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Effects of a GSK-3f inhibitor on the renal expression
levels of RANK, RANKL and NF-kB in a rat
model of diabetic nephropathy
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Abstract. The present study aimed to investigate the effects
of glycogen synthase kinase-3f (GSK-3f) on the expres-
sion levels of receptor activator of nuclear factor (NF)-xB
(RANK), RANK ligand (RANKL) and NF-«xB in the renal
tissues of rats modeling diabetic nephropathy (DN). The rats
were allocated at random into three groups, as follows: Normal
control group (NC), the DN model group (DNM group) and
the DN model lithium chloride (LiCl) intervention group (DNI
group). Urinary proteins were examined by staining with the
Coomassie Brilliant Blue dye for 24 h. Histochemical analyses
of kidney tissue sections were conducted using hematoxylin
and eosin staining, after which the kidney pathology of the rats
was observed. In addition, the mRNA and protein expression
levels of GSK-3p, RANK, RANKL and NF-kB in the renal
tissues were detected using reverse transcription-quantitative
polymerase chain reaction and immunohistochemistry,
respectively. As compared with the NC group, the level of
urinary protein was significantly increased in the DNM group
(P<0.05); however, as compared with the DNM Group, the
level of urinary protein at 12 weeks was significantly decreased
in the DNT group (P<0.05). As compared with the NC group,
marked pathological changes were detected, and the mRNA
and protein expression levels of GSK-3p3, RANK, RANKL
and NF-xB were significantly increased, in the renal tissues
of the DNM group. Conversely, pathological alterations in
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the renal tissues were attenuated, and the mRNA and protein
expression levels of GSK-3p3, RANK, RANKL and NF-«B
were significantly decreased (P<0.05), in the DNI group, as
compared with the DNM group. The results of the present
study suggested that GSK-3p, RANK, RANKL and NF-«xB
may be crucially involved in the development of DN, and that
LiCI may effectively attenuate DN by reducing the expression
levels of GSK-3p3, RANK, RANKL and NF-xB.

Introduction

The incidence of diabetes mellitus (DM) has increased year
upon year. Diabetic nephropathy (DN) is the most common
serious microvascular complication associated with DM,
and is the predominant cause of end-stage renal disease and
mortality (1,2). However, the underlying pathogenesis of DN
is complex (3,4), and has yet to be fully elucidated, although
previous studies have associated genetic factors, glucose
metabolism, hemodynamic alterations, oxidative stress and
cell and inflammatory factors with its occurrence and develop-
ment (5,6). DN has been shown to be a type of inflammatory
process, and thus various anti-inflammatory therapies have been
used for its treatment (7). In a previous study, glycogen synthase
kinase-33 (GSK-3p) exerted regulatory effects on inflammation
via the tumor necrosis factor-a-induced nuclear factor (NF)-xB
signaling pathway (8); thus suggesting that the NF-«B signaling
pathway may be involved in DN. Previous studies reported that
the receptor activator of NF-xB (RANK) and its ligand (RANKL)
have a key role in the differentiation, development and matura-
tion of osteoclast cells (9-11). In addition, RANK and RANKL
have been implicated in the pathogenesis of various diseases,
including autoimmune thyroiditis, Crohn's disease and rheu-
matoid arthritis (12,13). Previous studies have reported that
rat models of glomerulosclerosis with 5/6 nephrectomy and
podocyte injury caused by puromycin amino exhibited elevated
expression levels of RANK and RANKL (14,15). However, to
the best of our knowledge, the underlying mechanism by which
GSK-3f3 may regulate the NF-xB signaling pathway in DN has
yet to be investigated. The characteristic lesions of DN have
also been associated with podocyte injury (16). Therefore, the
present study aimed to investigate the effects and associations of
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GSK-3p, RANK, RANKL and NF-xB in a rat model of DN. In
addition, lithium chloride (LiCl) treatment was used to inhibit
GSK-3p, and alterations in the mRNA and protein expression
levels of RANK, RANKL and NF-xB were detected in the
renal tissues of the rats, in order to devise novel strategies for
the treatment of DN.

