieve valuable drugs discovery. Given the use of
Leonurus japonicus as a historical folk medicine, rela-
tive hypotoxicity, and malignancy-inhibiting properties,
it has shifted scientists’ attention to mining its diverse
active components and determining its pharmacological
activities, thereby paving the way for its administration in
clinical cancer treatment.

Leonurus japonicus, the most common Leonurus species
in China, has cardioprotective, antioxidant, and many
other pharmacological activities. To date, approxi-
mately 280 chemical compounds have been isolated and
extracted from Leonurus japonicus. Based on distinct
structural characteristics, the active components can be
classified into diverse categories, such as alkaloids, ter-
penes, flavonoids, and steroids.?! Alkaloids are the most
representative classes in all categories of Leonurus japoni-
cus extracts. The alkaloids leonurine and stachydrine are
frequently used as reference substances for quality con-
trol of Leonurus japonicus usage in the Pharmacopoeia
of the People’s Republic of China. In addition, a series
of flavonoids (e.g., rutin, quercetin, and luteolin) have
gradually become research hotspots for pharmacological
exploration.

Distinguished from accidental cell death, regulated cell
death (RCD) is modulated by a series of specific signal
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transduction pathways, including the widely investigated
apoptotic pathway, as well as other cell death modali-
ties.”! This article summarized three crucial cell death
pathways involved in cancerous-treating mechanisms of
Leonurus japonicus and its active compounds, which are
named as apoptosis, pyroptosis, and ferroptosis.

Apoptosis is a combined effect of pro- and anti-apoptotic
factors, and the proportion of the above two distinct
effects determines whether cancer cells undergo systematic
survival or death.*! Phosphoinositide 3-kinase (PI3K)/pro-
tein kinase B (AKT) pathway is regarded as the most crucial
functional pathway in regulating cell apoptosis, which
can activate mitochondrial-mediated intrinsic pathway to
assist cancerous cell survival.’! In U937 and THP-1 acute
myeloid leukemia cells, alcoholic extracts of Leonurus
japonicus (ethanol concentration: 99.0%, extraction yield:
16.7%) repressed PI3K/AKT signaling pathway by increas-
ing intracellular reactive oxygen species (ROS) production,
and also triggered endoplasmic reticulum (ER)-associated
apoptosis to present obvious cytotoxicity.!®!

Mitogen-activated protein kinase (MAPK) signaling path-
way is a momentous component of the eukaryotic cell
signaling transduction network, indispensably affecting
physiological and pathological processes, including cell
proliferation, differentiation, and apoptosis.”! Quercetin
inhibited P38/MAPK phosphorylation, and markedly
upregulated cell cycle inhibitors such as P16 and P21,
thereby inducing selective apoptosis against breast cancer
MCF-7 cells.®! By upregulating the mRNA levels of several
dual-specific phosphatases (DUSPs), luteolin inhibited
extracellular-regulated kinase 1/2 (ERK1/2) phosphoryla-
tion and eventually activating apoptosis via the intrinsic
pathway in the human gastric cancer BGC-823 cells.”!

The initial discovery of caspase-1-dependent cell death
in Salmonella-infected macrophages, uncovered a new
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cell death subroutine initially referred to as pyroptosis.
Pyroptosis specifically reprograms systemic or localized
immune responses to alter tumor microenvironment
and restrain tumor development.l'” Luteolin robustly
inhibited tumor growth by activating caspase-1/nod-like
receptor thermal protein domain associated protein 3
(NLRP3)/gasdermin D (GSDMD)-mediated pyroptotic
process. Mechanistically, it stimulated ROS and super-
oxide dismutase (SOD) generation to elicit interleukin-1
beta (IL-1B)-mediated oxidative stress in HT29 cells and
xenograft nude mice.!'" Quercetin significantly triggered
growth arrest in colon cancer by upregulating protein
levels of NIMA-related kinase 7 (NEK7), consequentially
activating NLRP3 inflammasome-GSDMD pathway.!!?!

Owing to its participation in mediating metabolic imbalance
to eliminate cancer cells, ferroptosis is regarded as an
alternative therapy to remedy inherent escape involved in
cancer development.!'3l Leonurine inhibited cancer pro-
liferation and markedly activated ferroptosis in PC3 and
DU145 prostate cancer cells by targeting miR-18a-5p/
solute carrier family 40 member 1 (SLC40A1) pathway.!'*
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Oleanolic acid demonstrated potent ferroptosis-inducing
properties both in vivo and in Hela cells. The upregu-
lation of acyl-coenzyme A (CoA) synthetase long chain
family member 4 (ACSL4) and transferrin receptor 1
(TfR1) stimulated Fe** metabolism, leading to enlarge-
ment of the labile iron pool, eventually resulting in cell
death [Figure 1].115

