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Abstract: Triptolide is known to have a strong anti-proteinuric effect through direct protection of podocytes from 
injury and is used to treat glomerular diseases. However, the mechanism underlying its protective effect on podo-
cytes remains elusive. MiR-30 family has recently been shown to be essential for structural and functional homeo-
stasis of podocytes but is downregulated by injurious factors, leading to podocyte injury. In the present study, we 
explore whether Triptolide protects podocytes through preventing miR-30 downregulation. Since TGF-β signaling is 
a critical mediator in various podocyte injuries and we previously found that TGF-β induces podocyte injury through 
downregulating miR-30s, we thus used TGF-β-induced podocyte injury model to address the issue. We found that 
Triptolide is capable of protecting cultured podocytes from TGF-β-induced cytoskeletal injury and apoptosis, as ex-
pected. Consistently, Triptolide also prevented TGF-β-induced signaling activation of MAPK p38, NFkB (p65) and 
calcineurin/NFATC3, which are known to be downstream mediators of podocyte injury. Meanwhile, Triptolide was 
found to completely prevent TGF-β-induced miR-30 downregulation, indicating that Triptolide protects podocytes 
by sustaining miR-30 expression. Mechanistically, we found that Triptolide can prevent TGF-β-induced Smad2/3 
phosphorylation/activation, which likely underlies miR-30 restoration by Triptolide. We also performed ex vivo study 
and found that Triptolide prevented TGF-β-induced miR-30 downregulation and Smad2/3 phosphorylation in the 
isolated glomeruli of mice or rats. Thus, our study has provided novel insights into the mechanism underlying the 
therapeutic effectiveness of Triptolide on podocytopathies.
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Introduction

Tripterygium wilfordii hook, a Chinese herb, and 
its bioactive component, Triptolide, have immu-
nosuppressive, anti-inflammatory and anti-can-
cer effects and are used clinically [1]. They are 
also used to treat kidney diseases for its anti-
proteinuric and anti-fibrotic effects [2-4]. Tripto- 
lide is the effective substance in Tripterygium 
wilfordii and capable of inhibiting immune activ-
ity in the body [5]. Triptolide has also been 
shown to directly act on podocytes to alleviate 
oxidative stress, apoptosis and cytoskeletal 
injury through suppressing signaling activation 
of p53, mitogen-activated protein kinase p38 
and NFκB, etc. [6, 7]. Regardless of these stud-
ies, the mechanism underlying the protective 
effect of Triptolide on podocytes remains large-
ly unknown.

MicroRNAs are involved in many cellular and 
molecular processes in the physiology and 
pathogenesis of organisms by regulating the 
expression of target genes [8]. We and others 
have shown that microRNAs are also essential 
for podocytes as the mice with podocyte-specif-
ic knockout of the gene encoding Dicer, which is 
required for miRNA synthesis, exhibited podo-
cyte injury, glomerulosclerosis and proteinuria 
[9-11]. These studies also suggest that certain 
miRNAs are critical for podocyte homeostasis 
and it is their lack (due to Dicer deficiency) that 
causes disruption of structural and functional 
homeostasis of podocytes, leading to injury as 
observed in Dicer podocyte-specific knockout 
mice. We have further shown that miR-30 fami-
ly represents such miRNAs in podocytes be- 
cause miR-30 deficiency is sufficient to cause 
podocyte injury [12-14]. Unfortunately, miR-30 
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expression can be downregulated by various 
injurious factors, including TGF-β [12], puromy-
cin aminonucleosides [13-14], and Angiotensin 
II [15], etc.

TGF-β signaling is known to be primary and cen-
tral to the development of various kidney dis-
eases [16-17]. It is also one of the major signal-
ing pathways that mediate podocyte injury, 
including apoptosis and cytoskeletal injury [18-
19]. TGF-β is known to induce the activation of 
several downstream mediators of podocyte 
injury, including MAPK p38 [18], NFκB [20, 21] 
and calcineurin/NFATC pathways [22, 23]. 

