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Abstract. Triptolide is the main bioactive constituent isolated 
from the Chinese herb Tripterygium wilfordii Hook F., which 
possesses a variety of pharmacological properties. MicroRNAs 
(miRNAs/miRs) are short non‑coding RNAs that regulate gene 
expression post‑transcriptionally. miRNAs are implicated in 
several intracellular processes, whereby their dysregulation 
contributes to pathogenesis of various diseases. Thus, miRNAs 
have great potential as biomarkers and therapeutic targets 
for diseases, and are implicated in drug treatment. Previous 
studies have reported that specific miRNAs are targeted, and 
their expression levels can be altered following exposure to 
triptolide. Thus, miRNAs are emerging as crucial mediators in 
the pharmacological activities of triptolide. The present review 
summarizes current literature on miRNAs as target molecules 
in the pharmacological activities of triptolide, including 
antitumor, anti‑inflammatory, immunosuppressive, renal 
protective, cardioprotective, antiangiogenesis activities and 
multiorgan toxicity effects. In addition, the diverse signaling 

pathways involved are discussed to provide a comprehensive 
understanding of the underlying molecular mechanisms of 
triptolide in the regulation of target miRNAs.
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1. Introduction

Traditional Chinese medicine is attracting great interest due to 
the high efficacy of its biological components for the treatment 
of several diseases. For example, Astragalus membranaceus is 
commonly used in various herbal formulations to cure inflam‑
matory diseases and cancers (1), and Forsythia suspense‑based 
treatments have provided notable protection against bacte‑
rial infections, allergies, neurodegeneration and cancers (2). 
Triptolide, a diterpenoid triepoxide, is one of the main active 
ingredients extracted from the traditional Chinese herb, 
Tripterygium  wilfordii Hook  F., which possesses several 
pharmacological activities. In preclinical in vitro and in vivo 
models, triptolide has exhibited a broad spectrum of potent 
antitumor activity (3,4). Triptolide can induce cell cycle arrest, 
interfere with tumor cell proliferation, suppress cell migra‑
tion, invasion and metastasis, prevent angiogenesis, enhance 
caspase‑dependent and ‑independent cell death, and produce 
a synergistic effect in combination with antitumor drugs (3,5). 
In addition, triptolide significantly inhibits the expression of 
pro‑inflammatory cytokines and chemokines, and is consid‑
ered a promising anti‑inflammatory agent for the treatment 
of diseases, including rheumatoid arthritis  (6). Triptolide 
exhibits profound immunosuppressive activity by regulating 
the proportion of immune cells and inhibiting the release 
of immune factors (7). Triptolide also alleviates renal and 
myocardial pathological injuries, and exerts protective roles 
in kidney and cardiovascular diseases (8,9). However, despite 
its desirable clinical applications, treatment with triptolide is 
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restricted due to its potential multiorgan toxicity, including 
hepatic, cardiac and reproductive toxicity (10).

Currently, the molecular mechanisms underlying the 
pharmacological activities of triptolide have been extensively 
investigated (11,12), which have revealed various cellular targets 
and the involvement of different signaling pathways, including 
the heat shock protein 70 (Hsp70), vascular endothelial growth 
factor (VEGF), c‑Jun and protein kinase  B (AKT) path‑
ways (13). MicroRNAs (miRNAs/miRs) are highly conserved 
endogenous small non‑coding RNA molecules that negatively 
regulate gene expression. The phylogenetic conservation of 
several miRNAs across mammals highlights the importance 
of the miRNAs regulatory network (14). Consistently, exten‑
sive studies of miRNA knockout and overexpression models 
have suggested that miRNAs participate in various essential 
cellular processes, including cell differentiation, organ 
development, metabolism and apoptosis (15,16). In addition, 
several diseases are associated with aberrant expression of 
miRNAs, and miRNAs exhibit potential as biomarkers and 
therapeutic targets for diseases, and are highly implicated in 
drug treatment (17). Increasing evidence suggest that miRNAs 
also serve as key regulatory elements for triptolide‑mediated 
activity (18‑22). Some studies assessing the effect of triptolide 
on miRNAs have demonstrated that the expression levels of 
specific miRNAs change several folds in different cell lines 
and tissues (23‑25).