Currently, various treatments like chemotherapy and
radiotherapy are continuously being improved in clini-
cal cancer treatment.!'® Many formulations including
Leonurus japonicus tablets, capsules and injections, have
gradually been developed. However, there still exist lots
of challenges in the smooth transition between fundamen-
tal research and clinical application. On the one hand,
pharmacokinetic weaknesses of isolated components,
particularly those with limited solubility and low stability,
add the complexity to apply appropriate compounds in
practical cancer treatment. Thus, devising meaningful
approaches to achieve higher bioavailability is critical for
practical cancerous application. On the other hand, the
anticancer investigations of Leonurus japonicus are still in

Figure 1: Major types of RCD in cancer treated with Leonurus japonicus or its active component. ACSL4: Acyl-CoA synthetase long-chain family 4; Apaf1: Apoptotic protease activating
factor-1; ASC: Apoptosis-associated speck-like protein containing a caspase recruitment domain; Bad: Bcl-2 antagonist/killer; Bak: Bcl-2 antagonist/killer 1; Bax: Bcl-2-associated X;
Bcl-2: B-cell lymphoma-2; Bel-X,: B-cell lymphoma-extra large; Bid: Bcl-2 homology 3 interacting domain death agonist; CoQ,,: Coenzyme Q,4; CoQ,, H2: Reductive Coenzyme Q;
DAMPs: Damage associated molecular patterns; DR4/5: Death receptors 4/5; FADD: Fas-associating protein with a novel death domain; Fas: Factor-related apoptosis; FasL: Factor-re-
lated apoptosis ligand; FSP1: Ferroptosis-suppressor-protein 1; GPX4: Glutathione peroxidase 4; GSDMD: Gasdermin D; GSDMC-N: Gasdermin C-N domain; GSDMD-N: Gasdermin D-N
domain; GSDME-N: Gasdermin E-N domain; GSH: Glutathione; GSR: Glutathione-Disulfide Reductase; GSSG: Oxidized glutathione; IAPs: Inhibitor of apoptotic proteins; IL-13/18: Interleu-
kin-1beta/18; LDH: Lactate dehydrogenase; LOX: Lysyloxidase; LPS: Lipopolysaccharide; MAPK: Mitogen-activated protein kinase; NADP+: Oxidized nicotinamide adenine dinucleoside
phosphate; NADPH: Nicotinamide adenine dinucleotide phosphate; N-GSDMD: Gasdermin D-N domain; NF-«B: Nuclear factor kappa-B; NLRP3: Nod-like receptor thermal protein domain
associated protein 3; PAMPs: Pathogen-associated molecular patterns; Pro-IL-13/18: Interleukin-1(3/18 precursor; PUFA: Polyunsaturated fatty acid; PUFA-PL-O0H: PUFA phospholipid
hydroperoxide; PUFA-PL-OH: PUFA phospholipid alcohol; PUFA-PL(PE): PUFA-containing phospholipids; RCD: Regulated cell death; ROS: Reactive oxygen species; SLC3A2: Solute Carrier
Family 3 Member 2; SLC7A11: Solute Carrier Family 7 Member 11; Smac/DIABLO: Second mitochondria-derived activator of caspases/Direct inhibitor of apoptosis-binding protein
with low pl; Tf: Transferrin; TNF-ou: Tumor necrosis factor-o; TNFR: Tumor necrosis factor receotor; TRADD: Tumor necrosis factor receptor-associated death domain protein; TRAIL:
Tumor-necrosis factor related apoptosis-inducing ligand.
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the preliminary stage and need to be further developed and
deepened, with a greater emphasis on animal experiments
and clinical trials, to ensure the safety and effectiveness of
Leonurus japonicus in anticancer treatment.

In summary, many active compounds originating from
Leonurus japonicus, especially flavonoids and alkaloids,
exhibit curative properties in multiple cancers, and there-
fore can be deemed as prospective anticancer agents in
the field of clinical application. Hopefully, the enormous
capacity of Leonurus japonicus to manage malignancies
by affecting RCD will eventually enable its use in cancer
treatment in the real-world setting. The clear potential
for enhancing the pharmacokinetic characteristics of
Leonurus japonicus and the future elucidation of its phar-
macological basis will aid in this endeavor.

Conflicts of interest

None.

References

1. Han B, Zheng R, Zeng H, Wang S, Sun K, Chen R, et al. Can-
cer incidence and mortality in China, 2022. J Natl Cancer Cent
2024;4:47-53. doi: 10.1016/j.jncc.2024.01.006.

