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Norcantharidin inhibits renal interstitial fibrosis by 
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Abstract: Norcantharidin (NCTD) has been proven to be able to attenuate renal interstitial fibrosis, but the exact mo-
lecular mechanism is still unknown. This study investigated the relationship between the anti-fibrotic effect of NCTD 
and its inhibition on PP2Ac expression. Here, PP2Ac was found to be positively correlated with extracellular matrix 
accumulation in the rat unilateral ureteral obstruction (UUO) model. Additional experiments showed that the PP2A 
inhibitor (okadaic acid) can ameliorate renal interstitial fibrosis by inhibiting the expression of fibronectin (FN) and 
collagen I (Col-I) and reversing tubular epithelial-to-mesenchymal transition in vivo and in vitro. In vitro experiments 
also demonstrated that ectopic over-expression of PP2Ac has a profibrotic effect in HK-2 cells. Moreover, NCTD was 
able to downregulate PP2Ac expression, decrease FN, Col-I, α-SMA expression, and increase E-cadherin expression 
in a dose-dependent manner both in vivo and in vitro. In particular, it was demonstrated that NCTD induced no 
evident changes in the expression of FN, Col-I, α-SMA and E-cadherin in HK-2 cells after PP2Ac was knocked down 
by shRNA. These results indicated that NCTD exerts an anti-fibrosis effect via inhibition of PP2Ac expression. Thus, 
PP2Ac could be a promising target for intervention in renal interstitial fibrosis.
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Introduction

Renal tubulointerstitial fibrosis is widely re- 
garded as the final common characteristic of 
many chronic kidney diseases (CKD). Relent- 
less accumulation and dysregulated remodel-
ing of extracellular matrix (ECM) cause destruc-
tion of renal architecture and impairment of 
renal function [1-2]. The epithelial-to-mesen-
chymal transition (EMT) also plays a critical role 
in the pathogenesis and progression of inter- 
stitial fibrosis [3]. It has been reported that  
the severity of renal interstitial fibrosis is the 
most reliable determinant of renal function 
declination [4]. Therefore, preventing renal 
interstitial fibrosis could be an effective thera-
peutic approach to ameliorate, or even reverse, 
chronic kidney injury. However, there are cur-
rently no candidate anti-fibrotic drugs avail- 
able for clinical use [5]. Prospective therapies, 
based on new insights into the mechanisms 
contributing to renal fibrosis, are providing 
hope for future treatment of Chronic kidney dis-
ease [6].

Norcantharidin (NCTD), a synthetic demethyl-
ated analog of cantharidin (extracted from 
Chinese blister beetles (Mylabris)), has been 
used in the treatment of different kinds of 
human cancers, such as colorectal, gastric, 
hepatic and ovarian carcinomas [7-9]. Clinical 
studies have shown that, compared to canthari-
din, NCTD has a significantly reduced nephro-
toxicity and displays pro-inflammatory side 
effects, while maintaining effective anticancer 
activity [10]. Our previous studies have demon-
strated that NCTD can attenuate renal tubuloin-
terstitial fibrosis both in vivo and in vitro. The 
underlying mechanisms were associated with 
preventing EMT by suppression activation of 
TGF-β1/Smad2/3 signaling [11-14]. These find-
ings suggested that NCTD could be exploited as 
a promising therapeutic agent for renal fibrosis. 
However, the exact molecular mechanism of 
NCTD has not been thoroughly elucidated yet.

Protein phosphatase 2A (PP2A) is a major cel-
lular serine-threonine phosphatase, and con-
sists of a catalytic subunit C (PP2Ac), a struc-
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tural subunit A (PP2Aa), and a highly variable 
regulatory subunit B (PP2Ab). PP2Ac is essen-
tial for the dephosphorylation activity of PP2A 
[15]. NCTD has been reported to inhibit protein 
phosphatase, and can thus significantly reduce 
the expression and activity of PP2A [16, 17]. 
Therefore, we hypothesized that the anti-fibrot-
ic effect of NCTD could be related to its inhibi-
tion of PP2A. The significance of PP2A in the 
pathogenesis of cancer has been widely dem-
onstrated. It has been reported that PP2A is a 
tumor suppressor whose activity is inhibited in 
many solid cancers [18], and that restoring 
PP2A activity may result in inhibition of cancer 
cell proliferation and EMT [19]. Regarding the 
kidney, although an earlier study documented 
that PP2A is of particular importance during 
renal morphogenesis and development [20], 
the role of PP2A in renal interstitial fibrosis is 
still unknown.