The present review summarizes miRNAs targeted by 
triptolide and discusses the underlying molecular mechanisms 
defining the association between the expression of miRNAs 
and triptolide to outline the critical roles these miRNAs play 
in the pharmacological activities of triptolide.

2. An overview of miRNAs

miRNAs are single‑stranded RNA molecules that are 22 nucle‑
otides in length, and their genes mostly reside in either introns 
or exons of non‑coding transcripts, while others are located 
within introns of neighboring protein‑coding pre‑mRNAs 
and dispersed across the genome  (26). miRNA genes are 
transcribed in the nucleus by RNA polymerase II or Ⅲ into 
long primary transcripts called pri‑miRNA, which are folded 
into double‑stranded RNA hairpin. The pri‑miRNA is cleaved 
by a microprocessor to release the miRNA precursor named 
pre‑miRNA, containing a stem‑loop of ~60  nucleotides, 
which is subsequently exported to the cytoplasm by exportin 5 
and Ran‑GTP (15,27). In the cytoplasm, the pre‑miRNA is 
further processed by the endonuclease, Dicer, to generate the 
small double‑stranded miRNA duplex  (28). Once formed, 
the miRNA duplex recruits argonaute protein  (AGO) for 
unwinding  (29). A strand of the duplex, namely mature 
miRNA, associates with the RNA induced silencing complex 
and mediates mRNA degradation or translational repression 
by binding to the partially complementary sequences of the 
3'‑untranslated region of specific mRNAs (30).

Similar to protein‑coding genes, miRNAs are subjected to 
stringent regulation, and transcriptional regulation is a major 
contributor to the tissue‑ or development‑specific gene expres‑
sion of miRNAs (31). Furthermore, during the maturation 
steps, specific RNA binding proteins intricately interact with 
the processing machineries of a range of miRNAs through 

functional interactions, which subsequently modulates the 
expression of their target mRNAs (32). In addition, single 
nucleotide polymorphisms, RNA editing and methylation are 
considered important mechanisms that control the expression 
levels and functions of miRNAs (33).

3. Triptolide modulates the expression of miRNAs

Recent studies have demonstrated that miRNAs are involved 
in antitumor, anti‑inflammatory and immunosuppressive 
activities of triptolide (18,20,21,34‑37). In addition, triptolide 
exerts renal protective, cardioprotective and antiangiogenesis 
functions by regulating the expression of miRNAs (38‑42). 
Furthermore, miRNAs are closely associated with the 
multiorgan toxicity of triptolide (23,43). Tables Ⅰ and Ⅱ list 
evidence supporting miRNAs as pivotal mediators in the 
pharmacological properties of triptolide.

