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Background

Henoch-Schönlein Purpura (HSP) is a common small vessel vas-
culitis in children which is characterized by non-thrombocytopen-
ic purpura, arthritis, bowel angina and glomerulonephritis [1]. It is 
generally accepted that immunoglobulin A (IgA), especially IgA1 
and complement C3 deposited in the walls of  arterioles, capil-
laries, and venules, immune inflammatory reaction are involved 
in the vascular endothelial cell injury of  HSP patients [1-3]. In 

the majority of  cases, HSP is a self-limiting disease and treatment 
is supportive. However, HSP has a high rate of  recurrence, and 
some patients can progress to HSP nephritis (HSPN), which can 
result in renal failure [4]. Up to now, there is no effective therapy 
to impede these events to occur. So it is extremely urgent to fur-
ther research on the pathophysiology of  HSP.

Acid-sensing ion channels (ASICs) are cationic channels which 
belong to the degenerin/ epithelial Na+ channel (DEG/ENaC) 
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superfamily and activated by extracellular protons [5]. To date, 
at least six subunits of  ASICs have been identified: 1a, 1b, 2a, 
2b, 3, and 4 [6]. ASIC1a is the only subunit that is permeable to 
Ca2+, as it differs from other ASIC subunits. Recent studies have 
indicated that ASIC1a is involved in synaptic plasticity, learning, 
and memory [2, 3]. Activation or sensitization of  Ca2+-perme-
able ASIC1a has also been demonstrated to be responsible for 
acidosis-mediated ischemic brain injury caused by Ca2+ influx in 
neurons [4]. 

In HSP patients, the inflammatory damage is characterized by the 
presence of  leukocytes in the vessel and the IgA1-IC deposition 
and then the swelling and damage of  vessel mural structures. The 
lumen is narrowed or occluded leading to ischemia and necrosis 
[11], which lead to the decrease of  pH in the local tissue. The 
acidosis in the local tissue would deteriorate the injured vascular 
endothelial cells of  HSP. So identification of  how the sensors of  
vascular endothelial cells adjust to these pH changes is of  primary 
importance to understanding the processes of  underlying the in-
jured vascular pathologies associated with HSP. Intriguingly, our 
recent study found that ASIC1a and ASIC3 expression signifi-
cantly increased in the vascular endothelium of  HSP patients than 
those of  normal healthy children [12]. But the role of  ASICs in 
the acid-induced vascular endothelial cell injury in HSP patients 
has not been elucidated. This study examined the expression of  
different ASIC subunits in vascular endothelial cells when extra-
cellular acidosis occurred and investigated the role of  ASICs in 
vascular endothelial cell injury of  HSP patients.

Materials and Methods
  
Patients and controls

10 children (5 boys and 5 girls, range from 3 to 14 years old) 
with acute onset and/or active presentation of  HSP were enrolled 
in this study from the first affiliated hospital of  Anhui Medical 
University during January 2015 to June 2015. The diagnosis of  
HSP was based on the criteria defined by the European League 
Against Rheumatism, Pediatric Rheumatology International Tri-
als Organization, and Pediatric Rheumatology European Society 
(UULAR/PRINTO/PRES) 2010 [13].10 healthy subjects (5 boys 
and 5 girls, range from 3 to 14 yeas old) were recruited as nor-
mal controls. The approval and fully informed counseled consent 
were obtained from the ethical committee of  the first affiliated 
hospital of  Anhui Medical University, Anhui Medical University 
and the children's parents, respectively.

Isolation of  IgA1

5ml sera were isolated from peripheral blood of  HSP and healthy 
children following standard protocols. IgA1 was isolated from 
sera by Immobilized Jacalin (Pierce, Rockford, IL, USA), a com-
mercial kit that can isolate serum-circulating IgA1 by galactose-
binding lectin. Because the amount of  polymeric IgA1 (pIgA1) 
recovered from the purification process was not sufficient for 
further analyses, we incubated the purified monomeric IgA1 
(mIgA1) at 63°C for 150 min to obtain aggregated IgA1 (aIgA1) 
as described previously [14, 15]. The transition from mIgA1 to 
aIgA1 was monitored using a Sephacryl S-200 column (GE, Cen-
tennial Avenue Piscataway, NJ USA), and a single peak was ob-
served after incubation at 63°C. The purified IgA1 was identified 

by western blotting and stored at -70°C for further analysis.