In this study, we studied the relationship bet- 
ween PP2Ac and renal interstitial fibrosis, and 
the effects of PP2Ac over-expression on ECM 
accumulation and tubular EMT. Furthermore, 
we investigated the underlying mechanism of 
NCTD in an obstructive nephropathy model and 
TGF-β1-induced interstitial fibrosis model. Our 
results suggested that PP2Ac could act as a 
novel therapeutic target for renal fibrosis, and 
that the protective effect of NCTD on renal 
interstitial fibrosis is related to its inhibition of 
PP2Ac expression.

Materials and methods

Animal model

Healthy 8-week-old male Sprague-Dawley (SD) 
rats weighing 200 to 220 g were purchased 
from the Animal Department at Xiangya School 
of Medicine, Central South University. All surgi-
cal and experimental procedures were appro- 
ved by the Institutional Animal Care and Use 
Committee of Central South University. In the 
first panel of experiments, 32 SD rats were ran-
domly divided into four groups (n = 8): (1) sham 
operation, (2) UUO day 3, (3) UUO day 7, and (4) 
UUO day 14. UUO was performed using an 
established protocol, as previously described 
[13]. Rats were sacrificed at 1, 3, 7 and 14 days 
after UUO, and kidney tissues were harvested. 
In the second panel of experiments, another 24 
SD rats were also randomly divided into three 
groups (n = 8): (1) sham operation, (2) UUO, and 
(3) UUO+okadaic acid (OA) (30 μg/kg/day). OA 
(Sigma, St. Louis, MO) was diluted with 1.8% 

alcohol and administered to rats through a gas-
tric tube. Rats were sacrificed at 3 days after 
UUO, and the kidney tissues were harvested. In 
the third panel of experiments, 20 rats were 
divided into four groups (n = 5): (1) sham opera-
tion, (2) UUO, (3) UUO+NCTD (0.05 mg/kg/day), 
and (4) UUO+NCTD (0.1 mg/kg/day). NCTD 
(Beijing Shuang He Biotechnological Limited 
Company, China) was dissolved in normal saline 
and administered to rats by intraperitoneal 
injection at the doses of 0.05 and 0.1 mg/kg/
day. Rats were sacrificed at 14 days after UUO, 
and the kidney tissues were harvested.

Cell culture and treatment

A proximal tubular cell line, HK-2 (ATCC, Rock- 
ville, MD), was cultured at 37°C in a humidified 
atmosphere of 5% CO2 and maintained in a 
defined medium (1:1 mixture of DMEM and  
F12 supplemented with 10% FBS). For in vitro 
experiments, NCTD was dissolved in double-
distilled water and OA was added to the solvent 
DMSO. HK-2 cells were serum-starved for 16 h 
before treatment with 2.5 μg/ml NCTD or 40 
nM OA for 0.5 h, and then incubated with or 
without recombinant TGF-β1 (Peprotech, Rocky 
Hill, NJ) at 5 ng/ml for 24 h. Cells were then col-
lected for real-time RT-PCR and Western blot 
analysis.

Cell viability determination

Cell viability was assessed by trypan blue exclu-
sion and methylthiazol tetrazolium (MTT) assay. 
After incubation for 24 h with various concen-
trations (10 to 1000 nM) of OA, HK-2 cells cul-
tured in 24-well plates were harvested. Cell 
viability was assessed by trypan blue exclusion 
in triplicate wells. At least 400 cells were count-
ed for each determination, and the number of 
viable cells was expressed as a percentage of 
total cells. For the MTT assay, HK-2 cells were 
seeded in 96-well culture plates at a density of 
5 × 103 cells/well with 100 μl of medium con-
taining 10% FBS and then synchronously cul-
tured in serum-free medium for 16 h. Cells were 
further incubated in medium plus 10% FBS 
containing 5 ng/ml TGF-β1 with OA (10 to 1000 
nM) for 24 h. A volume of 20 μl of methylthiazol 
tetrazolium was then added to each well. The 
supernatant was then discarded and DMSO 
(150 μl) was added to each well to dissolve  
the blue formazan crystals. The optical density 
(OD) was measured using a microplate reader 
(SpectraMax 340, Molecular Devices, Japan) at 
a wavelength of 490 nm. The arithmetic mean 
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of the OD of each group of wells was calculated, 
and the OD of the cells in the normal group was 
assigned a relative value of 100.