miRNAs involved in the antitumor activity of triptolide. 
Several miRNAs act as tumor‑suppressor genes or oncogenes, 
and increasing evidence suggest that the suppressive function 
of triptolide on multiple tumors is mediated by regulating 
miRNAs  (44,45). In human T‑cell lymphocytic leukemia 
cells, triptolide significantly increases miR‑16‑1 expression 
and decreases miR‑138‑2 expression, and downregulation of 
miR‑16‑1 expression contributes to triptolide‑induced apop‑
tosis (46). Triptolide‑induced hepatocellular carcinoma cell 
death is associated with the suppression of two oncogenic 
miRNA clusters, miR‑17‑92 and miR‑106b‑25 (24). In pancre‑
atic cancer cells, treatment with triptolide increases miR‑204 
expression, which directly binds to myeloid cell leukemia‑1 
(Mcl‑1), an antiapoptotic gene essential for cell survival (47), 
thereby inhibiting Mcl‑1 protein expression and inducing 
cell‑type dependent apoptosis or autophagic cell death (48). 
In addition, triptolide decreases miR‑142‑3p expression, 
which negatively regulates Hsp70 expression, a stress protein 
recognized as an apoptosis inhibitor  (49), and suppresses 
pancreatic cancer cell proliferation  (50). In  vivo studies 
have confirmed that triptolide abrogates human pancreatic 
tumors xenografts by concurrent upregulation of miR‑204 
and miR‑142‑3p expression and downregulation of Mcl‑1 or 
Hsp70 expression, respectively (48,50). In colon carcinoma 
cells, treatment with triptolide downregulates miR‑191 
expression, which in turn suppresses cell proliferation and 
migration, induces apoptosis and activates the nuclear factor 
kappa‑B (NF‑κB) and Wnt/β‑catenin signaling pathways (34). 
Notably, these effects were reversed following transfection 
with miR‑191 mimics, suggesting that the anti‑colorectal 
cancer activities of triptolide are associated with the down‑
regulation of miR‑191 expression (34). Through upregulation 
of miR‑146a expression, triptolide markedly decreases the 
expression levels of the RhoA and Rac1 genes in breast 
cancer cells, which are both key members of the Rho GTPase 
family involved in tumor invasion and metastasis, and thus 
act as metastasis suppressors (18). Triptolide also induces S 
phase cell cycle arrest of human nasopharyngeal carcinoma 
cells by enhancing p85α‑phosphatase and tensin homolog 
(PTEN) complex formation and inactivating AKT‑mediated 
cyclin‑dependent kinase 2 phosphorylation, which requires 
downregulation of miR‑144 expression (35). Triptolide also 
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inhibits the proliferation of nephroblastoma and medulloblas‑
toma cells, and benign prostatic epithelial cells. In addition, 
triptolide inhibits the migratory ability of these cells but 
promotes apoptosis by upregulating the expression levels 
of miR‑193b‑3p, miR‑138 and miR‑218  (51‑53). The latter 
activities involving miRNAs corresponded to inactivation of 
the phosphatidylinositol 3 kinase (PI3K)/AKT and extracel‑
lular regulated protein kinase (ERK) signaling pathways by 
downregulating Kruppel‑like factor, inactivating the Notch 
signaling pathway, as well as suppressing CDK6 expres‑
sion, or negatively regulating survivin and inactivating the 
mammalian target of rapamycin (mTOR) signaling pathway, 
respectively (51‑53).

Sequencing data indicate that triptolide markedly alters the 
expression profiles of miRNAs in human non‑small cell lung 
cancer cells. miRNAs associated with cell motility, such as 
miR‑146a, miR‑23b and miR‑199b (54‑56), are significantly 
upregulated or downregulated, and subsequent studies have 
validated that triptolide notably decreases lung cancer cell 
migration, invasion and metastasis by suppressing focal adhe‑
sion kinase expression and disrupting its downstream signaling 
pathways (25). Furthermore, treatment with triptolide causes a 
dose‑dependent upregulation of miR‑204‑5p expression, along 
with decreased expression of its target, SIRT‑1, a member of 
the class III histone deacetylase family required for caveolin‑1 
(Cav‑1) expression (57), thereby coupling Cav‑1 downregula‑
tion with activation of classical AKT/Bax‑mediated apoptosis 
in non‑small cell lung cancer cells (58).

Drug resistance is one of the main reasons for therapy 
failure in cancer treatment (59). miRNAs are critical regu‑
lators of molecular pathways implicated in cancer drug 
resistance (60). miR‑21 is highly expressed and associated 
with disease progression and multidrug‑resistance in different 
types of cancer  (61). Triptolide notably decreases miR‑21 
expression in non‑small cell lung cancer cells, and increases 
PTEN protein expression, which acts as a tumor suppressor 
and participates in tumor occurrence and development, and 
decreases cell proliferation and enhances apoptosis  (62). 
However, ectopic miR‑21 expression rescues the effect of 
triptolide on PTEN protein expression and cell viability, 
suggesting that triptolide mediates the decrease in miR‑21 
expression, which in turn promotes cell death by upregulating 
PTEN expression (62). Furthermore, triptolide significantly 
enhances adriamycin‑induced cytotoxicity by decreasing 
miR‑21 expression and increasing PTEN expression, and 
reverses drug resistance to human chronic myeloid leukemia 
cells (63).