In the present study, we used TGF-β-induced 
podocyte injury model to explore the mecha-
nism underlying the protective effect of Tripto- 
lide on podocytes. We found that Triptolide can 
prevent TGF-β-induced activation of injurious 
signaling of p38, NFκB and calcineurin/NFATC, 
and alleviate podocyte cytoskeletal injury and 
apoptosis. Importantly, Triptolide can also pre-
vent TGF-β-induced miR-30 downregulation 
completely. These results indicate that sustain-
ing miR-30 expression is the mechanism by 
which Triptolide protects podocytes under 
stresses. Finally, we found that Triptolide can 
prevent TGF-β-induced Smad2/3 phosphoryla-
tion and activation, indicating that Triptolide 
sustains miR-30s expression through blocking 
TGF-β signaling. 

Materials and methods

The study that involved animals was performed 
to conform to the institutional regulations and 
requirements concerning the care and use of 
laboratory animals at Jinling hospital. 

Culture and treatment of human immortalized 
podocyte cell line

The cell line was the gift from Dr. Moin Saleem 
at Bristol University, UK [24]. Podocytes were 
grown at 33°C and switched to and incubated 
at 37°C for 7-10 days. Cells were serum starved 
for overnight before treatment. Cells were treat-
ed with 5 ng/ml recombinant TGF-β1 (R&D 
Systems) for 24 h or as indicated, followed by 
analyses with immunoblotting, qRT-PCR, immu-
nocytostaining, or flow cytometry analysis. 

Immunoblotting 

After treatment in a 6-well plate, podocytes 
were washed with cold PBS and then lysed with 
RIPA buffer which contained proteinase inhibi-
tors cocktail (Roche) and phosphatase inhibi-

tors. The lysates were incubated on ice and 
then centrifuged 12,000 g for 15 min at 4°C. 
The supernatant samples were transferred to 
fresh tubes and then subjected to protein con-
centration measurement with BCA protein kit 
(Bio-Rad). After loading buffer was added, the 
samples were boiled for 5 min. 10% SDS-PAGE 
was used for fractionation of the samples, fol-
lowed by transfer of the protein from the gel to 
PVDF membrane. The blot was incubated with 
blocking solution that contained 5% milk in 
TBST solution (20 mM Tris-HCl, PH 7.14, 150 
mM NaCl, 0.1% Tween-20) for 60 min at room 
temperature. The blot was then incubated with 
antibody overnight at 4°C. After washed in 
TBST for 10 min for 3 times, the blot was incu-
bated with HRP-labeled secondary antibody for 
1 h at room temperature. After washed, we 
used the ECL system (Millipore) to detect the 
protein of interest. The antibodies used in  
the study were purchased from Santa Cruz 
(NFATC3, Smad2/3, and Synaptopodin) or Cell 
Signaling Technology (pSmad2/3, total p65, 
phospho-p65, total p38 and phospho-p38).

qRT-PCR analysis of miR-30 expression 

Total RNA of podocytes was prepared by using 
mirVana miRNA extraction kit (Ambion). The 
RNA samples were used for miR-30s quantifi-
cation by a qRT-PCR kit (Takara Bio, Otsu, 
Japan). The primers specific for mature miR-
30a, miR-30b, miR-30c, miR-30d, and miR-30e 
were synthesized by Qiagen. U6 RNA was used 
for normalization. SYBR Green dye was used in 
the qPCR. The thermal condition was 95°C/30 
s for denaturation, followed by 40 cycles of 
95°C/5 s-60°C/30 s on the ABI 7900HT Fast 
Real time System. Threshold cycle (CT) values 
were measured and the relative abundance of 
the miRNA was calculated with the formula 
2-ΔΔCt.

Phylloidin staining of F-actin in podocyte and 
stress fiber quantification

We used phalloidin labeled with Rhodamine 
(Thermo Fisher Scientific) to stain F-actin stress 
fibers in the podocytes that were cultured and 
treated on a glass disc. The stained cells were 
visualized and images were taken with a confo-
cal microscope. The images were digitized such 
that the areas of rhodamine-stained F-actin 
fibers could be converted to black pixels, fol-
lowed by quantification using ImageJ software 
(NIH, Bethesda, MD) following the method 
described in the software. The mean F-actin 
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content per pixel and the total F-actin content 
per cell were calculated and expressed as arbi-
trary units. 

