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Abstract

Norcantharidin (NCTD), the demethylated analog of can-
tharidin isolated from Mylabris, is an anticancer drug rou-
tinely used against various human cancers in China. The
aims of this study are to learn if NCTD has a protective action
against severe proteinuria and consequent interstitial in-
flammation and fibrosis, and if the inhibition of nuclear fac-
tor-kB (NF-kB) and connective tissue growth factor (CTGF)
by NCTD might be involved. Male Sprague-Dawley rats with
protein overload nephropathy induced by intraperitoneally
injected bovine serum albumin were used as a model. The
histopathological examination of kidney tissue in the 9th
week by light microscopy and scanning electron microsco-
py revealed thatinflammatory cells had extensively infiltrat-
ed into the tubulointerstitial areas with interstitial fibrosis.
The administration of NCTD at 0.1 mg/kg/day to the bovine-
serum-albumin-injected animal models effectively reduced
the proteinuria, and prevented the proteinuria-induced in-
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terstitial inflammation and fibrosis. Expressions of the NF-
kB p65 subunit and CTGF, detected by immunohistochem-
istry, Westernblottingandreverse-transcription polymerase
chain reaction, were upregulated in protein overload ne-
phropathy and were attenuated by NCTD. Inhibition of the
expressions of the NF-kB p65 subunit and CTGF was one
beneficial effect of NCTD. These results suggest that in ad-
dition to the antiproteinuric action of NCTD, due to its anti-
inflammatory and antifibrotic effects as shown in the pres-
ent study, it may become a therapeutic agent for proteinuria
and its associated chronic inflammatory and fibrotic ne-

phropathy. Copyright © 2008 S. Karger AG, Basel

Introduction

Tubulointerstitial lesions may determine the progres-
sion of chronic kidney disease independent of the type of
the initial insult. Recent studies suggested that proteins
filtered through the glomerular capillary, previously con-
sidered as a marker of the severity of renal lesions, have
an intrinsic toxicity on the proximal tubular cells [1]. Pro-
teinuria provokes a multitude of inflammatory and fibro-
genic mediators, which contributes to the progression of
renal disease by exacerbating tubulointerstitial damage
[2]. There is an urgent need to identify therapeutic agents
for limiting proteinuria and preventing the consequential
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Fig. 1. Structures of cantharidin and NCTD.

renal inflammation or fibrosis more effectively. A spe-
cific antagonism of multiple injurious pathways might
help to arrest or even reverse the progression of renal
damage. Current protocols directed against nephropro-
gression focus on the inhibition of proteinuria, such as
avoiding high dietary protein intake, stringent blood
pressure control, restricting dietary sodium, the com-
bined use of renin-angiotensin-aldosterone blockers, ef-
fective diuretic therapy, weight loss etc. [3]. However, de-
spite these therapies, renal dysfunction continues to
progress in the majority of patients. It is almost certain
that simultaneously targeting different components of
the proteinuric cascade would be an effective therapeutic
approach.

Cantharidin used as an antitumor agent is the active
constituent of Mylabris and is produced by different spe-
cies of blister beetles. However, severe nephrotoxicity has
been observed. Norcantharidin (NCTD), a synthetic de-
methylated analog of cantharidin (fig. 1), is now used in
Chinaasaroutine anticancer drugagainst different kinds
of digestive-tract cancers. The reason for its use is that the
2 methyl groups of cantharidin are not the main func-
tional groups for its antitumor activity, and there are re-
duced nephrotoxic side effects with the demethylated an-
alog [4, 5] . The molecular formula of NCTD is CgHgO,
and molecular weight is 168.15. It has been demonstrated
that NCTD was excreted mainly by the urinary route and
seldom in feces [6]. Presently, the principal actions of
NCTD emphasized the antiproliferative effect on some
cancer cells in vitro by retarding progression through the
cell cycle and inducing apoptosis [7]. NCTD was also
found to stimulate the bone marrow production of white
cells and to be a highly selective catalytic site-directed
inhibitor of protein phosphatase (PP) 2B [8, 9]. It is known
that the immunosuppressant drugs FK506 and cyclospo-
rin A bind to the immunophilins, and these complexes
selectively inhibit PP2B, leading to the suppression of T

466 Am J Nephrol 2008;28:465-477

cell proliferation. Presently, FK506 and cyclosporin A are
widely used as effective therapies for clinical proteinuric
nephropathy. We therefore hypothesized that NCTD
might attenuate proteinuria and its associated tubuloin-
terstital lesion.