In cisplatin‑resistant human ovarian cancer cells, 
upregulation of miR‑6751 expression via triptolide decreases 
hexokinase 2 protein expression, which confers resistance to 
cisplatin by enhancing autophagic activity, and sensitizes cells 
to the proapoptotic effect of cisplatin (64). A similar syner‑
gistic proapoptotic effect was detected following combined 
treatment with triptolide and dexamethasone in human 
multiple myeloma cells, which has the ability to overcome 
the glucocorticoid resistance of these cells by enhancing 
glucocorticoid receptor expression by inhibiting miR‑142‑5p 
and miR‑181a expression (65). Furthermore, miR‑181a expres‑
sion is notably attenuated in osteosarcoma cells following 
treatment with triptolide, which directly upregulates PTEN 

expression, whereas transfection with miR‑181a mimics 
restores PTEN expression, and decreases the inhibitory effect 
of triptolide on osteosarcoma cell proliferation and invasion, 
suggesting the anti‑osteosarcoma properties of triptolide 
depended on the regulation of miR‑181a and its targeting 
of the PTEN gene (66). Conversely, upregulated miR‑181a 
expression participates in the suppressive effect of triptolide 
against human neuroblastoma cell proliferation and migration, 
and via activation of the mitogen‑activated protein kinase 
(MAPK) and NF‑κB signaling pathways (67). Thus, triptolide 
can upregulate or downregulate the expression of specific 
miRNAs, influence downstream targeting signaling pathways, 
and thus exert antitumor activities (Fig. 1).

miRNAs involved in the anti‑inflammatory and immunosuppres-
sive activities of triptolide. Several miRNAs are substantially 
activated by inflammatory stimuli, such as the Toll‑like receptor 
(TLR), ligand lipopolysaccharide (LPS) and components of the 
inflammatory processes by post‑transcriptional regulation of 
either signal transduction proteins of inflammatory pathways 
or specific inflammatory cytokines (68). For example, miR‑155, 
which is implicated in the pathogenesis of inflammatory 
diseases (69), has prompted investigation on the association 
between triptolide and miR‑155 in these inflammatory diseases. 
cDNA array and northern blot analysis have demonstrated that 
the expression of inflammatory cytokine, as well as miR‑155 are 
markedly upregulated in macrophages following LPS stimula‑
tion, whereas triptolide attenuates the induction of these genes 
in a dose‑dependent manner (70).

Similar observations were obtained in monocytes from 
patients with rheumatoid arthritis (19), whereby overexpres‑
sion of miR‑155 reverses the inhibitory effect of triptolide on 
LPS‑induced interleukin (IL)‑6 and tumor necrosis factor‑α 
production, and antagonizes the effect of triptolide on Src 
homology 2‑containing inositol phosphatase‑1 (SHIP‑1), 
which is a target of miR‑155 and functions as a potent 
inhibitor of several inflammatory pathways (71). Thus, it has 
been proposed that triptolide inhibits miR‑155 expression, 
which negatively affects its downstream target, SHIP‑1, and 
suppresses the inflammatory response stimulated by LPS.

The miR‑155/SHIP‑1 axis plays a critical role in 
triptolide‑induced improvement on the symptoms of other 
inflammatory diseases. Inhibiting the miR‑155/SHIP‑1 axis 
via triptolide suppresses NF‑κB activity via the PI3K/AKT 
pathway, which significantly inhibits microglial activation and 
stimulates inflammatory cytokines stimulated by prion‑like 
preformed fibril (20).

