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Introduction

Diatomic oxygen gas (O2) is a vital component 
of biological systems that contains unpaired 
electrons in the outer orbital [1]. With this elec-
tron configuration, cellular O2 metabolic pro-
cesses easily form reactive oxygen species 
(ROS). ROS is an umbrella term coined to 
describe the highly reactive chemical byprod-
ucts of normal oxygen metabolism such as 
superoxide anion (O2

-), hydroxyl radical (OH.), 
and hydrogen peroxide (H2O2) [2-4]. Generated 
by the mitochondria, O2

- is the primary ROS  
produced in the body through oxygen reduc- 
tion in the electron transport chain (ETC) and 
Krebs cycle [5]. Through the Haber-Weiss reac-
tion, O2

- reacts with the non-radical molecule 
H2O2 and generate the highly potent OH. [6, 7]. 
At physiological concentrations, ROS plays 
important roles in maintaining homeostasis 
through oxidation-reduction processes, meta-
bolic regulation, and cellular adaptation [8]. 
However, ROS also has a dual role in irrever- 
sibly damaging DNA under conditions of oxida-
tive stress. These conditions stem from the 
overproduction of ROS, leading to an imbalance 
between free radicals and antioxidants [9]. To 
prevent oxidative stress, the body contains 
defense mechanisms, such as the antioxidant 
system, that suppress ROS activity by attack- 
ing harmful macromolecules [10, 11]. Oxidative 
stress is closely related to the development of 
neuropathological conditions such as Parkin- 
son’s disease, Alzheimer’s disease, and stroke 
[12]. 

Acidic pH in the body can arise due to varying 
etiologies. The accumulation of non-oxidized 

acids, e.g., lactic acid production from anaero-
bic glucose metabolism, is a common cause of 
acidosis. The buildup of intracellular protons 
from ATP hydrolysis also drives the acidification 
of the cell [13, 14]. Regardless of etiology, stud-
ies have demonstrated that acidosis can acti-
vate a family of ligand-gated ion channels na- 
med acid-sensing ion channels (ASICs), which 
are highly expressed in the nervous system [15-
17]. ASICs have a wide variety of electrophysio-
logical and pharmacological properties depend-
ing on their composition of either homotrimeric 
or heterotrimeric subunits [18, 19]. When acti-
vated, the influx of Na+ ions largely induces neu-
ronal depolarization and generates action 
potentials [20]. Though it is uncertain that oxi-
dative stress can directly lead to the activation 
of ASICs, tissue acidosis is a common etiology 
of disorders that overlap with conditions from 
oxidative stress as well as inflammation, can-
cer, and infections [21]. The regulation of ASICs, 
particularly ASIC1a, by ROS is being investigat-
ed further to provide more knowledge on the 
pathogenesis of neurodegenerative diseases. 
In fact, a particular study examined the upregu-
lation of ASIC1a by H2O2 through a family of pro-
tein kinases, the c-Jun N-terminal kinase (JNKs) 
signaling pathway [22]. JNKs are responsible 
for regulating various processes such as cell 
differentiation and proliferation, inflammatory 
responses, and expression of proteins [23]. 
Regulators of the JNK pathway are encoded by 
three genes: JNK1, JNK2, and JNK3, which 
potentially contribute to insulin resistance and 
cell signaling [24]. Deregulation of JNK can lead 
to several consequences involving neurodegen-
erative disease, cardiac hypertrophy, autoim-
mune disease, and cancer [25]. Thus, it is 
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important to identify regulators and effectors of 
the JNK signaling pathway. Thus, it is important 
to identify regulators and effectors of the JNK 
signaling pathway. In this commentary, we dis-
cussed the molecular mechanisms of oxidative 
stress on ASIC1a expression.

