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Abstract. Triptolide is often used to treat patients with 
immunoglobulin A nephropathy (IgAN), especially in Asia. 
However, its detailed mechanism remains unclear. In vitro 
experiments were conducted with podocytes exposed to 
aggregated IgA (aIgA)‑MSC1097‑conditioned media. A 
total of four groups were compared in this study: A control 
group (CON); a healthy supernatant group (HEAs); an IgAN 
supernatant group (IgANs); and a triptolide group (TRI). First, 
aggregated IgA1 (aIgA1) was generated by heating monomeric 
IgA1 (mIgA1) from IgAN patients or healthy subjects. Next, 
the conditioned supernatant of MSC‑1097 cells cultured with 
aIgA1 (100 mg/l) from IgAN patients (IgANs) or healthy 
subjects (HEAs) or without aIgA1 (CON) were harvested and 
used to incubate MPC5 cells. MPC5 cells in the TRI group 
were cultured with triptolide (10  ng/ml) and conditioned 
media from MSC‑1097 cells cultured with aIgA1 from IgAN 
patients. After 24 h of treatment, MPC5 cells were collected 
to measure autophagy‑related protein levels, including micro-
tubule‑associated protein light chain 3 (LC3), p62, cluster of 
differentiation (CD)63, phosphorylated‑protein kinase B (Akt), 
Akt, p‑mammalian target of rapamycin (mTOR), and mTOR, 
via western blotting, immunofluorescence or both, and to 
determine apoptosis by flow cytometry. All the results showed 
no difference between the CON and the HEAs. Compared 
to the CON and the HEAs, MPC5 cells in the IgANs group 
showed reduced autophagy, which was presented as decreased 
levels of LC3‑II and CD63, as well as accumulation of p62, and 
an increased podocyte apoptosis rate. This was partly rescued 
by the addition of triptolide. Moreover, the p‑mTOR/mTOR 
ratio increased in the IgANs group and decreased in the TRI 
group. Therefore, these results suggest that triptolide protects 
podocyte autophagy in IgAN patients.

Introduction

Immunoglobulin A nephropathy (IgAN) was first described 
and named by two French scholars, Berger and Hinglais, in 
1968 (1). IgAN is typically characterized by IgA deposits 
in the mesangial area of the glomeruli. Glomerular IgA in 
biopsy specimens from IgAN patients almost always belong 
to the IgA1 subclass and are generally polymeric. These 
abnormal IgA1 peptides show a defect in the galactose 
molecule. Levels of defective glycosylated IgA1 are higher 
in the blood of IgAN patients in comparison to normal indi-
viduals (2). Recently, defective IgA1 has been considered to 
be an important factor for the development and progression 
of IgAN. It has been reported that (3) Fas mRNA expression 
and podocyte apoptosis increased markedly upon exposure 
to conditioned media produced by cultured mesangial cells 
incubated with aggregated IgA1 (aIgA1) from IgAN patients. 
Both aIgA1 from IgAN patients and the conditioned media 
from mesangial cells incubated with aIgA1 from IgAN 
patients inhibited the expression of podocyte nephrin, 
which is a necessary protein for the proper functioning of 
the renal filtration barrier (4). The IgA1‑immune complex 
in IgAN patients may increase the production of chemokine 
(C‑X‑C motif) ligand 1 (CXCL1) and transforming growth 
factor‑beta (TGF‑β) from mesangial cells  (5). In turn, 
CXCL1 and TGF‑β may exert a synergistic effect on podo-
cytes, inducing podocyte dysfunction and even death. Thus, 
it can be concluded that the podocyte plays an important role 
in IgAN. Clinical findings have also consolidated this point 
of view. Podocytes were found to detach from the glomerular 
basal membrane (6) and were detected in the urine of IgAN 
patients. Most importantly, the amount of podocytopenia 
has been found to be closely associated with the severity of 
glomerular pathological lesions (7). Autophagy is especially 
important for the maintenance of podocytes, which have only 
a limited capacity for regeneration (8). For example, aging 
mice with podocyte‑specific deletion of autophagy‑related 
genes exhibited proteinuria and glomerulopathy (9).

