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Acid-sensing ion channels (ASICs) are ligand-gated cation channels activated by extracellular protons. However,
the role of ASICs in kidney diseases remains uncertain. This study investigated ASICs expression in kidney tis-
sues and their role in the development of Henoch-Schénlein purpura nephritis (HSPN).

The expression of ASIC subunits was examined by immunochemical techniques in the kidney tissue from HSPN
patients. Acid-induced ASICs expression in cultured renal tubular epithelial cells was determined by quantita-
tive RT-PCR analysis. The expression of K7 and K18 protein in renal tubular epithelial cells was used to evalu-
ate acid-induced cell injury. In addition, we observed the effect of blocking ASICs on acid-induced cell injury to
assess the role of ASICs in renal tubular epithelial cell injury.

The results showed that ASIC1, ASIC2, and ASIC3 proteins were obviously expressed in renal tubular cells from
HSPN patients. ASIC1 expression and 24-h urine protein level were higher in the pathological grade ISKD IlI
group than in the ISKD I group. ASIC1, ASIC2, and ASIC3 mRNA, and K7 and K18 protein expression in cultured
renal tubular epithelial cells were increased when exposed to pH 6.5. K7 and K18 protein expression was close-
ly related to ASIC1 expression, and ASICs blockers reduced K7 and K18 protein expression in tubular epitheli-
al cells.

These findings suggest ASICs are most highly expressed in renal tubular cells of HSPN patients, which is close-
ly related to renal tubular injury. ASICs might be involved in the development of HSPN.
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Background

Henoch-Schonlein purpura (HSP) is the most common system-
ic vasculitis in children and involves inflammation of the small
vessels of the skin, joints, gut, and kidney [1]. Renal involve-
ment, known as Henoch-Schénlein purpura nephritis (HSPN),
which most commonly presents with hematuria and/or pro-
teinuria, is the most serious complication of HSP and often de-
termines the prognosis of HSP. It has been reported that ap-
proximately 30-50% of children with HSP develop nephritis
within 4 to 6 weeks after disease onset [2]. The extent of re-
nal injury is important in evaluating HSPN prognosis and ear-
ly individualized therapeutic strategies [3,4]. The pathological
findings of HSPN include mesangial cell proliferation, crescent
formation in epithelial cells, and mesangial IgA deposition [5].
However, the exact pathogenesis of HSPN is unknown. In the
present study, we found high ASIC1a and ASIC3 expression in
the vascular endothelium of HSP patients [6].

Acid-sensing ion channels (ASICs), which are cationic channels
that belong to the degenerin/epithelial Na* channel (DEG/ENaC)
superfamily, are activated by extracellular acidosis [7]. Tissue
acidosis associated with ischemia is caused by an accumula-
tion of lactate and local or systemic lactic acidosis, which is
the common feature of the diseases, such as tumors, ischemic
injury, and inflammation [8-10]. Renal tubular acidosis due to
ischemic tubular injury has been observed in kidney transplant
recipients [11], but whether ASICs might be involved in the de-
velopment of HSPN has not been reported. The present study
is the first to investigate ASICs expression in the kidneys of
HSPN patients and to explore the potential function of ASICs
involved in the development of HSPN.

Material and Methods

Patients

We screened 13 HSPN patients (mean age 20.08+6.96 years,
range 8-29 years) undergoing renal biopsy at the First Affiliated
Hospital of Anhui Medical University between January 2011
and June 2015. The patients were enrolled when they were
first diagnosed with HSPN at presentation. We also recruited 7
patients with minimal change nephrotic syndrome (mean age
25.27+3.58 years, range 10-31 years) as normal controls when
the pathological changes in their renal biopsies were normal.
HSPN was diagnosed according to the criteria recommended
by the Nephrology Group of the Chinese Medical Society in
November 2000 [12]. The diagnosis of HSP was based on the
criteria defined by the European League against Rheumatism,
the Pediatric Rheumatology International Trials Organization,
and the Pediatric Rheumatology European Society (UULAR/
PRINTO/PRES) in 2010 [13]. Informed consents were obtained
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and the study was approved by hospital Institutional Review
Board (Quick-P) 2016-5-12).

Immunohistochemical analysis

The ASIC1, ASIC2, and ASIC3 protein levels in kidney tissue of
HSPN patients were examined using immunohistochemical stain-
ing. The kidney tissue was fixed and embedded in paraffin blocks.
Slides of the tissues were routinely prepared and the staining was
performed according to a streptavidin-biotin complex (SABC) im-
munohistochemical assay (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA). Based on the SABC staining technique, brown-
ish-yellow granules in the cytoplasm indicated positive cells. We
also performed an SABC immunohistochemical assay using rab-
bit anti-human ASIC1, ASIC2 and ASIC3 antibodies (Santa Cruz
Biotechnology, Inc) as the primary antibodies. Brownish-yellow
granules in cytoplasm indicated positive cells.