Upregulation of ASIC1a by hydrogen peroxide 
through the JNK pathway

A recent study published in the Acta Pharma- 
cologica Sinica investigated the effects of H2O2 
on ASIC1a expression in neuronal cell lines 
containing ASICs and primary cultured mouse 
cortical neurons by using a combination of 
techniques including cell culture, western blot-
ting, lactate dehydrogenase assay, and patch-
clamp recording [22]. They found that concen-
trations of H2O2 greater than 40 μM signifi- 
cantly increased NS20Y cell injury after 24 
hours; however, concentrations of 20 μM or 
lower did not reveal clear cell injury. Exposure 
to 20 μM of H2O2 revealed increased ASIC1a 
expression as compared to the control level in 
NS20Y cells. Following exposure to H2O2 for  
6 hours, ASIC1a expression increased 1.50 ± 
0.08-fold in NS20Y cells. This increase in 
ASIC1a expression was not observed when 
NS20Y cells were exposed to H2O2 for 3 hours. 
Further investigation was done to confirm the 
effects of H2O2 on ASIC1a currents by using 
whole-cell patch-clamp recordings. The peak 
amplitude of ASIC currents was increased  
when NS20Y cells expressing ASIC1a were  
pretreated with 20 μM H2O2 for 24 hours. 
Additionally, the current density of ASIC1a was 
also increased from -20.38 ± 3.16 to -34.92 ± 
4.08 pA/pF, which indicated an increase in 
functional channels and protein expression.  
To determine if H2O2 had a direct modulatory 
effect on ASIC1a, cells were perfused with 20 
μM H2O2 in both normal pH solution (pH 7.4) 
and acidic pH solution (pH 6.0) for 5 minutes. 
The results showed no significant change in 
amplitude of the currents, indicating that there 
was no difference between the two pH condi-
tions under short-term conditions in this model. 

To further explore the mechanisms underlying 
the effects of H2O2 on ASIC1a, activations of 
mitogen-activated protein kinase (MAPK) sig-
naling pathways (including ERK, JNK, and p38 
pathways) were investigated. JNK, p38, and 
ERK1/2 pathways were dramatically upregulat-
ed in NS20Y cells expressing ASIC1a after 

being treated with 20 µM H2O2 within 30-60 
minutes. Next, the effects of MAPK pathway 
inhibitors on ASIC1a were studied to deter- 
mine which specific pathway is involved in  
H2O2-induced changes in ASICs. Introducing 10 
µM of U0126 or SB203580, inhibitors of the 
MEK/ERK pathway and p38 MAPK pathway 
respectively, did not affect ASIC1a expression, 
suggesting that these pathways are not in- 
volved in H2O2 induced changes. However, 
introducing 10 μM of SP600125, an inhibitor  
of the JNK pathway, abolished the H2O2-
mediated increase of ASIC1a expression and 
decreased basal ASIC1a expression. Addi- 
tionally, SP600125 led to decreased ASIC1a 
expression to 0.36 ± 0.08 and 0.30 ± 0.07 
regardless of the presence of H2O2. Further- 
more, surface expression of ASIC1a by H2O2 
was inhibited in the presence of SP600125, 
which was similar to the results of overall  
protein expression. They also examined the 
changes in ASIC current density when com-
bined with SP600125 for 24 h, and the results 
suggested that the current density dramatically 
decreased and completely abolished the H2O2-
mediated increase in ASIC current density. 
When NS20Y cells were treated with 10 µM 
SP600125, ASIC currents were not inhibited 
after 5 minutes, suggesting that SP600125 
does not directly affect ASIC gating, but rather 
affects ASIC protein expression through long-
term treatment. 

The study also examined the effects of H2O2 on 
ASIC1a in primary cultured mouse cortical  
neurons. The findings were similar to those in 
NS20Y cells, with significant neuronal injury 
resulting from high concentrations of H2O2 (40 
and 80 µM). Lower concentrations of H2O2  
(less than 20 μM) did not cause injury. In mouse 
cortical neurons treated with 20 μM H2O2, 
ASIC1a expression increased 1.48-fold and  
the density of ASIC currents increased 1.41-
fold when compared with the control. The 
ASIC2 gene, an ASIC subunit, was also studied 
to determine its interactions with H2O2. The 
results suggested that H2O2 did not affect 
ASIC2 after 24 hours.