Apoptosis analysis by flow cytometry 

After treatment, cells were stained with Annexin 
V and PI or 7-AAD following the manufactures’ 
instruction (Biouniquer) and then subjected to 
flow cytometry analysis (FACS ARIA, BD). 

Fluorescent immunocytochemistry staining

After treatment, the cells were fixed in 4% para-
formaldehyde for 10 min and blocked by incu-
bation of 2% albumin solution for 30 min. Then 
the cells were incubated with primary antibody 
for 2 h at room temperature followed by sec-
ondary antibody conjugated with Rhodamine. 
After incubated with DAPI, images of cells were 
caught by a Zeiss fluorescence microscope.

The experiments described in the present study 
were performed for at least three times, and 
the results were given as mean±SD. SPSS18.0 
software was used for the statistical analyses. 
Two-tailed Student’s t test was used for com-
parison between two groups, and p<0.05 was 
considered to be significantly different.

Results

Triptolide prevented TGF-β-induced activation 
of MAPK p38, NFκB p65 and calcineurin/
NFATC 

TGF-β signaling is known to be injurious to 
podocytes. We examined the relationship of 
TGF-β signaling with several pathways, includ-
ing MAPK p38, NFκB p65 and calcineurin/
NFATC3, which are known to be commonly 
involved in a variety of podocyte injuries. We 

Figure 1. TGF-β-induced activation of proapoptotic p38, NFkB p65 and calci-
neurin/NFATC3 signaling pathways were blocked by Triptolide. Immunoblotting 
of pp38 (A), pp65 (B) and NFATC3 (C) in the podocytes treated with TGF-β in the 
absence or presence of Triptolide. N: normal untreated control; TGF-β: treated 
with TGF-β; TGF-β+TW: treated with TGF-β in the presence of Triptolide; and TW: 
Triptolide alone *p values were all <0.05: for pp38, p=0.03 (NC vs TGF-β) and 
0.01 (TGF-β vs TGF-β+TW); for pp65, p=0.01 (NC vs TGF-β) and 0.04 (TGF-β vs 
TGF-β+TW); for NFATC3, p=0.003 (NC vs TGF-β) and 0.02 (TGF-β vs TGF-β+TW); 
n=3.

Ex vivo study 

We isolated glomeruli from 
mice following the method 
described [25]. Briefly, mi- 
ce were anesthetized and 
then perfused cardiovascu-
larly with PBS, followed by 
Dynabead perfusion. The 
kidneys were excised and 
cut into small pieces (~1 
mm3), followed by digestion 
of collagenase IV at 37 C 
for 10 min. The digests we- 
re gently squashed through 
a 100 µm sieve and the 
glomeruli were collected by 
magnetic concentrator. For 
rat glomeruli isolation, the 
cortex tissues were sepa-
rated from the kidneys and 
cut into ~1 mm3 pieces. 
The tissues were squashed 
through 200 µm sieve, and 
then passed a 70 µm sieve 
to retain the glomeruli on 
the sieve. The glomeruli 
were collected and aliquot-
ed as desired, and they 
were treated as indicated 
in the Results, followed by 
cell lysate preparation or 
total RNA preparation. 

Statistical analysis 
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found that TGF-β treatment activated p38, p65 
and NFATC3 as shown in Figure 1A-C, consis-
tent with previous studies [14, 18, 26] and indi-
cating that TGF-β signaling induces podocyte 
injury through these pathways. However, in the 
presence of Triptolide the activation of these 
pathways was blocked (Figure 1A-C). These 
results suggest that Triptolide protects podo-
cyte by inhibiting TGF-β signaling downstream 
pathways.