Construction of plasmids and transfection

To over-express and deplete PP2Ac, HK-2 cells 
were transfected with the plasmid pEGFP-N1- 
PP2Ac and SD11-PP2Ac shRNA (short hair- 
pin RNA) (GeneChem, Shanghai, China) using 
LIPOFECTAMINE 2000, according to the manu-
facturer’s instructions (Invitrogen, Carlsbad, 
CA). The vector-only plasmid pEGFP-N1 and 
SD11 were used as the negative controls, res- 
pectively. Normal HK-2 cells without plasmid 
transfection were used for the blank control. 
After selection of stable transfectants, cells 
were maintained in the defined medium.

Western blot analysis

Western blot analysis for specific protein exp- 
ression was performed according to an estab-
lished procedure [13]. The primary antibodies 
used were as follows: anti-E-cadherin (sc-7870), 
anti-fibronectin (sc-18827), anti-PP2Ac (sc-
14020) and anti-β-actin (sc-47778) (Santa 
Cruz Biotechnology, Santa Cruz, CA); anti-α-
SMA (ab5694) and anti-collagen I (ab34710) 
(Abcam, Cambridge, MA).

Immunohistochemistry staining

Paraffin-embedded kidney tissue sections (3- 
μm thick) were prepared. Sections were dewax- 
ed, rehydrated, and pretreated with citrate buf-
fer (10 mM citric acid, pH 6.0) for microwave 
antigen retrieval, followed by incubation with 
blocking serum for 30 min at room temperature 
to reduce nonspecific background staining. 
Sections were then incubated with anti-fibro-
nectin, anti-collagen I, anti-E-cadherin, anti-α-

SMA, or anti-PP2Ac antibody overnight at 4°C. 
After being washed with PBS, sections were 
incubated with HRP-labeled biotinylated goat 
anti-rabbit IgG or anti-mouse IgG for 1 h at 
room temperature. As a negative control, the 
primary antibody was replaced with non-
immune IgG, and no staining occurred. All imag-
es were semi-quantitatively analyzed using the 
computer-assisted Image-Pro Plus software, 
version 6.0 (Media Cybernetics, Bethesda, 
MD). Values were expressed as average optical 
density (AOD), which is defined as the ratio of 
the positive target optical density and the posi-
tive area percentage (IOD/Area).

Real-time RT-PCR

Total RNA extraction was performed with 
TRIZOL (Invitrogen). RNA purity was determined 
by the A260 to A280 ratio. cDNA was synthesized 
according to the instructions in the RevertAidTM 
First Strand cDNA Synthesis Kit (Fermentas). 
mRNA expression was assessed by real-time 
PCR using the SYBR green PCR reagent kit 
(Applied Biosystems, Foster City, CA). PCR ther-
mal cycling parameters consisted of one cycle 
of 2 min at 50°C and 10 min at 95°C, followed 
by 40 cycles of 10 min at 72°C. The mRNA lev-
els of various genes were calculated after nor-
malizing with glyceraldehyde 3-phosphate de- 
hydrogenase or β-actin, and the 2ΔΔCt method 
was used for analyzing target gene expres- 
sion level. All the oligonucleotide primers were 
designed by Shanghai Ying Jun Limited Com- 
pany (Table 1).

