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Abstract: Nicousamide, a clinical phase Il renal protective new drug, has been demonstrated to have renal protec-
tive effect on diabetic nephropathy (DN) by experimental animal model. Its known molecular mechanisms include
AGE formation blocking and moderately decreasing the blood pressure. Nicousamide shows potential on attenu-
ating albuminuria, thereby suggests it might have protective effect on podocytes. The aim of present study was
to investigate whether nicousamide could protect integrity of podocytes, and further its protection mechanisms.
Sprague-Dawley (SD) rats were induced to DN by streptozotocin, and nicousamide (20 and 40 mg/kg) was orally
administrated for 20 weeks. Every five weeks, the albuminuria was measured, and renal pathology was evaluated
at the end of experiment. Real-time PCR and immunofluorescence were used to test expression of podocyte marker
nephrin, CD2AP and podocine in rat kidney tissues. Western blot was used to test the activation and phosphoryla-
tion of TGFB1-smad signaling pathway. surface plasmon resonance (SPR) technology was used to analyze whether
nicousamide can interact with TGFB1 receptor Il (TGFB RIl) and receptor for advanced glycation endproducts (RAGE).
Results demonstrate that nicousamide significantly reduces albuminuria and ameliorate the glomerulosclerosis in
DN rats. RT-PCR and immunofluorescence demonstrate that nicousamide can increase the expression of podocyte
markers and keep podocyte effacement. Phosphorylation of TGF RIl and smad2 in rat kidney was inhibited by
nicousamide dose dependently. SPR demonstrate that nicousamide have strong binding capability with hRAGE with
Kd approximate 6 pM. These results indicate a protective effect of nicousamide against podocyte injury, and this
effect might contribute from suppression of TGFB-involved fibrosis and AGE-RAGE signaling activation.
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Introduction induce renal hypertrophy, sclerosis and func-
tional failure [2]. In addition, by in vitro experi-
mental study, nicousamide also shows it could
inhibit the phosphorylation of TGFB receptor II,
consequently block the TGF-smad signaling
over-activation, which is key event in renal
end-stage fibrosis [3]. Besides attenuating

the renal impairment in DN, nicousamide also

Nicousamide, a promising renal protective
agent, has been moved forward to stage Il clini-
cal trial for diabetic nephropathy (DN) in China.
Nicousamide is a novel coumarin-aspirin deriv-
ative, and in the preclinical study, nicousamide
could significantly slow down the progression of

DN by reducing the albuminuria and blood urea
nitrogen (BUN), increasing the creatinine clear-
ance, and ameliorating the glomerulosclerosis
[1]. The current mechanism study demon-
strates that nicousamide can significantly in-
hibit the production of advanced glycation end
products (AGEs) and reduce the AGE-stimulated
overexpression of transforming growth factor
(TGF-B1) and connective tissue growth factor
(CTGF) in renal mesangial cells, which in turn

shows renal protective in hypertensive neph-
ropathy in spontaneously hypertensive rats
[4] and normalizes renovascular hypertension
in two-kidney one-clip hypertensive rats [5].

Proteinuria and albuminuria are most patho-
logical events in DN and podocyte play a key
role in urine protein infiltration [6]. Podocytes,
endothelial cells and the glomerular basement
membrane (GBM) constitute the kidney filtra-
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tion barrier, a highly specialized structure for
selective ultrafiltration. The common deno-
minator in a variety of kidney diseases is
podocyte dysfunction involving proteinuria
[7-9]. Although we have demonstrated that
nicousamide can significantly reduce the pro-
teinuria and albuminuria in progression of DN,
its beneficial effect on podocyte structure, per-
meability and integrity is unknown; besides
that, although nicousamide could inhibit the
phosphorylation of TGFB RIl in vitro, and inhib-
its the AGE-stimulated fibronectin secretion,
and G1 phase arrest in human proximal tubular
epithelial cell line (HK2) [1-3], the related in vivo
study has not been performed yet. In the cur-
rent study, we established streptozotocin-
induced DN model again, aim to investigate the
protective effect of nicousamide on podocyte,
and further investigate the underlying mecha-
nisms by studying the TGFB-smad and AGE-
RAGE signaling pathway.