Materials and methods

Establishment of an animal model of DN and grouping. A
total of 24 healthy Sprague-Dawley rats (age, 8 weeks; weight,
200-250 g), including 12 female and 12 male rats, from the
Laboratory Animal Center at the Guizhou Medical University
(Guiyang, China), were fed a normal diet for 2 weeks, after
which tail vein blood glucose concentrations were measured. A
total of 8 rats were randomly selected to form the normal control
(NC) group. Diabetes was induced in the remaining 16 rats by
intraperitoneal injection with 55 mg/kg streptozotocin solution
(Sigma-Aldrich, St. Louis, MO, USA) following fasting. The
rats in the NC group were injected with an identical volume
of solvent (citric acid-sodium citrate buffer). Venous blood was
collected after 72 h, and a glucose concentration of >16.7 mmol/l
was as an indicator of diabetes (17). The two groups were fed
for 10 weeks, during which the rats were weighed and the blood
glucose levels were measured weekly. After 10 weeks, the rats
were fasted, receiving only water, for 24 h. Next the rats under-
went measurement of urine protein concentration; a protein
concentration of =30 mg or >10-times that of the NC group
was considered to indicate DN in the diabetic rats (18). The
16 rats in the successfully established DN group were randomly
divided into the DN model (DNM) group and the DN model
lithium chloride (LiCl) intervention (DNI) group (n=8 rats
per group). The DNI group was injected with 15 mg/kg LiCl
(Sigma-Aldrich) for 10 days, whereas the DNM and NC groups
received an equal volume of saline. At 1 day prior to sacrifice,
the urine samples were collected over 24 h, after which the rats
were anaesthetized by abdominal injection with 0.2% propofol
in medium- and long-chain triglyceride emulsion (1 ml/100 g
body weight; Guangdong Jiabo Pharmaceutical Co., Ltd.,
Guangzhou, China), followed by sacrifice by cervical disloca-
tion on day 12. The rat kidneys were harvested, fixed with 10%
neutral buffered formalin, embedded in paraffin and cut into
3-pum sections, in order to conduct hematoxylin and eosin (HE)
staining (Fuzhou Maixin Biotechnology Development Co.,
Ltd., Fuzhou, China) and immunohistochemical analyses. The
present study was conducted in accordance with the recom-
mendations outlined in the Guide for the Care and Use of
Laboratory Animals (National Institutes of Health, Bethesda,
MA, USA). The animal use protocol was reviewed and
approved by the Institutional Animal Care and Use Committee
of the Guizhou Province, China.

Detection of general index. The concentration of urinary
protein was determined by Coomassie Blue staining (Sangon
Biotech Co., Ltd., Shanghai, China) and the blood glucose was
measured using a glucose meter (MHY-26413; Beijing Meihua
Instrument Technology Co., Ltd., Beijing, China).

Samples of renal tissues. All rats were anaesthetized by
abdominal injection with 0.2% propofol in medium- and
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long-chain triglyceride emulsion, prior to sacrifice by cervical
dislocation. Subsequently, the kidneys were harvested, the
renal capsule was removed, and the kidneys were flushed with
saline, fixed and preserved at 4°C for HE staining and immu-
nohistochemical analyses. The left kidney was stored in an ice
box maintained at -80°C prior to reverse transcription-quanti-
tative polymerase chain reaction (RT-qPCR).

HE staining. Paraffin-embedded 3-ym kidney sections were
baked at 55°C in the oven for 10 min, dewaxed, and immersed
in xylene for 10 min. After removing the xylene, the kidney
sections were washed with water and incubated with 1% hema-
toxylin solution for 5 min. Subsequently, the tissue sections
were washed with tap water and 1% hydrochloric acid, followed
by incubation with 0.5% eosin stain for 2 min. After rinsing
with tap water, the kidney sections were placed in double
distilled water, dehydrated and mounted with neutral glue.
Alterations in the morphologies of the glomerulus, tubules and
interstitium of the renal tissues of the rats were observed in
the Q550CW Image Acquisition and Analysis System (Leica
Microsystems, GmbH, Wetzlar, Germany).