Lastly, the study compared the effects of PcTx1 
blockade on ASIC pretreated with and without 
H2O2. The results confirmed that H2O2 increas-
es the sensitivity of ASIC currents to the block-
ade, with 34.20% ± 5.95% of the ASIC currents 
inhibited by PcTx1 in control cells and 56.27%  
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± 5.61% of ASIC currents inhibited in H2O2-
treated cells. These results indicate that more 
ASIC1a channels are expressed and distribut-
ed on the plasma membrane when treated  
with H2O2, reaffirming that H2O2 upregulates 
functional ASIC1a expression.

Perspective

The findings of the study ultimately provide evi-
dence that H2O2 upregulates the expression 
and increases the function of ASIC1a through 
the JNK signaling pathway. However, the inde-
pendent roles of oxidative stress and ASIC1a  
in the development of neurodegenerative dis-
eases have not been well-studied to determine 
an effect on each other. Specifically, the litera-
ture regarding the effect of oxidative stress on 
the expression of ASIC1a is sparse, with the 
present study being the first to evaluate the 
effects of physiological concentrations of H2O2 
on ASIC1a expression. In a previous study, Zha 
et al. found that exposure to higher, non-physi-
ological concentrations of H2O2 (1-10 mM) 
inhibited the surface expression of ASIC1a by 
increasing the formation of intersubunit disul-
fide bonds [26]. The normal range of H2O2 in 
human blood has been suggested to be 
between 1 and 5 μM, with increased concen-
trations in many chronic disease conditions 
[27]. Wu et al. used 20 µM H2O2 as a pathologi-
cally relevant concentration to simulate a dis-
ease state [22]. Thus, the differences in find-
ings between the studies are due to the vary- 
ing concentrations used. A recent study by 
Verkest et al. combined both in vitro and in vivo 
approaches that demonstrate that JNK is a 
post-translational phosphorylative regulator of 
rodent and human ASIC1b and ASIC3 chan-
nels. Their findings suggest that JNK can lead 
to peripheral sensitization and pain hypersensi-
tivity [28]. A prospective pain management 
therapy can target the JNK signaling pathway  
to prevent oxidative stress from potentiating 
ASIC expression. Numerous malignancies, in- 
cluding melanoma, breast cancer, and colorec-
tal cancer, have been linked to the JNK path- 
way and show enhanced signaling activity  
[29]. Additionally, neurodegenerative condi-
tions such as Alzheimer’s disease, multiple 
sclerosis, and Parkinson’s disease also exhibit 
overactivation of JNK signaling [30-32]. Hence, 
potential therapies can target oxidative stress 
to downregulate the JNK signaling pathway  
and prevent tumorigenesis and neurodegener-

ative diseases. Further investigation of the  
inhibition of oxidative stress and ASIC expres-
sion and its direct outcome on tumorigenesis 
and neurodegenerative diseases is warranted. 

Although MEK/ERK and p38 kinase path- 
ways were found to have no involvement in 
H2O2-induced changes in ASICs, a recent study 
by Peng et al. found that ASIC currents were 
potentiated by hydrogen sulfide (H2S) in a time- 
and concentration-dependent manner through 
the MAPK-Erk1/2 signaling pathway [33]. The 
observed potentiation was induced through an 
increased expression of ASIC1a at the plasma 
membrane. Notably, studies have identified 
interactions between H2S, ROS, and NO in their 
production and downstream signaling, with H2S 
being found to protect the body from oxidative 
stress [34-36]. This suggests that H2S has  
dual mechanisms to potentiate ASIC currents 
and reduce the concentrations of ROS and  
RNS [30, 33]. The usage of H2S as a therapy 
related to oxidative stress and ERK1/2-related 
pathologies requires further research. In rat 
dorsal root ganglion neurons, brief exposure to 
the proinflammatory cytokine tumor necrosis 
factor-α (TNF-α) was found to rapidly increase 
ASIC-mediated functional activity via the p38 
pathway [37]. Prospective therapies that target 
TNF-α and/or the p38 pathway may downregu-
late ASIC activity and therefore treat neurode-
generative diseass that result from oxidative 
stress. Future studies should be performed to 
expand our knowledge of the possible regula-
tors of ASIC activity via mechanisms of the 
MAPK signaling pathways. 