Statistical analysis

The data are presented as mean ± SEM. Mea- 
sure data were analyzed using one-way analy-
sis of variance (ANOVA) and Student’s t-test 

Table 1. Primer sequences
Gene Forward primer Reverse primer
Rat fibronectin 5’-TGACAACTGCCGTAGACCTGG-3’ 5’-TACTGGTTGTAGGTGTGG CCG-3’
Human fibronectin 5’-TGGAGGAAGCCGAGGTTT-3’ 5’-CAGCGGTTTGCGATGGTA-3’
Rat collagen-I 5’-TGGCAAGAACGGAGATGA-3’ 5’-AGCTG TTCCAGGCAATCC-3’
Human collagen-I 5’-CCTGCGTACA GAACGGCCT-3’ 5’-CTCGTCACAGATCACGTCATCG-3’
Rat E-cadherin 5’-GTCAAACGGCATCTAA AGC-3’ 5’-CAAAGACCTCCTGGATAAACT-3’
Human E-cadherin 5’-CACAGGGGCCTGGACGCTC-3’ 5’-GGGTCAGTATCAGCCGCTTT-3’
Rat α-SMA 5’-TCCTGACCCTGAAGTATCCG-3’ 5’-TCTCCAGAGTCCAGCACAAT-3’
Human α-SMA 5’-CTGTTCCAGCCATCCTTCATC-3’ 5’-CCGTGATCTCCTTCTGCATT-3’
Rat PP2Ac 5’-CGGCATCATGGACGAGAA-3’ 5’-GCCCATGCACATCTCCACA-3’
Human PP2Ac 5’-CGCCTACAAGAAGTTCCCCA-3’ 5’-CGAGGAGATATACCCCAACCA-3’
GAPDH 5’-GGCACAGTCAAGGCTGAGAATG-3’ 5’-ATGGTGGTGAAGACGCCAGTA-3’
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was used for multiple comparisons of two sam-
ple means. P < 0.05 was considered statisti-
cally significant.

Results

PP2Ac is correlated with ECM protein expres-
sion

In the first in vivo experiment, we investigated 
the expression of PP2Ac, fibronectin (FN) and 
collagen I (Col-I) in rats with unilateral ureteral 
obstruction (UUO). Immunohistochemical stain-

ing showed that in the sham operation group, 
PP2Ac was weakly expressed in the normal dis-
tal and proximal tubule cells. On day 3 after 
UUO, PP2Ac expression in tubule epithelial cells 
and the interstitium markedly increased and 
reached a peak at 14 days after UUO. At the 
same time, the expression of FN and Col-I was 
also elevated accompanied with the prolonga-
tion of time after ligation of the left ureter 
(Figure 1A). Linear regression showed that 
PP2Ac expression was positively correlated 
with FN and Col-I expression (Figure 1B), sug-
gesting that PP2Ac upregulation in the kidney 

Figure 1. PP2Ac was positively correlated with FN and Col-I expression in an obstructive nephropathy model. A. Im-
munohistochemical staining showed the localization and expression of PP2Ac, FN and Col-I in the obstructed kidney 
at different time points after UUO. B. Linear regression showed a close correlation between PP2Ac and FN (or Col-I) 
expression. The correlation coefficient (R2) is shown here.
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could be involved in the pathogenesis of inter-
stitial fibrosis. Therefore, we designed further 
experiments in vivo and in vitro to evaluate the 
role of PP2Ac in ECM accumulation and tubular 
EMT.

Inhibition of PP2Ac by OA reduces ECM accu-
mulation and reverses tubular EMT in vivo and 
in vitro

Based on the above results, we hypothesized 
that inhibiting PP2Ac could cause attenuation 
of renal fibrosis. To verify this, a phosphatase 
inhibitor, okadaic acid (OA), was used [21]. OA 
intervention was able to decrease the expres-
sion of PP2Ac, as well as FN and Col-I, in vivo. 
Meanwhile, there was a decrease in α-smooth 
muscle actin (α-SMA) expression and an inc- 
rease in E-cadherin expression, as demonstrat-
ed by real-time RT-PCR and Western blot analy-
sis, respectively (Figure 2A and 2B).