Triptolide prevented TGF-β-induced cytoskel-
etal injury and apoptosis

To confirm that TGF-β downstream pathway 
inhibition by Triptolide is associated with podo-
cyte protection by Triptolide, we used TGF-β 

injury model of cultured podocytes treated with 
or without Triptolide. We observed that TGF-β 
induced podocyte cytoskeletal injury as shown 
by the reduced amount and disorganization of 
F-actin stress fibers compared with untreated 
control cells in the Phylloidin staining (Figure 
2A). However, 10 ng/ml of Triptolide restored 
the amount of F-actin stress fibers and their 
structure prominently. It should be pointed out 
that Triptolide treatment alone (10 ng/ml) did 
not cause any change of the cytoskeletons 
(Figure 2A).

Meanwhile, in the TUNEL assay that tested 
anti-apoptotic effect of Triptolide on podocytes 
under the treatment of TGF-β1, we found that 5 
ng/ml TGF-β1 induced apoptosis in podocytes, 

Figure 2. Triptolide prevented TGF-β-induced podocyte cytoskeletal injury and apoptosis. A. Phylloidin staining of 
actin stress fibers in the podocytes treated for 48 h as indicated. NC: normal untreated control; TGF-β: treated with 
TGF-β; TGF-β+TW: TGF-β-treated in the presence of Triptolide; and TW: Triptolide alone. Quantifications of F-actin 
stress fibers in above cells that were treated differently are shown on the right panel. *p<0.05 (p<0.001 (NC vs 
TGF-β) and <0.001 (TGF-β vs TGF-β+TW); n=3. B. TUNEL assays of the podocytes that were treated as indicated for 
48 h. Quantification of the results is shown on the right panel. *p<0.05 (p=0.001 (NC vs TGF-β) and 0.002 (TGF-β 
vs TGF-β+TW); n=3.
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while the presence of 
Triptolide ameliorated the 
apoptosis of the cells 
(Figure 2B). Triptolide treat-
ment alone did not cause 
significant apoptosis in the 
podocytes (Figure 2B).

These results were consis-
tent with those shown in 
Figure 1, and together indi-
cated that Triptolide pro-
tects podocytes by inhibit-
ing TGF-β signaling and 
downstream pathways. 

Triptolide prevented TGF-
β-induced miR-30s down-
regulation 

Since we had previously 
shown that the mechanism 
underlying TGF-β-induced 
podocyte injury is that TGF- 
β can downregulate the 
expression miR-30 family 
which is essential for podo-
cyte structural and func-
tional homeostasis, we 
speculated that Triptolide 
might protect podocytes 
through sustaining miR-30 
expression in TGF-β treat-
ment. We found that in the 
presence of Triptolide the 
downregulation of all miR-
30 family members was 

Figure 3. miR-30s mediated the protective effect of Triptolide on TGF-β-induced 
podocyte injury. (A) Triptolide prevented miR-30s downregulation induced by 
TGF-β. *p<0.05 (For miR-30a, p=0.001 (NC vs TGF-β) and 0.004 (TGF-β vs TGF-
β+TW); for miR-30b, p=0.036 (NC vs TGF-β) and 0.004 (TGF-β vs TGF-β+TW); 
for miR-30c, p=0.003 (NC vs TGF-β) and 0.003 (TGF-β vs TGF-β+TW); for miR-
30d, p=0.001 (NC vs TGF-β) and 0.001 (TGF-β vs TGF-β+TW); and for miR-30e, 
p=0.002 (NC vs TGF-β) and 0.001 (TGF-β vs TGF-β+TW); n=3. (B and C) Res-
toration of miR-30 level by miR-30a overexpression prevented TGF-β-induced 
activation of injurious p38 (B) and NFATC3 signaling (C). 