Triptolide has also been reported to suppress miR‑155 
expression and simultaneously promote SHIP‑1 expression in 
the small intestine, particularly in the anastomosis of IL‑10 
deficient mice subjected to ileocecal resection (72). These 
effects are also associated with decreased levels of inflam‑
matory cytokines, and eventually exert therapeutic effects on 
Crohn's disease, an inflammatory bowel disease (72). Studies 
on Crohn's disease have reported that triptolide effectively 
reverses upregulated miR‑16‑1 expression and downregulated 
Hsp70 expression at the anastomosis sites in IL‑10 deficient 
mice, as well as in patients with Crohn's disease, which 
represents a protective mechanism against postsurgical 
inflammation and anastomotic fibrosis (37,73).
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With regards to the effects on osteoarthritis, downregula‑
tion of miR‑20b expression following treatment with triptolide 
notably upregulates its target inflammasome‑related gene, 
nucleotide‑binding oligomerization domain‑like receptor 
family pyrin domain‑containing protein  3, which limits 
the activation of caspase‑1 and subsequently inhibits the 
maturation of inflammatory cytokines, thus preventing the 
development of osteoarthritis (41). In the treatment of spinal 
cord injury (SCI), the anti‑inflammatory activity of triptolide 
is mediated by upregulated miR‑96 expression, which inacti‑
vates NF‑κB by negatively regulating the inhibitor of NF‑κB 
kinase subunit β expression, and decreases inflammatory 
cytokine levels in LPS‑induced primary microglia and spinal 
cord tissues of SCI rats (42).

Triptolide is frequently used as an immunosuppressive 
compound in the treatment of chronic autoimmune diseases, 
including systemic lupus erythematosus (SLE) (12). Recently, 
a novel miRNA target was identified following treatment of 
SLE by triptolide. Triptolide was demonstrated to markedly 
increase miR‑125a‑5p expression, as well as the percentage of 
regulatory T cells (Treg), which are important in modulating 
self‑tolerance and autoimmunity (74). Conversely, miR‑125a‑5p 
inhibitor significantly abrogates the effects of triptolide on 
Treg, suggesting that triptolide stimulates Treg activation via 
miR‑125a‑5p, and thereby alleviates the clinical and histolog‑
ical symptoms observed in the SLE mouse model (21). Taken 
together, these findings suggest that changes in the expression 
levels of specific miRNAs contribute to the anti‑inflammatory 
and immunosuppressive properties of triptolide.

miRNAs involved in the renal protective and cardioprotective 
activities of triptolide. Increasing evidence suggest that triptolide 
exhibits renal protective effects by regulating the expression 
of miRNAs (22,38,39,75,76). In adriamycin‑induced nephrop‑
athy rat models, elevated expression levels of miR‑344b‑3p 
and miR‑30b‑3p were observed, the effects of which were 
reversed following treatment with triptolide. Triptolide also 
increases the levels of nephrin protein, which is involved in 
the maintenance of the glomerular filtration barrier structure 
in the kidney cortex, thereby attenuating podocyte damage 
and partially improving renal function (76). Thus, it has been 
speculated that miR‑344b‑3p and miR‑30b‑3p are involved 
in the protective effect of triptolide towards podocytes from 
adriamycin‑induced nephropathy (76). In the transforming 
growth factor‑β (TGF‑β)‑induced podocyte injury model, the 
presence of triptolide completely reversed TGF‑β‑induced 
miR‑30 downregulation, suppressed TGF‑β‑stimulated 
activation of downstream damaging pathways, including 
MAPK, NF‑κB and calcineurin/NFATC3, and alleviated 
podocyte injury in vitro and ex vivo (22).

During the development of diabetic kidney disease (DKD), 
miRNAs are closely associated with multiple pathological 
modifications (77). Triptolide notably mitigates the impaired 
renal function by exerting a therapeutic effect on DKD 
through the regulation of miRNA‑mediated signaling path‑
ways (38,75). For example, triptolide significantly reverses the 
increase in miR‑188‑5p expression induced by high glucose in 
human proximal tubular epithelial cells and diabetic kidneys, 
which enhances the expression of action target PTEN, and 