Triptolide is a common Chinese herb often used as an 
immunosuppressant in glomerulonephritis (10). However, its 
exact mechanism of action remains unclear. The present study 
was designed to explore the renal protective effect of triptolide 
on podocyte autophagy upon treatment with the conditioned 
media from mesangial cells incubated with aIgA1 from IgAN 
patients.
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CD63, also known as lysosomal‑associated membrane 
protein‑3, is a widely used marker of secretory lysosomes, and 
positively correlates with the formation of autolysosomes. As 
a soluble protein in mammalian cells, microtubule‑associated 
protein light chain 3 (LC3) exists in the two forms of LC3‑I 
and LC3‑II. LC3‑II, the conjugated product of LC3‑I and phos-
phatidyl ethanolamine (PE), is a necessary molecule during 
the formation of autophagosome. Hence an elevated LC3‑II or 
LC3‑II/LC3‑I ratio is considered as the typical and standard 
marker for activation of autophagy. At present, the PI3K/Akt 
signalling pathway has been shown to be involved in multiple 
physiological and pathological processes and is one of the most 
important pathways regulating autophagy. The phosphorylation 
of mTOR, a major suppressor of autophagy, can be promoted 
by phosphorylated Akt (p‑Akt). Therefore, the above were 
selected as the autophagic markers of reference in our study.

Materials and methods

Cell culture and grouping. We used a conditionally immor-
talized mouse podocyte cell line (MPC5, Tong‑Pai Bio‑tech 
Co., Ltd., Shanghai, China). The aIgA1 purification protocol 
has been described in detail previously (11). Of the 35 patients 
in this study, who were admitted to Zhejiang Provincial 
Peope's Hospital (Hangzhou, China) from January 1, 2013 to 
December 31, 2014, 18 were male and 17 were female. Five 
healthy male subjects were also enrolled in this study. The 
study has obtained human research ethics approval from the 
ethics committee of Zhejiang Provincial People's Hospital and 
all subjects provided written consent (KY2014011).

All experiments were performed on podocytes differenti-
ated for 10‑14 passages. MPC5 cells were exposed to media 
conditioned by mouse mesangial cells (MSC1097, Tong‑Pai 
Bio‑tech Co., Ltd.), which had been cultured for 24 h without 
additional treatment (control group, CON) or in the presence 
of the following: 1) aIgA1 (100 mg/l) from IgAN patients 
(IgANs group); or 2) aIgA1 (100 mg/l) from healthy subjects 
(HEAs group); 3) triptolide (10 ng/ml; Sigma-Aldrich; Merck 
KGaA, Darmstadt, Germany) and aIgA1 (100 mg/l) from 
IgAN patients (TRI group), in RPMI 1640 medium. After 
co‑culture for 24 h, cells were collected for further experi-
ments. We selected 100 mg/l aIgA1and 10 ng/ml triptolide to 
treat the cells just according to previous researches (12,13).

Western blot analysis. Podocytes were lysed in a lysis buffer at 
4˚C. After being centrifuged at 12,000 rpm for 5 min, the media 
containing cellular proteins were collected. Subsequently, a 
6‑15% sodium dodecyl sulphate polyacrylamide gel was run 
under standard electrophoresis conditions, with 30 µg of total 
protein loaded in each lane. Separated proteins were trans-
ferred to a nitrocellulose membrane (Merck KGaA) at 200 mA 
for 2 h and blocked with 5% non‑fat milk powder at room 
temperature for 2 h. Membranes with proteins were then incu-
bated with primary antibodies (LC3, p62, p‑Akt, Akt, mTOR, 
and p‑mTOR: Rabbit polyclonal antibodies, dilution 1:1,000; 
GAPDH: Rabbit polyclonal antibody, dilution 1:5,000; Wuhan 
Sanying Biotechnology, Wuhan, China) at 4˚C overnight. The 
secondary antibodies (horseradish peroxidase‑conjugated 
secondary antibody, goat anti‑rabbit, dilution 1:3,000, Wuhan 
Sanying Biotechnology) were subsequently added and 

incubated for 1 h. Finally, all blots were developed using ECL 
Chemiluminescence Reagent (Merck KGaA). The levels of the 
target protein relative to the control GAPDH were detected by 
densitometric scanning using Gel‑Pro Application.