Along with future investigations on the effects 
of other ROS, the effects of reactive nitrogen 
species (RNS) including NO and peroxynitrite 
(ONOO-) on ASICs should be evaluated. Previous 
studies have suggested that NO potentiates 
the effects of ASICs, with a potential external 
effect through the oxidation of cysteine resi-
dues [38]. A study performed by Jetti et al. 
determined the role of NO in ASIC-mediated 
cell death and found that NO promoted cell 
death by potentiating ASICs during mild and 
moderate acidosis, though this effect subsided 
in the presence of severe acidosis with the  
inhibition of NO synthase [36]. Because the 
current literature regarding this topic is limited, 
our knowledge of the molecular mechanisms 
behind the impact of RNS on ASICs may be  
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significantly aided by further research of their 
relationship.

In addition, research should be performed on 
other antioxidants to further study their poten-
tial effects on ASIC1a expression and channel 
function. Prior studies have demonstrated the 
potentiation of ASIC currents by reducing ag- 
ents dithiothreitol (DTT) and glutathione [39], 
though further investigation is required to gain 
a more robust understanding of the molecular 
interactions between antioxidants and ASIC 
expression, and whether more antioxidants 
such as glutathione and vitamin E play a role  
in ASICs. 

Acknowledgements

The work was supported by a grant from 
American Heart Association (19AIREA3447- 
0007) to X-PC. 

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Xiang-Ping Chu, 
Department of Biomedical Sciences, University of 
Missouri-Kansas City School of Medicine, 2411 
Holmes Street, Kansas, Missouri 64108, USA. Tel: 
816-235-2248; Fax: 816-235-6517; E-mail: chux@
umkc.edu

References

[1]	 Riley PA. Free radicals in biology: oxidative 
stress and the effects of ionizing radiation.  
Int J Radiat Biol 1994; 65: 27-33. 

[2]	 Turrens JF. Mitochondrial formation of reactive 
oxygen species. J Physiol 2003; 552: 335-
344. 

[3]	 Liochev SI. Reactive oxygen species and the 
free radical theory of aging. Free Radic Biol 
Med 2013; 60: 1-4. 

[4]	 Gill SS and Tuteja N. Reactive oxygen species 
and antioxidant machinery in abiotic stress  
tolerance in crop plants. Plant Physiol Bio- 
chem 2010; 48: 909-930. 

[5]	 Zorov DB, Juhaszova M and Sollott SJ. Mito-
chondrial reactive oxygen species (ROS) and 
ROS-induced ROS release. Physiol Rev 2014; 
94: 909-950. 

[6]	 Kehrer JP. The Haber-Weiss reaction and 
mechanisms of toxicity. Toxicology 2000; 149: 
43-50. 

[7]	 Vu VV, Hangasky JA, Detomasi TC, Henry SJW, 
Ngo ST, Span EA and Marletta MA. Substrate 
selectivity in starch polysaccharide monooxy-

genases. J Biol Chem 2019; 294: 12157-
12166.

[8]	 Bardaweel SK, Gul M, Alzweiri M, Ishaqat A,  
ALSalamat HA and Bashatwah RM. Reactive 
oxygen species: the dual role in physiological 
and pathological conditions of the human 
body. Eurasian J Med 2018; 50: 193-201.