We then examined the ability of OA to inhibit 
TGF-β1-induced interstitial fibrosis in cultured 
HK-2 cells. HK-2 cells were treated with differ-
ent concentrations of OA. On the basis of the 

viability and proliferation results of the trypan 
blue dye exclusion test and the MTT assay 
(Figure 3A and 3B), we selected 40 nM OA as 
the optimal concentration. Western blot analy-
sis showed that, compared with the control 
group, PP2Ac protein expression was markedly 
increased after treatment with TGF-β1 for 24 h. 
Moreover, the expression of FN, COL-I and α- 
SMA proteins was also elevated, while E-cad- 
herin protein expression was decreased. How- 
ever, these indexes of tubulointerstitial fibrosis 
and EMT were dramatically blocked by adminis-
tering OA (Figure 3C). Therefore, it was conceiv-
able that renal interstitial fibrosis and tubular 
EMT could be attenuated by inhibiting PP2Ac.

Ectopic expression of PP2Ac accelerates tubu-
lar ECM accumulation and promotes tubular 
EMT in vitro

To further elucidate the influence of PP2Ac on 
interstitial fibrosis, we then increased PP2Ac 
expression by transfecting HK-2 cells with  
a PP2Ac-overexpression plasmid to detect 

Figure 2. PP2Ac inhibition by OA reduced ECM 
accumulation and reversed tubular EMT in vivo. 
A. Real-time RT-PCR analysis demonstrated 
that OA inhibited PP2Ac mRNA expression, 
while downregulating FN, Col-I, α-SMA mRNA 
expression and upregulating E-cadherin mRNA 
expression in the obstructed kidneys at 3 days 
after UUO. *P < 0.05 versus sham control; †P < 
0.05 versus UUO alone (n = 5). B. Representa-
tive Western blots show that OA inhibited PP2Ac 
protein expression, while decreasing FN, Col-I, 
α-SMA protein expression and increasing E-
cadherin protein expression in the obstructed 
kidneys at 3 days after UUO.
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changes in tubular ECM and EMT. More than 
70% of pEGFP-N1-PP2Ac-transfected cells con-
tained intracellular green fluorescence, sug-
gesting a successful introduction of PP2Ac-
overexpression plasmid into HK-2 cells (Figure 
4A). Real-time RT-PCR and Western blot analy-

ing ECM accumulation and reversing tubular 
EMT in a dose-dependent manner (Figure 5B 
and 5C). Taken together, these results suggest 
that NCTD can inhibit renal interstitial fibrosis 
and reverse tubular EMT in vivo by inhibiting 
PP2Ac expression.

Figure 3. PP2Ac inhibition by OA reduced ECM accumulation and reversed 
tubular EMT in vitro. A. The trypan blue dye exclusion test showed that OA 
concentrations over 50 nM were cytotoxic to HK-2 cells. *P < 0.05 versus OA-
untreated group. B. The MTT assay indicated that OA concentrations over 50 
nM can inhibit TGF-β1-stimulated HK-2 cell proliferation. *P < 0.05 versus 
OA-untreated group. C. Representative Western blots show that OA reduced 
PP2Ac protein expression, while decreasing FN, Col-I, α-SMA protein expres-
sion and increasing E-cadherin protein expression in TGF-β1-stimulated HK-2 
cells.

sis showed that, compared 
with the normal control, the 
expression of PP2Ac mRNA 
and protein in PP2Ac-over- 
expressed cells was signifi-
cantly increased, along with 
FN, Col-I and α-SMA mRNA 
and protein expression, while 
E-cadherin mRNA and protein 
expression was decreased 
(Figure 4B and 4C). These 
results indicated that ectopic 
overexpression of PP2Ac was 
able to cause tubular ECM 
accumulation and EMT. The- 
refore, PP2Ac could be a pro- 
mising target for reducing 
renal interstitial fibrosis.

NCTD inhibits PP2Ac expres-
sion and ameliorates renal 
interstitial fibrosis in vivo

NCTD was administered to 
rats after UUO, via intraperito-
neal injection at doses of 
0.05 and 0.1 mg/kg/day. Im- 
munohistochemistry staining 
revealed that, compared with 
the UUO group, NCTD decre- 
ased PP2Ac expression, as 
well as FN and Col-I, in a 
dose-dependent manner, in 
vivo (Figure 5A). We then 
assessed the effect of NCTD 
on the expression of the tubu-
lar EMT regulatory genes, and 
we demonstrated that α-SMA 
expression was decreased 
and E-cadherin expression 
was increased (Figure 5A). 
Consistently, real-time RT- 
PCR and Western blot analy-
sis results confirmed that 
NCTD could repress the ex- 
pression of PP2Ac at both the 
mRNA and protein levels, 
while at the same time reduc-
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Effects of NCTD on renal interstitial fibrosis in 
PP2Ac-overexpressing HK-2 cells