Results were analyzed using the percentage of the positive
area of ASIC1, ASIC2, and ASIC3 expression.

Clinic manifestations and pathological grading of kidney
tissue in HSP patients

Clinical classification in HSPN patients included 13 patients
with hematuria and proteinuria, 5 with acute nephritis, and 8
with chronic nephritis.

Tissues from the renal biopsy were examined by light micros-
copy, glomerular lesions were classified using International
Society for Kidney Disease Community (ISKDC) guidelines, and
HSPN was classified into levels I-VI. Pathological grading of kid-
ney tissue showed 7 patients with ISKDC and 6 with ISKDC .

Human renal tubular epithelial cell culture

Human renal tubular epithelial cells were supplied by MDL
Biotech Co., Ltd (Beijing, China) and cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Gibco) supplemented with
20% fetal bovine serum (FBS, Gibco, Grand Island, NY, USA).
Cells were treated with different pH levels (pH 7.4, pH 7.0, pH
6.5, pH 6.0, pH 5.5) solution for 3 h. After treatment, the cells
were kept in normal media for about 4 h and then collected
for the analysis of ASIC1, ASIC2, and ASIC3 mRNA expression
and K7 and K18 protein expression. Subsequently, in another
set of experiments, the cells were exposed to solutions with
pH 7.4, pH 6.0, and pH 6.0+Amiloride (100, 50, and 25 umol/L)
for 3 h and used to assess K7 and K18 protein expression.

Quantitative real-time PCR (qRT-PCR)

Quantitative RT-PCR analysis was performed to analyze ASIC1,
ASIC2, and ASIC3 mRNA expression. Total RNA was extracted
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Table 1. Primer sequences used for real-time quantitative PCR.

Symbol Primer F

ASIC1 CGAAGCAGGCATCAAAGT
""""" A2 GGGTTCCAGACCTTTGIG
""""" SIS GGGCGATTGCAGTTCAGC
© patin - GACAGGATGCAGAAGGAGATTACT
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Primer R

AATCCAAATCCGAGTCCAT

TGATCCACATCTGCTGGAAGGT

using Trizol reagent. cDNA was produced using the GeneAmp
RNA PCR kit. Gene expression was performed using the one-
step RT-PCR kit with SYBR green in the ABI 7900 gPCR detection
system. PCR reactions were performed with reverse transcrip-
tion at 50°C for 15 min, denaturation and reverse transcrip-
tase inactivation at 95°C for 2 min, followed by 40 cycles (20
s each) of denaturation at 94°C, and annealing and extension
at 65°C for 20 s. Melt curve analysis was performed to con-
firm the specificity of PCR products. PCR amplification data of
each gene were normalized to Ct value of internal housekeep-
ing gene (B-actin) from the same sample and the fold-chang-
es in gene expression were calculated using the delta-delta Ct
method. A list of forward and reverse primer sequences used
for gRT-PCR analysis is given in Table 1.

Western blot analysis

The treated cells were harvested, and total cellular protein ly-
sates were prepared using RIPA lysis buffer. Protein concen-
tration was determined using the Bradford method. Protein
samples (50 pg) were subjected to SDS-PAGE and transferred
to PVDF membranes. After blocking with 5% non-fat milk in
TBST for 1 h, the membranes were incubated overnight at 4°C
with the following primary antibodies: Keratins K7 (1: 500) and
Keratins18 (1: 500). Lastly, the membranes were incubated with
an HRP-conjugated secondary antibody (1: 1000) for 60 min at
37°C, which were then detected by an ECL luminescent detec-
tion system. The intensity of protein bands was analyzed us-
ing Image J software and normalized to expression of B-actin.

Statistical analysis

Values are expressed as the mean + standard deviation (SD).
Statistical analyses were performed using SPSS software.
Student’s t-test was used to analyze the statistical signifi-
cance in the differences between 2 groups. The relationship
of ASIC expression with keratins7 and keratins19 expression
was analyzed using Pearson correlations. For all comparisons, a
P-value less than 0.05 were considered statistically significant.

