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Acupuncture attenuates renal interstitial
fibrosis via the TGF-f3/Smad pathway
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Abstract. Acupuncture is one of the most useful tools in
complimentary medicine, and has demonstrated potential
value for treating chronic renal failure (CRF). However, the
underlying mechanisms for its therapeutic effect remain
unknown. In the present study, the effects of acupuncture
on renal interstitial fibrosis (RIF) were explored in a rabbit
model of CRF. Rabbits were assigned to the following five
groups: sham, model, losartan potassium (Posi), acupuncture
(Acup) and acupuncture+inhibitor (Acup+Inhib) groups. The
CREF rabbits were administered a drug or/and acupuncture on
Shenshu, Mingmen and Pishu. The body weights, urine protein,
serum creatinine (SCr) and blood urea nitrogen (BUN) levels
of the rabbits were measured. Transforming growth factor 3
(TGF-p), integrin-linked kinase (ILK) and Smad3 expression
were detected by qRT-PCR. Tumor necrosis factor-a (TNF-a)
and endothelial nitric oxide synthase (eNOS) expression were
analyzed by western blot methods. The concentrations of
TGF-p, IL-8, TNF-a and IL-1f in blood serum were detected
using ELISA kits. In addition, pathological characteristics
of the rabbit tissues were evaluated by H&E and Masson's
trichrome staining methods, and TGF-f3 expression was
detected by immunohistochemistry (IHC) assays. Results
showing decreased body weights and increased urine protein,
SCr and BUN levels confirmed that the CRF model had been
successfully constructed. It was also found that acupuncture
significantly reduced the levels of TNF-a, Smad3, ILK and
TGF-p expression, dramatically decreased the concentrations
of TGF-f, IL-8, TNF-a and IL-1f in blood serum, and signifi-
cantly increased eNOS expression in the CRF model rabbits
by affecting the TGF-f3/Smad signaling pathway. In addition,
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it was demonstrated that acupuncture could relieve RIF by
affecting the TGF-f/Smad pathway. These observations
indicate that acupuncture may be useful for treating CRF, and
suggest the TGF-f/Smad pathway as a target for CRF therapy.

Introduction

Chronic kidney disease (CKD) has become one of the major
diseases that threatens public health worldwide, and causes an
enormous amount of suffering and economic expense (1). The
prevalence of CKD has reached epidemic proportions, as it
currently affects 10-13% of the populations in Taiwan, Japan,
China, Canada, India and the USA (2). More than 100 million
individuals rely on dialysis to survive worldwide, and this
number increases at a mean annual rate of 8% (3). Moreover,
increasing numbers of young people suffer from CKD, with
the youngest patient being <10 years of age (4). Therefore,
there is a critical and urgent need to reduce the frequency of
kidney injury and protect the kidneys from all types of kidney
disease.

Renal interstitial fibrosis (RIF) is a kidney disorder
characterized by dilated kidney tubules and interstitial
fibrosis (5). Studies have indicated that the degree of RIF
indicates the degree of kidney damage, which makes RIF an
important factor when establishing a prognosis for patients
with kidney diseases (6-8). RIF is also an important factor
for predicting CKD, which is currently increasing in preva-
lence (9,10). Therefore, to delay the development of CKD,
it is of great importance that we identify biomarkers for
CKD, and also explore methods for preventing and treating
RIF. The occurrence and development of RIF are influenced
by numerous factors, including renal tubular epithelial cell
apoptosis, inflammation, cytokines, oxidative stress, fibroblast
proliferation and activation, the production of vasoactive
substances, and an imbalance between extracellular matrix
synthesis and degradation (11-14). Due to the large number of
pathologic mechanisms for RIF, we speculate that additional
unknown mechanisms and biomarkers for RIF remain to be
discovered. Renal fibrogenesis is related to multiple cellular
events and molecular mediators (15). Among the fibrogenic
factors that regulate the renal fibrotic process, transforming
growth factor p (TGF-f) has long been considered as a
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central mediator of the fibrotic response (16). TGF-3 exerts its
biological effects mainly via its downstream Smad signaling
molecules (17,18). The TGF-f/Smad3 signal is transduced
by type I and type II serine/threonine kinase receptors
found in the cell membrane (19). TGF-f1 binds to its type II
receptor, and this complex then forms a dimer with the type I
receptor, resulting in phosphorylation and activation of the
type I receptor. The activated type I receptor phosphorylates
Smad2 and/or Smad3, which then heterodimerizes with
Smad4 and subsequently translocates into the nuclei, where it
regulates the transcription of TGF-f3-target genes (20). Some
adaptor proteins, including Smad anchor for receptor activa-
tion (SARA), disabled-2 (DAB2), ELF-spectrin and endofin
have been reported to facilitate TGF-p signaling by linking
Smad2/Smad3 to the receptor complex (21). However, the
pathogenic molecular mechanisms involved in RIF are poorly
understood.