Materials and methods
Streptozotocin-induced diabetes model

The SD rats (male, 7-week old, 165-180 g) were
purchased from the Institute of Laboratory
Animal Science, Chinese Academy of Medical
Sciences and Peking Union Medical College. All
animal procedures were in conformity with
national and international laws for the care and
use of laboratory animals, and the Animal
Research Committee of Institute of Meteria
Medica approved the experimental protocols.
Streptozotocin-induced DN model was estab-
lished with guidance of previous experimental
protocol from our laboratory [1]. Briefly, the rats
were rendered diabetic with a single i.p. 60
mg/kg streptozotocin (Sigma, MO, USA) in 0.1
M sodium citrate buffer (pH 4.5), and animals
with blood glucose excess of 12 mM one week
after injection were enclosed in the study.
Sham-injected animals (0.1 M sodium citrate
buffer, pH 4.5) were followed concurrently and
served as normal control. The diabetic rats
were randomly divided into three groups (8 rats
each), which served as DN model group and
two nicousamide-treated groups which received
20 and 40 mg/kg, p.o. per day, respectively.
Nicousamide was dissolved in 0.5% sodium
carboxymethyl cellulose and was daily-adminis-
tered using gavage 6 days per week till 20
weeks. All rats were allowed free access to
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standard chow and water. During the period
of experiments, insulin was subcutaneously
injected 1-2 units to prevent ketoacidosis if the
rat blood glucose was over 40 mM. Protein and
albumin concentration from urine were mea-
sured using commercial kits (Nanjing Jiancheng
Bio, Nanjing, China). Urinary albumin excretion
(UAE) per day was calculated from the urine
samples collected in metabolic cage for 24 h,
using urine albumin concentration plus 24 h
urine volume. Once all the rats received eutha-
nasia, partial kidney tissues from each rat were
embedded in paraffin for PAS staining to evalu-
ate the pathological injury. The remaining fresh
kidney tissues were prepared for RNA isolation,
total protein extraction and making frozen
sections.

Immunofluorescence

Frozen kidney sections (5 um) were treated
with a rabbit monoclonal antibody anti-rat
nephrin (1:100 dilution; Abcam Biotechnology,
Cambridge, MA, USA) and a rabbit monoclonal
antibody anti-rat podocin (1:100 dilution;
Abcam Biotechnology, Cambridge, MA, USA),
followed by a donkey anti-goat IgG-FITC (1:100
dilution; Santa Cruz Biotechnology, CA, USA).
Negative controls consisted of histological sec-
tions incubated with PBS rather than the pri-
mary antibody. Immunofluorescence was visu-
alized on a ZEISS Observer Al fluorescence
microscope equipped with a high-pressure
mercury lamp (ZEISS, Germany). The percent-
age of positive staining of podocin and nephrin
on total glomerular area was analyzed and cal-
culated by Image pro plus software (USA).

Podocytes genes mRNA determination

Total RNA was extracted using Trizol reagent
(Invitrogen, life technology Inc, USA) from renal
cortical tissues and the purity of the RNA was
evaluated by measuring the ratio of A260/
A280. First-strand cDNA was generated by
ReverTra Ace® qPCR RT Kit (Code No. FSQ-101,
TOYOBO, Inc, Japan). Briefly, first strand cNDA
was obtained by adding 2.4 ug total RNA, 2x
PrimeScript Buffer, 10 ul; PrimeScript RT
Enzyme Mix |, 1.5 yl; and finally RNase Free
dH,O were used to reach a total reaction vol-
ume of 20 ul. The condition of reverse tran-
scription was as follows: 15 min at 37°C and
95°Cfor 15 s.
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Table 1. Sequences of the primers for RT-PCR

phoresis on a sodium do-

Genes  Sense primers (5’ to 37)

Antisense primers (5" to 3’)

Product decyl sulphate (SDS)- poly-
size (bp) acrylamide gel (5% stacking

Nephrin ATGGGCGCTAAGAGAGTCAC CGCAGTCAGGTTTTCAGACA 171

gel and 10% separating gel

Podocin TCTTGTCCTCTCCTCCCTGA  AGACGGAGGTCAACCTTGTG 195 for target proteins) and

CD2AP  GCTGGTGGAAAGGTGAACTG CATCTCTGTCTTCCGCCTTC 192

electroblotted onto a piece
of nitrocellulose membrane.