Results

ASICs expression in the kidneys of HSPN patients

Immunohistochemical analysis of sections revealed positive
ASICs subunits expression in kidneys of HSPN patients. The
ASIC1, ASIC2 and ASIC3 expression, as brown or yellow gran-
ules, was clearly shown in the cell cytoplasm of renal tubular
epithelial cells from HSPN patients (Figure 1A, 1C, 1E), where-
as ASIC1, ASIC2, and ASIC3 expression was rarely observed in
normal kidneys (Figure 1B, 1D, 1F). The image analysis of the
positive area of ASIC1, ASIC2, and ASIC3 using semiquantita-
tive methods confirmed that the protein expressions of ASIC2
and ASIC3 were significantly different between the normal con-
trols and patients with HSPN (Table 2).

Furthermore, we found that ASIC1 expression and 24-h urine
protein level were higher in the pathological grades ISKD IlI
group than that in the ISKD Il group (Table 3).

Effect of extracellular acidosis on ASICs expression in renal
tubular epithelial cells

To observe the effect of pH on ASICs expression in renal tubu-
lar epithelial cells, we measured ASIC1, ASIC2, and ASIC3 ex-
pression with real-time quantitative polymerase chain reac-
tion. Figure 2 shows that ASIC1, ASIC2, and ASIC3 expression
was significantly increased at lower extracellular pH, and the
change in ASIC1 expression was most notable with pH fluctu-
ations in vitro. When extracellular pH only drops from 7.4 to
7.0, ASIC1 expression had already reached the maximum level.

Effect of extracellular acidosis on K7 and K18 protein
expression in renal tubular epithelial cells and correlation
with ASIC1 expression

To observe the effect of different pH on renal tubular epitheli-
al cell injury, we investigate the expression of keratins, which
are sensitive markers of renal tubular cell stress. We found K7
and K18 protein expression was obviously upregulated at low-
er pH. Moreover, extracellular pH transients (varying from 7.4
to 7.0) in vitro significantly stimulated K7 and K18 protein ex-
pression, as shown in Figure 3. In addition, K7 and K18 protein
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Figure 1. Expression of acid-sensing ion channel (ASIC) 1, ASIC2, and ASIC3 in kidney tissue from HSPN patients examined by
immunohistochemical analysis (SPx400).

Table 2. ASICs expression in kidney tissue from different groups (+s).

Positive area (%)

* P<0.01, compared with the normal control group.

Table 3. ASICs expression in kidney tissues of different pathological grading and 24h urine protein in HSPN patients (x+s).

Gioan Pathol?gical Positive area (%) 24 h u|:ine
grading protein
HSPN ISKD Il 7 48.61+18.02 53.37+12.36 63.31+10.51 0.590+0.228
”””””””””””” SKDI 6 9763:1421* 695111839 7056s1L13  184830260°
e sy 1ss 067 930
- » o 05 05 <01

* P<0.01, compared with the ISKD Il group.
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Figure 2. Effect of extracellular acidosis on ASICs expression in
45 - [pH55 WpH7.0 renal tubular epithelial cells (n=10). ASIC1, ASIC2 and
40 + a .pug'g Wph74 ASIC3 mRNA expression in renal tubular epithelial
WpAs. cells under different pH concentrations was measured
with gRT-PCR. The fold-changes in gene expression

a3 3 a

ASIC1, ASIC2 and ASIC3 relative expression

;g 7 were calculated by using the delta-delta Ct method.
1‘5 | The error bars represent the standard deviation of
1’0 | the mean (+SD). Symbol ‘a’ indicated statistically
0'5 i significant (p<0.01) change, when compared to pH 7.4
0.0 - group.
ASICT ASIC2 ASIC3
pH5.5 pH 6.0 pH6.5 pH7.0 pH7.4
) 1.0 7 @ Keratins K7 a
T — — — — — 09 | MW Kerainskis a
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pH5.5 pH 6.0 pH6.5 pH7.0 pH7.4 0.7 a .,
c__ 0.6
=} A
So e— e W —— 05 a a
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= pH5.5 pH6.0 pH6.5 pH7.0 pH7.4

Figure 3. Keratins K7 and K18 protein expression in renal tubular epithelial cells under different pH concentrations (n=10). Keratins
K7 and K18 protein expression in renal tubular epithelial cells under different pH concentration was measures with Western
blotting method. Signal intensity of bands was measured (in triplicates) by Image J software and each value was normalized
to B-actin signal intensity. The error bars represent the standard deviation of the mean (+SD). Symbol ‘a’ indicated
statistically significant (p<0.01) change, when compared to pH 7.4 group.

