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A commentary on

Selection of an ASIC1a-blocking combinatorial antibody that protects cells from ischemic death.
by Qiang, M., Dong, X., Zha, Z., Zuo, X.K., Song, X.L., Zhao, L., et al. (2018). Proc Natl Acad Sci. 
115(32), E7469-E7477. doi: 10.1073/pnas.1807233115.

INTRODUCTION

Strokes are the second leading cause of death in the world (Patel and McMullen, 2017). Of all strokes, 
ischemic strokes make up ~87% of them, making safe and effective therapy necessary (Powers et al., 
2018). Ischemic strokes have been known to decrease oxygen to brain, resulting in anaerobic glycolysis 
and lactic acid production, lowering the pH. One of the critical candidates for sensing acidosis is acid-
sensing ion channels (ASICs) (Waldmann et al., 1997; Xiong et al., 2004; Yermolaieva et al., 2004). ASICs 
have been shown to be an important target for ischemia-induced neuronal damage due to their function 
in the pathological state of acidosis resulting from the ischemic stroke. ASIC1a, in particular, is known to 
have calcium permeability and has been shown to be the critical target of ischemia-induced brain damage 
(Xiong et al., 2004; Yermolaieva et al., 2004). Thus, ASIC1a seems to be more active during pathological 
conditions than physiological processes (Chu et al., 2014). In more recent years, the focus has been on 
potential therapeutic agents that can selectively block ASIC1a to ultimately decrease neuronal injury 
following ischemic stroke (Huang et al., 2015). Some of the potential agents include small molecule 
drugs, such as amiloride and flurbiprofen (Mishra et al., 2010; O’Bryant et al., 2014), and venom peptides, 
such as PcTx1 (Salinas et al., 2006) and Hi1a (Chassagnon et al., 2017; Ren et al., 2018). Amiloride and 
nonsteroidal anti-inflammatory drugs like flurbiprofen are nonspecific inhibitors of ASICs (O’Bryant 
et al., 2014). Previous studies have shown flurbiprofen to be efficacious only before an acute ischemic 
stroke, and it is not effective up to 4 h after a stroke (Mishra et al., 2010). While venom peptide PcTx1 
has shown to be highly selective and efficacious at ASIC1a, venom peptides are biologically unstable in 
humans, making them inadequate for therapy (Qiang et al., 2018). Therefore, there is an urgent need for 
a therapy that is specific, effective, and safe while allowing the clinician >4.5 h of time window that tissue 
plasminogen activator (tPA) has after a stroke.

ASC06-IgG1 INHIBITS ASIC1a

A recent study was reported in the Proceedings of the National Academy of Sciences (Qiang et al., 2018). 
Qiang et al. discovered a novel therapy for reducing ischemia-induced neuronal death using a selective 
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ASIC1a-blocking monoclonal antibody (mAb), ASC06-IgG1, in 
an experimental ischemic model. The researchers generated mAb 
specific to the ASIC1a and found that the ASC06-IgG1 showed 
potent, sustained, and highly selective inhibition on ASIC1a. In our 
previous study, PcTx1 has been identified as a potent and selective 
inhibitor of ASIC1a and demonstrated great neuroprotection in 
ischemic brain injury (Xiong et al., 2004). In the present study 
by Qiang et al., they found that PcTx1 showed nearly complete 
inhibition of human ASIC1a (hASIC1a) current in expressed cells; 
however, ASC06-IgG1 displayed sustained and dose-dependent 
inhibition of up to 80% of the pH  6.0-induced ASIC currents. 
Furthermore, ASC06-IgG induced sustained inhibition, which 
is not reversible after washout for 30 min, while PcTx1 could be 
fully washed within 5 min. Mechanically, PcTx1 reveals its activity 
on ASIC1a through regulating steady-state desensitization of 
ASICs; however, ASC06-IgG1 seemed to use a mechanism that is 
noncompetitive with proton concentration. ASC06-IgG1 showed 
a dose-dependent inhibition of calcium influx with an IC50 of 
~3 nM, while amiloride at a concentration of 30 µM showed only 
21% inhibition. When assessing tolerance, ASC06-IgG1 displayed 
no major degradation or aggregation of the antibody, whereas 
PcTx1 showed some tolerance when used as an analgesic for pain 
(Mazzuca et al., 2007). While comparing the neuroprotective 
effects of ASC06-IgG1 to PcTx1, they found that it reduced infarct 
volume to a similar degree as PcTx1 in a mouse model of middle 
cerebral artery occlusion (Qiang et al., 2018).