. Gong LJ, Huang D, Shi YJ, Liang ZA, Bu H. Regulated cell
death in cancer: from pathogenesis to treatment. Chin Med J
2023;136:653-6635. doi: 10.1097/CM9.0000000000002239.

. Liu SY, Sun C, Tang HL, Peng C, Peng F. Leonurine: a compre-
hensive review of pharmacokinetics, pharmacodynamics, and
toxicology. Frontiers in Pharmacology 2024;15:1428406. doi:
10.3389/fphar.2024.1428406.

. Jan R, Chaudhry GE. Understanding apoptosis and apop-
totic pathways targeted cancer therapeutics. Adv Pharm Bull
2019;9:205-218. doi: 10.15171/apb.2019.024.

. Chang E Lee JT, Navolanic PM, Steelman LS, Shelton JG, Blalock
WL, et al. Involvement of PI3K/Akt pathway in cell cycle pro-
gression, apoptosis, and neoplastic transformation: a target for
cancer chemotherapy. Leukemia 2003;17:590-603. doi: 10.1038/
sj.leu.2402824.

. Park MN, Um ES, Rahman MA, Kim JW, Park SS, Cho Y, et al.
Leonurus japonicus Houttuyn induces reactive oxygen species-me-

375

WWW.Cmj.org

diated apoptosis via regulation of miR-19a-3p/PTEN/PI3K/AKT in
U937 and THP-1 cells. ] Ethnopharmacol 2022;291:115129. doi:
10.1016/.jep.2022.115129.

. Barbosa R, Acevedo LA, Marmorstein R. The MEK/ERK net-
work as a therapeutic target in human cancer. Mol Cancer Res
2021;19:361-374. doi: 10.1158/1541-7786.MCR-20-0687.

. Ranganathan S, Halagowder D, Sivasithambaram ND. Querce-
tin suppresses twist to induce apoptosis in MCF-7 breast
cancer cells. PLoS One 2015;10:e0141370. doi: 10.1371/journal.
pone.0141370.

. Lu X, Li Y, Li X, Aisa HA. Luteolin induces apoptosis in vitro

through suppressing the MAPK and PI3K signaling pathways in

gastric cancer. Oncol Lett 2017;14:1993-2000. doi: 10.3892/

01.2017.6380.

Tan Y, Chen Q, Li X, Zeng Z, Xiong W, Li G, et al. Pyroptosis: A

new paradigm of cell death for fighting against cancer. ] Exp Clin

Cancer Res 2021;40:153. doi: 10.1186/s13046-021-01959-x.

Chen Y, Ma S, Pi D, Wu Y, Zuo Q, Li C, et al. Luteolin induces

pyroptosis in HT-29 cells by activating the caspase-1/gasdermin

D signalling pathway. Front Pharmacol 2022;13:952587. doi:

10.3389/fphar.2022.952587.

Feng SH, Zhao B, Zhan X, Li RH, Yang Q, Wang SM, et al. Querce-

tin-induced pyroptosis in colon cancer through NEK7-mediated

NLRP3 inflammasome-GSDMD signaling pathway activation.

Am ] Cancer Res 2024;14:934-958. doi: 10.62347/MKAN3550.

Friedmann Angeli JP, Krysko DV, Conrad M. Ferroptosis at

the crossroads of cancer-acquired drug resistance and immune

evasion. Nat Rev Cancer 2019;19:405-414. doi: 10.1038/s41568-

019-0149-1.

Liang B, Cui S, Zou S. Leonurine suppresses prostate cancer growth

in vitro and in vivo by regulating miR-18a-5p/SLC40A1 axis. Chin

] Physiol 2022;65:319-327. doi: 10.4103/0304-4920.365459.

Jiang XE Shi MQ, Sui M, Yuan YZ, Zhang S, Xia QH,

et al. Oleanolic acid inhibits cervical cancer Hela cell proliferation

through modulation of the ACSL4 ferroptosis signaling pathway.

Biochem Biophys Res Commun 2021;545:81-88. doi: 10.1016/j.

bbre.2021.01.028.

Bi Q, Miao Z, Shen ], Wang H, Kang K, Du JJ, et al. Detecting the

Research Trends and Hot Spots in External Irradiation Therapy

for Rectal Cancer. Journal of Cancer 2022;13:2179-2188. doi:

10.7150/jca.69669.

10.

11.

12.

13.

14.

15.

16.

How to cite this article: Li X, Han MY, Fan HL, Li S, Peng F. Leonurus
japonicus: A promising anticancer Chinese medicine modulating regu-
lated cell death. Chin Med J 2025;138:373-375. doi: 10.1097/CM09.
0000000000003365



	﻿﻿Leonurus japonicus﻿: A promising anticancer Chinese medicine modulating regulated cell death
	﻿Conflicts of interest
	﻿References


