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Dear Editor, 

 

MicroRNAs (miRNAs) are short (20-22 nucleotides) and highly conserved noncoding tran-

scripts that play a crucial role in the regulation of gene expression, guiding the RNA-induced 

silencing complex to target mRNAs (Treiber et al., 2019). Under normal physiological condi-

tions, miRNAs are involved in feedback and feedforward loops, which have widespread func-

tions in diverse biological processes, including cell proliferation, differentiation, and apoptosis 

(Tsang et al., 2007; Reddy, 2015). Since the human disease-related miR15 and miR16, located 

at chromosome 13q14, were first characterized in chronic lymphocytic leukemia (Calin et al., 

2002), much attention has been directed towards the function of miRNAs in a number of dis-

orders such as cancer, viral infections, diabetes, immune-related diseases, and neurodegenera-

tive disorders (Condrat et al., 2020). In addition, accumulating evidence suggests that miRNA-

mediated control of gene expression is important for the treatment of various diseases (Ali Sy-

eda et al., 2020; Condrat et al., 2020; Zhang et al., 2020; Wang et al., 2021a). 

Ginsenosides are a class of steroid glycosides and triterpene saponins that account for the 

medical effects of ginseng (Panax ginseng). Among more than a hundred ginsenosides in gin-

seng, the most abundant ginsenosides are Rb1, Rb2, Rc, Rd, Re, and Rg1, all of which belong 

to the protopanaxadiol or protopanaxatriol saponins (Chen et al., 2019a). A growing body of 

evidence indicates that ginsenosides act as antioxidant, antimicrobial, anti-inflammatory, anti-

cancer, anti-diabetic, and anti-aging agents, although each ginsenoside exhibits a different phar-

macological action (Bai et al., 2018; Zheng et al., 2018b; Wang and Roh, 2020). The molecular 

targets of these effects contain various signaling pathways, including the Ras/Raf/MEK/ERK, 

PI3K/Akt, NF-κB, and PPARγ/HO-1 signaling pathways (Bai et al., 2018; Zheng et al., 2018a). 

In addition, increasing focus on ginsenosides as miRNA modulators continues to contribute to 

advances in clinical trials. 

In this letter, we present a review of recent clinical findings on the miRNA-mediated phar-

macological role of ginsenosides (Table 1). We believe that this letter provides a solid founda-

tion for further evaluation of ginsenosides as miRNA modulators in the prevention and treat-

ment of a number of chronic diseases in humans. 
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Table 1: Recent studies on the modulation of microRNAs by ginsenosides as potential therapeutics 

Ginseno-
side 

Key regulation Reference 

Rb1 

Rb1-mediated upregulation of miR-208 improves erythropoiesis in 
models of Diamond Blackfan Anemia by targeting Nemo-like kinase. 

Wilkes et al., 
2021 

Rb1 up-regulates miR-210, resulting in repression of oxidative damage 
in H2O2-treated human endothelial cells via the inhibition of BCL2/ad-
enovirus E1B 19-kDa interacting protein 3. 

Jia et al., 
2019 

Rb1 protects rats from spinal cord injury through reducing activated 
microglia-induced proinflammatory responses and neuronal injury via 
the miR-130b-5p/TLR4/nuclear factor-κB (NF-κB) axis. 

Wang et al., 
2021b 

Rb1 up-regulates miR-21 expression and down-regulates pro-
grammed cell death protein 4 (target gene of miR-21), leading to the 
protection of cardiomyocytes from oxygen-glucose deprivation injuries. 

Yang et al., 
2019 

Rb2 

Rb2 binds to miR-216a, and further attenuates the senescent status 
and inflammatory process induced by miR-216a via enhancement of 
the Smad3/IκBα signaling pathway in the primary human umbilical vein 
endothelial cells. 

Chen et al., 
2021 

Rd 
Rd up-regulates the tumor-suppressive miR-144-5p and down-regu-
lates Toll-like receptor 2 (target of miR-144-5p) in glioblastoma cells, 
resulting in the inhibition of glioblastoma cell proliferation. 

Liu et al., 
2020 

Rg1 

Rg1 exhibits antidepressant-like effects in chronic unpredictable mild 
stress-exposed rats via the induction of miR-134 expression in the ba-
solateral amygdala. 

Yu et al., 
2018 

Rg1 up-regulates miR-26a, leading to protection of human retinal pig-
ment epithelial ARPE-19 cells against high glucose-induced injury 
through inhibition of the ERK and Wnt/β-catenin pathways. 

Shi et al., 
2019 

Rg1 promotes wound closure of diabetic foot ulcers through elevation 
of nitric oxide production via the miR-23a/interferon regulatory factor 1 
axis. 