GAPDH AAACCCATCACCATCTTCCA  GTGGTTCACACCCATCACAA 198

All the primers were designhed to span an intron
and the information of primer were shown in
Table 1 [10]. The PCR reaction system was
combined in a master mix composed of SYBR
Premix Ex Taq Il (2%, TOYOBO, Inc, Japan), 10 ul;
PCR Forward Primer (10 pM), 0.8 ul; PCR
Reverse Primer (10 pM), 0.8 pl; dH,0, 6 i,
cDNA, 2 ul. The real-time quantitative PCR was
performed by thermo cycler instrument (ABI
7500, Applied Biosystems, USA) and the cycling
program was set at 1 cycle of pre-denaturation
at 93°C for 2 min, and then 40 cycles at 93°C
for 30 s, 55°C for 30 s, 72°C for 30 s, followed
by 1 cycle at 72°C for 5 min. The relative expres-
sion of MRNA was calculated by methods men-
tioned by Schmittgen: Fold =2 -24°t and AAct =
Ct target mRNA-ct GAPDH. Ct refers to the num-
ber of cycles experienced by fluorescent signals
that reached the threshold inside the reactor.
All gRT-PCR products were replicated three
times.

Western blot to analyze the status of compo-
nents in TGFB-smad signal pathway

Kidney tissues from four groups were homo-
genated for western blot analysis. TGFB1
(Immunoway, China), TGF(3 Rl (Santa Cruz, USA),
TGFB RIl (Santa Cruz, USA), phosphorylated-
TGFB RIl (Santa Cruz, USA), smad2 (Cell signal-
ing technology, USA) , p-smad2 (Cell signaling
technology, USA), RAGE (Santa Cruz, USA) were
used as primary antibodies.

The brief description of western blotting proce-
dure was following. Renal tissue lysate was pre-
pared using a lysis buffer containing 25 mmol/I
Tris-HCI, 150 mmol/I NaCl, 5 mmol/I ethyleneg-
lycol bis (2-aminoethyl ether) tetraacetic acid
(EGTA), 5 mmol/I ethylenediamine tetraacetic
acid (EDTA), 10 mmol/I NaF, 1 mmol/I phenyl-
methyl sulfonylfluoride (PMSF), 1% TritonX-100,
0.5% Nonidet P40, 10 mg/l aprotinin, 10
mg/l leupeptin and quantified by Brad-
ford dye-binding procedure. Equal amounts
of proteins were separated through electro-
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After blocking with 5% bo-
vine serum albumin (BSA),
the membrane was incubated with appropriate
antibodies overnight, followed by incubation
with a horseradish peroxidase-conjugated sec-
ondary antibody against rabbit or mouse immu-
noglobulin G (IgG) at a 1:2000 dilution for 1 h at
room temperature after washing. The signals
were detected by Enhanced chemilumines-
cence (ECL) (ImageQuant LAS 4000 Mini, GE
healthcare, America). The intensity of the
detected bands was analyzed using Image J
program (USA).