Acupuncture is a traditional Chinese therapy with thou-
sands of years of history, and is now recognized and accepted
as a medical therapy worldwide (22). As a green complemen-
tary and alternative therapy, acupuncture has demonstrated
significant effects on many diseases, especially on func-
tional diseases (23-25). However, the mechanism by which
acupuncture exerts its effects remains elusive. This limits our
progress in understanding acupuncture and how to optimize
its clinical effects. Therefore, clarifying the mechanism by
which acupuncture affects RIF would be valuable for further
development in the field of acupuncture therapy.

In the present study a rabbit model of CRF was utilized
to explore the renal protective effect of acupuncture and the
underlying mechanism for that effect. Our results provide a
theoretical basis for the clinical use of acupuncture in treating
CKD.

Materials and methods

Animal preparation. A total of 30 6-month-old healthy male
adult New Zealand White rabbits (body weight, 1.8-2.2 kg)
were obtained from the Experimental Animal Center of
Yunnan College of Traditional Chinese Medicine. On arrival,
the rabbits were allowed to acclimatize to their new environ-
ment for one week before any procedure was performed. The
rabbits were fed separately, and had free access to 200 g of
food and water in an undisturbed and clean environment. The
animals were housed in a room that had a 12-h light/dark cycle,
and was maintained at a temperature of 18-24°C and a rela-
tive humidity ranging from 40 to 70%. All experiments were
performed in accordance with the recommendations provided
in Guidelines for the Care and Use of Laboratory Animals,
and the study protocol was approved by the Animal Research
Committee of Yunnan College of Traditional Chinese
Medicine (Cumming, China). Animals were anesthetized by
pentobarbital (i.v., 40 mg/kg) and sacrificed by exsanguination
(blood volume, ~85 ml each).

Chronic renal failure (CRF) model. The CRF model was
created by gavaging the rabbits with adenine for 3 weeks,
as previously described (26). Adenine (purity >98%; FW:
135.14) was purchased from Guangzhou Weijia Technology
Co., Ltd. (Guangzhou, China). New Zealand White rabbits
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(n=6) in the control group were gavaged with an equivalent
amount of distilled water (10 ml/kg/day) for 21 days. The other
New Zealand White rabbits (n=24) were used to construct
the CRF rabbit model. In brief, the rabbits were gavaged with
25% adenine (150 mg/kg/day) dissolved in normal saline for
21 consecutive days. After 21 days, their kidney function,
blood pressure and urinary protein levels were measured.

Renal function analysis. Serum creatinine (SCr) and blood urea
nitrogen (BUN) were detected with an IDEXX Catalyst One
Chemistry Analyzer (IDEXX Laboratories, Inc., Westbrook
ME, USA).

Experiments and acupuncture procedure. The CRF rabbits
were randomly assigned to a CRF model group (n=6), a
losartan potassium positive control group (Posi, CRF model
treated with losartan potassium; n=6), an acupuncture group
(Acup, CRF model administered acupuncture; n=6), or an
acupuncture+SB 431542 group (Acup+inhibitor, CRF model
administered acupuncture and SB 431542; n=6). Rabbits in the
CRF model group were fed a standard diet without drugs. CRF
rabbits in the Posi group were fed a standard diet and also
received 2.33 mg/kg/day of losartan potassium (100 mg/tablet,
produced by Hangzhou MSD Pharmaceutical Co., Ltd.,
Hangzhou, China) by gavage, once a day. CRF rabbits in the
acupuncture group were fed a standard diet and were stimu-
lated by acupuncture treatment (Shenshu, Mingmen and Pishu)
for 30 min, once a day. CRF rabbits in the Acup-+inhibitor
group were fed a standard diet and received SB 431542
(2.5 mg/kg/2 days; Tocris Bioscience, Bristol, UK) by intra-
peritoneal injection. Acupuncture was administered with a
sterilized acupuncture needle (diameter: 0.25 mm, length:
40 mm; TCM Supply Co., Ltd. Yokohama, Japan). During
acupuncture, sterilized acupuncture needles were gently
inserted to a depth of 5 mm below the surface of acupuncture
points at Shenshu, Mingmen and Pishu. The treatments were
continued for 36 days, and each animal's diet, urine volume,
mental state, hair color and weight were monitored.