Immunohistochemistry. Paraffin-embedded kidney sections
were baked and dehydrated, followed by washing with
phosphate-buffered saline (PBS; Sangon Biotech Co.,
Ltd.). The sections were repaired for 10 min using 0.01M
citrate repair solution (pH 6.0), cooled to room tempera-
ture, and washed with PBS. Following incubation with 3%
hydrogen peroxide for 20 min at room temperature, the
kidney sections were incubated with the following primary
antibodies: Rabbit anti-rat GSK-34 (1:100; BV4582-100),
NF-«B (1:200; BV8453-002), RANK (1:200; BV6545-221)
and RANKL (1:200; BV9023-300) polyclonal antibodies (all
BioVision, Inc., Milpitas, CA, USA), overnight at 4°C. On
the following day, the kidney sections were incubated with
peroxidase-conjugated secondary antibodies at 20-37°C for
60 min. The antibody complexes were visualized by staining
with diaminobenzidine (Sigma-Aldrich), after washing with
PBS. The reaction was quenched using distilled water, after
which the kidney sections were counterstained with hema-
toxylin for 2 min and differentiated by alcohol hydrochloride
(Sigma-Aldrich). The sections were dehydrated conventionally
using alcohol (Sigma-Aldrich), made transparent with xylene
(Sigma-Aldrich) and mounted using neutral gum (Fuzhou
Maixin Biotechnology Development Co., Ltd.). Finally, the
sections were examined under a DVM6 optical microscope
(Leica Microsystems, GmbH).

Analysis of immunohistochemical results. The immu-
nohistochemical results were analyzed using the
PHMIAS2008CSVER3.0 Automatic Image Analysis system
(Phenix Optical (Guangdong), Co., Ltd., Zhongshan, China).
Eight image fields were randomly selected in each tissue
section under an optical microscope, after which grayscale
images were captured and the tubular/spherical positive
immunohistochemical staining was observed. The relative
protein expression levels were calculated and analyzed using
the BIOMIAS-2001 High-Resolution Image Analysis system
(Institute of Image and Graphics, Sichuan University, Chengdu,
China). Five non-overlapping fields (magnification, x400) were
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Figure 1 Body weight, blood glucose concentration and urinary albumin levels of the rats in the NC, DNM and DNI groups. Alterations in (A) body weight,
(B) blood glucose concentrations, and (C) urinary albumin levels. Data are presented as the mean + standard error of the mean. "P<0.05 vs. the NC group;
AP<0.05 vs. the DNM group. NC, normal control group; DNM, diabetic nephropathy (DN) model group; DNI, DN model lithium chloride intervention group.

Figure 2. Renal cells of rats in the normal control (NC), diabetic nephropathy (DN) model (DNM) and DN model lithium chloride intervention (DNI) groups.
(A) NC group (magnification, x200); (B) NC group (magnification, x400); (C) DNM group (magnification, x200); (D) DNM group (magnification, x400);
(E) DNI group (magnification, x200); (F) DNI group (magnification, x400). (A and B) In the NC group, the structure of glomerular appeared normal, the size
was uniform, there was no evidence of hypertrophy of endothelial cells, mesangial cells or the glomerular cell wall, the mesangial matrix appeared normal in
size and the morphology of the tubules was normal. (C and D) In the DNM group, glomerular hypertrophy was detected, the mesangial matrix was increased
in size, the basement membrane was thickened, edema of the epithelial cells of the renal tubules was detected, and the lumen appeared narrowed or occluded.
(E and F) In the DNI group, the cells of the mesangial had proliferated, the mesangial matrix was only slightly increased, the basement membrane was

thickened only mildly, and edema of tubular epithelial cells was abated.

randomly selected in each section for the determination of
integrated optical density (IOD) values for GSK-3f, NF-kB,
RANK and RANKL. The IOD value was used to represent
the expression intensity, where the larger IOD value reflected
upregulated expression.