Surface plasmon resonance measurement

Purified human TGFB RII-Fc and RAGE-Fc pro-
tein were purchased from Acro Biosystems, Inc
(Newark, USA). The binding activity of nicou-
samide to immobilized hRAGE and TGF(3 RII
was analyzed using surface plasmon re-
sonance (SPR) technology. We used hRAGE as
a sample to describe the procedure of SPR.
Briefly, a new CM5 chip (Biacore; GE Bios-
cience) with four binding surfaces/channels
was placed into the Biacore T100 system
(GEHealthcare), followed by binding surface
activation using 400 mM 1-ethyl-3-(3-dime-
thylaminopropyl)-carbodiimide and 100 mM
N-hydroxysuccinimide, according to the stan-
dard protocol in the Biacore Sensor Surface
Handbook (GE Healthcare). After activation,
one channel was used as the reference, and
three were used for binding experiments. To
immobilize human RAGE-Fc on the chip, puri-
fied hRAGE-Fc (50 pg/ml) in NaAc/HAc buffer
(pH 4.5) was injected into activated channels.
The final response unit change with immobi-
lized protein was ~7500. After protein coating,
1 M ethanolamine was injected into the chan-
nels to neutralize residual activated carboxyl
groups. The reference channel was blocked
directly with ethanolamine. For nicousamide
interaction experiments, nicousamide disso-
Ived in deionized water (O uM, 0.1 uM, 0.5 pM,
1.0 uM, 5 pM, 10 pM) were injected into the
channels at a flow rate of 10 pl/min, which was
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Figure 1. Nicousamide reduced urinary albumin excretions (UAE) and urinary total protein in diabetic SD rats at
10th and 20th week (n=8; #P<0.05, ##P<0.01 vs. normal group; *P<0.05, **P<0.01 vs. DN model group). All the
SD rats were induced to diabetic nephropathy by streptozocin intraperitoneal injection, and nicousamide was orally

administrated for up to 20 weeks.

lasted six minutes. Continual flow of deio-
nized water at the same rate was provided
after the nicousamide injection. To terminate
com-pound-protein binding, the channels were
washed/regenerated by running 5 M LiCl in
HEPES (pH 7.3) for 10 min at a flow rate of 3
ml/min. Same procedure was also used for the
interaction study between nicousamide and
hTGFB RIL.

Statistical analysis

Data were shown as Mean + Standard devia-
tion (SD). Com-parisons among groups were
carried out using oneway analysis of variance
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(ANOVA) followed by post-hoc Duncan’s test.
P<0.05 was considered statistically significant.

Results

Nicousamide reduced the proteinuria and
albuminuria and ameliorated the glomerulo-
sclerosis in diabetic nephropathy in rats

One week after streptozoto-cin injection, a sig-
nificant in-crease in blood glucose was detect-
ed in the streptozotcin-injected SD rats as com-
pared with the normal control rats, confirming
successful induction of experimental diabetes.
After 20-week duration, all the diabetic rats

Am J Transl Res 2017;9(1):115-125
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Figure 2. Nicousamide ameliorated the glomerulosclerosis in diabetic rats
dose dependently. A. Representations of PAS-stained kidneys of normal
rats, diabetes model rats and nicousamide-treated diabetes rats (x200). As
shown in DN model group, severe sclerosis in glomerulus segments, seg-
mental and diffuse mesangial expansion of the glomeruli, and tubule vacuo-
lar degeneration in proximal tubules had been observed, while nicousamide
treatment could effectively ameliorate these pathological injuries. B. Glo-
merulosclerosis quantification, #P<0.05, ##P<0.01 vs. normal group;
*P<0.05, **P<0.01 vs. diabetic nephropathy model group.

established se-vere proteinuria and albumin-
uria. Every five weeks, we collected 24-hour
urine to measure total aloumin and protein in
the urine. In this present study, nicousamide
could significantly reduce total protein and
albumin in the 24-hour urine compared with
vehicle-treated DN group in a dose dependent
manner (Figure 1, 10-week and 20-week time
point data were provided). PAS staining and
pathological analysis also demonstrated that
nicousamide administration could attenuate
the glomerulosclerosis and pathological injury
significantly in a dose dependent manner
(Figure 2).