Figure 4. Triptolide prevented TGF-β-induced Smad2/3 phosphorylation/activa-
tion and nuclear translocation. A. Immunoblotting of Smad2/3 in the podocytes 

treated as indicated for 3 h. 
N: normal untreated control; 
TGF-β: treated with TGF-β; TGF-
β+TW: TGF-β-treated in the 
presence of Triptolide and TW: 
Triptolide alone. Quantification 
of the results is shown on the 
right. *p<0.05 (p=0.002 (NC 
vs TGF-β) and 0.007 (TGF-β 
vs TGF-β+TW); n=3. B. Fluo-
rescent immunocytochemistry 
staining of Smad2/3 in podo-
cytes treated with TGF-β for 3 h 
in the absence or presence of 
Triptolide. This result supports 
that TW prevents Smad2/3 
phosphorylation and nuclear 
translocation thereby lowering 
the strength of the signaling.
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completely prevented in the treatment of TGF- 
β (Figure 3A), clearly demonstrating that the 
mechanism of the protective effect of Triptolide 
on podocytes is the prevention of miR-30 down-
regulation in the treatment of TGF-β. We further 
confirmed that prevention of miR-30 downregu-
lation in the cells treated with TGF-β by overex-
pressing miR-30a prevented the activation of 
injurious sigaling, e.g., p38 and NFATC3 (Figure 
3B, 3C), consistent with our earlier studies [12, 
14] and supporting that Triptolide protects 
podocytes through sustaining miR-30 expres- 
sion.

Triptolide prevented TGF-β-induced Smad2/3 
phosphorylation and activation

We next explored how Triptolide prevents TGF-
β-induced miR-30 downregulation. We found, 
to our surprise, that the presence of Triptolide 
could prevent Smad2/3 phosphorylation/acti-
vation induced by TGF-β (Figure 4A), indicating 

that Triptolide blocks TGF-β signaling at the 
very first upstream steps thereby preventing 
miR-30 downregulation. To further demonstra- 
te that Triptolide inhibits TGF-β-induced phos-
phorylation of Smad2/3, we performed fluores-
cent immunocytochemistry staining of Smad2/ 
3, and, consistently, we found that the pres-
ence of Triptolide prevented Smad2/3 nuclear 
translocation in the podocytes treated with 
TGF-β (Figure 4B), supporting above result and 
further demonstrating that Triptolide prevents 
TGF-β-induced Smad2/3 phosphorylation/acti-
vation and nuclear translocation. 

Triptolide prevented miR-30 downregulation 
and blocked phosphorylation of Smad2/3 in 
isolated mouse glomeruli treated with TGF-β 
ex vivo

To test whether the in vitro studies above reflect 
in vivo situation in animals, we performed ex 
vivo study using isolated glomeruli from mice 
and treating them in dishes with TGF-β1 with-
out or with Triptolide. We found that TGF-β sig-
nificantly downregulated miR-30 expression as 
shown by miR-30a qPCR analysis (Figure 5A), 
consistent with previous study showing that 
TGF-β downregulates miR-30 expression in 
mice [12]. This result indicates that the in vitro 
model we used is valid and can represent in 
vivo situation. We next tested with this ex vivo 
system whether Triptolide can prevent Smad2/ 
3 phosphorylation and activation as it does  
in cultured podocytes. We isolated glomeruli 
from rats for a better yield in glomeruli prepara-
tion, and then performed immunoblotting of 
pSmad2/3 in the glomeruli treated with TGF-β1 
in the absence or presence of Triptolide. We 
found that Triptolide reduced TGF-β-induced 
phosphorylation of Smad2/3, as expected 
(Figure 5B).

Discussion

Direct protective effect of Triptolide has been 
observed both in vitro and in vivo. However, 
only several studies have provided limited 
insight into the underlying mechanism [6, 7]. 
These studies have shown that Triptolide is 
capable of restoring the expression of cytoskel-
eton- and slit-diaphram-associated proteins, 
e.g., synaptopodin, nephrin and podocin; that 
Triptolide can inactivate NADPH oxidase, there-