DISCUSSION

Antibodies have been applied in neurodegenerative diseases 
(Katsinelos et al., 2019). This study sheds new light on ASC06-IgG1 as 
a novel mAb for translational stroke research. Monoclonal antibodies 
(mAbs) have been used for years in treating certain diseases, especially 
malignants cancers/tumors (Pento, 2017). Of the many current mAbs 
on the market, two of them include rituximab, which is an anti-CD20 
antibody that was approved by the Food and Drug Administration 
for treatment of B-cell non-Hodgkin lymphoma, and trastuzumab, 
which is an anti-HER2 receptor antibody used in the treatment of 
HER2-overexpressing breast and gastric cancer (McLaughlin et al., 
1998; Bang et al., 2010; Slamon et al., 2011). Because of the increase 

in successful treatment of systemic metastasis outside the blood–
brain–barrier (BBB) by mAbs, there has been relative increases 
in metastasis of cancers to the central nervous system (CNS), 
highlighting the urgent need in treatment of metastasis of cancers 
by mAbs (Weidle et al., 2015). An important factor to consider with 
any mAb is the route of administration in order to allow the antibody 
to reach the target tissue in the highest concentrations. The BBB 
is a barrier to prevent certain substances and drugs from reaching 
the CNS from the blood stream. If an antibody is administered 
intrathecally but is unable to escape the CNS to the bloodstream, it 
could produce prolonged toxic side effects (Upadhyay, 2014). Qiang 
et al. injected the antibody intracerebroventricularly, giving it direct 
access to the CNS, which is a technique that has been used for certain 
antimicrobials in humans (Cook et al., 2009). Another possible route 
of administration that has been used with antibodies is the intrathecal 
route. Intranasal route has been used for the administration of venom 
peptides that inhibit the ASIC1a channel to mice (Chassagnon et al., 
2017), but it is unlikely that that an antibody could be administered 
in this way due to size constrictions. However, recent study has 
shown that antibody-conjugated nanoparticles can be used to target 
encapsulated drugs, which can cross the BBB and reach the brain 
cells, and have proven to be very promising (Loureiro et al., 2014; 
Loureiro et al., 2017; Teleanu et al., 2019). Therefore, the delivery 
of the mAb ASC06-IgG1 by nanoparticles to the ischemic brain  
region and the time window for ASC06-IgG1 of over 3 h are in need 
for further study.

AUTHOR CONTRIBUTIONS

All authors listed have made substantial, direct and intellectual 
contribution to the work, and approved it for publication.

FUNDING

This work was partly supported by grants from the Sarah 
Morrison Student Research Award of University of Missouri-
Kansas City School of Medicine to AP, University of Missouri 
Research Board, Missouri, USA, the Qiqihar Medical University 
(QY2016ZD-01), Heilongjiang Province, China and American 
Heart Association (19AIREA34470007) to X-PC.

REFERENCES

Bang, Y. J., Van Cutsem, E., Feyereislova, A., Chung, H. C., Shen, L., Sawaki, A., et al. 
(2010). Trastuzumab in combination with chemotherapy versus chemotherapy 
alone for treatment of HER2-positive advanced gastric or gastro-oesophageal 
junction cancer (ToGA): a phase 3, open-label, randomised controlled trial. 
Lancet 376, 687–697. doi: 10.1016/S0140-6736(10)61121-X

Chassagnon, I. R., McCarthy, C. A., Chin, Y. K., Pineda, S. S., Keramidasd, A., 
Moblie, M., et al. (2017). Potent neuroprotection after stroke afforded by a 
double-knot spider-venom peptide that inhibits acid-sensing ion channel 1a. 
Proc. Natl. Acad. Sci. 114, 3750–3755. doi: 10.1073/pnas.1614728114

Chu, X. P., Grasing, K. A., and Wang, J. Q. (2014). Acid-sensing ion channels 
contribute to neurotoxicity. Transl. Stroke Res. 5 (1), 69–78. doi: 10.1007/
s12975-013-0305-y

Cook, A. M., Mieure, K. D., Owen, R. D., Pesaturo, A. B., and Hatton, J. (2009). 
Intracerebroventricular administration of drugs. Pharmacotherapy 29 (7), 832–
845. doi: 10.1592/phco.29.7.832