PP2Ac expression was manipulated in normal 
HK-2 cells by transfecting with a pEGFP-N1- 
PP2Ac vector to further elucidate the influence 
of PP2Ac expression and the protective effect 
of NCTD on interstitial fibrosis. Compared to 

the TGF-β1-stimulated cells, the results show- 
ed a further increase in PP2Ac expression 
caused by combined treatment with TGF-β1 
and pEGFP-N1-PP2Ac transfection, which led to 
an aggravated renal fibrosis phenotype. How- 
ever, the presence of NCTD was able to amelio-
rate the TGF-β1-induced pro-fibrotic phenotype. 
Real-time RT-PCR and Western blot analysis 

Figure 4. Ectopic expression of PP2Ac 
elevated FN and Col-I expression and 
changed the tubular cell phenotype in vi-
tro. A. Representative micrograph shows 
that more than 70% of HK-2 cells con-
tained intracellular green fluorescence. 
B. Ectopic expression of PP2Ac promoted 
induction of FN, Col-I and α-SMA and de-
crease of E-cadherin, as shown by real-
time RT-PCR analysis. *P < 0.05 versus 
normal control. C. Representative Western 
blots show that in HK-2 cells transfected 
with pEGFP-N1-PP2Ac, the protein levels of 
FN, Col-I and α-SMA was upregulated and 
E-cadherin was downregulated.
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showed that NCTD effectively downregulated 
the expression of PP2Ac, thereby blocking 
PP2Ac-mediated FN, Col-I and α-SMA induction 
and E-cadherin suppression (Figure 6A and 
6B). Taken together, these results suggested 
that the inhibitory effect of NCTD on renal inter-
stitial fibrosis was related to its inhibition on 
PP2Ac expression.

Effects of NCTD on renal interstitial fibrosis in 
PP2Ac shRNA fransfected HK-2 cells

To further clarify the role of PP2Ac inhibition in 
the anti-fibrotic effect of NCTD, we analyzed the 

effects of NCTD on HK-2 cells with or without 
knocking down PP2Ac by SD11-PP2Ac shRNA. 
We showed that, compared with the HK-2 cells 
without transfection, or those transfected with 
an empty vector, PP2Ac expression was clearly 
depleted by the specific PP2Ac knockdown 
(Figure 7A-C). Both NCTD and SD11-PP2Ac 
shRNA inhibited PP2Ac protein expression, and 
induced subsequent downregulation of FN, 
Col-I and α-SMA protein expression and upreg-
ulation of E-cadherin, indicating an abrogated 
pro-fibrotic and EMT phenotype induced by 
TGF-β1. However, compared with single SD11-

Figure 5. NCTD inhibited PP2Ac expression and ameliorated interstitial fibrosis after UUO. A. Representative micro-
graphs show that NCTD inhibited PP2Ac expression and blocked ECM accumulation and tubular EMT, as illustrated 
by immunohistochemical staining for PP2Ac, FN, Col-I, α-SMA and E-cadherin in the obstructed kidneys at 14 days 
after UUO. *P < 0.05 versus sham control; †P < 0.05 versus UUO alone (n = 5). Numbers in brackets (0.05 and 0.1) 
indicate the dosages of NCTD used (in mg/kg body weight). B. Real-time RT-PCR analysis demonstrated that NCTD 
decreased the PP2Ac mRNA level, and reduced FN, Col-I, α-SMA mRNA and increased E-cadherin mRNA levels. C. 
Inhibition of PP2Ac by NCTD decreased FN, Col-I and α-SMA protein expression and increased E-cadherin protein 
expression in the obstructed kidneys, as shown by Western blot analysis.