Histopathological analysis. The samples obtained from all
groups were washed and then fixed in 4% paraformalde-
hyde (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
for 30 min. Next, the tissues were dehydrated in a gradient
alcohol series, treated in xylene, imbedded with paraffin, and
cut into 4-ym sections. For the hematoxylin and eosin (H&E)
staining assay, the sections were stained with hematoxylin for
5 min and then dehydrated with 70 and 90% ethanol; after
which, they were treated with eosin for 3 min. Each section
was then evaluated under a light microscope (CX41; Olympus
Corporation, Tokyo, Japan; magnification, x200). For Masson's
trichrome staining, the sections were stained with reagents in a
Masson's Trichrome Stain kit (Sigma-Aldrich; Merck KGaA)
according to the manufacturer's instructions. Masson staining
results were quantified using Image-Pro Plus (version 6.0;
Media Cybernetics, Inc., Rockville, MD, USA). Briefly, inte-
gral optical density of three areas-of-interest was assessed for
staining quantification.

Real-time quantitative PCR (gPCR) assay. TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
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USA) was used to extract total RNA from the tissue samples
of all groups as described in the manufacturer's instruc-
tions. RNA concentrations were determined by measuring
absorbance at 260/280 nm. cDNA was obtained by using a
First Strand cDNA Synthesis kit (Thermo Fisher Scientific,
Inc.). Specific genes were amplified by using SYBR-Green
PCR Master Mix (Takala Biotechnology, Co., Ltd., Dalian,
China) and an ABI 7500 Real-time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). B-actin served as
an endogenous housekeeping gene. Amplification data were
analyzed using the 2-22“method (27). The following primers
were used for amplification: TGF-p: 5'-CAAGTGGACATC
AACGGGA-3' (forward) and 5'-GCAGAAGTTGGCGTG
GTAG-3' (reverse); Smad3: 5-GAAGGATGAGGTTTGCGT
GA-3' (forward) and 5-GGATGGAATGGCTGTAGTCGT-3'
(reverse); ILK: 5"-TCACCCAACCCTCATTACG-3' (forward)
and 5'-TCATCAATCATTACACTACGGCTAT-3' (reverse);
B-actin: 5'-CCAGGTCATCACCATCGG-3' (forward) and
5'"TGTCCACGTCGCACTTCA-3' (reverse).

Western blot assays. The total proteins were extracted
from all groups of tissue samples by using a radio-immu-
noprecipitation assay (RIPA) buffer (Beyotime Institute
of Biotechnology, Shanghai, China). The concentration
of total protein in each sample was measured by using
a protein reagent (Bio-Rad Laboratories, Hercules, CA,
USA). Next, aliquots of total protein (30 pg per sample)
were separated by electrophoresis on 10% sodium dodecyl
sulfate-polyacrylamide gels, and the protein bands were
transferred onto polyvinylidene fluoride (PVDF) membranes
(cat. no. IPVH00010; Millipore, Burlington, MA, USA). The
membranes were then blocked with 5% non-fat dry milk for
1 h, and subsequently incubated overnight at 4°C with specific
primary antibodies. After being washed, the membranes
were incubated with a horseradish peroxidase-conjugated
secondary antibody (1:2,000, cat. no. ab97057; Abcam,
Cambridge, UK) at room temperature for 1.5 h. The immu-
noprecipitated proteins were detected by using an enhanced
chemiluminescence substrate kit that was included in an
enhanced chemiluminescence detection system (Amersham
Biosciences Inc., Piscataway, NJ, USA). The primary anti-
bodies were anti-TNF-a (dilution 1:1,000; cat. no. ab6671;
Abcam), anti-Smad3 (dilution 1:1,000; cat. no. ab84177;
Abcam), anti-ILK (dilution 1:1,000; cat. no. ab227154;
Abcam), anti-TGF-f (dilution 1:1,000; cat. no. ab92486;
Abcam), anti-eNOS (dilution 1:1,000; cat. no. ab76198;
Abcam) and anti-GAPDH (dilution 1:3,000, cat. no. ab9485;
Abcam).