5 4 3 2 1 -
. (1)2 =Keratins K7 . a
£2 . Keratins K18
Do e m— — Gm— — 05 -
0.7 b a

= 5 4 3 2 1 0.6 b

28 0.5
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A -— — pH7.4 pH 6.0 pHEO0+  pHE.O+ pH 6.0+
Amiforide Amiforide Amiforide
100 umol/L 50 umol/L 25 umol/L

Figure 4. Acid-induced keratins K7 and K18 expression in renal tubular epithelial cells by Amiloride blocking ASCls (n=10). Signal
intensity of bands was measured (in triplicates) by Image J software and each value was normalized to B-actin signal
intensity. The error bars represent the standard deviation of the mean (+SD). Symbol ‘@’ indicated statistically significant
(p<0.01) change, when compared to pH 7.4 group. Symbol ‘b’ indicated statistically significant (p<0.01) change, when
compared to pH 6.0 group. 1 — pH 7.4; 2 — pH 6.0; 3 — pH 6.0+Amiloride 100 umol/L; 4 — pH 6.0+Amiloride 50 umol/L;

5 — pH 6.0+Amiloride 25 umol/L.
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expression was closely related with ASIC1 expression (r=0.53,
P<0.01; r=0.56, P<0.01, respectively).

Effect of Amiloride on acid-induced keratins expression in
renal tubular epithelial cells

To determine if ASICs are involved in renal tubular injury, we
observed the effect of the ASICs blocker, Amiloride, on acid-
induced renal tubular epithelial cell injury. Figure 4 shows that
keratins 7 and keratins 19 protein expression was significant-
ly increased in pH 6.0 solution compared with that in pH 7.4
solution (P<0.01). However, Amiloride obviously inhibits ker-
atins 7 and keratins 19 protein expression induced by extra-
cellular acidosis.

Discussion

Henoch-Schoénlein purpura nephritis (HSPN), the most seri-
ous long-term complication of HSP, is one of the most com-
mon renal diseases in children and adults. Renal involvement
often determines the prognosis of HSP patients [3,4]. For this
reason, it is important to identify the underlying mechanisms
of the development of HSPN. The present study is the first to
show higher ASIC1, ASIC2, and ASIC3 expression in kidney tis-
sue, predominately in renal tubular cells. We also observed that
the more severe renal pathological lesions are associated with
higher ASIC1 expression in renal tubular cells was and high-
er urine protein level. These findings demonstrate that ASIC1
may be correlated with the development of HSPN.

Acid-sensing ion channels (ASICs) are known as proton-gated
cation channels, which are activated in tissue acidosis condi-
tions [14]. Inflammation in HSP is often accompanied by aci-
dosis due to the release of lactate in the small vessels or glo-
merular capillaries, which may lead to activation of ASICs. This
study also demonstrated that ASIC1, ASIC2, and ASIC3 expres-
sion was upregulated in cultured renal tubular epithelial cells
in a low pH environment. Moreover, we found that extracel-
lular pH fluctuates in a limited range (dropping from 7.4 to
7.0) and obviously influenced ASIC1 expression of renal tubu-
lar epithelial cells.
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Metabolic acidosis is one of the most common complications
of kidney diseases, and it is mostly caused by renal tubular
acidosis (RTA). In patients with renal transplantation, RTA was
attributed to ischemic tubular injury in the early post-trans-
plant period [15]. Acidification disorder due to tubular isch-
emia in HSPN patients appears to cause renal tubular injury.
The extent of tubular involvement in HSP is a key factor in de-
termining the development and prognosis of HSPN.

To investigate the relationship between ASICs expression and
renal tubular injury, we measured renal tubular epithelial cell
injury by identification of keratins expression. Keratins, the
intermediate filaments of the renal tubular epithelial cell cy-
toskeleton, are novel sensitive markers of renal tubular cell
injury [16]. Reports show that they can be upregulated and
post-translationally modified in kidney diseases. The upreg-
ulation became significant early after disease induction and
increased with disease progression [16]. In this study, we
found that extracellular acidosis stimulated the expression
of Keratins 7 and Keratins 18 proteins. Furthermore, K7 and
K18 expression was closely related to ASIC1 expression, and
blocking ASICs by Amiloride reduced keratins protein expres-
sion. Our data suggest that ASICs are involved in renal tubu-
lar cell injury induced by acidosis, and inhibiting ASICs had a
protective effect on renal tubular cell injury.

Conclusions

This study is the first to show that ASIC1, ASIC2, and ASIC3
are expressed in kidney tissue from HSPN patients, predomi-
nately in the renal tubular cells. ASICs might be related to ac-
id-induced renal tubular epithelial cell injury. However, the role
of ASICs activation in the development of HSPN has not been
fully elucidated, which will be done in the future.
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