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Abstract: Jianpi Qinghua decoction (JPQH), a modified formulation of a classic Chinese prescription named Seng-
yang decoction, was clinically used to reverse kidney fibrosis in chronic renal failure. The present study was de-
signed to examine whether JPQH has a protective effect on the renal function associated with phosphorylated
nuclear factor-kB (p-NF-kB), tumour necrosis factor-o (TNF-a), interleukin-6 (IL-6), intercellular adhesion molecular-1
(ICAM-1), interleukin-17a (IL-17a), and T helper cells 17 (Th17) in a rat model of adriamycin-induced focal segmental
glomerulosclerosis (FSGS). Rat models of FSGS nephropathy were established by left nephrectomy and intravenous
injection of adriamycin (ADR). Rats were then treated with JPQH. The levels of serum creatinine (Scr), blood urea
nitrogen (BUN), and 24-hour urine protein quantity (24-HUPQ) were measured. The renal expressions of p-NF-kB,
TNF-a, IL-6, ICAM-1, IL-17a, and Th17 were detected. JPQH significantly decreased the levels of Scr, BUN, 24-HUPQ,
Th17, IL-17a mRNA, p-NF-kBp65, TNF-¢, IL-6, and ICAM-1 compared to the control group (P < 0.01). JPQH signifi-
cantly attenuated renal damage. These results suggest that JPQH can protect renal function and may be a promising
agent for treating FSGS.
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Introduction

Focal segmental glomerulosclerosis (FSGS) is a
major cause of idiopathic nephrotic syndrome
and end-stage kidney disease. Elevated cyto-
kine levels and an inappropriate balance of
CD4* T-cells in peripheral blood point toward an
immune-mediated injury [1-3]. Some traditional
Chinese herbal formulations, including Jianpi
Qinghua (JPQH) decoctions or monographs
documented in the ancient Chinese Pharma-
copoeia have been used in the treatment of
chronic renal failure (CRF), especially in the
early or middle stages of chronic kidney dis-
ease (CKD) [4-7].

JPQH is composed of radix codonopsis
(Dangsen), radix astragali (Huangqi), fructus
tsaoko (Caoguo), rhizoma atractylodis lanceae
(Cangzhu), rhizoma coptidis (Huanglian), and
radix et rhizoma rhei palmati (Dahuang). This
decoction originated from Piwei Lun of
Dongyuan Li. Compared to JPQH, Sengyang
decoction uses radix ginseng and radix scutel-

lariae baicalensis instead of radix codonopsis
and radix et rhizoma rhei palmate, respectively.
Sengyang decoction also contains radix bu-
pleuri chinensis, radix glycyrrhizae preparata
Chinensis, incised notopterygium rhizome and
root, rhizoma cimicifugae foetidae but does not
contain fructus tsaoko. Recent clinical studies
have demonstrated that treatment with JPQH
decoctions can significantly improve renal func-
tion, ameliorate proteinuria, and has anti-fibrot-
ic property in patients with CKD [6, 8]. To fur-
ther investigate the therapeutic effects and the
underlying renoprotective mechanism of JPQH
in reversing immune disorders, we established
a rat model of FSGS by left kidney nephrectomy
and tail vein injection of adriamycin (ADR).

Materials and methods
Animals

Sprague Dawley rats weighing 200 + 20 g
(BiKai, Shanghai, China), were used in the study.
All the rats were individually housed in stainless
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steel wire-mesh cages and fed ad libitum with
standard solid chow (BiKai Animal Lab.
Company, Shanghai, China) containing 24.5%
protein. Room temperature and humidity condi-
tions were maintained at 24 + 1°C and 45 +
15%, respectively. All the procedures were con-
ducted in strict accordance with the People’s
Republic of China legislation on the use and
care of laboratory animals, and the guidelines
established by the Institute for Experimental
Animals of Shanghai University of Traditional
Chinese Medicine. All procedures were also
approved by the University Committee for ani-
mal experiments.