Effects of nicousamide on mRNA expression
of podocyte genes in renal tissues

Nephrin, podocin and CD2 associated protein
(CD2AP) are three of the functional genes for
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podocytes, which have been
demonstrated to be involved
in the development of protein-
uria. In order to disclose the
beneficial effect of nicou-
samide on podocyte, mRNA
levels of nephrin, podocin and
CD2AP were determined. The
results showed that nephrin,
podocin and CD2AP mRNA in
the kidneys of diabetic rats
were highly down-regulated,
which compared with normal
group. However, nicousamide
could enhanced the expres-
sion of renal nephrin, podocin
and CD2AP mRNAin a dose de-
pendent manner (Figure 3).

Nicousamide increased podo-
cyte biomarker by immuno-
fluorescence

Podocin expression is restored
in kidney after treatment with
nicousamide. As detected by
immunofluorescence, diabetic
rats from model group dis-
played a dramatic decrease
in glomerular podocin expres-
sion compared with the saline-
treated normal group (P<0.05;
n=8; Figure 4). However, the
expression of the slit mem-
brane protein podocin was sig-
nificantly increased in the
nicousamide-treated group in
a dose-dependent manner. Expression of neph-
rin in diabetic rats by nicousamide treatment
also appeared similar pattern as podocin
(Figure 4).

Nicousamide inhibit the TGF-smad signaling
pathway but not RAGE protein level

The kidney tissue homogenate was used for
western blot to analyze the protein level of
TGFB4, TGFB RIl, phosphorylated-TGF RII, total
smad2 and phosphorylated smad2, as well as
RAGE. As shown in Figure 5, higher levels of
TGFB41, and phosphorylation of TGFf RIl and
smad2 was observed in diabetic model group,
while nicousamide significantly reduced the
TGFB1 content in the kidney tissues, as well as
expression of p-TGFB RIland p-smad2. However,
nicousamide did not influence the expression
of total TGFB RIl and smad2.

Am J Transl Res 2017;9(1):115-125
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Figure 3. Bar graphs representing the nephrin, podocin and CD2AP mRNA levels in the kidney tissues among four
groups. #P<0.05 vs. Normal; *P<0.05, **P<0.01 vs. DN model. All values are means = SD (n=8). Real-time PCR
demonstrated that nicousamide could significantly increase the mRNA levels of nephrin, podocin and CD2A in kid-
ney tissues from diabetic rats compared to DN model.
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Figure 4. Immunofluorescence microscopy demonstrated that nicousamide could significantly restore the expres-
sion of nephrin and podocin in glomerulus from diabetic rats, and kept the podocyte integrity, compared to weak
staining from DN model group. A. Nephrin and podocin staining with monoclonal antibodies and FITC-conjugated
second antibody. B. Bars show quantification of nephrin and podocin stained area. %: percentage of total glomerular
area. Data are means + SD. #P<0.05 vs. Normal; *P<0.05, **P<0.01 vs. DN model.
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Figure 5. Western blot results of nicousamide on protein expression of TGF-smad signaling pathway and RAGE. Com-
pared to DN model group, nicousamide treatment significantly decreased the protein level of TGFB1, p-TGFB RIl and
p-smad2, but no remarkable influence on total TGFB RII, total smad2 and RAGE. The figure includes representative
figures of western blot and quantification analysis of protein levels by Image J.

The current study also suggested that nicou-
samide did not influence the protein level of
RAGE in diabetic rats, although in vitro study
demonstrated that nicousamide could block
the AGE-stimulated down-stream pathway and
transduction cascades by previous study from
our laboratory [2] (Figure 5).

Nicousamide directly binds to hRAGE protein
in vitro by SPR assay but not to hTGFS RII

SPR has been widely used to measure the bind-
ing between mobile analytes and immobilized
biomolecules without the use of labels. The sig-
nals can be acquired qualitatively and quantita-
tively. It was previously reported that Biacore
3000 (GE Healthcare, USA) could be used to
provide kinetic data for the interactions be-
tween a compound and its target protein, which
prompts us to examine whether nicousamide
directly binds to TGFB RIl or RAGE.