Cai et al., 
2019 

Rg1 protects rat bone marrow mesenchymal stem cells against ische-
mia induced apoptosis through miR-494-3p/Rho associated coiled-coil 
containing the protein kinase 1/Bcl-2 signaling pathway. 

Zheng et al., 
2018a 

Treatment of Rg1 with Acori graminei Rhizoma, the dry rhizome of Aco-
rus gramineus Solander (Araceae), significantly attenuates neuron cell 
apoptosis by promoting the expression of miR-873-5p in senescence-
accelerated prone mice. 

Shi et al., 
2018 

Tail vein administration of Rg1 in combination with geniposide (an ac-
tive component of Gardenia) protects against focal cerebral ischemia 

in rats through inhibition of microglial miR‑155‑5p. 

Wang et al., 
2018 

Rg1 protects the rat pheochromocytoma PC12 cells against oxygen 
glucose deprivation/re-oxygenation induced neurotoxicity via promot-
ing the antioxidative stress defenses of the Nrf2/ARE pathway at the 
post-translational level by inhibiting miR-144 activity. 

Chu et al., 
2019 

Rg1 inhibits high glucose-induced mesenchymal activation and fibro-
sis via up-regulating miR-2113 and down-regulating RP11-982M15.8 
in Müller cells. 

Xue et al., 
2018 

Rg1 defenses pheochromocytoma PC-12 cells against hydrogen per-
oxide-caused damage via up-regulation of miR-216a-5p, which is 
known as an oncogene. 

Yi et al., 
2019 

Rg3 

Rg3 down-regulates long noncoding RNA ATXN8OS that inhibits the 
tumor-suppressive miR-424-5p, leading to the downregulation of the 
oncogenic target genes (EYA1, DACH1, and CHRM3) in breast cancer 
cells. 

Kim et al., 
2021 

Rg3 protects mouse Leydig cells against triptolide by downregulation 
of miR-26a, which suppresses GSK-3β expression. 

Liang et al., 
2019 



EXCLI Journal 2021;20:1453-1457 – ISSN 1611-2156 

Received: August 16, 2021, accepted: September 13, 2021, published: September 27, 2021 

 

 

1455 

Rg3 decreases the fibrotic and invasive nature of endometriosis by re-
ducing miRNA-27b expression in human endometrial stromal cells and 
mouse endometriosis models. 

Kim et al., 
2017 

Rg3 suppresses proliferation and epithelial-mesenchymal transition of 
human oral squamous carcinoma cells by down-regulating miR-221, 
which negatively regulates the level of the tumor inhibitor of metallo-
proteinases-3. 

Cheng and 
Xing, 2019 

Rg3 protects human umbilical vein endothelial cells against γ-d-glu-
tamyl-meso-diaminopimelic acid-induced endothelial-to-mesenchymal 
transition by upregulating miR-139-5p expression. 

Lee et al., 
2020 

20(S)-Rg3 

20(S)-Rg3 enhances the expression of miR-532-3p via suppressing 
DNMT3A-mediated DNA methylation, resulting in the inhibition of aer-
obic glycolysis in ovarian cancer cells by suppressing the expression 
of HK2 (hexokinase-2, the target of miR-532-3p). 

Zhou et al., 
2018 

20(S)-Rg3 suppresses cell viability in esophageal squamous cell car-
cinoma via induction of miR-324-5p, which targets the 3'-UTR of pro-
teasome activator subunit 3. 

Jiang et al., 
2021 

Rg6 
Rg6 significantly induces miR-146a, which is responsible for the inhi-
bition of the LPS-induced production of pro-inflammatory cytokines in 
bone marrow-derived macrophages. 

Paik et al., 
2019 

Rh2 

Rh2 inhibits proliferation but promotes apoptosis and autophagy by 
miR-638-mediated up-regulation of p53 and inactivation of the 
PI3K/AKT/mTOR pathway in human retinoblastoma cells. 

Li et al., 
2019 

Rh2 inhibits cell survival and colony formation via the induction of miR-
146a-5p expression in the liver cancer cell line HepG2. 

Chen et al., 
2018a 

Rh2 inhibits prostate cancer cell growth through inhibition of miR-4295, 
which binds to the 3'-UTR of the cyclin-dependent kinase Inhibitor 1A. 

Gao and 
Zheng, 2018 

Rh2 inhibits proliferation and migration of medulloblastoma Daoy via 
down-regulation of miR-31 to inactivate the Wnt/β-catein signaling 
pathway. 

Chen et al., 
2018b 

Rh2 inhibits hypoxia-induced A549 cell migration via upregulation of 
miR-491, which can inhibit matrix metalloproteinase-9 expression in 
A549 cells. 

Chen et al., 
2019b 
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