Materials and Methods

Experimental Protein Overload Nephropathy Model

The rightkidney was removed from male Sprague-Dawley rats
weighing from 150 to 200 g with negative tests of urinary protein
and glucose. Protein overload nephropathy was induced as de-
scribed previously [10]. After a week’s rest, the uninephrecto-
mized rats received intraperitoneal injections of bovine serum
albumin (BSA). The BSA (Proliant Co., USA) was dissolved in
saline (0.33 mg/ml). The dosage of BSA was 1 ml on the first day
and was increased gradually to 3 ml, 5 days later. Rats with a 24-
hour proteinuria of greater than 8 mg were used in this study and
were injected daily with 5 g/kg BSA until its completion. The
NCTD therapy began on the day when the 24-hour proteinuria of
the rats was greater than 8 mg. The rats with protein overload ne-
phropathy were randomly divided into 2 groups that were either
treated or untreated with NCTD (0.1 mg/kg daily). An additional
set of uninephrectomized rats which were given saline, served as
the control group (n =9 in each group). The rats were housed in
a temperature controlled room at 22°C with ad libitum access to
commercial standard rat food and water during the entire study.
The rats were sacrificed in the 9th week of the experiment. The
animal care protocols in this study were approved in advance by
an appropriate animal care and use committee.

Urine and Blood Measurements

The rats were placed in metabolic cages with free access to
water. Twenty-four-hour urine samples were collected for urinary
protein quantitation using the Bio-Rad method after 1, 5 and 9
weeks of treatment. Blood samples were obtained from the ab-
dominal aorta at sacrifice in the 9th week and were used for mea-
suring routine blood, liver function including albumin, globin
and alanine transaminase, renal function including blood urea
nitrogen and creatinine clearance rate.

Renal Histology

A portion of the left kidney was removed from the animal and
fixed with 4% paraformaldehyde, then embedded in paraffin for
light-microscopic evaluation. The paraffin sections were stained
with hematoxylin-eosin, periodic acid-Schiff reagent (PAS),
Masson’s trichrome, and periodic acid-silver methenamine
(PASM). In all proteinuric rats, a mononuclear infiltrate was
present in the renal interstitium, as evidenced by morphometric
analysis of PAS-stained sections. Interstitial fibrosis was assessed
in sections of kidneys stained by the PASM stain. The proportion
of the cortex that was infiltrated by inflammatory cells or fibrous
tissue was evaluated according to previously published methods
[11]. Sections were coded by an investigator, then digitally pho-
tographed and analyzed by another blinded investigator. Photo-
graphs of each section were taken using a stereomicroscope fitted
with a digital camera (CX41 light microscopy, Olympus, Japan).
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Using 2 PAS- and 2 PASM-stained sections from each animal, 6
random low-power (X 200 magnification) photographs were tak-
en of each section (representing approximately 10% of the cortex)
and morphometrically analyzed using point counting. To this
end, a standardized grid of 70 points was superimposed on each
photograph. The number of points over glomeruli, tubular epi-
thelia or interstitial tissues was determined and used to assess the
proportion of the cortex occupied by each structure.

In addition, tubulointerstitial injuries, seen as tubular dilation
and/or atrophy, interstitial fibrosis and inflammatory cell infil-
tration, were graded by the following semiquantitative score:
0, no changes; 1, focal changes involving 25% of the sample; 2,
changes affecting 25-50%; 3, changes involving 50-75%; 4, le-
sions affecting 75% or more. These examinations evaluated the
areas overlying the tubular basement membrane and interstitial
space, but avoided the glomeruli and large vessels. Twenty cortical
tubulointerstitial fields were randomly selected and assessed by
an observer who was blinded to the experimental groups, and the
mean values were calculated for each specimen.

Scanning Electron Microscopy

A portion of the left kidney from 3 rats in each of the groups
was fixed with ice-cold 3.75% glutaraldehyde in phosphate buffer
(pH 7.4) at 4°C overnight, and postfixed with 1% osmium tetrox-
ide in phosphate buffer at 4°C for 2 h, then dehydrated in a grad-
ed ethanol series (15, 35, 70, 95 and 100%) for 10 min in each step,
and embedded in an Epon mixture. Ultrathin sections were cut
with a glass knife, stained with a lead citrate-uranyl acetate solu-
tion and observed with an electron microscope.