Enzyme-linked immunosorbent assay (ELISA). Samples
of blood from the right common carotid artery of each
rabbit were collected into anticoagulant tubes and centri-
fuged. TGF-p, IL-8, TNF-a and IL-1p were measured
by using specific ELISA kits according to the manufac-
turer's instructions. The ELISA kits used in the present
study were for TGF-f (cat. no. CSB-E06900Rb; Cusabio,
Wuhan, China), IL-8 (cat. no. SB-E13942Rb; Cusabio),
TNF-a (cat. no. CSB-E06998Rb; Cusabio) and IL-1p
(cat. no. E-EL-RBO0385c; Elabscience Biotechnology Co., Ltd.,
‘Wuhan, China).
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Immunohistochemistry (IHC) assays. The tissues in all groups
were fixed in 4% formalin (cat. no. SF100-20; Thermo Fisher
Scientific, Inc.), embedded in paraffin, and cut into 4-um thick
sections. The sections were then deparaffinized, rehydrated
and treated with 10 mM citrate buffer for 5 min at 100°C; after
which, they were incubated with 10% fetal bovine serum (FBS)
for 2 h at 37°C. Next, the sections were incubated overnight
with anti-TGF-f (dilution 1:25; cat. no. ab92486; Abcam) at
4°C. After being washed with phosphate-buffered saline (PBS),
the sections were incubated with an anti-rabbit secondary anti-
body (cat. no. ab150077; Abcam) for 2 h at room temperature.
The immunostained tissues were then photographed under a
light microscope (CX41; Olympus Corporation).

Statistical analysis. Each experiment was repeated at least
3 times, and results represent the mean + standard deviation
(SD). Student's t-test was used in data analysis between two
groups. Statistical analyses of multiple groups were performed
using the one-way analysis of variance (ANOVA) followed
by post-hoc Tukey's test through IBM SPSS Statistics for
Windows (version 23.0 software; IBM Corp, Armonk, NY,
USA). P-values <0.05 were considered statistically significant.

Results

General condition of the experimental animals. In the present
study, no rabbit in any group died, and no abnormalities of
feeding or activity were observed among rabbits in the control
group. However, some rabbits in the other groups displayed
loss of appetite, lethargy, slowed mobility and weight loss.
Rabbits in the model group displayed the most significant
symptoms.

Comparison of renal function in the control and CRF model
groups. Our chronic renal failure (CRF) model was created
by gavaging rabbits with adenine for 3 weeks. In this study,
the base line body weights, urine protein, SCr and BUN levels
of all the rabbits were similar prior to establishment of the
CRF model. After treatment, there were no significant changes
in body weight, urine protein, SCr and BUN levels of rabbits
in the control group when compared with the pre-treatment
values. While the mean body weight in the model group after
treatment was significantly lower than that in the control
group (P<0.05; Fig. 1A), the urine protein levels in the model
group were significantly higher than those in the control group
(P<0.05; Fig. 1B). Furthermore, the SCr and BUN levels in the
model group were also significantly higher than those in the
control group (both P<0.05; Fig. 1C and D, respectively). These
findings indicated that the CRF model had been successfully
created.