RT-qPCR. Total RNA was extracted from the kidney sections
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and was treated with RNase-free
DNase (Promega Corporation, Madison, WI, USA). The
concentration of RNA was quantified using the Nano-200
Nucleic Acid analyzer (Hangzhou Allsheng Instruments Co.,
Ltd., Hangzhou, China). The reverse transcription reaction
with 13 ul total RNA was performed using the PrimeScript
First Strand cDNA Synthesis kit (Takara Biotechnology Co.,
Ltd., Dalian, China), according to the manufacturer's protocol.

PCR was conducted using the CFX96 Touch Real-Time PCR
Detection System (Bio-Rad Laboratories, Inc., Hercules, CA,
USA), with a reaction mixture consisting of 5 #1 SYBR Green 1
dye (Thermo Fisher Scientific Inc.), 7.5 ul 2X Premix Ex Taq
(Sangon Biotech Co., Ltd.),0.25 ul forward and reverse primer,
3 ul cDNA (5 ng/ul) and 4 ul dH,O (Sangon Biotech Co., Ltd.).
The primers used in the were as follows: GSK-3f3 forward,
5'-GCTTCAACCCCTTCAAATGC-3' and reverse, 5'-GAC
GCAGAAGCGGTGTTATTG-3'; RANK forward, 5-TTA
AGCCAGTGCTTCACGGG-3' and reverse, ACGTAGACC
ACGATGATGTCGC-3'; RANKL forward, 5'-GCTCACCTC
ACCATCAATGCT-3' and reverse, 5'-GGTACCAAGAGG
ACAGACTGACTTTA-3'"; NF-xB forward, 5-ATAGAAGAG
CAGCGTGGGGACT-3' and reverse, 5'-GGATGACGTAAA
GGGATAGGGC-3'; and pB-actin forward, 5'-GGAGATTAC
TGCCCTGGCTCCTA-3', and reverse, 5'-GACTCATCGTAC
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Figure 3. Immunohistochemical analysis of glycogen synthase kinase-3f3 in the renal tissues of rats in the (A) normal control (NC) group (magnification, x200),
(B) NC group (magnification, x400), (C) diabetes nephropathy model (DNM) group (magnification, x200), (D) DNM group (magnification, x400), (E) diabetic
nephropathy group treated with lithium chloride (DNI) group (magnification, x200) and (F) DNI group (magnification, x400).

TCCTGCTTGCTG-3' (Generay Biotech, Co., Ltd., Shanghai,
China). The PCR cycling conditions were as follows: 95°C for
15 min, followed by 40 cycles of 95°C for 15 sec, 93°C for
30 sec and 55°C for 40 sec, and a final extension step at 72°C
for 5 min.

Analysis of RT-qPCR results. The StepOnePlus Real-Time
PCR system (Thermo Fisher Scientific, Inc.) was used to
amplify the fluorescence signal from each cycle, which was
analyzed using the Applied Biosystems Sequence Detection
Systems software, version 14.0 (Thermo Fisher Scientific,
Inc.). The quantification cycle (CQ) and relative quantifica-
tion (RQ) values were analyzed as follows: RQ=2-CQ. The
mRNA expression levels of GSK-3p, RANK, RANKL, and
NF-xB, relative to B-actin, were calculated using the 244
method (19).

Statistical analysis. Data are presented as the mean + standard
error of the mean of =3 independent experiments. Statistical
analyses were conducted using Microsoft Excel with unpaired
Student's t-test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