[9]	 Pizzino G, Irrera N, Cucinotta M, Pallio G, 
Mannino F, Arcoraci V, Squadrito F, Altavilla D 
and Bitto A. Oxidative stress: harms and bene- 
fits for human health. Oxid Med Cell Longev 
2017; 2017: 8416763.

[10]	 Birben E, Sahiner UM, Sackesen C, Erzurum S 
and Kalayci O. Oxidative stress and antioxidant 
defense. World Allergy Organ J 2012; 5: 9-19.

[11]	 Lobo V, Patil A, Phatak A and Chandra N. Free 
radicals, antioxidants and functional foods:  
impact on human health. Pharmacogn Rev 
2010; 4: 118-126. 

[12]	 Uttara B, Singh AV, Zamboni P and Mahajan 
RT. Oxidative stress and neurodegenerative 
diseases: a review of upstream and down-
stream antioxidant therapeutic options. Curr 
Neuropharmacol 2009; 7: 65-74.

[13]	 Frassetto LA and Sebastian A. How metabolic 
acidosis and oxidative stress alone and inter-
acting may increase the risk of fracture in  
diabetic subjects. Med Hypotheses 2012; 79: 
189-192. 

[14]	 Pillai SR, Damaghi M, Marunaka Y, Spugnini 
EP, Fais S and Gillies RJ. Causes, consequenc-
es, and therapy of tumors acidosis. Cancer Me-
tastasis Rev 2019; 38: 205-222. 

[15]	 Waldmann R, Champigny G, Bassilana F, Heur-
teaux C and Lazdunski M. A proton-gated cat-
ion channel involved in acid-sensing. Nature 
1997; 386: 173-177. 

[16]	 Xiong ZG, Zhu XM, Chu, XP, Minami M, Hey J, 
Wei WL, MacDonald JF, Wemmie JA, Price MP, 
Welsh MJ and Simon RP. Neuroprotection in 
ischemia: blocking calcium-permeable acid-
sensing ion channels. Cell 2004; 118: 687-
698. 

[17]	 Krishtal O. Receptor for protons: first observa-
tions on acid sensing ion channels. Neurophar-
macology 2015; 94: 4-8. 

[18]	 Gründer S and Pusch M. Biophysical proper-
ties of acid-sensing ion channels (ASICs). Neu-
ropharmacology 2015; 94: 9-18. 

[19]	 Vullo S and Kellenberger S. A molecular view  
of the function and pharmacology of acid-sens-
ing ion channels. Pharmacol Res 2020; 154: 
104166. 

[20]	 Boscardin E, Alijevic O, Hummler E, Frateschi  
S and Kellenberger S. The function and re- 
gulation of acid-sensing ion channels (ASICs) 
and the epithelial Na+ channel (ENaC): IUP- 
HAR review 19. Br J Pharmacol 2016; 173: 
2671-701. 

mailto:chux@umkc.edu
mailto:chux@umkc.edu


H2O2 and ASIC1a

280	 Int J Physiol Pathophysiol Pharmacol 2022;14(4):276-280

[21]	 Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng J,  
Li Y, Wang X and Zhao L. Inflammatory re-
sponses and inflammation-associated diseas-
es in organs. Oncotarget 2017; 9: 7204-7218. 

[22]	 Wu BM, Bargaineer J, Zhang L, Yang T, Xiong 
ZG and Leng TD. Upregulation of acid sensing 
ion channel 1a (ASIC1a) by hydrogen peroxide 
through the JNK pathway. Acta Pharmacol Sin 
2021; 42: 1248-1255. 

[23]	 Yarza R, Vela S, Solas M and Ramirez MJ. c-Jun 
N-terminal Kinase (JNK) signaling as a thera-
peutic target for Alzheimer’s disease. Front 
Pharmacol 2016; 6: 321. 

[24]	 Feng J, Lu S, Ou B, Liu Q, Dai J, Ji C, Zhou H, 
Huang H and Ma Y. The role of JNK signaling 
pathway in obesity-driven insulin resistance. 
Diabetes Metab Syndr Obes 2020; 13: 1399-
1406. 