Figure 1. miRNAs involved in the antitumor activity of triptolide. Through upregulation and downregulation of specific miRNAs, triptolide affects downstream 
signaling pathways, which induces tumor cell cycle arrest, interferes with cell proliferation, suppresses cell migration, invasion and metastasis, enhances cell 
death and reverses drug resistance. miRNA, microRNA; PTEN, phosphatase and tensin homolog; CDK, cyclin‑dependent kinase; Hsp, heat shock protein; 
EZH2, enhancer of zeste homolog 2; NF‑κB, nuclear factor kappa‑B; PI3K, phosphatidylinositol 3 kinase; AKT, protein kinase B; mTOR, mammalian target 
of rapamycin; KLF4, Kruppel‑like factor; ERK, extracellular regulated protein kinase; Cav‑1, caveolin‑1; HK2, hexokinase 2; GR, glucocorticoid receptor.
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inactivates the downstream PI3K/AKT signaling pathway 
and inhibits renal epithelial‑to‑mesenchymal transition in 
DKD (38). Similarly, downregulation of miR‑141‑3p expres‑
sion via triptolide affects the target PTEN protein in human 
renal mesangial cells, under high glucose, with an opposite 
tendency. In addition, triptolide‑induced autophagic activation 
and fibrosis alleviation in association with the activation 
of the PTEN/AKT/mTOR pathway is blocked following 
overexpression of miR‑141‑3p (75).

The miR‑137/Notch1 pathway prevents glomerulosclerosis 
under diabetic conditions  (39). Unlike miR‑188‑5p and 
miR‑141‑3p, miR‑137 expression significantly decreases in 
high glucose‑incubated renal mesangial cells and in diabetic rat 
kidney tissues, but returns to normal levels following treatment 
with triptolide (39). Triptolide inactivates the Notch1 pathway 
reliance on miR‑137, which suppresses extracellular matrix 
protein accumulation of collagen  IV and fibronectin, thus 
improving DKD by protecting against glomerulosclerosis (39).

The cardioprotective activity of triptolide has been 
attributed to the changes in miR‑21 expression. Treatment with 
triptolide markedly decreases miR‑21 expression, inactivates 
the TLR4/MAPK/NF‑κB signaling pathway and prevents cell 
apoptosis in LPS‑treated myocardial cells, as well as in cardiac 
tissues from adjuvant arthritis rat models (40,41). Collectively, 
these findings confirm the regulatory role of miRNAs in the 
renal protective and cardioprotective activities of triptolide.

miRNAs involved in the antiangiogenesis activity of triptolide. 
A key feature of atherosclerosis is the dysregulated progres‑
sion of endothelial cell angiogenesis within the plaques, a 
process that is regulated by several miRNAs, particularly 
miR‑92a  (78). miR‑92a blocks angiogenesis both in  vitro 
and in vivo (79), and participates in the inhibitory effect of 
triptolide in atherosclerosis. In human dermal microvascular 
endothelial cells, triptolide effectively induces miR‑92a 
expression in a dose‑dependent manner, and impedes the 
production of integrin subunit α 5 (ITGA5), which is a direct 
target of miR‑92a (42). Overexpression of ITGA5 inactivates 
the ERK and PI3K/AKT signaling pathways, as well as the 
accumulation of a number of angiogenesis‑related factors, 
such as endothelial nitric oxide synthase, VEGF receptor‑2 
and VEGF, which inhibits angiogenesis (42). These effects are 
reversed following ITGA5 knockdown (42). Thus, miR‑92a 
acts as a crucial mediator in the antiangiogenesis activity of 
triptolide by inactivating the ERK and PI3K/AKT signaling 
pathways following downregulation of ITGA5 expression.

miRNAs involved in the multiorgan toxicity of triptolide. 
Several miRNAs, such as miR‑122 and miR‑26a, are involved 
in the multiorgan toxicity observed following treatment 
with triptolide, and are considered sensitive early warning 
indicators  (80). Oral administration of triptolide in male 
rats led to cardiac dysfunction and myocardial cell death. 
These effects were associated with at least a 2‑fold increase 
in the expression levels of 108 miRNAs, as well as a 2‑fold 
decrease in the expression levels of eight miRNAs in heart 
tissue samples. Furthermore, changes in plasma miRNAs were 
also detected (81). Among these, 28 miRNAs were predicted 
to simultaneously regulate the expression of aryl hydrocarbon 
receptor (AhR), which is a transcription factor that is closely 

associated with cardiac pathophysiology (81). Another study 
confirmed that triptolide significantly decreases myocardial 
and plasma AhR levels, as well as its downstream gene, 
CYP1A1 (23).