Immunohistochemistry

Paraffin-embedded tissue sections were dewaxed, hydrated,
treated with 5 mmol/l levamisole for blocking endogenous alka-
line phosphatase and incubated with blocking serum for 30 min
at room temperature to reduce nonspecific background stain-
ing. Sections were rehydrated in PBS-0.1% BSA for 15 min before
the addition of the appropriate blocking serum for an addition-
al 15 min. Sections were incubated with polyclonal mouse anti-
rat nuclear factor kB (NF-kB) p65 1:100 (Abcam, UK) and rabbit
anti-rat connective tissue growth factor (CTGF) 1:100 (Abcam,
UK) overnight at 4°C. After rinsing, the sections were incubat-
ed with biotinylated goat anti-rabbit IgG (Abcam, UK) and pro-
cessed using an alkaline phosphatase-streptavidin-biotin im-
munoperoxidase method (Maixin Biotechnological Company,
China). The tissue sections were counterstained with hematoxy-
lin. Negative controls for specific labeling were performed in
parallel by replacing the primary antibody with a normal rabbit
serum. Renal cortex sections were digitally imaged and quanti-
tatively examined using the computer-assisted image analysis
software (CX41 light microscopy, Olympus). For each renal cor-
tex section, NF-kB p65 and CTGF expressions were analyzed
in 10 nonoverlapping random fields viewed at a magnification
of X200 and expressed as the percentage of area occupied by
NF-kB p65 and CTGF staining, and graded according to a
threshold that was arbitrarily considered as positive. In addi-
tion, NF-kB p65 staining was localized within the cell cyto-
plasm and/or nucleus, and the nuclear localization of NF-kB p65
was categorized as positive expression. The rate of the nuclear
localization of p65 was calculated according to the recommen-
dation of Nakayama et al. [12] by counting positive NF-«kB stain-
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ing nuclei of the total cells and calculating the percentage. An
independent observer evaluated the immunostaining results in
a blinded manner.

Western Blotting Analysis

Renal cortex samples were homogenized in 1 ml of lysis buffer
(50 mmol/l Hepes, pH 7.5, 150 mmol/l NaCl, 1.5 mmol/l MgCl,,
1 mmol/I ethylene glycol tetraacetic acid, 10% glycerol, 1% Triton
X-100, 1 g/ml aprotinin, 1 g/mlleupeptin, 1 mmol/l phenylmeth-
yl sulfonyl fluoride, 0.1 mmol/l sodium orthovanadate) at 4°C.
After centrifugation, soluble lysates (60-80 jLg) were loaded in
each lane and separated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis and transferred to polyvinylidene diflu-
oride membranes. Membranes were blocked with 5% nonfat dry
milk in Tris-buffered saline/0.5% Tween-20 for 1 h, washed with
Tris-buffered saline/Tween-20, and incubated with rabbit poly-
clonal CTGF antibody (1:2,000; Abcam, UK). Blots were rinsed
with Tris-buffered saline/Tween-20 and subsequently incubat-
ed with horseradish-peroxidase-conjugated anti-rabbit IgG
(1:10,000; Abcam, UK). After washing with Tris-buffered saline/
Tween-20, the blots were developed with the enhanced chemilu-
minescence method (Amersham, UK). The intensity of the iden-
tified bands was quantified by densitometry. Results were ex-
pressed as arbitrary densitometric units.