Immunofluorescence analysis. Fifty cells in three independent 
experiments were counted. Cells were cultured on coverslips 
in 12 well plates at a density of 5x104 cells per well. Podocytes 
were washed with sterile PBS and fixed in 4% paraformalde-
hyde for 10 min at 37˚C. Afterwards, they were permeabilized 
with PBS containing 1% Triton X‑100. After being washed 
twice with PBS, cells were blocked with 3% bovine serum 
albumin in PBS for 30 min and a primary antibody (p62, 
CD63, or LC3‑II, Abcam, Cambridge, MA, USA) was added 
in blocking buffer overnight at a 1:200 dilution. Alexa Fluor 
488‑conjugated Affinipure anti‑goat (1:500, Tong‑Pai Bio‑tech 
Co., Ltd.) was used as the secondary antibody. After being 
counterstained with 4,6‑diamidino‑2‑phenylindole (Santa 
Cruz Biotechnology, Dallas, TX, USA) for 10 min, podo-
cytes were viewed and imaged by a laser‑scanning confocal 
microscope (PerkinElmer, Inc., and Olympus Corporation, 
Waltham, MA, USA).

Apoptosis assays. Apoptosis was determined using an 
FITC‑Annexin V/PI Apoptosis Detection Kit, according to the 
manufacturer instructions (Shanghai BeiBo Biotech, Shanghai, 
China). Cells were collected and resuspended in binding 
buffer. Subsequently, cells were incubated with Annexin V for 
10 min at room temperature and 5 µl of propidium iodide was 
added before analysis. Cells were analysed by the FAC Scan 
flow cytometer (BD Biosciences, Franklin Lanes, NJ, USA).

Statistical analysis. All experiments were performed a 
minimum of three times. SPSS 19.0 statistical software 
was used for the data processing. Data were compared by 
repeated measurement analysis of variance followed by the 
least significant difference post hoc test and are presented as 
means ± SEM. P‑value <0.05 was required for the results to be 
considered statistically significant.

Results

Podocytes exposed to the media of mesangial cells treated 
with aIgA1 from IgAN patients showed attenuated autophagy. 
We measured the level of autophagy‑related proteins in MPC5 
cells cultured with the supernatant from MSC1097 cells treated 
with aIgA1 from IgAN patients. The average optical density of 
CD63 in the IgANs group was clearly decreased compared 
to the CON and the HEAs (Fig. 1, P<0.05). LC3‑II binds to 
the autophagosomal membrane and generates puncta when the 
autophagosome is produced. In this study, bright puncta were 
clearly visible in the cytoplasm of CON group MPC5 cells, 
but were rare in IgAN group cells (Fig. 1). Simultaneously, 
p62 accumulation was observed in IgANs group podocytes. 
To confirm these immunofluorescence results, we evaluated 
LC3‑II and p62 protein levels by western blotting (Fig. 2). The 
LC3‑II/I ratio of MPC5 cells in the IgANs group decreased 
significantly and was only about one‑third of the CON group 
(Fig. 2, P<0.05). In contrast, MPC5 cells in the IgANs group 
showed increased expression of p62 (Fig. 2, P<0.05 vs. the 
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Figure 1. Immunofluorescence of autophagy markers including CD63, LC3‑II and p62. (A) Immunofluorescence analysis of autophagy markers (scale bar, 
13 µm). (B) Average optical density of autophagy markers in Immunofluorescence. This figure shows that autophagy was suppressed in MPC5 exposed to 
aIgA‑MSC1097‑conditioned supernatant. There were decreased levels of LC3‑II and CD63 staining along with enhanced p62 in comparison with the CON and 
the HEAs. The situation was rescued by triptolide in the TRI group. (Magnification, x1,000). *P<0.05 vs. the CON and the HEAs, #P<0.05 vs. the IgANs group.
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CON). These western blotting results are in accordance with 
the immunofluorescence, and revealed attenuated autophagy 
in the IgANs group.