Acupuncture attenuates kidney fibrogenesis and patho-
logical changes in the CRF model rabbits. To explore how
acupuncture affects RIF, H&E and Masson's trichrome
staining were performed to evaluate morphological features
of the renal tissues. As shown in Fig. 2A, the sizes of the
glomeruli in the model group were dramatically decreased,
and the glomeruli displayed features of patchy tubuloint-
erstitial injury, such as a fuzzy boundary. However, these
features were absent in the Posi control group, and both the
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Figure 1. Comparison of renal function in the control and CRF model groups. (A) Body weight, (B) urine protein, (C) SCr and (D) BUN were measured in the
control group and model group, respectively; "P<0.05 vs. control. SCr, serum creatinine; BUN, blood urea nitrogen.
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Figure 2. Acupuncture attenuates pathological characteristics and fibrogenesis in the kidney. The pathological characteristics of kidney tissues were examined
by (A) H&E and (B) Masson trichrome staining assays. Original magnification, x200; Severe fibrosis (blue color). “P<0.01 vs. Control, “P<0.05 vs. Model.
NS, not significant; H&E, hematoxylin and eosin. Groups: Ctrl, control group, Model, CRF model group; Posi ctrl, a losartan potassium positive control group;
Acup, CRF model administered acupuncture; Acup+Inhib, CRF model administered acupuncture and SB 431542.

losartan potassium and acupuncture groups had glomeruli
of significantly increased sizes. Acupuncture was able to
attenuate these symptoms. As shown in Fig. 2B, interstitial
fibrosis was observed more often in the model group than in
the control group, and the symptoms were attenuated in the
animals treated with losartan or acupuncture. Additionally,
we found that the fibrogenesis was even further attenuated
by TGF-f inhibitor (SB 431542) administration without
significant difference (Fig. 2B).

Acupuncture downregulates TNF-a, Smad3, ILK and TGF-f
expression, and upregulates eNOS in the CRF model via

the TGF-f/Smad pathway. To explore the mechanism by
which acupuncture affects RIF, New Zealand White rabbits
were assigned to a control group, a CRF model group, a
losartan potassium (Posi) group, an acupuncture (Acup)
group, and an acupuncture+SB 431542 (Acup+inhibitor)
group, respectively. As shown in Fig. 3A and B, the mRNA
(Fig. 3A) and proteins (Fig. 3B) expression levels of TNF-a,
Smad3, ILK and TGF-3 expression were significantly
upregulated in the model group when compared with the
control group; TNF-a, Smad3, ILK and TGF-f expression
levels were markedly downregulated in the Posi group and
Acup group when compared with the model group; TNF-a
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Figure 3. Acupuncture downregulates TNF-a, Smad3, ILK and TGF-f expression and upregulates eNOS in the CRF model via the TGF-f/Smad pathway.
(A) qRT-PCR assays were performed to measure the expression of mRNA for TGF-, ILK and Smad3 in all groups. "P<0.05, “P<0.01 vs. the control group;
#P<0.05 vs. the model group; *P<0.05 vs. the Acup group. (B) Western blot assays were used to analyze the levels of TNF-a, Smad3, ILK, TGF-$ and eNOS
protein expression in all groups. GAPDH served as an internal reference. (C) TGF-f3 expression was detected by an IHC assay. All H&E, Masson trichrome
and IHC assays (Original magnification, x200). Positive signal (blue color). TNF-a, tumor necrosis factor-a; ILK, integrin-linked kinase; TGF-f, transforming
growth factor B; eNOS, endothelial nitric oxide synthase; IHC, immunohistochemistry; H&E, hematoxylin and eosin. Groups: Ctrl or C, control group, Model
or M, CRF model group; Posi ctrl or P, a losartan potassium positive control group; Acup or A, CRF model administered acupuncture; Acup+Inhib or A+I,

CRF model administered acupuncture and SB 431542.

and Smad3 expression were significantly decreased in the
Acup+inhibitor group when compared with the Acup group
(P<0.05 or P<0.01), while the levels of ILK and TGF-f
expression did not significantly change. In addition, we also
found that eNOS expression was markedly downregulated
in the model group when compared with the control group;
eNOS expression was dramatically upregulated in the Posi
group and Acup group when compared with the model group;

and eNOS expression was significantly increased in the
Acup+inhibitor group when compared with the Acup group
(Fig. 3A and B).