General data. Prior to the establishment of the DN model, all
rats received standard diets, and had normal faeces and urine.
All rats had clean fur, and there was no significant difference
in the body weight of the rats between the groups (P>0.05;
Fig. 1A). After modeling, the rats exhibited varying degrees
of polyuria, polydipsia, polyphagia, weight loss and reduced
movement. In addition, the fur of the rats in the DNM and DNI
groups was messy and dull in appearance. At 4 and 10 weeks
post-modeling, the body weights of the rats in the DNM and
DNI groups were significantly reduced, as compared with the
body weights of the rats in the NC group (P<0.05; Fig. 1A).
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Figure 4. Protein expression levels of GSK-33, RANK, RANKL and NF-xB
in the renal cells of rats in the NC, DNM and DNI groups. Data are presented
as the mean + standard error of the mean. "P<0.05 vs. the NC group; “P<0.05
vs. the DNM group. GSK-3p, glycogen synthase kinase-33; RANK, receptor
activator of nuclear factor (NF)-kB; RANKL, RANK ligand; NC, normal
control group; DNM, diabetic nephropathy model group; DNI, diabetic
nephropathy model group treated with GSK-3 inhibitor group.

At 12 weeks, the body weights of the rats in the DNM and
DNI groups were significantly lower, as compared with the
NC group (P<0.05; Fig. 1A); however, the body weights of the
rats in the DNI group were significantly higher, as compared
with the DNM group (P<0.05; Fig. 1A). The indices of blood
glucose and urine protein concentrations in the DNM and
DNI groups were significantly higher, as compared with those
of the NC group (P<0.05; Fig. 1B and C); however, treatment
with LiCl was able to significantly reduce the blood glucose
and urine protein concentrations in the DNI rats, as compared
with the DNM group (P<0.05; Fig. 1B and C). These results
suggested that the rat model of DN had been successfully
established, and that LiCl treatment was able to mitigate the
DN in rats.

HE staining. In the NC group, the sizes of the glomeruli
appeared uniform, cell proliferation was not detected, the
capillary basement membrane was uniform and thin, the
mesangium appeared narrow and the cavity of the capillary
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Figure 5. Immunohistochemical analysis of receptor activator of nuclear factor-kB protein expression levels in the renal cells of rats in the (A) normal control
group, (B) diabetic nephropathy model group and (C) diabetic nephropathy group treated with lithium chloride group (magnification, x400).

Figure 6. Immunohistochemical analysis of receptor activator of nuclear factor-kB ligand protein expression levels in the renal cells of rats in the (A) normal
control group, (B) diabetic nephropathy group, and (C) diabetic nephropathy group treated with lithium chloride group (magnification, x400).

Figure 7. Immunohistochemical analysis of nuclear factor-kB in the renal tissues of rats in the (A) normal control group, (B) diabetic nephropathy group, and
(C) diabetic nephropathy group treated with lithium chloride group (magnification, x400).

was open (Fig. 2A and B). Furthermore, the epithelial cells
of the renal tubules were intact, the basement membrane was
thin, the peritubular capillaries exhibited no fibrosis and there
was no obvious interstitial edema (Fig. 2A and B). Conversely,
in the DNM group, the rats exhibited glomerular hypertrophy,
the mesangial matrix was increased in size, the capillary
basement membrane was thickened and luminal occlusion
and renal arteriosclerosis was detected (Fig. 2C and D). In
addition, the tubular basement membrane appeared thickened,
and stenosis and occlusion, interstitial edema and fibrosis were
detected (Fig. 2C and D). In the DNI group, the volume of the
glomeruli was slightly increased, and the capillary basement
membrane was only marginally thickened, as compared with
the DNM group (Fig. 2E and F). In addition, the mesangial
matrix was only slightly thickened, the degree of degeneration
of tubular epithelial cells was improved, and luminal narrowing
was not obvious, as compared with the DNM group (Fig. 2C
and D).

Immunohistochemistry. The sites that stained positively for
GSK-3p were predominantly in the cytoplasm of renal tubular
epithelial cells, although its expression was also detected in the
glomeruli. The protein expression levels of GSK-33 were mark-
edly increased in the renal tubular epithelial cells of the DNM
group, as compared with the NC group (Fig. 3), and this differ-
ence was shown to be significant (P<0.05; Fig. 4). Conversely,
the expression levels of GSK-3 were markedly decreased in
the DNI group, as compared with the DNM group (Fig. 3), and
this difference was shown to be significant (P<0.05; Fig. 4).
These results suggested that LiCl may attenuate DN-induced
increases in the expression levels of GSK-3(.