Measurement of Renal CTGF and NF-kB p65 mRNA Levels

by Reverse-Transcription Polymerase Chain Reaction

Total cellular RNA was extracted using the Trizol reagent kit
(Invitrogen, USA) according to the manufacturer’s instructions.
RNA samples were quantified with a spectrophotometer, then
were reverse transcribed using a commercial kit (Fermentas Com-
pany, Lithuania). NF-kB p65 primers (Ying Jun Biotechnological
Limited Company, China) were chosen to yield an expected
product of 198 bp. The sense primer sequence was 5-GCGGC-
CAAGCTTAAGATCTGCCGAGTAAAC-3', and the antisense
primer sequence was 5-GCTGCTCTAGAGAACACAATGGC
CACTTGCCG-3". CTGF primers (Ying Jun Biotechnological
Limited Company) were chosen to yield an expected product of
383 bp. The sense primer sequence was 5'-CTAAGACCTGTG-
GAATGGGC-3', and the antisense primer sequence was 5’-CT-
CAAAGATGTCATTGCCCCC-3". The housekeeping gene B-ac-
tin (593 bp) was co-amplified with CTGF, and NF-kB as an inter-
nal control and specific primers were designed according to the
published sequence. The sense primer sequence was 5-TGGGT-
CAGAAGGACT CCTATG-3' and the antisense primer sequence
was 5-CAGGCAGCTCATAGCTC TTCT-3". Polymerase chain
reaction (PCR) conditions for CTGF were 30 cycles with denatur-
ation at 95°C (40 s), annealing at 55°C (40 s), and extension at
72°C (50 s). The PCR conditions for NF-kB were 30 cycles with
denaturation at 95°C (40 s), annealing at 62°C (40 s) and extension
at 72°C (50 s). Aliquots of the PCR products were run on 2.5%
agarose gels. The relative quantities of CTGF and NF-kB p65
mRNA in the kidney cortex were estimated as the ratio of band
density of CTGF and NF-kB versus that of 3-actin.

Statistical Methods

Data are expressed as the mean * SEM. Groups were com-
pared using an ANOVA and Student’s t test. p < 0.05 was consid-
ered to be statistically significant.
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Table 1. NCTD ameliorated the 24-hour urine protein excretion

Group Proteinuria, mg/24 h

1 week 5 weeks 9 weeks
Saline 42+%0.45 89+14 13.1%£1.7
BSA 172%1.82 247.7 £37.52 114.9+21.4°
NCTD 20.9*+4.72 87.1 £24.5° 41.6+10.1°

2p <0.01 and ®p < 0.05 compared with the saline group, ©p <
0.05 compared with the BSA group.

Table 2. Effects of NCTD on routine blood elements in rats with
protein overload nephropathy

Group White blood cells Hemoglobin  Platelets

x 10%/1 g/l X 10%/1
Saline 85%1.2 133.1£8.0 502.5%106.2
BSA 8.6x1.1 132.3%13.7 877.2x77.5
NCTD 8.8x0.9 119.1 £20.1 792.4%68.5

Table 3. Effects of NCTD on liver and renal functions in rats with protein overload nephropathy

Group ALT, U/l TP, g/l Alb, g/ BUN, mmol/l Cer, ml/min
Saline 46.5+6.27 66.8£7.5 20.7x2.6 10.1x1.2 0.67£0.11

BSA 442+%48 71.5x7.1 18.7£3.2 143%1.0° 0.12+0.02°
NCTD 38.9%43 66.4*+10.2 20.0x3.0 122+0.84 0.77 £0.20¢

2p < 0.01 and ® p < 0.05 compared with the saline group, € p < 0.01 and ¢ p < 0.05 compared with the BSA
group. ALT = Alanine transaminase; TP = total protein; Alb = albumin; BUN = blood urea nitrogen; C., = cre-

atinine clearance rate.

Results

Effect of NCTD on Proteinuria in Rats with Protein

Overload Nephropathy

Severe proteinuria was induced in the rats by BSA in-
jection, which peaked during the 5th week after the BSA
injection and gradually decreased until the 9th week.
NCTD decreased the proteinuria by an additional 65% at
weeks 5 and 9 (table 1).

Effect of NCTD Treatment on Routine Blood and

Serum Biochemistry in Rats with Protein Overload

Nephropathy

The routine blood, liver and renal functions were
checked in all the groups of rats. The rats who had been
administered BSA had proteinuric nephropathy, in-
creased serum blood urea nitrogen and decreased creati-
nine clearance rate. NCTD treatment significantly ame-
liorated the renal function impairment. In contrast, no
differences were observed in the white blood cells, the red
blood cells, the platelets and liver functions (including se-
rum albumin, globin and alanine transaminase) between
the BSA, NCTD treated or the saline control groups.
These results suggest that renal function in the model was
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slightly impaired by BSA administration, and that NCTD
can protect renal function and is non-toxic to the bone
marrow, liver and kidney of rats (tables 2 and 3).