Culture of  Human dermal microvascular endothelial cells 
(HDMECs)

HDMECs were obtained from Jennio Biotechnology limited 
company of  GuangZhou and were cultured at 37°C in 5%CO2 
humidified incubator with RPMI-1640 medium containing 15% 
fetal bovine serum. When the cells growth became confluent two 
days later, they were used to do the following experiments.

Experimental design

HDMECs were plated in 6-well plates at 1×106 cells/well and 
pretreated with aIgA1 (final concentration was 250ug/ml) from 
HSP patients or healthy controls for 6h according to the previous 
study reported [16]. The supernatants were removed and pH6.5 
solution was added into the cells for 4h. The cells were divided 
into these groups: 1.blank control group (pH7.4 solution with-
out aIgA1); 2. pH6.5 (pH6.5 solution without aIgA1); 3. normal 
IgA1+pH6.5(pH6.5 solution with aIgA1 from normal healthy 
children); 4. normal IgA1(pH7.4 solution with aIgA1 from nor-
mal healthy children); 5. HSP IgA1(pH7.4 solution with aIgA1 
from HSP patients); 6. HSP IgA1+pH6.5(pH6.5 solution with 
aIgA1 from HSP patients). Each well was then washed by PBS 
for two times.

To investigate the role of  ASICs in vascular endothelial cell injury 
of  HSP patients, the cells were also treated with final concentra-
tions of  Amiloride of  100μmol/L or PcTX1 of  20nmol/L. After 
30 min, the cells were treated with pH 6.5 solutions for 4h; the 
pH and time was determined in a pilot study. After treatment, 
the cells continued in normal media for about 4h. We did not see 
a change in cell viability following pH treatment as measured by 
trypan blue dye exclusion assay. And the supernatants were col-
lected and particulate material removed by centrifugation for 10 
min at 1000g. The cells were also collected at the same time. All 
the experiments were performed in triplicate.

Measurement of  interleukin-8 (IL-8), thrombomodulin(TM) 
and nitric oxide (NO) endogenous 

The concentration of  IL-8, TM and NO in the supernatants of  
HDMECs was determined by commercial ELISA kits, according 
to the manufacturer’s instructions (Yuanye, Shanghai, China). The 
absorbance was measured with a microplate reader (Labsystems 
Multiskan Bichromatic).

Analysis of  ASICs and destrin, α-skeletal muscle (SM-α) ac-
tin mRNA expression

Total RNA was extracted from HDMECs using TRL reagent 
(OMEGA, USA) according to the manufacturer’s instructions 
(OMEGA, USA). The concentration and purity of  RNA were 
determined spectrophotometrically at ratio 260/280, respectively. 
1ug RNA was used for single-strand cDNA synthesis with the 
Revert AidTM First Strand cDNA Synthesis system (Thermo, 
USA) for qPCR kits. Primers (Sangon,Shanghai, China) used for 
quantitative real-time polymerase chain reaction (qPCR) analysis 
of  ASIC1a, ASIC2a, ASIC3, destrin, SM-α actin and β-actin were 
listed on Table 1. The mRNA levels of  ASICs and destrin, SM-α 
actin were determined by quantitative realtime polymerase chain 
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reaction (qPCR). The RT product was used for PCR in a 25ul 
reaction volume containing 12.5ul Maxima SYBR Green/ROX 
qPCR Master Mix (Thermo, USA) and 0.25 uM each of  forward 
and reverse primers. The qPCR was under the following condi-
tions: started at 50° for 2 min and 95° for 10min (initial denatura-
tion), followed by a 40-cycle amplification (denaturation at 95°for 
15 s, annealing/extension at 60° for 60s). The mRNA levels of  
these ASICs and destrin, SM-α actin were normalized with those 
of  β-actin mRNA.