Huang, Y., Jiang, N., Li, J., Ji, Y. H., Xiong, Z. G., and Zha, X. M. (2015). Two aspects 
of ASIC function: synaptic plasticity and neuronal injury. Neuropharmacology 
94, 42–48. doi: 10.1016/j.neuropharm.2014.12.010

Katsinelos, T., Tuck, B. J., Mukadam, A. S., and McEwan, W. A. (2019). The 
role of antibodies and their receptors in protection against ordered protein 
assembly in neurodegeneration. Front. Immunol. 10, 1139. doi: 10.3389/
fimmu.2019.01139

Loureiro, J. A., Gomes, B., Coelho, M. A., do Carmo Pereira, M., and Rocha, S. 
(2014). Targeting nanoparticles across the blood-brain barrier with 
monoclonal antibodies. Nanomedicine (Lond.) 9 (5), 709–722. doi: 10.2217/
nnm.14.27

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1016/S0140-6736(10)61121-X
https://doi.org/10.1073/pnas.1614728114
https://doi.org/10.1007/s12975-013-0305-y
https://doi.org/10.1007/s12975-013-0305-y
https://doi.org/10.1592/phco.29.7.832
https://doi.org/10.1016/j.neuropharm.2014.12.010
https://doi.org/10.3389/fimmu.2019.01139
https://doi.org/10.3389/fimmu.2019.01139
https://doi.org/10.2217/nnm.14.27
https://doi.org/10.2217/nnm.14.27


Commentary: Therapeutic Consequences of an ASIC1a-Blocking AntibodyPeterson et al.

3 August 2019 | Volume 10 | Article 954Frontiers in Pharmacology | www.frontiersin.org

Loureiro, J. A., Andrade, S., Duarte, A., Neves, A. R., Queiroz, J. F., Nunes, C., 
et al. (2017). Resveratrol and grape extract-loaded solid lipid nanoparticles 
for the treatment of Alzheimer's disease. Molecules 22 (2), E277. doi: 10.3390/
molecules22020277 

Mazzuca, M., Heurteaux, C., Alloui, A., Diochot, S., Baron, A., Voilley, N., et al. 
(2007). A tarantula peptide against pain via ASIC1a channels and opioid 
mechanisms. Nat. Neurosci. 10, 943–945. doi: 10.1038/nn1940

McLaughlin, P., Grillo-Lopez, A. J., Link, B. K., Levy, R., Czuczman, M. S., 
Williams, M. E., et al. (1998). Rituximab chimeric anti-CD20 monoclonal 
antibody therapy for relapsed indolent lymphoma: half of patients respond to 
a four-dose treatment program. J. Clin. Oncol. 16, 2825–2833. doi: 10.1200/
JCO.1998.16.8.2825

Mishra, V., Verma, R., and Raghubir, R. (2010). Neuroprotective effect of flurbiprofen 
in focal cerebral ischemia: the possible role of ASIC1a. Neuropharmacology 59 
(7–8), 582–588. doi: 10.1016/j.neuropharm.2010.08.015

O’Bryant, Z., Vann, K. T., and Xiong, Z. G. (2014). Translational strategies for 
neuroprotection in ischemic stroke—focusing on acid sensing ion channel 1a. 
Transl. Stroke Res. 5 (1), 59–68. doi: 10.1007/s12975-013-0319-5

Patel, R. A. G., and McMullen, P. W. (2017). Neuroprotection in the treatment 
of acute ischemic stroke. Prog. Cardiovasc. Dis. 59, 542–548. doi: 10.1016/j.
pcad.2017.04.005

Pento, J. (2017). Monoclonal antibodies for the treatment of cancer. Anticancer 
Res. 37 (11), 5935–5939. doi: 10.21873/anticanres.12040

Powers, W. J., Rabinstein, A. A., Ackerson, T., Adeoye, O. M., Bambakidis, N. C., 
Becker, K., et al. (2018). 2018 guidelines for the early management of patients 
with acute ischemic stroke: a guideline for healthcare professionals from the 
American Heart Association/American Stroke Association. Stroke 49 (3), e46–
e110. doi: 10.1161/STR0000000000000158

Qiang, M., Dong, X., Zha, Z., Zuo, X. K., Song, X. L., Zhao, L., et al. (2018). 
Selection of an ASIC1a-blocking combinatorial antibody that protects cells 
from ischemic death. Proc. Natl. Acad. Sci. 115 (32), E7469–E7477. doi: 
10.1073/pnas.1807233115