Effect of NCTD on Proteinuria-Associated Interstitial

Inflammation and Fibrosis

No significant renal morphological lesions were seen
by light microscopy and scanning electron microscopy in
the rats of the saline control group. However, animals re-
ceiving BSA developed a marked tubular atrophy, inter-
stitial infiltration of inflammatory cells, and extensive
fibrosis. In the preliminary experiment, we found that
the tubulointerstitial injury was severer in the rats who
had the BSA intraperitoneal injection for 9 weeks than
those who had it for 5 weeks, although the maximum in-
crease in proteinuria was seen in the 5th week and gradu-
ally decreased over time until the 9th week, and therefore
we chose the BSA administration for 9 weeks in the fol-
lowing experiment. We can see that treatment of the rat
models with NCTD led to a significant reduction of tu-
bulointerstitial monocyte/macrophage infiltration and
markedly ameliorated the severity of the tubulointersti-
tial fibrosis (fig. 2-4). By analysis, the scores of tubuloin-
terstitial injury in saline, BSA and NCTD groups were
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Fig. 2. NCTD ameliorates interstitial inflammation that develops in proteinuric animals. There was no infiltra-
tion of inflammatory cells in renal interstitium in saline control. Mild interstitial inflammatory infiltrate was
shown in BSA administration for 5 weeks. There was marked tubulointerstitial inflammation in BSA-injected
rats after 9 weeks. Treatment of BSA rats with NCTD significantly inhibited the tubulointerstitial inflamma-
tion. Morphometric analysis of tissue demonstrates that proteinuria-induced interstitial inflammation was
ameliorated by NCTD treatment. * p < 0.01 versus saline control; ® p < 0.01 versus BSA injection for 9 weeks.
PAS. x200.
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Fig. 3. NCTD lessens interstitial fibrosis in proteinuric animals. There was no cortical interstitial fibrosis or
tubular atrophy in controls. BSA administration was associated with an increase in interstitial fibrosis and atro-
phic tubules and this kind of change worsened over time. There was more marked tubulointerstitial fibrosis in
BSA-injected rats after 9 weeks than that in BSA rats injected for 5 weeks. Treatment of BSA rats with NCTD
was associated with a reduction in both interstitial fibrosis and tubular atrophy. Morphometric analysis of the
tissue demonstrates that proteinuria-induced interstitial fibrosis was ameliorated by NCTD treatment. * p <
0.01 versus saline control; ® p < 0.01 versus BSA injection for 9 weeks. PASM. X 200.
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Fig. 4. Interstitial ultrastructure of the kidney in proteinuric animals treated with NCTD. Tubular epithelial
cell and interstitium were normal in the saline control group. There were lots of inflammatory cells including
macrophages (white arrow), fibroblasts (arrowhead) and lymphocytes (black arrow) in interstitium with the
extracellular matrix increasing in the group of BSA injections for 9 weeks. NCTD recovered the shape of the
tubular epithelial cells and significantly lessened the inflammatory cells and fibroblasts in the interstitium
(n =3 in each group). X5,000.

0.75 = 0.29, 3.12 £ 0.86 and 1.88 * 0.52, respectively
(p <0.05). NCTD attenuated both inflammation and fi-
brosis in proteinuria nephropathy.

Effect of NCTD on NF-kB p65 Subunit Expression in

Rats with Protein Overload Nephropathy

Immunohistochemical analyses revealed that the NF-
kB p65 subunit deposition was mainly found in the cyto-
plasm of the kidneys obtained from the saline control
rats, with slight expression in the nucleus of the proximal
tubules and to a lesser extent in the glomeruli, which in-
dicates that NF-kB was present in its inactive form. The
administration of BSA to rats increased the nuclear NF-
kB p65 expression in tubules, glomeruli and lympho-
cytes/monocytes in the interstitium, suggesting translo-

Norcantharidin in Protein Overload
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cation of NF-kB to the nucleus. The number of NF-«kB
p65 nuclear localizations in renal sections obtained from
the rats treated with NCTD was significantly lower than
that in the BSA group (fig. 5). Semiquantitative analyses
of the reverse-transcription (RT) PCR revealed that the
level of the NF-kB p65 subunit mRNA expression was
significantly inhibited by NCTD therapy (fig. 6). The
concomitantly decreased progression of interstitial in-
flammation was associated with a decreased positive ex-
pression area of NF-kB p65, NF-kB-p65-positive cells
and expression of NF-«kB p65 subunit mRNA in rats that
were treated with NCTD (r = 0.69, 0.64 and 0.80, respec-
tively, p < 0.05). These results showed that NCTD could
significantly inhibit NF-kB p65 expression and intersti-
tial inflammation induced by NF-«B.
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Fig. 5. NCTD inhibits NF-«kB p65 subunit distribution in protein overload nephropathy. In saline control rats,
there is slight NF-kB p65 subunit staining in the cytoplasm of proximal tubules and to a lesser extent in glom-
eruli, whereas the BSA group is associated with a dramatic increase in the NF-kB p65 subunit staining and the
nuclear localization of NF-kB p65. NCTD treatment was associated with a reduction in the extent of NF-kB
p65 subunit deposition (n = 9 in each group). ® p < 0.01 versus control; ® p < 0.05 versus BSA group. X200.