Positive sites of RANK protein expression were detected
in the glomeruli and certain tubules. The protein expression
levels of RANK were markedly increased in the DNM group,
as compared with the NC group (Fig. 5), and this difference
was shown to be significant (P<0.05; Fig. 4). However, the
protein expression levels of RANK were markedly decreased
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Figure 8. mRNA expression levels of GSK-3, RANK, RANKL and NF-xB
in the renal tissues of rats in the NC, DNM and DNI groups. Data are pre-
sented as the mean + standard error of the mean. "P<0.05 vs. the NC group;
AP<0.05 vs. the DNM group. GSK-3p, glycogen synthase kinase-3f; RANK,
receptor activator of nuclear factor (NF)-kB; RANKL, RANK ligand; NC,
normal control group; DNM, diabetic nephropathy model group; DNI, dia-
betic nephropathy model group treated with GSK-3f inhibitor group.

in the DNI group, as compared with the DNM group (Fig. 5),
and this difference was shown to be significant (P<0.05;
Fig. 4).

The RANKL protein was detected in the tubules and
glomeruli, and appeared as yellow granules. The protein
expression levels of RANKL were markedly increased in the
DNM group, as compared with the NC group (Fig. 6), and
this difference was shown to be significant (P<0.05; Fig. 4).
Conversely, the protein expression levels of RANKL were
markedly decreased in the DNI group, as compared with the
DNM group (Fig. 6), and this difference was shown to be
significant (P<0.05; Fig. 4).

Positive sites of NF-kB occurred predominantly in the
cytoplasm and nucleus of the renal tubules. In the NC group,
low levels of NF-«kB protein expression were detected in the
cytoplasm of tubular epithelial cells only, whereas, in the
DNM group, high levels of NF-xB were detected in the cyto-
plasm and low levels were detected in the nucleus (Fig. 7). As
compared with the same period in the NC group, the protein
expression levels of NF-kB were significantly increased in the
DNM group (P<0.05; Fig. 4). Conversely, the protein expres-
sion levels of NF-kB were markedly decreased in the DNI
group, as compared with the DNM group (Fig. 7), and this
difference was shown to be significant (P<0.05; Fig. 4).

RT-qPCR. The mRNA expression levels of GSK-3f in the
renal tissue sections from the DNM rats were significantly
increased, as compared with the NC rats (P<0.05; Fig. 8),
whereas the mRNA expression levels of GSK-3f in the DNI
rats were significantly reduced, as compared with the DNM
rats (P<0.05; Fig. 8).

The mRNA expression levels of RANK in the renal tissue
sections from the DNM and DNI groups were significantly
increased, as compared with the NC rats (P<0.05; Fig. 8).
However, the mRNA expression levels of RANK were signifi-
cantly lower in the DNI group, as compared with the DNM
group (P<0.05; Fig. 8).

The mRNA expression levels of RANKL in the renal
tissue sections from the DNM and DNI groups were signifi-
cantly higher, as compared with the NC group (P<0.05; Fig. 8).
However, the mRNA expression levels of RANKL were
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significantly lower in the DNI group, as compared with the
DNM group (P<0.05; Fig. 8).

The mRNA expression levels of NF-«B in the renal tissue
sections from the DNM and DNI groups were significantly
higher, as compared with the NC group (P<0.05; Fig. 8).
However, the mRNA expression levels of NF-«kB in the DNI
group were significantly lower, as compared with the DNM
group (P<0.05; Fig. 8).