We firstly analyzed whether different concen-
trations of nicousamide could adhere to immo-
bilized hRAGE, using SPR. For this experiment,
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different concentrations of nicousamide were
set to flow through CM5 chip surfaces coated
with  hRAGE-Fc. As shown in Figure 6, ni-
cousamide exhibited rapid attachment/reten-
tion to the chip and demonstrated effective
and rapid adhesion to RAGE in a dose-depen-
dent manner with KD=6.86 uM. These results
show that nicousamide have the ability to bind
to immobilized hRAGE and were washed away
by the flow shear force. However, when the
same condition was performed for hTGF(B Rl
we did not find significant binding evidence for
nicousamide with hTGFp RII.

Discussion

The current report suggests that nicousamide
possesses antiproteinuric properties, and this
antiproteinuric effect can be attributed to the
drug’s protection of kidney podocyte integrity to
some extent.

Proteinuria is a major health care problem that
affects several 100 million people worldwide. It
is a cardinal sign and a prognostic marker of

Am J Transl Res 2017;9(1):115-125



Nicousamide protects podocyte by inhibiting TGF3 RIl and RAGE

Interaction between nicouamide and hRAGE

-100 0 100 200 00 400
Time.

Response units

5
4.5
4 —0.1 pM
e
3 5.0 pM
2.5 —10.0 pM
2
LS KD=6.86uM
1
0.5 j
0

Injection  Stabilization ~ Dissociation

Interaction between nicouamide and hTGFBRII

50 0 50 100 150 0 20 30 30 400
Time

Response units

5
4.5

4 —0.1 pM

- —0.5 M
3.5 —1.0 pM

3 5.0 pM
25 —10.0 pM

2 KD>10uM
1.5

1
0.5 n

I N

>

Figure 6. The interaction between nicousamide and hTGF RIl or hRAGE by SPR assay. nicousamide exhibited rapid
attachment/retention to the chip and demonstrated effective and rapid adhesion to RAGE in a dose-dependent
manner with KD=6.86 uM, but no significant binding with hTGFp RIl. The adhesion curves represent similar results

from three independent experiments.

Kidney disease and also an independent risk
factor for cardiovascular morbidity and mortal-
ity [11]. Therefore, the reduction or prevention
of proteinuria is highly desirable. Although the
glomerular endothelium, GBM and podocytes
all contribute to the filtration barrier, the podo-
cytes seem to be the most critical part of the
filtration unit [12]. Pathogenic pathways acti-
vated in podocytes during proteinuria have
been identified, and these findings pinpoint the
podocyte as the most obvious candidate for
therapeutic intervention [9, 13].

Podocyte function of maintaining the filtration
barrier of glomerulus depend on nephrin, podo-
cin and CD2AP, which are demonstrated to be
involved in maintaining the structural integrity
of the slit diaphragms [14]. This present study
shows that nephrin, podocin, and CD2AP are all
down-regulated in diabetic nephropathy rats on
MRNA level, compared with normal rats, which
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suggests that the imbalance of nephrin, podo-
cin, and CD2AP expression will lead to a
dysregulated ultrafiltration of glomerulus. By
immunofluorescence, we also confirmed that
protein amount of nephrin and podocin in glom-
eruli from diabetic nephropathy rats is signifi-
cantly lower than normal rats. By drug interven-
tion, nicousamide could restore the imbalances
of the gene and protein expression of these key
proteins, thereby prevent the podocytes from
being injured.

Previous studies from our laboratory demon-
strated that nicousamide could inhibit the AGE
formationbysomeun-knownmechanisms[2].Be-
sides that, nicousamide also block the AGE
stimulated fi-brogenesis in HKC cells, which
means that nicousamide might has more inhibi-
tory effect on AGE-mediated pathogenesis.
Kidney is a target of for AGE-mediated damage
and also the main contributor to increasing the

Am J Transl Res 2017;9(1):115-125
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circulating AGE concentration via a decrease in
renal function, by the clearance of AGEs [15,
16]. The effect of AGEs can be classified as
receptor-independent and -dependent. Al-
though AGEs can directly cause dysfunction of
many functional proteins [17], AGE-RAGE sig-
naling pathway is another important pathway to
deteriorate progress of DN. In the human kid-
ney, RAGE protein is found in tubular epithelial
cells [18], mesangial cells [19], podocytes [20,
21] and within vascular and neural compart-
ments. In diabetes, RAGE expression is
increased at sites of macrovascular and micro-
vascular injury. This is supported by AGE and
RAGE colocalization in susceptible organs in
diabetes [22].