Preparation of JPQH decoctions

JPQH is composed of 15 g of radix codonopsis
(from the province of Shanxi), 15 g of radix
astragali (from the province of Neimenggu), 6 g
of fructus tsaoko (from the province of Yunnan),
10 g of rhizoma atractylodis lanceae (from the
province of Neimenggu), 3 g of rhizoma coptidis
(from the province of Sichuan), 9 g of and radix
et rhizoma rhei palmati (from the province of
Gansu). All the herbal drugs were purchased
from Shanghai Huayu Pharmaceutical Co., and
identified by authority. The air-dried herbs were
powdered and extracted with hot water for 3 h.
The extract was concentrated, precipitated four
times with alcohol, and the solvent was allowed
to evaporate completely. Finally, the precipitate
was dissolved in hot water and cooled prior to
being administered to the rats. The final yield of
the prepared decoction was above 35%.

Experimental procedures

Animals were divided into three groups: sham
group (normal sham-control), vehicle control
group, treated group (JPQH-treated group),
eight rats per each group. A left nephrectomy
was performed through the translumbar route
as previously described, with slight modifica-
tions [9, 10]. These procedures were perform-
ed under sodium pentobarbital anaesthesia
(Shanghai Pharmaceutical Factory, Shanghai,
China). One week after the left nephrectomy,
the rats were treated with ADR at a dose of 3
mg/kg, and this was repeated 4 weeks later.
Two weeks after the second injection of ADR,
rats with an increase in the serum creatinine
(Scr) levels were treated with a daily dose of
JPQH (3.9 g/200 g body weight) or vehicle for 8
weeks.
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Assessment of renal function

Scr and blood urea nitrogen (BUN) levels were
measured using a Beckman Cx4 analyser
(Fullerton, CA, USA). Twenty-four-hour urinary
protein (24-HUP) concentrations were deter-
mined by the Bradford method, adapted to a
microtiter plate assay. Coomassie reagent
(USB, Cleveland, OH) was added to the diluted
urine samples. After 10 min, the absorbance
was read at 595 nm on an ELX800 microplate
reader (Bio-Tek Instruments, VT). The protein
concentrations were calculated by reference to
bovine serum albumin (Sigma) standards.

Assessment using a transmission electron mi-
croscope (TEM)

Transmission electron microscope (TEM) is
extensively used in medical applications to
reveal the ultrastructure of biological samples.
Images were acquired using a Gatan Model
782 system with magnification from O to 6000.
Images were then digitally captured by a TECNAI
12 Bio TWIN (Philips) charge-coupled device
camera with 8 bits per pixel.

Western blots analysis

Kidney tissue samples were lysed in lysate con-
taining 1 yg/mL leupeptin, 1 ug/mL aprotinin,
and 100 pmol/L phenylmethylsulphonyl fluo-
ride (PMSF). The lysates were clarified by cen-
trifugation at 12,000 rpm for 30 min at 4°C,
and the protein concentration in each lysate
was determined using a BCA protein assay kit
(Pierce, Rockford, IL, USA). Protein samples (50
mg) were separated by 6%-10% sodium dode-
cyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) and electroblotted onto nitrocellu-
lose membranes. The membranes were block-
ed with 5% skim milk and incubated with pri-
mary antibodies for p-NF-kBp65 (Cell Signaling
Technology Inc., USA), TNF-a (Abcam Inc., USA),
IL-6 (Abcam Inc.), ICAM-1 (Abcam Inc.) at 4°C
overnight. The membranes were then incubat-
ed with a horseradish peroxidase-conjugated
secondary antibody. Immunoreactive bands
were visualised by staining with ECL reagent
and exposed to X-ray film.