Triptolide induced podocyte autophagy potentially through 
p‑mTOR/mTOR. We inferred that the PI3K/Akt pathway was 
triggered in IgANs group MPC5 cells with impaired autophagy. 
In agreement with our hypothesis, the ratio of p‑mTOR/mTOR 
was at basal levels in the groups of CON and the HEAs, but 
was markedly elevated in the IgANs group (Fig. 2, P<0.001), 
and this was attenuated in the TRI group (Fig. 2, P<0.001). 
Interestingly, the p‑Akt/Akt ratio presented an opposite 
situation, where the expression of Akt was first inhibited in 
the IgANs group (Fig. 2, P<0.001) and then activated in the 
TRI group (Fig. 2, P<0.001). A possible explanation is that 
autophagy was not mediated by the classical mTOR signalling 
pathway or that p‑Akt levels were modulated as a negative 
feedback response of p‑mTOR modulation.

Triptolide induces podocyte autophagy and alleviates 
podocytes apoptosis. After co‑culture with triptolide and the 
conditioned media of MPC1097 cells treated with IgAN‑patient 
derived aIgA1, podocytes presented a notable induction of 
autophagy, which was characterized by higher expression of 
CD63 (P=0.039 vs. the IgANs group, Fig. 1), obviously elevated 
LC3‑II (P=0.013 vs. the IgANs group, Fig. 1), and attenuated 
expression of p62 (P<0.01 vs. the IgANs group). These results 
were also supported by western blotting, which showed a 
higher LC3‑II/LC3‑I ratio and a lower level of p62 in the TRI 
group (Fig. 2, P<0.01 vs. the IgANs group). We also examined 
the apoptosis rate of podocytes in the different groups. Fig. 3 
demonstrates that the percentage of apoptotic cells increased 
from 9.05% in the control to 19.8% in IgANs group (Fig. 3, 
P<0.01). As expected, when compared with the IgANs group, 
the apoptosis rate of podocytes in TRI group exhibited obvious 
improvement from 19.8 to 13.2% (Fig. 3, P=0.001).

Discussion

A recent study indicated that the number of patients with 
chronic kidney disease (CKD) in China is approximately 
119  million  (14), which creates a great societal burden. 
Glomerular disease continues to be the primary cause of 
CKD in China. Nowadays, IgAN is considered as the most 
common immune disorder related to glomerulonephritis 
pathogenesis  (15). The single diagnostic characteristic of 
IgAN is the observation of aggregated IgA immune deposits 
in the glomerular mesangium in renal biopsy (16). Therefore, 
cultured mouse mesangial cells were treated with aIgA1 in 
this study. Moreover, aIgA1‑MSC1097‑conditioned medium 
was harvested to treat podocytes, and podocyte autophagy was 
subsequently evaluated in the presence or absence of triptolide.

Triptolide is among the most powerful and broadly 
active natural products known today (17). It is a product of 
the epoxidation of two terpene lactone compounds extracted 
from the traditional Chinese herb Tripterygium  wilfordii 
Hook F (TWHF). Triptolide has been used in the treatment of 
glomerulonephritis for more than 30 years in China because of 
its favourable cost‑benefit ratio and potent therapeutic immu-
nosuppressive and anti‑inflammatory effects  (18). Having 
demonstrated dramatically attenuated albuminuria and renal 
lesions in patients with multiple kidney diseases, triptolide 
could be a comprehensive protective drug for delaying CKD 
progression. Recently, an animal study  (19) demonstrated 
that triptolide alleviated mesangial proliferation, mesangial 
expansion, and glomerular IgA deposition in an IgAN rat 
model via anti‑inflammatory effects. Triptolide can reduce 
proteinuria and effectively protect podocytes in rats from 
puromycin‑induced nephropathy (20). This protective effect 
may be associated with the upregulation and distribution of 
nephrin and podocin  (10). It was found that Tripterygium 
preparations, which are mainly composed of triptolide, 
could ameliorate proteinuria due to the enhanced expression 