miR‑122 expression is significantly upregulated in adult 
zebrafish or mice livers following treatment with liver toxi‑
cants, including acetaminophen or tamoxifen (82). A similar 
trend has been observed in zebrafish larvae following treat‑
ment with triptolide, which causes hepatic injury (83), which 
is considered to be a crucial event resulting from deregulated 
hepatic function caused by altered miR‑122 expression (84). 
Taken together, these findings suggest that miR‑122 may be 
used as a diagnostic predictor and an attractive therapeutic 
target for the hepatotoxicity activity of triptolide.

miR‑26a expression is upregulated in triptolide‑induced 
reproductive toxicity in mouse Leydig cells (43). This results in 
cytotoxicity via inhibition of its downstream target, glycogen 
synthase kinase‑3β, which possesses antiapoptotic effects (43). 
Collectively, these findings indicate the association between 
miRNAs and the multiorgan toxicity of triptolide.

4. Molecular mechanisms underlying regulation of miR-
NAs by triptolide

The regulation of the expression of miRNAs by triptolide is 
partly mediated by specific transcription factors. Triptolide 
has been reported to interfere with TGF‑β‑induced Smad2/3 
phosphorylation and activation, and prevents phosphorylated 
protein binding to Smad4 and their subsequent translocation 
to nuclei where they are known to regulate gene expression as 
transcription factors, and thereby completely restore miR‑30 
downregulation in podocytes (22). As a multifunctional tran‑
scription factor, NF‑κB positively and negatively regulates 
the expression of miRNAs  (85). Treatment with triptolide 
decreases the expression and nuclear accumulation of NF‑κB 
in a dose‑dependent manner, accompanied by the differential 
expression of 23 miRNA genes in lymphocytic leukemic cell 
lines, suggesting that triptolide‑induced cytotoxic effects may 
occur by inhibiting NF‑κB transcriptional activity, and conse‑
quently influencing the expression of miRNAs (46). c‑Myc 
also plays a critical role in repressing two oncogenic miRNA 
clusters by triptolide in hepatocellular carcinoma cells (24). 
Through direct binding to the E‑box element in the promoter 
region of MCM7, c‑Myc transactivates both miR‑7‑92 and 
miR‑106b‑25, which function as oncogenes in cancer initia‑
tion and progression (86). Triptolide significantly antagonizes 
the transcription of these two miRNA clusters by targeting 
c‑Myc, and XPB (also known as ERCC3) is involved in this 
process (24). XPB is a subunit of general transcription factor 
TFIIH, which is essential for RNA polymerase II‑dependent 
transcription initiation and nucleotide excision repair (87). 
It has been reported that triptolide covalently binds to the 
Cys342 residue of XPB, the largest subunit of the general tran‑
scription factor TFIIH (88), and impedes its ATPase activity, 
inhibiting RNA polymerase II mediated transcription (89). 
Triptolide also acts as an inhibitor of RNA polymerase II by 
selectively activating CDK7, and subsequently by triggering 
proteasome‑dependent degradation of hyperphosphorylated 
Rpb1, which is the largest RNA polymerase II subunit (90). On 
the other hand, triptolide directly suppresses the recruitment 
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of B‑related factor 1 to TFIIIB complex, an essential tran‑
scription initiation factor of RNA polymerase III (91), and 
significantly inhibits RNA polymerase Ⅲ transcription (92). 
Based on these observations and the fact that miRNA genes 
are transcribed by RNA polymerase II or III, it is reasonable 
to speculate that the inhibition of RNA polymerase II and III 
mediated general transcription underlies miRNAs regulation 
by triptolide.

Triptolide may also regulate the expression of miRNAs via 
an enhancer of zeste homolog 2 (EZH2)‑involved mechanism. 
EZH2, a well‑known histone methyltransferase (93), is capable 
of binding to the promoter regions of miRNAs genes and 
catalyzing histone H3 trimethylation, resulting in the transcrip‑
tional silencing of miRNAs genes (94). It has been proven that 
EZH2 is a target for triptolide in prostate cancer and multiple 
myeloma cells  (95), and a recent study demonstrated that 
treatment with triptolide significantly downregulates miR‑191 
expression in colon carcinoma cells in an EZH2‑dependent 
manner, suggesting a modulatory activity of triptolide on the 
expression of miRNAs at the epigenetic level (34).