Real-time quantitative polymerase chain reac-
tion (qPCR) analysis for IL-17a

To investigate the mRNA expression of IL-17a,
one-step gPCR (BC Living Creature Technique
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Table 1. Effect of JPQH on serum creatinine
(Scr) (umol/L)

Group n Scr Before treatment After treatment

Sham 8 M 43.80 45.97
min 31.07 14.52
max 62.42 66.14
Control 7 M 185.83 343.95
min 100.61 169.35
max 228.84 524.60
JPQH 7 M 174.39 180.65
min 118.36 77.82
max 253.30 346.37

Co., Shanghai, China) was performed using the
Opticon machine (FX Scientific Research Inc.,
Shanghai, China). Briefly, total RNA was extract-
ed from renal tissues by homogenisation in
Beads (Beads RNA extraction kit, TOYOBO Inc.,
Shanghai, China). All the RNA samples were
treated with RNase-free DNase | (GIBCO BRC
Inc., Shanghai, China) prior to RT-PCR analysis.
Real-time quantitative one-step RT-PCR assay
was performed to quantify mRNA using real-
time PCR machine (FX Scientific Research Inc.,
Shanghai, China). The primers used for real-
time qPCR were as follows: IL-17a, forward
5-CTGATCA GGA CGA GCG ACC A-3; reverse
3-ACGATGACTTGGACCTCCGATGTC A-5. Quan-
titative analyses of IL-17a expressions were
performed using a quantitative image analysis
system FR-2000 (FR Science and Technology
Inc., Shanghai, China).

Th17 analysis by flow cytometry (FCM)

Intracellular staining was performed with the
BD Cytofix/cytoperm kit, according to the man-
ufacturer’sinstructions. Samples were acquired
in a FACSCalibur flow cytometer (Becton
Dickinson Company, USA) and the analysis was
performed with Flowjo version 7.2.2 (Treestar,
Inc.). The analysis of cell populations and
cytokine production was conducted by using a
first gate that included live lymphocytes as
determined by forward scatter (FSC) and side
scatter (SSC) characteristics. Next, T-cells (gat-
ed according to CD3 expression) were plotted
in a CD4 vs. IL-17a graphic that allowed the
identification of discrete CD4 and IL-17a popu-
lations. Subsequent analyses were performed
on these cell populations. In some experi-
ments, cells were stained with anti-CD4-APC
and anti-IL-17a PE-Cy7 and sorted in a FACSAria
flow cytometer (Becton Dickinson Company).
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Statistical analysis

Statistical analyses were performed using
SPSS 18.0 software and GraphPad Prism 3.0
(GraphPad Software, Inc., San Diego, CA) with P
< 0.05 considered as statistically significant.
Data were represented as mean * standard
deviation (SD) and conformed to a normal dis-
tribution pattern and homogeneity of variance.
Groups were compared by using a single factor
analysis of variance (ANOVA) and S-N-K’s multi-
ple comparisons. For data that did not conform
to a normal distribution, data representation
was in terms of median, minimum, and maxi-
mum. Groups were compared by using the
Wilcoxon signed rank test and Nemenyi test,
before and after treatment, by using general-
ised estimating equations.

Results

One rat from each pair was assigned to the
treatment group (n = 8) and administered JPQH
at a daily dose of 3.9 g/200 g (body weight) for
8 weeks. This dose was determined by the
human clinical dosage. The remaining rats were
allocated to the control group (vehicle control, n
= 8) and received vehicle only. The sham group
rats (n = 8) underwent a sham operation con-
sisting of laparotomy and manipulation of the
renal pedicles without damaging the kidney.

Prior to treatment, levels of Scr and BUN were
determined. The levels of Scr, BUN, and 24-
HUPQ were also determined 8 weeks after the
administration of JPQH. At week 8, the animals
were sacrificed, and the remnants of the kid-
neys were collected for histopathological and
gene expression studies. The spleens were col-
lected for flow cytometry analysis. During
weeks 6 and 7 of the experiments, two rats
from the control group died and a rat from the
JPQH group died at week 7. At the end of the
experiments, the number of animals per group
was as follows: sham group, n = 8; control
group, n = 6; and treatment group, n = 7.