Ren, Y., Li, C., Chang, J., Wang, R., Wang, Y., and Chu, X. P. (2018). Hi1a as 
a novel neuroprotective agent for ischemic stroke by inhibition of acid-
sensing ion channel 1a. Transl. Stroke Res. 9 (2), 96–98. doi: 10.1007/
s12975-017-0575-x

Salinas, M., Rash, L. D., Baron, A., Lambeau, G., Escoubas, P., and Lazdunski, M. 
(2006). The receptor site of the spider toxin PcTx1 on the proton-gated 
cation channel ASIC1a. J. Physiol. 570 (Pt 2), 339–354. doi: 10.1113/
jphysiol.2005.095810

Slamon, D., Eiermann, W., Robert, N., Pienkowski, T., Martin, M., Press, M., et al. 
(2011). Adjuvant trastuzumab in HER2-positive breast cancer. N. Engl. J. Med. 
365, 1273–1283. doi: 10.1056/NEJMoa0910383

Teleanu, D. M., Negut, I., Grumezescu, V., Grumezescu, A. M., and Teleanu, R. I.  
(2019). Nanomaterials for drug delivery to the central nervous system. 
Nanomaterials (Basel) 9 (3), E371. doi: 10.3390/nano9030371

Upadhyay, R. K. (2014). Drug delivery systems, CNS protection, and the blood 
brain barrier. Biomed. Res. Int. 2014, 869269. doi: 10.1155/2014/869269

Waldmann, R., Champigny, G., Bassilana, F., Heurteaux, C., and Lazdunski, M. 
(1997). A proton-gated cation channel involved in acid-sensing. Nature 386 
(6621), 173–177. doi: 10.1038/386173a0

Weidle, U. H., Niewöhner, J., and Tiefenthaler, G. (2015). The blood–brain barrier 
challenge for the treatment of brain cancer, secondary brain metastases, and 
neurological diseases. Cancer Genom. Proteomics. 12 (4), 167–177. 

Xiong, Z. G., Zhu, X. M., Chu, X. P., Minami, M., Hey, J., Wei, W. L., et al. (2004). 
Neuroprotection in ischemia: blocking calcium-permeable acid-sensing ion 
channels. Cell 118, 687–698. doi: 10.1016/j.cell.2004.08.026

Yermolaieva, O., Leonard, A. S., Schnizler, M. K., Abboud, F. M., and Welsh, M. J.  
(2004). Extracellular acidosis increases neuronal cell calcium by activating 
acid-sensing ion channel 1a. Proc. Natl. Acad. Sci. USA. 101 (17), 6752–6757. 
doi: 10.1073/pnas.0308636100

Conflict of Interest Statement: The authors declare that the research was 
conducted in the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Copyright © 2019 Peterson, Jiang and Chu. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (CC BY). The use, 
distribution or reproduction in other forums is permitted, provided the original 
author(s) and the copyright owner(s) are credited and that the original publication 
in this journal is cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply with these terms.

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1038/nn1940
https://doi.org/10.1200/JCO.1998.16.8.2825
https://doi.org/10.1200/JCO.1998.16.8.2825
https://doi.org/10.1016/j.neuropharm.2010.08.015
https://doi.org/10.1007/s12975-013-0319-5
https://doi.org/10.1016/j.pcad.2017.04.005
https://doi.org/10.1016/j.pcad.2017.04.005
https://doi.org/10.21873/anticanres.12040
https://doi.org/10.1161/STR0000000000000158
https://doi.org/10.1073/pnas.1807233115
https://doi.org/10.1007/s12975-017-0575-x
https://doi.org/10.1007/s12975-017-0575-x
https://doi.org/10.1113/jphysiol.2005.095810
https://doi.org/10.1113/jphysiol.2005.095810
https://doi.org/10.1056/NEJMoa0910383
https://doi.org/10.3390/nano9030371
https://doi.org/10.1155/2014/869269
https://doi.org/10.1038/386173a0
https://doi.org/10.1016/j.cell.2004.08.026
https://doi.org/10.1073/pnas.0308636100
http://creativecommons.org/licenses/by/4.0/

	Commentary: Potential Therapeutic Consequences of an Acid-Sensing Ion Channel 1a-Blocking Antibody
	Introduction
	ASC06-IgG1 Inhibits ASIC1a
	Discussion
	Author Contributions
	Funding
	References