Figure 5. Ex vivo experiments showing the protec-
tive effects of Triptolide on podocytes treated with 
TGF-β. A. qPCR quantification of miR-30a in the iso-
lated mouse glomeruli treated with TGF-β for 24 h 
in the absence or presence of Triptolide. *p<0.05 
(p=0.001 (NC vs TGF-β) and <0.0001 (TGF-β vs TGF-
β+TW); n=3. B. Immunoblotting of pSmad2/3 in the 
rat glomeruli treated with TGF-β in the absence or 
presence of Triptolide.
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by eliminating the generation of reactive oxy-
gen species, which is known to be harmful to 
podocytes [26]; and that Triptolide is also able 
to prevent the activation of MAPK p38 which is 
known to mediate podocyte apoptosis [18] and 
to restore RhoA signaling which is essential for 
the homeostasis of podocyte cytoskeletons [6, 
7]. Regardless of these studies, the fundamen-
tal mechanism of how Triptolide protects podo-
cytes from injury remains elusive. In the pres-
ent study, we show that Triptolide is capable of 
completely preventing TGF-β-induced miR-30 
downregulation thereby protecting podocytes 
from TGF-β-induced injury. We further show 
that Triptolide can attenuate TGF-β signaling by 
preventing phosphorylation of Smad2/3 in 
podocytes, explaining how Triptolide prevents 
miR-30 downregulation by TGF-β. Thus, our 
study has revealed a novel mechanism underly-
ing the protective effect of Triptolide on podo-
cytes, which is illustrated in Figure 6.

We attempted to link the protective effect of 
Triptolide on podocytes with miR-30s. This was 
because we previously showed that miR-30 
family members play a critical role in structural 
and functional homeostasis of podocytes [12, 
13]; and multiple injurious factors, including 
TGF-β, AngII and PAN, can downregulate miR-
30s, thereby activating several pathways that 
are known to be involved in podocyte injury [12-
15]. Importantly, we found that glucocorticoids, 
which are anti-proteinuric and have a direct 
protective effect on podocytes, are capable of 
preventing miR-30 downregulation, thereby pre- 

venting harmful signaling activation induced by 
injurious factors [13]. Due to the similarity in 
podocyte protection between Triptolide and 
glucocorticoids, we postulated that Triptolide 
might also be capable of preventing miR-30 
downregulation induced by injurious factors 
given the fact that Triptolide and glucocorti-
coids do have distinct molecular actions on 
cells [27, 28] with glucocorticoids acting on its 
receptor of transcriptional factor to regulate 
target gene expression, while Triptolide acting 
on several other putative target proteins, e.g., 
polycystin-2 [29], DCTPP1 [30], TAB1 [31], and 
XPB [32].

TGF-β signaling plays an essential role in kidney 
diseases [33]. It is also a key signaling in vari-
ous podocyte injuries and podocytopathies 
[18] because TGF-β signaling activation has 
been observed in multiple podocyte injury mod-
els and diseases [19, 34-37], and its inhibition, 
as in Smad3-deficient mice, alleviates podo-
cyte injury in these models [38, 39]. Importantly, 
miR-30s are downregulated in these podocyte 
injury models and podocytopathies and TGF-β 
signaling has been shown to directly downregu-
late miR-30s to induce podocyte injury [12-15, 
40]. We therefore used the TGF-β-induced 
podocyte injury model to test our hypothesis 
that podocyte-protective effect of Triptolide lies 
in its capability of sustaining miR-30 expres-
sion under stress. 

We found that Triptolide is able to completely 
prevent TGF-β-induced miR-30 downregulation 

Figure 6. Working model of the relationship between Triptolide, TGF-β, Smad2/3 signaling, miR-30s, injurious sig-
naling of NFATC3, MAPK p38 and NF-κB, and injury (cytoskeletal disruption and apoptosis) in podocytes.
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in podocytes and, accordingly, prevents podo-
cyte injury, including cytoskeletal injury and 
apoptosis. Cytoskeletal damage and apoptosis 
are the major forms of podocyte injury [41, 42]. 
Consistent with these protective effects, we 
found that Triptolide suppressed the activation 
of injurious pathways, including MAPK p38, 
NFκB and calcineurin, which are activated by 
TGF-β. These results are expected and demon-
strate that Triptolide protects podocytes by pre-
venting the activation of these harmful signal-
ing pathways. However, how Triptolide sup-
presses these pathways still needs to be clari-
fied and miR-30 could be the possible link 
between them. 