Effects of JPQH on physiological biochemical
parameters in FSGS

Renal function and 24-HUPQ levels were evalu-
ated before and at week 8 following the admin-
istration of JPQH (Tables 1-6). In the control
group, body weights were different before and
after treatment. Average food intake was simi-
lar among the groups. At the end of the experi-
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Table 2. Results of Scr analysis in three groups using Wilcoxon signed rank test and Nemenyi test

95% Wald feasible region Hypothesis test
Parameter B SE — - -
Minimum Maximum Wald X2 df Sig.
(section) 22.452 9.7174 3.407 41.498 5.339 1 0.021
[zB = 3] 137.905 14.2309 110.013 165.797 93.907 1 <0.01
[ZB = 2] 202.358 16.9737 169.090 235.626 142.131 1 <0.01
[ZB = 1] 02 - - - - -
After treatment -9.088 48.1146 -103.391 85.215 0.036 1 0.850
Before treatment -42.330 46.8888 -134.230 49.571 0.815 1 0.367
(graduation) 4665.740 - - - - -

ZB =1, Sham; ZB = 2, Control; ZB = 3, JPQH. a: O.

Table 3. Effect of JPQH on serum blood urea
nitrogen (BUN) umol/L

Group " BUN Treatment
Before After
Sham 8 M 5.27 5.12
min 4.39 4.65
max 7.34 6.19
Control 7 M 13.89 21.38
min 10.79 12.18
max 18.86 22.69
JPQH 7 M 14.28 13.54
min 10.30 5.59
max 19.80 18.44

ment, there was a significant difference in the
body weight between the control FSGS and the
JPQH-treated FSGS rats, although they were
pair-fed. The body weight of JPQH-treated rats
was significantly higher than the vehicle-treat-
ed ones. The progression of renal function
deterioration showed the highest expression of
Scr and BUN at the end of the experimental
period, while these parameters were markedly
restored in JPQH-treated rats at week 8. Urinary
protein excretion in JPQH-treated rats was also
suppressed obviously at week 8 as compared
with FSGS rats in the control group.

Effects of JPQH on protein expressions of p-NF-
kB, TNF-a, IL-6, and ICAM-1 in renal tissue

Western blot analysis was used to quantify the
expressions of p-NF-kB, TNF-«, IL-6, and ICAM-
1 protein in the kidney tissue remnants (Table
7; Figures 1-4). In the control group, there was
a substantial increase in the renal expression
of p-NF-kB following ADR administration, which
was attenuated by treatment with JPQH (P <
0.01, Table 7; Figure 2). Furthermore, the pro-
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tein levels of TNF-a, IL-6, and ICAM-1 in the
renal cortex of the JPQH-treated group were
also attenuated as compared to the control
group (P < 0.01, Table 7; Figures 2-4). The vari-
ation in protein levels of p-NF-kB, TNF-«, IL-6,
and ICAM-1 among the groups might be attrib-
utable to the variation in the progression of
CKD.

Effects of JPQH on the frequency of Th17 cells
in renal tissue

Th17 cells and cytokines participate in human
and experimental renal disease, especially in
proliferative glomerulonephritis where Th17
effector cells are active [11]. Th17 cells can
also induce direct glomerular injury. Our results
showed that the frequency of Thl7 cells was
significantly higher (P < 0.01) in the control
group as shown in Table 8 and Figure 5. The
frequency of Thl7 cells was significantly de-
creased following treatment with JPQH decoc-
tions (P < 0.01, Table 8; Figure 5). Collectively,
these results suggest that JPQH downregulated
the expression of Th17 cells, and this may be
relevant to the persistent immune-mediated
injury.

Effects of JPQH on IL-17a mRNA levels in renal
tissue

JPQH treatment significantly reversed the ADR-
mediated upregulation of renal mRNA levels of
IL-17a (P < 0.01, Table 8 and Figure 6).