RAGE binding by AGEs or activates diverse sig-
nal transduction cascades including p2iras,
p38, pd4/pd2 (erkl/2, extracellular signal-
related kinase), and stress-activated protein
kinase/c-Jun N-terminal kinase mitogenactivat-
ed protein (MAP) kinases, the Janus kinase/
signal transducers and activators of transcrip-
tion pathway, and protein kinase C (PKC) path-
way. Signal transduction leads to downstream
consequences including generation of reactive
oxygen species (ROS) and activation of tran-
scription factors such as nuclear factor kappa
B (NF-kB) [23]. One important consequence of
NF-kB translocation is the up-regulation of
RAGE itself because the promoter region of
RAGE contains functional binding elements for
NF-kB [24]. AGE-RAGE induction of NF-kB or
other pathways contributes to the release of
proinflammatory cytokines, and the expression
of adhesion molecules and growth factors that
are implicated in the pathogenesis of diabetic
complications. These include TGFB1, vascular
endothelial growth factor, connective tissue
growth factor, interleukin- 13 and -6, insulin-
like growth factor-1, platelet-derived growth
factor, tumor necrosis factor (TNF)-«, and vas-
cular cell adhesion molecule (VCAM)-1 [23].

Based on these knowledge, RAGE inhibitors
might have beneficial effect on DN, especially
on podocytes, fortunately, several studies have
proved that. Severe renal pathologic changes
can be diminished by treating the diabetic ani-
mals with soluble RAGE [20] or a RAGE-specific
neutralizing antibody [25]. Besides that, genet-
ic manipulation of RAGE expression influences
the renal phenotype in the setting of diabetes.
For example, diabetic transgenic mice that
overexpress human RAGE have more advanced
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renal disease when compared with diabetic
wild-type mice. These changes included in-
creases in albuminuria and serum creatinine
levels, mesangial expansion, and advanced
glomerulosclerosis [26]. In our present study,
by SPR assay, we demonstrate that nicousamide
can bind hRAGE effectively, together with our
previous in vitro data, we postulate that ni-
cousamide not only inhibit the AGE formation
but also block AGE-RAGE signaling pathway.

Numerous studies have proved that TGFp-
smad signaling pathway is key mediator for glo-
merulosclerosis of DN, and also induce deple-
tion, apoptosis, hypertrophy and abnormalities
of podocyte foot processes, which ultimately
result in renal dysfunction [27, 28]. In vitro
study from our laboratory has proved that
nicousamide can inhibit the TGFB RIl phosphor-
ylation in human proximal tubule epithelial cell
line (HK2) stimulated by TGFB1 [3], and in vivo
study from the current study once again obtains
the same results. Nicousamide significantly
decrease TGFB RIl phosphorylation, and its
down-stream transmitter smad2 phosphoryla-
tion in animal kidney tissues. Although SPR
assay does not find that nicousamide can inter-
act with TGFB RII directly, the TGFB RIl in the
current research is not full-length protein, it
only covers catalytic domain region (sequence
from Thr 23-Asp 159) of TGFB RII, thus we can’t
exclude possibility that nicousamide can influ-
ence the non-catalytic region of TGF3 RIl. We
have tried to use the full-length TGFB RIl to
attach the CM5 chip, but big protein space size
limits its kinase activity in vitro, so we have to
use the catalytic sequence, that is one limita-
tion for this study.

In conclusion, nicousamide may have a protec-
tive effect on podocytes in DN animal model by
intervening both AGE-RAGE and TGFB-smad
signaling pathway, which is possible to be help-
ful for its undergoing stage Il clinical trial.
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