[25]	 Kumar A, Singh UK, Kini SG, Garg V, Agrawal S, 
Tomar PK, Pathak P, Chaudhary A, Gupta P  
and Malik A. JNK pathway signaling: a novel 
and smarter therapeutic targets for various  
biological diseases. Future Med Chem 2015; 
7: 2065-2086. 

[26]	 Zha XM, Wang R, Collier DM, Snyder PM, Wem-
mie JA and Welsh MJ. Oxidant regulated inter-
subunit disulfide bond formation between ASI-
C1a subunits. Proc Natl Acad Sci U S A 2009; 
106: 3573-3578. 

[27]	 Forman HJ, Bernardo A and Davies KJ. What  
is the concentration of hydrogen peroxide in 
blood and plasma? Arch Biochem Biophys 
2016; 603: 48-53. 

[28]	 Verkest C, Diochot S, Lingueglia E and Baron  
A. C-Jun N-terminal kinase post-translational 
regulation of pain-related acid-sensing ion 
channels 1b and 3. J Neurosci 2021; 41: 
8673-8685. 

[29]	 Lu M, Wang Y and Zhan X. The MAPK pathway-
based drug therapeutic targets in pituitary ad-
enomas. Front Endocrinol (Lausanne) 2019; 
10: 330. 

[30]	 Kim EK and Choi EJ. Pathological roles of 
MAPK signaling pathways in human diseases. 
Biochim Biophys Acta 2010; 1802: 396-405. 

[31]	 Singh A, Upadhayay S and Mehan S. Under- 
standing abnormal c-JNK/p38MAPK signaling 
overactivation involved in the progression of 
multiple sclerosis: possible therapeutic targets 
and impact on neurodegenerative diseases. 
Neurotox Res 2021; 39: 1630-1650.

[32]	 Zhao Y, Kuca K, Wu W, Wang X, Nepovimova E, 
Musilek K and Wu Q. Hypothesis: JNK signaling 
is a therapeutic target of neurodegenerative 
diseases. Alzheimers Dement 2022; 18: 152-
158. 

[33]	 Peng Z and Kellenberger S. Hydrogen sulfide 
upregulates acid-sensing ion channels via  
the MAPK-Erk1/2 signaling pathway. Function 
(Oxf) 2021; 2: zqab007. 

[34]	 Xiao Q, Ying J, Xiang L and Zhang C. The bio-
logic effect of hydrogen sulfide and its func- 
tion in various diseases. Medicine (Baltimore) 
2018; 97: e13065. 

[35]	 Panthi S, Manandhar S and Gautam K. Hydro-
gen sulfide, nitric oxide, and neurodegenera-
tive disorders. Transl Neurodegener 2018; 7: 
3. 

[36]	 Andreadou I, Schulz R, Papapetropoulos A, 
Turan B, Ytrehus K, Ferinandy P, Daiber A and 
Lisa FD. The role of mitochondrial reactive  
oxygen species, NO and H2S in ischaemia/re-
perfusion injury and cardioprotection. J Cell 
Mol Med 2020; 24: 6510-6522.

[37]	 Cadiou H, Studer M, Jones NG, Smith EJ, Bal-
lard A, McMahon SB and McNaughton PA. 
Modulation of acid-sensing ion channel activi-
ty by nitric oxide. J Neurosci 2007; 27: 13251-
13260. 

[38]	 Andrey F, Tsintsadze T, Volkova T, Lozovaya N 
and Krishtal O. Acid sensing ionic channels: 
modulation by redox reagents. Biochim Bio-
phys Acta 2005; 1745: 1-6. 

[39]	 Cho JH and Askwith CC. Potentiation of acid-
sensing ion channels by sulfhydryl compounds. 
Am J Physiol Cell Physiol 2007; 292: C2161-
C2174.