Effect of NCTD on CTGF Expression in Rats with

Protein Overload Nephropathy

Immunohistochemical analyses revealed that there
was no CTGF staining in the glomeruli and tubules in
rats treated with the saline, but it was significantly high-
er in the BSA group. Staining was mainly in the tubular
epithelial cells, mesangial cells and interstitial infiltrat-
ing cells, and, to a lesser extent, in the glomeruli (fig. 7).
Western blotting results showed that CTGF expression
was markedly elevated in the BSA group when compared
to the saline control group (fig. 8). Semiquantitative anal-
yses of the RT-PCR revealed that the relative quantity of
CTGF mRNA was significantly elevated by 2.1-fold in
BSA-injected kidneys as compared to the control kid-
neys. NCTD treatment markedly inhibited CTGF mRNA
expression by 1.8-fold (n = 9) compared with the BSA

472 Am ] Nephrol 2008;28:465-477

group (fig. 9). Related observations revealed that tubu-
lointerstitial fibrosis was associated with the induction of
a positive expression area of CTGF abundance, CTGF
protein expression and CTGF mRNA expression (r =
0.68, 0.70 and 0.67, respectively, p < 0.05). These increas-
es were suppressed by NCTD treatment, indicating that
NCTD efficiently reduced CTGF expression and tubu-
lointerstitial fibrosis induced by CTGEF.

Discussion

Persistent proteinuria is a major risk factor for the
development of tubulointerstitial damage. Therapeutic
measures that reduce proteinuria will slow or halt the
progression of proteinuric nephropathies [13]. Inhibiting
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the angiotensin-converting enzyme or blocking the an-
giotensin receptors were found to consistently reduce
proteinuria and prevent severe structural injury, includ-
ing interstitial lesions [14-17]. However, angiotensin-
converting enzyme inhibitors and angiotensin receptor
blockers mostly retard, rather than stabilize, renal func-
tion deterioration in various nephropathies, therefore the
cessation of renal disease progression in the long term is
not expected to be achieved with these 2 types of medica-
tion. Another proteinuric therapeutic treatment is the
administration of various steroids or cytotoxic drugs,
such as cyclophosphamide, cyclosporine A, chlorambucil
and mycophenolate mofetil. But there is evidence that
glucocorticoids do not alter the expression of some
growth factors, such as transforming growth factor-p1
and CTGF, known to influence the development or pro-
gression of renal diseases, and exacerbate proteinuria in
rats having mesangial proliferative glomerulonephritis
[18]. Cytotoxic drugs are ineffective in the treatment of
nonimmunologically mediated renal disease with pro-
gressive renal impairment, with accompanying undesir-
able side effects. Efforts to control interstitial inflamma-
tion and fibrosis in proteinuria with steroids and immu-
nosuppressive agents have been disappointing.
Therefore, despite the considerable advances in unrav-
eling the pathogenesis of proteinuria, no particular treat-
ment for the proteinuria and consequential tubulointer-
stitial damage is available as the universally acceptable
standard. Obviously, there is an urgent need to develop
new therapeutic agents for the treatment of proteinuria
and consequent tubulointerstitial damage. Some Chinese
herbal medicines including Astragalus, Ligusticum, trip-
tolide and rhubarb, possess a range of pharmacological
properties for retarding progressive chronic kidney dis-
ease. The effects of these herbals are multifunctional and
multitargeted, and often are associated with a reduction
in proteinuria, inflammation and inhibition of trans-
forming growth factor-f overproduction [19]. Mylabris,
the dried body of the Chinese blister beetle, has been used
as a medicine for over 2,000 years. Its active constituent,
cantharidin, has antitumor properties and causes leuko-
cytosis. However, besides interference with mitochondri-
al respiration, severe nephrotoxicity has been observed.
NCTD, the demethylated form of cantharidin, with less
kidney toxicity and metabolic disturbances, is now used
in China as a routine anticancer drug rather than can-
tharidin, because the 2 methyl groups of cantharidin are
not the main functional groups for antitumor activity
[20, 21]. It was reported that NCTD inhibits the prolif-
eration and growth of a variety of human tumor cell lines
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Fig. 6. NCTD inhibits the level of NF-kB p65 mRNA expression
in protein overload nephropathy (n = 9 in each group). A repre-
sentative RT-PCR experiment in different animals from the 3
groups (a) and data of densitometric analysis expressed as arbi-
trary units of mean SEM from each group (b).  p < 0.01 versus
control; ® p < 0.01 versus BSA group.