TGF-f expression was detected by an IHC assay, and the
results showed that TGF-p3 was rarely found in the control
group, but was highly expressed in renal tissues (mainly in
injured tubulointerstitium and renal tubular epithelial cells).
It was also found that TGF-f expression was markedly
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Figure 4. Acupuncture decreases TGF-f3, IL-8, TNF-a and IL-1f expression in the CRF model via the TGF-/Smad pathway. The concentrations of (A) TGF-f,
(B) IL-8, (C) TNF-0 and (D) IL-1p in serum samples of the mice were measured by ELISA assays in all groups. “P<0.01 vs. the control group, “P<0.05 vs. the
model group, *P<0.05 vs. the Acup group. TGF-, transforming growth factor ; IL-8, interleukin 8; TNF-o, tumor necrosis factor-o; IL-1p, interleukin-1p;
CREF, chronic renal failure. Groups: Blank, control group, Model, CRF model group; Posi Ctrl, a losartan potassium positive control group; Acup, CRF model
administered acupuncture; Acup+Inhibitor, CRF model administered acupuncture and SB 431542.

reduced in the Posi and Acup groups relative to its expres-
sion in the model group. Furthermore, TGF-f§ expression
was also dramatically reduced in the Acup+inhibitor group
when compared with its expression in the Acup group
(Fig. 3C).

Acupuncture decreases TGF-{3, IL-8, TNF-o. and IL-1f3
expression in the CRF model rabbits via the TGF-/Smad
pathway. ELISA assays were performed to measure differ-
ences in TGF-f, IL-8, TNF-a and IL-1p concentrations in
blood serum. The results revealed that the concentrations
of TGF-p, IL-8, TNF-a and IL-1p in the model group were
significantly increased when compared with those in the
control group. Furthermore, the concentrations of TGF-f3,
IL-8, TNF-a and IL-1p in the Posi and Acup groups were
significantly decreased relative to those in the model
group. Finally, the concentrations of TGF-f, IL-8, TNF-a
and IL-1p in the Acup+inhibitor group were significantly
decreased relative to those in the Acup group (P<0.05 or
P<0.01; Fig. 4).

Discussion

Renal interstitial fibrosis (RIF) is the main pathological
change that occurs in various types of chronic kidney
disease (CKD) and inevitably progresses to end-stage renal
disease (ESRD) (28). The extent of RIF is correlated with the
progression of renal disease (29). Therefore, it is important
to alleviate any renal injury and its associated RIF. The

essence of renal insufficiency is the associated decrease in the
glomerular filtration rate (GFR) (30). SCr and BUN levels are
good indicators of GFR, and are widely used to evaluate renal
function (31). In this study, the rabbits in the model group
were gavaged with adenine for 3 weeks, and their body weight
was significantly decreased. Moreover, the urine protein, and
SCr and BUN levels in the model group were significantly
higher than those in the control group. Therefore, it was
demonstrated that the renal function of rabbits in the model
group had been damaged, and the CRF model had been
successfully constructed.

Acupuncture has been used as a complementary or alter-
native treatment for various diseases. However, to the best of
our knowledge, there have been few reports of clinical trials
that used acupuncture to treat CKD. Research has proven that
stimulation of Zusanli (ST36) by electro-acupuncture (EA) can
inhibit a reduction of endothelial nitric oxide synthase in the
blood, reduce renal artery pressure, and protect kidney func-
tion (32). Furthermore, EA exerts an anti-inflammatory effect
by reducing the levels of tumor necrosis factor-o (TNF-a) (33).
Research has shown that periorbital acupuncture reduced the
severity of a chemically induced renal injury in animals (34).
More importantly, acupoint massage acts as a non-invasive
technique that can boost energy levels, and improve an
individual's health and comfort. For example, fatigue can be
improved by massaging Yanglingchuan (GB34), Sanyinjiao
(SP6) and Zusanli (35); sleep disturbances can be treated
by Hand Shenmen (HT7) and Ear Shenmen (MATF]1) (36);
acupuncture or acupressure on Hegu (LI4) can relieve pain
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Figure 5. Schematic diagram of the present study. Acupuncture administration can block TGF-f signaling pathway, resulting in activated eNOS and inhibited
Smad3 and attenuated inflammatory factors. TGF-f, transforming growth factor §; eNOS, endothelial nitric oxide synthase.

and exert anti-inflammatory effects (37); acupuncture on
Taixi (KI3) can relieve renal disease, cognitive disorders and
impotence (38). In this study, CRF rabbits were stimulated by
acupuncture on Shenshu, Ming Men and Pishu, and also by
Zusanli acupoint and Guanyuan point; after which, the effect
on RIF was examined.