Discussion

DN is a common complication of DM, and a key cause of
disability and mortality in patients with DM. The pathogenesis
underlying DN is currently unclear, although previous studies
have reported multifactorial results, including a disorder of
glucose metabolism (20), hemodynamic alterations (21) and
inflammatory cytokines (22). GSK-3f is a serine/threonine
kinase, which has a variety of functions and exists in all
eukaryotic cells (23). Previous studies have demonstrated
that, in addition to catalyzing the phosphorylation of glycogen
synthase, GSK-3f is involved in signaling pathways, including
the insulin (24), Wnt/B-catenin (25), Hedgehog (26) and
Notch (27) pathways. GSK-3p has also been shown to have a
regulatory role in cell differentiation, metabolism, apoptosis
and inflammation (28). A positive regulatory role for GSK-3f
was initially detected in fibroblasts (29). Subsequently, it was
demonstrated that inhibiting the activity of GSK-3[3 reduced the
transcriptional activity of NF-xB target genes and the expres-
sion of its target proteins (30). NF-kB is a transcription factor
that is expressed by a variety of cells and has been shown to
have numerous regulatory roles (31). In the resting state, NF-xB
is held in an inactive form in the cytoplasm by its inhibitor IkB;
however, when a cell encounters one of various stimulators,
including oxygen free radicals, cytokines and viruses, IkB is
rapidly degraded, NF-«kB and IxB dissociate and NF-kB enters
the nucleus and binds to specific sequences, in order to regulate
the expression of target genes (32).

In a previous study, stimulation of RANKL was associ-
ated with activation of the NF-«xB signaling pathway (33). The
signal from RANKL is transduced to TNF receptor-associated
factor 6 (TRAF6) via RANK, after which TRAF6 may acti-
vate NF-kB via the NF-kB-inducible kinase and the NF-xB
inducing kinase agent (34,35). In previous studies, RANK
expression has not only been in detected in lymphocytes, but
also in the precursor cells of osteoclasts, mature osteoclasts
and myofibroblasts (35-38).

Inhibitors of GSK-3p have previously been shown to regu-
late glucose metabolism, the epithelial-mesenchymal transition
and insulin resistance, thereby preventing the occurrence of
DN (39). Furthermore, previous studies have reported that
GSK-3p inhibitors may inhibit the phosphorylation of the p65
carboxy-terminal, thereby inhibiting the activation of NF-kB
and reducing the transcription of the ICAM-1 gene (40,41).
As an inhibitor of GSK-3p, LiCl is commonly used for the
treatment of mania and various other diseases and its target
enzymes include GSK-3f and inositol phosphatase. A previous
study demonstrated in vitro and in vivo that GSK-3f regulated
the production of various inflammatory mediators by the
action of its downstream substrates, including NF-xB and
cAMP response element-binding protein, thereby balancing
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pro- and anti-inflammatory responses (42). Therefore, inhibi-
tion of GSK-3p may serve a crucial function in the regulation
of inflammation (43). Since inflammation is a key factor under-
lying the pathogenesis of DN (44-46), GSK-3f inhibition may
be considered a promising therapeutic target.

The present study aimed to investigate the pathogenesis of
DN by detecting the mRNA and protein expression levels of
RANK, RANKL and NF-«B in renal tissues from a rat model
of DN, as well as analyzing whether treatment of the rats with
a GSK-3p inhibitor exerted regulatory effects on the expres-
sion levels of RANK, RANKL and NF-xB. The results of the
present study suggested that the expression levels of RANK,
RANKL and NF-xB were significantly increased in the DNM
group, as compared with the NC group; thus suggesting that
these proteins may be involved in the development of DN. In
addition, LiCl treatment was able to significantly attenuate
the DN-induced increase in the mRNA and protein expres-
sion levels of RANK, RANKL and NF-«xB. Furthermore, the
urine protein concentrations were significantly decreased in
the DNI group at 24 h, as compared with the DNM group,
and HE staining demonstrated that DN-induced pathological
alterations in the renal tissues of the rats were alleviated in the
DNI group.

In conclusion, the present study demonstrated that RANK,
RANKL and NF-xB were involved in the development of
DN, and that LiCl was able to reduce the expression levels of
RANK, RANKL and NF-«xB by inhibiting GSK-3f. In addi-
tion, LiCl treatment attenuated inflammation and endothelial
cell apoptosis, which in turn may have delayed the develop-
ment of DN. These results suggested that GSK-3 may be
considered a potential target of cytokines for the treatment
of DN.
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