Figure 6. Effects of NCTD on indexes of In-
terstitial Fibrosis and EMT in PP2Ac-over-
expressed HK-2 Cells. A. Real time RT-PCR 
showed that a further increase of PP2Ac ex-
pression, caused by incubation with TGF-β1 
after transfection of pEGFP-N1-PP2Ac, led to 
an increase of ECM and EMT markers. NCTD 
effectively downregulated the expression of 
PP2Ac and, moreover, blocked the PP2Ac-
mediated FN, Col-I and α-SMA induction and 
E-cadherin suppression. *P < 0.05 versus 
normal control; †P < 0.05 versus TGF-β1 
stimulated group; §P < 0.05 versus TGF-β1 
plus pEGFP-N1-PP2Ac. B. Western blots con-
firm the results of real time RT-PCR.
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PP2Ac shRNA transfection, combined-treat-
ment of SD11-PP2Ac shRNA transfection and 

NCTD incubation showed no further decrease 
in FN, Col-I and α-SMA protein expression or 

Figure 7. Effects of NCTD on Interstitial Fibrosis and EMT indicators in PP2Ac shRNA HK-2 Cells. A. Representative 
micrograph shows more than 80% of HK-2 cells contained intracellular green fluorescence. B. The mRNA level 
of PP2Ac was clearly depleted by SD11-PP2Ac transfection. C. The protein level of PP2Ac was clearly reduced by 
SD11-PP2Ac transfection. D. Real-time RT-PCR shows that NCTD and SD11-PP2Ac shRNA inhibited PP2Ac mRNA 
expression, while FN, Col-I and α-SMA mRNA levels were also downregulated, while E-cadherin mRNA expression 
was upregulated. However, cells transfected with SD11-PP2Ac shRNA and incubated with NCTD showed no further 
inhibition of FN, Col-I and α-SMA mRNA levels or increase of E-cadherin. *P < 0.05 versus normal control; †P < 0.05 
versus TGF-β1 stimulated group; NS, no significant difference. E. Western Blots confirm the results of real-time RT-
PCR.
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increase in E-cadherin expression, which indi-
cated that NCTD had no significant anti-fibrotic 
effect after knockdown of PP2Ac (Figure 7D 
and 7E). These results demonstrated that 
NCTD inhibits renal interstitial fibrosis by spe-
cifically inhibiting PP2Ac expression.

Discussion

The major pathological features of renal inter-
stitial fibrosis include accumulation of ECM, 
inflammatory cell infiltration, tubular atrophy 
and interstitial angiogenesis [4]. Recently, the 
role of renal tubular epithelial cell EMT in the 
process of renal interstitial fibrosis has been 
emphasized. Tubular epithelial cells secrete  
a large amount of ECM after EMT, which can 
aggravate renal interstitial fibrosis [3]. There- 
fore, both ameliorating ECM deposition and 
reversing tubular EMT may be effective ways to 
inhibit renal interstitial fibrosis. NCTD is the 
derivative of cantharidin, a traditional Chinese 
medicine, which is mainly used in the treat-
ment of gastrointestinal tumors. NCTD displays 
a significantly reduced irritation of the urinary 
system compared with cantharidin, while main-
taining its antitumor activity, along with its 
unique effect of elevating white blood cells. 
Some in vitro investigations have observed the 
effect of NCTD on tumor cells and normal cells, 
and reported that normal cells can resist the 
NCTD cytotoxic effect without showing DNA 
fragmentation, which indicates that the use of 
NCTD could be extended to the non-tumor 
treatment area [22, 23]. Our previous studies 
have demonstrated that NCTD effectively 
reduces renal interstitial fibrosis in rat models 
of protein overload nephropathy, diabetic 
nephropathy and obstructive nephropathy. In 
addition, our in vitro study has found that NCTD 
inhibits TGF-β/Smad3 signal pathway-mediat-
ed EMT [11-14]. However, the underlying molec-
ular mechanism involved in this process is still 
unclear.