Figure 2. Western blot of autophagy‑related protein of LC3, p62, p‑Akt, Akt, p‑mTOR, and mTOR. (A) Western blot analysis of autophagy‑related proteins. 
(B) Densitometry of these proteins in western blots. Attenuated autophagy in podocytes was observed in the IgANs group, including a reduced LC3‑II/LC3‑I 
ratio and accumulated p62. This condition can be alleviated by triptolide in the TRI group. In addition, the ratio of p‑mTOR /mTOR increased in the IgANs 
and decreased by triptolide in the TRI. On the contrary, the ratio of p‑Akt and Akt was downregulated in podocyte from the IgANs and was upregulated in the 
TRI. *P<0.05 vs. the CON and the HEAs, #P<0.05 vs. the group of IgANs.
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of nephrin  (21). Triptolide has been reported to markedly 
attenuate albuminuria and improve podocyte injury in a rat 
model of diabetic nephropathy, possibly due to its inhibitory 
effects on inflammation and macrophage infiltration in the 
kidney (22). In addition, triptolide may attenuate podocyte 
injury in rats with adriamycin‑induced nephropathy by regu-
lating expression of miRNA‑344b‑3p and miRNA‑30b‑3p (23). 
These data showed that triptolide can protect podocytes from 
from different kinds of injury. Autophagy is very important for 
the maintenance of end‑differentiated cells such as podocytes. 
Therefore, we inferred that the protective effects of triptolide 
on podocytes can be correlated to autophagy and conducted 
this study to observe whether triptolide can maintain podocyte 
autophagy capability.

It has been reported that podocyte autophagy is involved 
in the development of IgAN. Two types of autophagy were 
found  (24) in podocytes obtained from renal biopsies of 
16 children. Type I rarely transformed to autophagic vacuoles 
and did not dissolve, while Type II frequently transformed to 
autophagosomes and autophagic vacuoles, thus facilitating 
protein and lipid clearance. Therefore, it was concluded that 
type I autophagy was correlated with histopathologically more 
progressive disease, possibly reflecting a tendency towards 
poorer prognosis. We have previously reported (25) that podo-
cytes from the renal biopsies of IgAN patients possessed more 
autophagosomes than healthy subjects did. In this study, we 
found that autophagy was reduced in podocytes exposed to 
IgAN‑derived aIgA1‑conditioned medium compared to the 

CON group. This autophagy dysfunction was characterized by 
decreased LC3‑II and increased p62 levels. Collectively, this 
evidence indicated that podocyte autophagy was suppressed 
during the progression of IgAN. In this study, we found that 
autophagy inhibition was recovered when podocytes were 
exposed to triptolide. The results indicated that triptolide 
can induce podocyte autophagy, promote the conversion of 
LC3‑I to LC3‑II, as well as the elimination of p62. Similar 
phenomena have been reported in other cell types. In an animal 
study it was found that the administration of triptolide 12 h 
prior to middle cerebral artery occlusion reduced infarction 
area through the activation of autophagy (26). Triptolide could 
induce autophagy and promote the clearance of both WT and 
A53Tα‑synuclein in neurons (27).

Another finding of this study was that podocyte autophagy 
in IgAN was suppressed or induced by triptolide through 
p‑mTOR/mTOR. It is well known that the PI3K/Akt pathway 
is one of the most important signalling pathways regulating 
autophagy. Phosphorylated Akt can promote the formation of 
p‑mTOR, an inhibitor of cell autophagy. The activation of the 
PI3K/Akt pathway was the main cause of impaired autophagy 
in ELK3‑knockdown MDA‑MB‑231 cells (28). Surprisingly, 
we found increased p‑mTOR and decreased p‑Akt in the 
IgANs group podocytes, whereas we detected decreased 
p‑mTOR and elevated p‑Akt in the TRI group podocytes. An 
alternative hypothesis may be that other signalling pathways 
are involved. Another possible reason could be that the modu-
lation of p‑Akt was a response to the modulation of p‑mTOR.

Figure 3. Apoptosis measurement of apoptosis by flow cytometry. (A) Flow cytometry Annexin V/PI staining for measuring apoptosis after 24 h exposure 
of MPC‑5 cells to the aIgA‑MSC1097‑conditioned supernatant. (B) The corresponding linear diagram of flow cytometry. The IgANs presented a significant 
increase in the rate of podocytes apoptosis when compared to the CON and the HEAs. Triptolide reduced the apoptosis of MPC5 cells. *P<0.05 vs. the CON 
and the HEAs, #P<0.05 vs. the IgANs.
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