Discussion

FSGS occurs in combination with extracellular
matrix deposition in the tubulointerstitium. It is
a well-defined clinicopathological entity that
has multiple causes and pathogenic mecha-
nisms. Immune mechanisms have been postu-
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Table 4. Results of BUN analysis in three groups by using Wilcoxon signed rank test and Nemenyi test

95% Wald feasible region Hypothesis test
Parameter B SE — - -

Minimum Maximum Wald X2 df Sig.
(section) 4.841 0.3952 4.066 5.615 150.013 1 <0.01
[ZB = 3] 8.415 0.9128 6.626 10.205 84.993 1 <0.01
[ZB = 2] 10.875 0.8812 0.148 12.603 152.329 1 <0.01
[ZB = 1] 02 - - - - - -
After treatment 1.317 0.8735 -0.395 3.029 2.274 1 0.132
Before treatment (05 - - - - - -
(graduation) 9.292 - - - - - -

ZB =1, Sham; ZB = 2, Control; ZB = 3, JPQH. a: O.

Table 5. Effects of JPQH on 24 h urinary pro-
tein excretion (24-HUPQ) mg/24 h

Group n 24-HUP Treatment
Before After
Sham 8 M 8.51 6.26
min 3.96 4.31
max 12.10 14.50
Control 7 M 42.58 59.63
min 35.24 36.38
max 64.60 98.67
JPQH 7 M 41.79 47.77
min 32.47 44.29
max 56.65 52.83

lated in the pathogenesis of FSGS. Several
profibrogenic cytokines such as TNF-a, IL-6,
IL-17a, and ICAM-1 play key roles in the devel-
opment of renal fibrosis through the Th17/p-NF-
KB signalling pathway.

NF-kB, a family of dimeric transcription factors
that regulate the expression of numerous
genes involved in inflammation and cell prolif-
eration, has been found activated in experi-
mental renal diseases. It is now widely acknowl-
edged that the anti-inflammatory action of ster-
oids is basically mediated through inhibition of
the transactivation of NF-kB-dependent genes.
NF-kB therefore, plays a central role in inflam-
matory diseases, including kidney diseases
[12].

Recent studies have demonstrated that Th17
cell subsets can secrete cytokines such as
IL-17a, IL-6 and TNF-a. Unlike those produced
by Thl and Th2 cell subsets, cytokines pro-
duced by Th17 subsets may function in the col-
lection, mobilisation, or promotion of neutrophil
recruitment [13, 14]. Th17 cells, a subset of
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CD4* effector lymphocytes, play a role in cell-
mediated autoimmune diseases and some
inflammatory diseases [15, 16]. Th17 cells and
their effector cytokines participate in human
and experimental renal disease, especially pro-
liferative glomerulonephritis where Th17 effec-
tor cells are active [17]. Th17 cells can also
induce glomerular injury directly. Th17 cells
also produce IL-17a, a cytokine that serves as
an immunomodulator and participates in in-
flammatory immune responses, immune rejec-
tion, and other biological actions [18].

It is well established that in both mice and
humans with systemic lupus erythematosus
(SLE), Th17 cells are hyperactivated and pro-
duce increased amounts of IL-17, which are
inflammatory cytokines associated with Thl
and Thi17 cells. The abundance of IL-17 was
correlated with disease activity [19]. Inhibiting
IL-17 production improves murine lupus nephri-
tis. Crispin et al. reported that IL-17-producing
T-cells are found in kidney biopsies from
patients with lupus nephritis [20]. In C56BL/6)J
(B6), B6.MRL/Ipr, MRL/Ipr/2]) (MRL), MRL/MpJ
(MPJ), and Rag-1 knockout mice, Zhang found
that Th17 and IL-17 were significantly increased
in renal tissue [21].