Western blot analysis

The protein concentration of  lysates was determined by BCA 
Protein Assay Kit (Beyotime, Shanghai, China). Proteins (20ug) 
were separated using 10% (13% for caspase analysis) SDS-PAGE 
and transferred to poly-vinylidene fluoride membranes. The 
membranes were probed with primary affinity-purified rabbit 
polyclonal antibody against ASIC1a , ASIC2a, ASIC3 and destrin, 
SM-α actin (Abcam, HongKong, England) followed by secondary 
goat anti-rabbit alkaline-phosphatase-conjugated antibody (Pro-
mega). The blots were washed with TBST, and then developed 
by enhanced chemiluminescence detection regents (ECL, Amer-
sham). The protein bands were quantified by the average ratios of  
integral optic density following normalization to the housekeep-
ing gene.

Statistical analysis

All tests were performed using SPSS 16.0 software. All results 
were expressed as mean ± SD, Statistical differences between 
groups were determined according to one-way analysis of  vari-
ance (ANOVA), unpaired student t-test, person correlations. 
P<0.05 was considered significant. The relationship of  ASICs 

expression with cytokines, destrin, SM-α actin was analyzed by 
Person Correlations.

Results

Effects of  extracellular acidification on the expression of  
ASICs mRNA and protein in cultured HDMECs

To evaluate the expression of  ASIC subunits in the vascular en-
dothelial cells of  HSP, we isolated IgA1 from HSP patients to 
establish the model of  injured vascular endothelial cells of  HSP 
and found that ASIC1a, ASIC2a and ASIC3 mRNA and protein 
expression in HDMECs were higher in group 5 (HSP IgA1) than 
those in group 4 (normal IgA1) and group 1 (blank control). This 
result suggested that ASICs expression was upregated in vascular 
endothelial cells pretreated with IgA1 from HSP patients. 

Moreover our results showed that extracellular acidosis alone 
could upregulate ASIC1a, ASIC2a, ASIC3 mRNA and protein ex-
pression of  HDMECs. There was significant difference between 
group 2 (pH6.5) and group 4 (normal IgA1), group 2 (pH6.5) 
and group 5 (HSP IgA1) (P<0.01). In addition, ASIC1a, ASIC2a, 
ASIC3 mRNA and protein levels of  HDMECs in group 6 (HSP 
IgA1+pH6.5) were much higher than those in other groups 
(P<0.01 Figure 1 A, B, C), which suggested that extracellular aci-
dosis could further increase ASICs mRNA and protein levels in 
vascular endothelial cells pretreated with IgA1 from HSP patients.

Effects of  extracellular acidification on IL-8, TM and NO 
release in the supernatant of  HDMECs

It is well-known that increased inflammatory cytokines were as-
sociated with the inflammatory injury of  vascular endothelial 

Figure 1. Effects of  extracellular acidification on the expression of  ASICs mRNA and protein in HDMECs.
A: ASIC1a, ASIC2a, ASIC3 mRNA expression levels were measured with quantitative real-time polymerase chain reaction 
(qPCR) method. B: ASIC1a, ASIC2a, ASIC3 protein expression levels were measured with western blotting method. C: A 
specific signal was detected at a molecular mass of  approximately 60 kDa in the cultured HDMECs, which corresponded 

to the expected molecular weight of  recombinant ASIC1a protein, 58KD for ASIC2a and 59KD for ASIC3, respectively.
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cells of  HSP patients [2]. Cell injury was assayed by the measure-
ment of  IL-8, NO and TM release in HDMECs. Figure 2 showed 
that IL-8, NO and TM levels were higher in the supernatant of  
HDMECs in group 10 (HSP IgA1) than those in group 9 (normal 
IgA1) and group 1 (blank control). These results suggested that 
the injured vascular endothelial cells of  HSP patients could secret 
some cytokines, such as IL-8, NO and TM. IL-8, NO and TM 
levels in the supernatant of  HDMECs were much higher in group 
6 (HSP IgA1+pH6.5) than those in other groups when these cells 
are exposed to pH6.5 solutions, which showed that extracellular 
acidosis could further the vascular endothelial cell injury of  HSP 
patients.