in vitro, and is used to treat human cancers with stimula-
tion of the bone marrow and increase in the peripheral
leukocyte count [7, 22-24]. NCTD appears to be an at-
tractive potential therapeutic agent in cancer chemother-
apy in western countries. However, there are no reports
describing the properties of NCTD administration for al-
leviating proteinuria and tubulointerstitial damage.

The first objective of this study was to explore the ef-
fect of NCTD on the proteinuria and the progression of
interstitial injury induced by proteinuria. Protein over-
load nephropathy is considered an appropriate experi-
mental model to investigate the relationship between
proteinuria and interstitial damage. The BSA overload
model is frequently used because it is highly reproducible
and can induce heterologous as well as autologous pro-
teinuria [25]. In the present study, the protein overload

Am ] Nephrol 2008;28:465-477 473



e
BSA 9 weeks

&'
J

NCTD 9 weeks

2 weeks g A%
,F"" : L ~ox W i 0.25 -

Relative CTGF abundance
o

Saline BSA NCTD

Fig. 7. NCTD inhibits CTGF distribution in protein overload nephropathy. In saline control rats, there is slight
elevation but in the BSA group there is a dramatic increase in CTGF staining. NCTD treatment was associated
with a reduction in the extent of CTGF deposition (n = 9 in each group). * p < 0.01 versus control; ® p < 0.05
versus BSA group. X200.

crce s o
a5 ubuin 7100

2549 4
a
2.0 b
g £
2315 %
c 2
[T
Fig. 8. NCTD downregulates CTGF protein produc- g 2 104
tion in protein overload nephropathy (n = 9 in each =
group). A representative western blot of CTGF and 0.5
B-tubulin were used as a loading control (a). Results
of total CTGF production obtained from densitomet- 04 : : :
ric analysis, and expressed as the ratio CTGF/B-tubu- b BSA Saline NCTD
lin of n-fold over control (b). * p < 0.01 versus control;
b p <0.05 versus BSA group.
474 Am ] Nephrol 2008;28:465-477 Liu/Li/Peng/Ye/Li/Liu/Duan/Ling/Xu/

Zhou



2,000
1,000
750
500
250

100

CTGF

2,000
1,000
750
250
al00

B-Actin

-
)
|

mRNA level
(CTGF/B-actin)
© o o =
D [e)} [e.] o
1 1 1 1
fo']

(=]
N
1

o

b Saline BSA NCTD

Fig. 9. NCTD inhibits the expression of CTGF mRNA in protein
overload nephropathy (n =9 in each group). A representative RT-
PCR experiment in different animals of 3 groups (a) and data of
densitometric analysis expressed as arbitrary units of mean SEM
from each group (b). # p < 0.01 versus control; ® p < 0.01 versus
BSA group.

nephropathy model was produced in rats, resulting in in-
terstitial inflammation and fibrosis development in the
9th week. A relatively low dose of NCTD resulted in a
substantial reduction in proteinuria in this model, and
markedly ameliorates the development of the intrarenal
inflammation and interstitial fibrosis characteristic of
protein overload nephropathy. However, the effects of
NCTD on tubulointerstitial disease cannot be complete-
ly explained by the reduction in proteinuria, which oc-
curred relatively late and well after the interstitial inflam-
mation and fibrosis had already occurred. The ability of
NCTD to reduce proteinuria is obviously of potential
clinical importance and may represent a viable treatment
option for proteinuric renal diseases in humans. More-
over, our study revealed that NCTD had no influence on
routine blood, serum blood urea nitrogen, creatinine,
and the level of albumin, globin and alanine transami-
nase, indicating that it is well tolerated and would be a
relatively safe drug.

Norcantharidin in Protein Overload
Nephropathy

Persistent proteinuria triggers tubulointerstitial dam-
age by inducing interstitial inflammation and fibrosis.
The other goal of this study was to elucidate for the first
time the mechanisms of the beneficial effects of NCTD
on the development of tubulointerstitial damage caused
by proteinuria.