Hill et al. demonstrated- through crystal struc-
ture analysis- that NCTD is a protein phospha-
tase inhibitor, which inhibits serine/threonine 
protein phosphatases, including PP1, PP2A, 
and PP2B [24]. We previously demonstrated 
that the anti-fibrotic effect of NCTD was unre-
lated to its inhibition on PP2B [25]. Meanwhile, 
it has been reported that NCTD has a stronger 
inhibitory effect on PP2A than PP1 (IC50 2.69 vs 
10.3 μM) [26]. PP2A plays an important role in 
cell cycle regulation, cell growth and signal 

transduction [27]. PP2Ac, the catalytic subunit 
of PP2A, is translationally regulated to maintain 
a constant level, and is essential for the 
dephosphorylation activity of PP2A [28]. PP2Ac 
is globular in structure, ubiquitously expressed 
in almost every tissue, with the most abundant 
levels in the heart and brain. In the adult kid-
ney, PP2A protein is mainly detected in the 
nuclei of distal tubular cells [20]. However, the 
physiological function of PP2A in the kidney is 
not very clear. It has been reported that PP2A is 
involved in the regulation of Na+-K+-ATPase in 
cortical collecting duct cells [29], and plays a 
role in cell death induced by simulated isch-
emia in renal tubule epithelial cells [30]. Re- 
garding the underlying molecular mechanism  
of PP2A, it has been reported to be implicated 
in regulating TGF-β signal transduction [31]. 
However, the role of PP2A in renal interstitial 
fibrosis is unknown.

This study detected the expression of PP2Ac in 
the kidneys of UUO rats at different time points 
after ureter ligation and found that PP2Ac 
expression in distal tubule and proximal tubule 
cells was elevated accompained with prolonged 
obstruction time. PP2Ac expression was shown 
to be positively correlated with the expression 
of FN and Col-I. In vivo and in vitro experiments 
showed that OA, a specific PP2Ac inhibitor, can 
ameliorate renal interstitial fibrosis by inhibiting 
the expression of FN and Col-I and reversing 
tubular EMT. These results indicated that renal 
interstitial fibrosis could be attenuated by inhib-
iting PP2Ac expression. Further in vitro experi-
ments also showed that PP2Ac over-expression 
had a pro-fibrotic effect in HK-2 cells. These 
results suggested that PP2Ac may be a promis-
ing target for treatment of renal interstitial 
fibrosis.

In the next investigation, we demonstrated that 
NCTD could decrease the expression of FN, 
Col-I and α-SMA expression, in a dose-depen-
dent manner, while increasing the expression 
of E-cadherin in UUO rats, which was similar to 
the results of our previous studies [11-14]. In 
addition, NCTD was also able to inhibit PP2- 
Ac expression in a dose-dependent manner. 
Moreover, we found that NCTD downregulated 
FN, Col-I, and α-SMA expression, and upregu-
lated E-cadherin expression in TGF-β1-stimu- 
lated and PP2Ac-overexpressed HK-2 cells. In 
particular, our results showed that there was 
no difference in the expression of FN, Col-I, 
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α-SMA and E-cadherin between cells treated 
with NCTD alone and cells treated with NCTD 
combined with PP2Ac shRNA transfection. 
These results suggested that the anti-fibrotic 
effect of NCTD was dependent on its inhibition 
on PP2Ac.

PP2A is generally considered to be a tumor  
suppressor gene, which has been found to be 
genetically altered or functionally inactivated  
in many solid cancers and leukemias [32, 33]. 
PP2A has also been demonstrated to be 
involved in the regulation of cell cycle and apop-
tosis of cancer cells [34]. Restoration of PP2A 
activity results in inhibition of cell proliferation 
[32] and increased sensitivity to anti-cancer 
drugs [35]. Therefore, PP2A is considered to be 
a protective factor in the pathogenesis of can-
cer. However, our investigation using this renal 
fibrosis model demonstrated that the PP2A 
activation leads to aggravated renal interstitial 
fibrosis, suggesting that the role of PP2A in 
renal interstitial fibrosis is different from that in 
cancer. However, the exact mechanism is 
unknown. It can be inferred that the effect of 
PP2A may be cell type- and subunit-dependent 
due to its complex structure, function and 
regulation.

On the basis of the data described above, the 
role of PP2Ac in renal interstitial fibrosis was 
confirmed. We also demonstrated that NCTD 
exerts its anti-fibrotic effect by inhibiting PP2Ac. 
Thus, inhibiting PP2Ac expression by NCTD may 
represent a specific and effective therapeutic 
strategy for the treatment of renal interstitial 
fibrosis. However, further studies are still re- 
quired to provide additional evidence for the 
use of NCTD as a potential drug against renal 
interstitial fibrosis.
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