To determine whether activation of  ASICs is involved in acid-in-
duced vascular cell injury in HSP patients, we tested the effect of  
ASICs blockers Amiloride or PcTX1 on inflammatory cytokines 
release. As shown in Figure 2, at pH6.5 vascular endothelial cells 
incubated with aIgA1 from HSP patients and normal healthy chil-
dren induced substantial IL-8, NO and TM release that was re-
duced by Amiloride or PcTX1 (P<0.01). These results suggested 
that ASICs might be involved in the development of  acid-induced 
vascular endothelial cells damage of  HSP patients.

In addition, we analyzed the relationship of  ASICs with inflam-
matory cytokines. Our study showed that IL-8, TM and NO 
release in HDMECs pretreated with aIgA1 from HSP patients 
were positively related to the level of  ASIC1a, ASIC2a and ASIC3 
mRNA expression, as demonstrated in Figure 3. 

Effects of  extracellular acidification and on destrin, SM-α 
actin expression in HDMECs

Destrin and SM-α actin are structure proteins of  vascular smooth 
cells (VSMCs) which are crucial in cell motility, movement and 
contraction. The results showed that extracellular acid damaged 
destrin and SM-α actin mRNA and protein expression in vas-
cular endothelial cells. Destrin and SM-α actin mRNA and pro-
tein expression was obviously decreased in HDMECs incubated 
with IgA1 from HSP patients and normal healthy children in low 
pH solution, and there was significant difference between them 
(P<0.01, P<0.01) (Figure 4A, Figure 4B).

To further investigate whether the enhanced ASIC expression in 
low pH environment was involved in the destruction of  blood 
vessel of  HSP patients, we examined destrin and SM-α actin 

expression in vascular endothelial cells by blocking ASICs with 
Amiloride or PcTX1.  Figure 4 showed that decreased destrin and 
SM-α mRNA and protein expression in HDMECs incubated with 
IgA1 from HSP was abolished by Amiloride or PcTX1 (P<0.01) 
as well as in HDMECs incubated with IgA1 from normal healthy 
children (P<0.01). 

Moreover Fig5 demonstrated that destrin and SM-α mRNA 
level is negatively related to the mRNA expression of  ASIC1a 
(R=-0.713, P=0.021; R=-0.867, P=0.001), ASIC2a (R=-0.842, 
P=0.002; R=-0.798,P=0.006) and ASIC3 (R=-0.671, P=0.034; 
R=-0.742,P=0.014) in HDMECs incubated with IgA1 from HSP 
patients.

Discussion

ASICs are members of  the DEG/ENaC superfamily and ex-
pressed mainly in the mammalian nervous system and other 
tissues or cells such as the brain, bone, taste receptors, carotid 
body, glioma cells, disc cells and vascular smooth muscle cells. 
Our recent study demonstrated ASIC1a, ASIC3 protein also ex-
ited in the skin vessel endothelium of  HSP patients and ASIC1a, 
ASIC3 expression was upregulated by acute sera from HSP pa-
tients in human umbilical vein endothelial cells [12]. In this study, 
we examined whether ASICs subunits were expressed in vascular 
endothelial cells that were exposed to acidic solutions under in-
flammatory environmental conditions. qPCR and Western blot-
ting indicated increased ASIC1a, ASIC2a and ASIC3 mRNA and 
protein expression in vascular endothelial cells, especially in the 
cells pretreated with IgA1 from HSP patients. The pH value in 
the inflammation area is always lower than that in normal tissues, 
ranging from pH 5.5 to 7, while pH50 values of  6.2-6.7 have 
been measured for ASIC1a and ASIC2a and ASIC3 with a pH50 
of  4.1-5.0 [17]. Our pilot study found that ASIC1a and ASIC2a 
expression reached the maximum when pH lowered to pH6.5. 
These results indicated that functional ASIC subunits were highly 
expressed in vascular endothelial cells of  HSP. However the func-
tion of  ASICs in vascular endothelial cell injury of  HSP patients 
has not yet been identified.   