Jianpi Qinghua decoctions are composed of
radix codonopsis (Dangsen), radix astragali
(Huangqi), fructus tsaoko (Caoguo), rhizoma
atractylodis lanceae (Cangzhu), rhizoma cop-
tidis (Huanglian), and radix et rhizoma rhei pal-
mati (Dahuang). Its effect in eliminating heat
and purging fire has been proven clinically. The
various components of the decoction have dif-
ferent active ingredients. For radix codonopsis,
the active ingredient is Lobetyolin [22, 23], an
anti-inflammatory, anti-ulcerative polyacetyle-
ne compound [24]. The main active ingredient
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Table 6. Results of 24-HUPQ analysis in three groups by using Wilcoxon signed rank test and Nemenyi

test
Parameter B SE 95% Wald feasible region Hypothesis test
Minimum Maximum Wald X2 df Sig.
(section) 5.250 1.3395 2.625 7.875 15.362 1 <0.01
[ZB = 3] 36.780 1.2793 34.272 39.287 826.568 1 <0.01
[ZB = 2] 42.700 3.3388 36.156 49.244 163.563 1 <0.01
[ZB = 1] 0@ - - - - - -
After treatment 6.937 3.0735 0.914 12.961 5.095 1 0.024
Before treatment 0@ - - - - - -
(graduation) 92.484 - - - - - -

ZB =1, Sham; ZB = 2, Control; ZB = 3, JPQH. a: O.

Table 7. Relative abundance of p-NF-kB, TNF-«, IL-6, and ICAM-1 in

ds have been currently

renal tissue isolated from Rhizoma
Group n  P-NFKBpG5 TNF-o ICAM-1 atractylodis lanceae, and
Sh 3 0.124 +£0.032 0.282+0.058 0.385+0.037 0.300 +0.043 atractylodin was found to

am T e e e T be the main active com-
Control 3 1.977 £ 0.323" 1.439 + 0.354" 1.604 £ 0.465" 1.090 + 0.342 pound. These compone-
JPQH 3 0.815+0.168" 0.378+0.029" 0.299+0.100" 0.207 +0.034" nts also have diverse bio-
F - 39.443 39.443 19.057 14.049 logical properties, includ-
P - 0.007 0.007 0.020 0.030 ing anti-inflammatory and

“P < 0.01 vs. sham group; VP < 0.01 vs. control group.

of radix astragali is astragaloside IV (AS-1V),
which consists of active Astragalus saponin
[25]. AS-IV exhibits biological activity, including
immunomodulation, anti-oxidation, anti-viral,
and anti-cancer effects. It also prevents cardio-
vascular disease and lowers blood glucose [26-
29]. AS-IV can protect mesangial cells against
H202-induced oxidative stress injury by inhibit-
ing the p38/MAPK signalling pathway, upregu-
lating the expression of cyclin D1, and reducing
the intracellular reactive oxygen species (ROS)-
mediated oxidative stress injury [27]. In a rat
model of ischemia/reperfusion (IR) induced
acute kidney injury (AKI), AS-IV could downregu-
late the mRNA expressions of NF-kB, TNF-«,
MCP-1, and ICAM-1 in a rat model of acute kid-
ney injury. These data suggest that AS-IV could
be developed as a novel therapeutic approach
in preventing ischemic AKI, through inhibition
of NF-kB-mediated inflammatory gene expres-
sion [30]. In vivo studies have revealed that
AS-IV has been proven to reduce the expres-
sion of a-SMA. The main active ingredient in
Fructus tsaoko is the 1,8-cineole of volatile oll,
which mainly prevents bacterial infection, oxi-
dative injury, tumour development as well as
regulates gastrointestinal function [31]. More
than twenty polyethylene acetylenic compoun-
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gastrointestinal protecti-

ve properties [32]. The

main active ingredient of
Rhizoma coptidis is berberine, whose main
functions include anti-infection, anti-cancer,
lowering of blood lipids, lowering of blood glu-
cose, and improving insulin sensitivity [33-36].
In addition, berberine can improve microcircu-
lation, inhibit oxidative injury, and function as
an immunomodulator [36]. The pharmacologi-
cal effects of berberine on lipid metabolism are
dependent on the activation the extra cellular
signal-regulated kinases (ERK) signalling path-
way via regulation of low-density lipoprotein
(LDL) receptors [35]. On the other hand, berber-
ine can inhibit the NF-kB pathway and decrease
the expression of inflammatory mediators such
as TNF-a, ICAM-1, TGF B-1, and iNOS [37]. In a
model of diabetic kidney disease (DKD), berber-
ine can increase superoxide dismutase (SOD)
and decrease MDA levels and partially reverse
renal tubulointerstitial lesions [38]. Radix et rhi-
zoma rhei palmati, whose main active ingredi-
ent is emodin has been proven to have pote-
ntial immunosuppressive, anti-inflammatory,
anti-atherosclerotic, and anti-cancer activities
[39]. In vitro studies have revealed that emodin
can inhibit renal tubular cell proliferation in a
time-dependent manner. The extracts of radix
et rhizoma rhei palmati can decrease oxidative
stress and attenuate renal microinflammation