Itis generally known thatlosartan potassium, an angiotensin
IT (Ang II) receptor antagonist, can disrupt the angiotensin
system, and thereby reduce proteinuria and delay chronic renal
dysfunction (39). In this study, losartan potassium was used as
a positive control substance.

The development of RIF occurs in 4 phases: Modulation of
cytokine expression; inflammatory cell infiltration; cell prolif-
eration and epithelial-mesenchymal transition (EMT); and the
ectopic accumulation of extracellular matrix (ECM) (40-42).
During the development of RIF, EMT is defined as the process
by which renal epithelial cells and fibroblasts become altered
to form myofibroblasts (43). An abnormal accumulation of
ECM is the main cause of RIF (44). In addition, fibroblasts,
one of the main intrinsic cells in the renal interstitium, are
the main cells that secrete ECM during the development of
RIF (45,46). It has been demonstrated that the properties of
fibroblasts become altered during the progression of RIF;
these alterations include phenotypic changes, an abundant
expression of a-SMA, increased fibroblast proliferation, and

an accumulation of interstitial ECM components such as type
I collagen and fibronectin (46).

The TGF-p/Smad pathway plays a critical role in renal
fibrosis and also inflammation. Researchers have suggested
the TGF-B/Smad pathway as a potential therapeutic target for
treating chronic kidney diseases (47). TGF-[ plays a critical role
in the RIF process by promoting expression of key components
of the ECM (5,48). TGF-[3 can promote the synthesis of adhesive
proteins, collagen, and the proteoglycans found in extracellular
matrix; it can also attenuate the decrease in protease synthesis,
prevent decomposition of newly synthesized ECM, disrupt the
balance between ECM synthesis and degradation, and accel-
erate the development of RIF (48,49). TGF-f promotes fibrosis
mainly via a signal transmitted by the downstream Smad
family; related studies have shown that TGF-f3/Smad signaling
pathways play a key role in the pathogenesis of RIF (50,51).
In addition, TGF-f can activate the mitogen activated protein
kinase (MAPK) signal transduction pathway, which includes
c-Jun N-terminal kinase (JNK), extracellular signal-regulated
kinase (ERK), p38, and tumor necrosis factor-o (TNF-a) (52).

Integrins can interact with various cytoplasmic proteins
including integrin-linked kinase (ILK), which transmits
signals from the extracellular matrix to cells. ILK serves
as a scaffolding protein, and helps to regulate functions
involved in tissue regeneration, such as cell survival, actin
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cytoskeleton dynamics and cell migration (53). A previous
study demonstrated that ILK expression is required for TGF-
induction (54).

Endothelial nitric oxide synthase (eNOS) is a key enzyme
involved in NO synthesis, which helps to regulate vascular
physiology (55). Studies have confirmed that eNOS plays key
roles in cell proliferation and migration (56). Previous research
has shown that TGF-f partially regulates eNOS expression
by promoting the binding of a nuclear factor to the eNOS
promoter region (57). Another study revealed that TGF-3
regulates eNOS which can be explained by the direct inter-
action between the eNOS promoter region and Smad?2 (58).
Moreover, the inflammation process can also be mediated by
eNOS signaling (59).

In the present study, it was demonstrated that acupuncture
downregulated TNF-a, Smad3, ILK and TGF-f3 expression,
and upregulated eNOS expression in a CRF model by affecting
the TGF-B/Smad pathway. SB 431542, a TGF-f inhibitor
can block TGF-f and attenuate the release of inflammatory
factors (Fig. 5). In addition, it was also shown that acupuncture
decreased the levels of cytokines (IL-8, TNF-a and IL-1p) in
a CRF model via the TGF-f/Smad pathway, suggesting that
acupuncture can be used as an anti-inflammatory therapy.

In conclusion, a rabbit model of CRF was utilized to
demonstrate that acupuncture can regulate TGF-f-related
pathways such as TNF-a, Smad3, ILK and eNOS. Moreover,
acupuncture decreased the levels of inflammation-associ-
ated cytokines, and attenuated RIF via the TGF-/Smad
pathway. These findings suggest that acupuncture can
effectively reduce the typical kidney features of CRF, and
promote the recovery of renal function by inhibiting the
TGF-f/Smad pathway.
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