Many research revealed that circulating IgA1 (especially aberrant 
O-linked glycosylation of  immunoglobulin A1) in sera of  chil-
dren with active HSP separated and purified by Immobilized Jaca-
lin could bind to vascular endothelial cells and induce endothelial 
cell inflammatory injury. During the inflammatory state in HSP-
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Figure 2. Effects of  extracellular acidification on IL-8, TM and NO release in the supernatant of  HDMECs.
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patients, the extracellular pH decreases because of  cell damage, 
immune response, or hypoxic metabolism; then, acid-sensitive 
channels are activated and perceive the acidic microenvironment, 
contributing to endothelial cells damage or further these cells 
damage. In this study, we isolated IgA1 from HSP patients to es-
tablish the model of  vascular endothelial cell injury of  HSP pa-
tients as previously described and investigated the role of  ASICs 
in acid-induced vascular endothelial cell injury of  HSP patients. 
The cell injure following acid exposure was analyzed with meas-
urement of  inflammatory cytokines release and cytoskeleton pro-
tein changes. 

It has been showed that sera (or IgA1 isolated from sera) derived 
from acute stage of  HSP had the ability to enhance IL-8 produc-
tion by human umbilical venous endothelial cells [16]. Thrombo-
modulin (TM) is a membrane-bound glycoprotein predominantly 
located at the vascular endothelium, which is released from the 

surfaces of  endothelial cells when endothelial was injured [17]]. 
NO is proved to be a secondary effect after the interaction of  
eNOS with Ca2+/calmodulin increased levels of  and NO in en-
dothelial cells produce proinflammatory profiles, which might 
lead to vascular diseases [18]. Our study showed that extracellular 
acid could induce the release of  IL-8, TM and NO in vascular 
endothelial cells pretreated with aIgA1 from HSP patients, which 
was positively correlated with ASIC1a, ASIC2a and ASIC3 ex-
pression, respectively. In addition, ASIC blockers, Amiloride and 
PcTx1, inhibited cytokines release induced by extracellular acid. 
These results indicated that H+-evoked ASICs activation contrib-
uted to cell injury in vascular endothelial cells or further the cells 
injury. 

Destrin is responsible for the rapid rearrangement of  actin struc-
tures in the cells [19], and has been shown to play a crucial role 
in cell motility [20]. α-skeletal muscle (SM-α) actin is a kind of  

Figure 4. Effects of  extracellular acidification on the desrtin, SM-α mRNA and protein expression in HDMECs.
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structure protein of  vascular smooth muscle cells (VSMCs) which 
is crucial in cell movement and contraction [21]. Studies reported 
that the expression of  SM-α decreased significantly in VSMCs 
due to some damage factors caused VSMCs damage [22]. In this 
experiment we also found that the destrin and SM-α expression 
was reduced by extracellular acid in vascular endothelial cells pre-
treated with IgA1 from HSP patients while Amiloride and PcTx1 
could abolish the effect. Moreover destrin and SM-α expression 
was negatively related to ASIC1a, ASIC2a and ASIC3 expression. 
This was consistent with Grifoni et al reported [23].

Conclusion

The present study showed that ASIC1a, ASIC2a and ASIC3 was 
present in vascular endothelial cells and was highly upregulated in 
vascular endothelial cells pretrested with IgA1 from HSP patients 
with a reduction in the extracellular pH. These findings also pro-
vided evidence that ASICs was involved in vascular endothelial 
cells injury processing and the inhibitors of  ASICs may represent 
candidates for the therapy of  HSP patients.
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