Int J Clin Exp Med 2016;9(2):1003-1014
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Figure 1. JPQH treatment significantly reversed the upregulation of p-NF-kB induced by adriamycin. A. Abundance of
p-NF-kB in kidney tissues. The density of TNF-a band was normalised to  actin. B. Quantitation of the Western blot
results. “P < 0.01 vs. sham group, VP < 0.01 vs. control group.
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Figure 2. JPQH treatment significantly reversed the upregulation of TNF-a induced by adriamycin in renal tissue. A.
Abundance of TNF-a in renal cortex. The density of TNF-a band was normalised to  actin. B. Quantitation of the
Western blot results. *P < 0.01 vs. sham group, VP < 0.01 vs. control group.
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Figure 3. JPQH treatment significantly reversed the up-regulation of IL.-6 induced by adriamycin in renal tissue. A.
Abundance of II-6 protein in kidney tissues. The density of TNF-a band was normalised to 3 actin. B. Quantitation of
the western blot results. *P < 0.01, vs. sham group, P < 0.01, vs. control group.

in a rat model of chronic renal failure. Studies pathological changes, delay renal fibrosis via
have reported that emodin can improve renal inhibiting the phosphorylation of p38 MAPK
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Figure 4. JPQH treatment significantly reverse the up-regulation of ICAM-1 induced by adriamycin in renal tissue. A.
Abundance of ICAM-1 protein in kidney tissues. B. The density of TNF-a band was normalised to B actin. "P < 0.01,

vs. sham group, VP < 0.01, vs. control group.

Table 8. Effects of JPQH on the mRNA levels
of IL-17a and frequency of Th17 cells in renal
tissue

Group  n IL-17a mRNA (x10°) Thi7
Sham 3  0.090+0.156  0.32+0.20
Control 3  4.203+0.031°  3.52+0.04"
JPQH 3 0452+0.0097 1.39+0.11"
F - 1844.341 439.487

P - <0.01 <0.01

“P < 0.01, vs. sham group, “P < 0.01 vs. control group.

(p-p38 MAPK) [40]. These herbs contribute to
the effects of Jianpiyigi and Qingrehuashi th-
at might attenuate immunodepression and
improve microcirculation. They also exhibit anti-
oxidant and anti-inflammatory properties after
being concocted.

JPQH decoctions were used to treat patients
with chronic renal failure. It has been reported
to improve cellular immune and renal functions
and reduce proteinuria [41]. There is little
experimental data regarding the probable
molecular mechanisms of the renoprotective
effects of JPQH in chronic renal failure although
itis widely used in the clinical setting. Therefore,
in the present study, we examined the renopro-
tective effects of JPQH against left kidney
nephrectomy and ADR treatment. In addition,
we investigated the influence of JPQH on gene
expressions of Thl7, p-NF-kB, IL-17a, TNF-«,
IL-6 and ICAM-1.