The regulation of miRNAs by triptolide may be ascribed 
to the autophagy pathway. Autophagy can be modulated by 
triptolide through multiple machineries and signaling path‑
ways, such as oxidative stress, cytoplasmic calcium and the 
AKT/mTOR/p70S6K pathway (13). miRNAs also play vital 
roles in autophagy as they can target autophagy‑related genes 
or other related regulators, and participate in regulating the 
dynamic process of autophagy  (96). Triptolide has been 
reported to significantly decrease miR‑141‑3p expression, 
which directly acts on PTEN, and thereby reverses the induced 
autophagy in high glucose treated human mesangial cells and 
in DKD rats  (75). Conversely, autophagy selectively regu‑
lates miRNA homeostasis, which is activated by promoting 
autophagy receptor‑mediated degradation of miRNA pathway 
components, including DICER and AGO2, further proving an 
association between autophagy and miRNAs (97). Although 
the molecular mechanisms involved in the role of autophagy in 
triptolide regulation of miRNAs remain unclear, it is possible 
that autophagy may play a functional role, and the precise 
molecular targets and regulatory networks remain to be eluci‑
dated. Collectively, these findings suggest that the expression 
of triptolide‑regulated miRNAs is mediated by multiple intra‑
cellular components and molecular mechanisms.

5. Conclusions and future perspective

Traditional Chinese medicines have been effectively used 
to cure various diseases. Thus, investigating the molecular 
mechanisms underlying their activities is highly warranted. 
As a biologically active ingredient derived from the Chinese 
herb, Tripterygium  wilfordii Hook  F., recent studies have 
demonstrated that triptolide exerts effects on the expression 
of a series of endogenous miRNAs, which in turn employ 
several downstream cellular factors to achieve its multiple 
pharmacological activities, highlighting miRNAs as critical 
mediators for triptolide‑induced effects (18,20,21,23,34‑43). 
However, determining the exact role of these miRNAs is 
limited by the in  vitro models offered by these studies. 
Haploid cells are effective tools to study gene function due 
to having one set of chromosomes (98,99). Thus, prospective 

studies will aim to use haploid cells to screen novel miRNAs 
for specific functions following treatment with triptolide, and 
additional evidence from in vivo experiments will validate 
the conclusions. In addition, regulation of miRNA expression 
is usually cell‑ or tissue‑specific, and as precise base pairing 
between miRNA and their corresponding mRNA targets is not 
required. A single miRNA may simultaneously target several 
mRNAs, whereas one mRNA can be regulated by different 
miRNAs (28,30,33). Triptolide may affect PTEN expression 
by regulating the expression of several miRNAs, including 
miR‑21 (62,63), miR‑181a (66), miR‑188‑5p (38), miR‑144 (35), 
miR‑141‑3p (75), miR‑17‑92 and miR‑106b‑25 clusters (24). 
miR‑21 is a common target when triptolide controls the 
expression of both TLR4 and PTEN (40,41,62,63). Thus, the 
intricate complexity and integration of the activity of miRNAs 
present challenges in identifying their function and regulatory 
pathways. Supplementary bioinformatics tools may provide 
integrated analyses of these complicated networks that partici‑
pate in the pharmacological activities of triptolide. Prospective 
studies are required to investigate whether miRNAs play roles 
in other pharmacological activities of triptolide.

In conclusion, specific miRNAs have been identified as 
primary targets when triptolide displays multiple pharmaco‑
logical effects. These findings also suggest that triptolide can 
serve as a novel molecular probe for studying miRNAs. A 
comprehensive understanding of the regulatory pathways and 
specific functions of these miRNAs will help determine the 
underlying molecular mechanisms of triptolide and provide 
more effective strategies for drug development and disease 
treatment.
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