We found that Triptolide completely prevented 
miR-30 downregulation induced by TGF-β, simi-
larly to glucocorticoids [13]. We have previously 
shown restoration of miR-30 expression by 
exogenous miR-30 expression is sufficient to 
prevent podocyte injury and activation of p38, 
p53, NFκB, calcineurin, etc. [12-15]. We there-
fore conclude that prevention of miR-30 down-
regulation induced by injurious factors is the 
underlying mechanism of the protective effect 
of Triptolide on podocytes. 

We further found that Triptolide blocked 
Smad2/3 phosphorylation/activation induced 
by TGF-β in podocytes. Consistently, fluores-
cent immunocytochemistry staining showed 
that nuclear translocation of Smad2/3 induced 
by TGF-β was blocked by Triptolide (Figure 4B). 
These results indicate that Triptolide prevents 
miR-30 downregulation at least partly through 
attenuating TGF-β signaling. This is the first 
time that Triptolide is shown to be capable of 
suppressing upstream TGF-β signaling by dis-
rupting Smad2/3 phosphorylation in podo-
cytes. In contrast, glucocorticoids are not able 
to affect TGF-β-induced Smad2/3 phosphoryla-
tion (data not shown), suggesting that Triptolide 
and glucocorticoids use distinct mechanisms 
by which they both prevent miR-30 downregula-
tion induced by injurious factors. At present, it 
is not known how glucocorticoids prevent miR-
30 downregulation, an issue deserving to be 
explored. Meanwhile, the issue concerning how 
Triptolide disrupts TGF-β-induced phosphoryla-
tion of Smad2/3 is also important. It is known 
that TGF-β acts on receptor II and activates its 
kinase activity, and then the activated receptor 
II kinase phosphorylates receptor I to activate 
its kinase activity. The receptor I next phos-

phorylates Smad2/3. Triptolide must have in- 
terfered one of these steps to prevent Smad2/3 
phosphorylation, resulting in their failure in 
binding to Smad4 and being translocated to 
nuclei where they act as transcription factors to 
promote target genes expression. 

On the other hand, Triptolide blocks Smad2/3 
phosphorylation mostly but not completely 
(Figure 4A). It is not known whether the extent 
of Smad2/3 phosphorylation inhibition is suffi-
cient to completely restore miR-30 expression 
by Triptolide (Figure 3). Otherwise, attenuation 
of Smad2/3 phosphorylation may only partly 
contribute to the prevention of miR-30 down-
regulation by Triptolide, and therefore, there 
may be an additional pathway through which 
Triptolide sustains miR-30 expression. This 
issue should be clarified in future studies.

Finally, we determined whether the results 
observed in vitro with cultured podocytes can 
be reproduced in vivo. In this regard, we decid-
ed to isolate mouse or rat glomeruli and treat 
them with TGF-β in dish, hoping that this simpli-
fied and clean ex vivo experimental system 
would give rise to definitive results and con- 
clusions. We observed that TGF-β treatment 
indeed induced Smad2/3 phosphorylation, 
accompanied by downregulation of miR-30s; 
whereas Triptolide reversed these consequenc-
es of TGF-β treatment (Figure 5). Since podo-
cytes are the only cell type in the glomeruli that 
expresses miR-30s, therefore the changes of 
miR-30 levels in the glomeruli represent those 
in the podocytes. Although we did not perform 
all the experiments in vitro with isolated glom-
eruli due to technical difficulties, the available 
results from the ex vivo experiments have suf-
ficiently proven that our hypothesis concerning 
the mechanism underlying Triptolide protection 
on podocytes is valid.

In conclusion, the mechanism by which Tripto- 
lide protects podocytes against TGF-β-induced 
injury at least partly involves the capability of 
Triptolide to sustain miR-30 expression. Addi- 
tionally, we found that Triptolide is capable of 
attenuating TGF-β signaling by disrupting phos-
phorylation of Smad2/3, a novel mechanism by 
which Triptolide prevents TGF-β-induced miR-
30 downregulation and thus podocyte injury. 
Our study has provided new insights into the 
mechanism underlying protective effect of 
Triptolide on podocytes.
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