Our results showed that the percentage of Th17

cells in the peripheral blood of the JPQH-treated
group was significantly lower than that in the
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control group. Since Th17 cells can secrete
inflammatory cytokines such as IL-17a, IL-6,
and TNF-a [13, 14], treatment with JPQH may
reduce the production of these cytokines by
inhibiting Th17 expansion. The most notable
role of IL-17 is its involvement in inducing and
mediating proinflammatory responses. Based
on our findings, both serum levels of IL-6 and
renal IL-17a mRNA levels were significantly
decreased after treatment with JPQH decoc-
tions. This suggests that JPQH treatment might
result in the suppression of cell-mediated auto-
immunity and inflammatory disease by inhibit-
ing Th17 differentiation. IL-6 together with TGF-
B, substantially promotes Th17 cell develop-
ment. Therefore, JPQH decoctions might slow
the progression of kidney disease in the rat
model of FSGS by inhibiting Th17 cell differen-
tiation, as well as restraining the secretion of
IL-6 and IL-17a. IL-17 is an initiator that the
inflammatory response is T cell-induced, it can
amplify the inflammatory reaction, its main bio-
logical effect is promote the inflammatory reac-
tion [42].

In addition, protein levels of ICAM-1 and phos-
phorylated NF-kBp65 in the renal cortex of the
JPQH-treated group were significantly decrea-
sed. IL-17 is able to activate NF-kB. After IL-17
binds to its receptors, the endothelium, epithe-
lium, and fibroblasts are activated and over-
produce IL-6 and ICAM-1 [43]. In our study,
phosphorylation of NF-kBp65 as well as the
activation of the NF-kB pathway was blocked
after treatment with JPQH, which might be
responsible for the down-regulation of Thl7
cells and reduced production of IL-17a by Th17.
In addition, inhibiting the NF-kB pathway fur-
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Figure 5. The frequency of Th17 cells in the rat model of FSGS. A. Representative double-stain flow profiles showing the percentage of Th17 cells (CD4* IL-17a* T
cells) in the renal cortex from one sham rat. B. Representative double-stain flow profiles showing the percentage of Th17 cells in the renal cortex from a rat model
of FSGS. C. Representative double-stain flow profiles showing the percentage of Th17 cells after JPQH treatment. D. Quantitation of the flow cytometric analysis.
Values are mean + SEM. “P < 0.01 vs. the sham group, P < 0.01 vs. the control group.
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Figure 6. Relative abundance of renal IL.-17a mRNA.
mRNA abundance of IL-17a was significantly in-
creased after ADR administration. JPQH treatment
substantially reversed the upregulation of IL-17a. "P
< 0.01 vs. sham group; VP < 0.01 vs. control group.

ther decreased the production of IL-6 and
ICAM-1.

TNF-a, one of the main downstream effectors
of NF-kB, is an adipokine involved in systemic
inflammation and is a member of a group of
cytokines that stimulate the acute phase reac-
tion. A number of studies have shown that
TNF-a plays an important role in the animal
models of ADR-induced nephropathy [44]. In
our study, we found that the protein level of
TNF-a in the remnants of the kidneys was lower
in JPQH-treated rats as compared with the con-
trol group. This result is consistent with the
ADR-induced FSGS model in which the NF-kB
pathway plays a key role. Since TNF-a is an
important mediator in the early phase of inflam-
mation, treatment with JPQH decoction may
suppress inflammation of the remaining kidney
from the onset. Electron microscopy revealed
that the pathological lesions in the JPQH-
treated group were significantly attenuated as
compared with the control group, and this was
accompanied by a decrease in Scr and BUN
levels.

In terms of differentiation and regulation, Th17
cells are closely involved in the downregulation
of T-cells, which induces significant immuno-
suppressive effects. There is an inverse rela-
tionship between the pro-infammatory IL-17a
producing Th17 cells and the protective regula-
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tory T-cells [45]. Functionally, Th17 cells and
their cytokines can mediate inflammatory reac-
tions. Th17 plays an important role in microbial
infections, tissue inflammation, autoimmune
diseases, and graft-versus-host diseases. JP-
QH decoction not only improves renal function
and attenuates proteinuria in the clinical set-
ting but also inhibits tissue inflammation at the
cellular level. JPQH decoction inhibits Th17
expansion and inactivates the NF-kB pathway,
thereby restraining the secretion of inflamma-
tory cytokines such as IL-6, IL-17a, and ICAM-1..
Thus, inflammation of the kidney was further
suppressed and its condition subsequently
improved.
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