Several publications indicate that the interaction of
proximal tubular cells with proteinuric tubular fluid re-
sults in their production of proinflammatory mediators
by activation of NF-«kB [26-29]. The incubation of tubu-
lar epithelial cells with albumin, in concentrations simi-
lar to those found in the urine from patients with ne-
phrotic syndrome, induced an increase in the NF-kB ac-
tivity and an upregulation of proinflammatory molecules
(30, 31]. These data suggest that NF-kB is activated in the
presence of increased protein traffic. The predominant
form of NF-kB is a heterodimer of p65 and p50 proteins.
The presence of p65 in the cytoplasm of renal cells sug-
gests that the NF-«kB heterotrimeric complex was still in
its inactive form. In contrast, the localization of p65 in
the nucleus indicated that the NF-«kB translocated into
the nucleus and, therefore, was able to activate the tran-
scription of NF-kB-dependent genes. The present study
demonstrated that proteinuria induced by BSA adminis-
tration led to activation of NF-kB, which confirms previ-
ous reports. Our results showed that renal cortical NF-«B
mRNA and protein expression were increased in rats
with severe proteinuria and renal damage. The score of
tubulointerstitial lesions was related to NF-k Bp65 mRNA
and the positive expression of NF-kB p65. NCTD signif-
icantly prevented this increase, although interstitial
monocyte/macrophage infiltration and tubular injury
were only partially reduced. NCTD markedly attenuates
the interstitial inflammatory responses associated with
proteinuria-induced renal disease.

In the kidney, enhanced expression of CTGF had been
found in proliferative and fibrotic lesions of various hu-
man and experimental renal diseases, including glomer-
ulonephritis and diabetic nephropathy. CTGF, as a down-
stream mediator of transforming growth factor-p1, is a
novel profibrotic factor that contributes to renal fibrosis
and tubuloepithelial transdifferentiation [32-34]. In this
study, CTGF expression was upregulated in rats with pro-
tein overload nephropathy and related to tubulointersti-
tial fibrosis. The proteinuria-associated interstitial fibro-
sis might be induced by protein filtered from glomeruli
triggering CTGF production. NCTD significantly inhib-
ited renal fibrosis with concomitant inhibition of CTGF
gene and protein expression. These results suggest that
the antifibrotic effects of NCTD may be mediated by
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CTGF in this animal model of protein overload nephrop-
athy. This is the first demonstration that the blockade of
CTGF by NCTD treatment in vivo significantly amelio-
rates the development of renal interstitial fibrosis.
Cantharidin is well known as a potent serine/threo-
nine PP1 and PP2A inhibitor, with less potent inhibitory
activity for PP2B. However, NCTD was found to be a
highly selective PP2B inhibitor without inhibiting PP1 or
PP2A. The immunosuppressant drugs FK506 and cyclo-
sporin A bind to immunophilins, and these complexes
selectively inhibit PP2B (calcineurin), leading to the sup-
pression of T cell proliferation [35]. A previous study
demonstrated that NCTD could markedly inhibit lym-
phocyte proliferation stimulated by the mitogens con-
canavalin A or lipopolysaccharide in vitro [36]. Further
studies are needed to determine whether the protective
effect of NCTD is similar to FK506 and cyclosporin A by
inhibiting infiltration of a T-cell-mediated renal injury in

In this study, we provide novel evidence that NCTD,
in relatively low doses compared with the dosages used
for antitumor therapy (usually, the dose of NCTD used in
humans is 20-30 mg/day and in rats is 0.5-1 mg/kg/day),
substantially ameliorates the progression of proteinuria-
induced renal disease by at least three mechanisms: at-
tenuation of proteinuria, inhibition of interstitial inflam-
mation and reduction of intrarenal fibrosis. The benefi-
cial effects of NCTD appear to be related to the inhibition
of NF-kB and CTGF expression. These suggest the poten-
tial usefulness for the therapeutic application of NCTD
in renal diseases with severe proteinuria and tubuloin-
terstitial damage, other than immunosuppression, in
particular the prevention of inflammation and fibrosis.
Additional studies will be necessary to thoroughly eluci-
date the mechanisms that are responsible for the protec-
tive effects of NCTD on proteinuria-associated progres-
sive renal disease and to determine whether NCTD has

the proteinuric kidney.
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