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Amyotrophic lateral sclerosis (ALS) is characterized by the degeneration of motor 

neurons in the motor cortex and spinal cord. Recent evidence suggests that the purine 

receptor P2X7 (P2X7R) plays a central role in the pathology of ALS. Previous research 

indicates that P2X7R activation by oxidatively modified heat shock protein 90 (Hsp90) 

or Hsp90 inhibition stimulates motor neuron death. The composition of the P2X7 

receptor complex, which includes Hsp90, is cell and species specific and is unknown in 

motor neurons. 

 
The purpose of this study was to investigate whether post-translational compositional 

differences in the P2X7R complex between healthy and ALS patients exist. We 

hypothesized that immunoprecipitation and mass spectrometry would indicate that the 

P2X7R complex is particularly vulnerable to ligand-independent activation by Hsp90 

nitration in ALS patients. Before immunoprecipitation and mass spectrometry could be 

performed, lentivectors carrying green fluorescent protein under the regulation of the 

motor neuron promoter Hb9 were produced and were added to motor neurons derived 

from the inducible neuroprogenitor cells of ALS and healthy patients.  

 



 

 
Fluorescence in the motor neurons was observed but documented poorly and will have 

to be repeated. Additionally, the motor neurons died before immunoprecipitation could 

be performed and subsequent differentiations failed. Future research will compare mass 

spectrometry results of the P2X7R complex of healthy and ALS patients. If differences 

are found, subsequent studies should focus on constructing ligands that occupy 

ALS-specific P2X7R complex regions and testing their efficacy/safety against the 

control: healthy patients' P2X7R complex. 
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Introduction 

Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease that 

involves the degeneration of upper and lower motor neurons. Motor neuron death is 

followed by muscle atrophy, paralysis, and eventual death by respiratory failure. In the 

United States, ALS affects approximately 30,000 individuals at one time, with 5,000 new 

cases of ALS diagnosed each year (1). Along with other neurological conditions, such 

as Parkinson’s, nitrative stress has been proposed to play a role in the pathogenesis of 

ALS (2,3). Nitration of tyrosine residues in the molecular chaperone heat shock protein 

90 (Hsp90) is present in spinal motor neurons from ALS patients and stimulates motor 

neuron death in cell culture (4).  

 

The nitration of free tyrosine or protein tyrosine residues produces 3-nitrotyrosine (2). 

The presence of nitrotyrosine can be detected by immunohistochemistry, HPLC with 

spectrophotometric and electrochemical detection, and mass spectrometry, among 

others (5). Many pathological conditions result in a multi-fold increase in protein 

3-nitrotyrosine (6). One such relevant example is in sporadic ALS, where HPLC analysis 

revealed an approximately seven-fold increase in both the concentration of 

cerebrospinal fluid 3-nitrotyrosine and 3-nitrotyrosine/free tyrosine ratio between ALS 

and control patients (7). As the free tyrosine levels remained consistent between the 

ALS and control patients, an increase in protein nitrotyrosine--and not free tyrosine 

nitration--is likely (6). More importantly, protein nitration does occur in the initiation of 

motor neuron disease (6). Furthermore, it is the structure of a protein and not its 

abundance or the number of tyrosine residues a protein has that dictates nitration 

 



 

selectivity (8). Specifically, the presence of the aromatic ring on the surface of the 

protein, the location of tyrosine in the loop structure, proximity to a negative charge, and 

the absence of neighboring cysteines dictates preferential nitration (9).  

 

Through the nitration of tyrosine residues, the biological oxidant peroxynitrite (ONOO-) 

induces motor neuron death (10,11). Additionally, peroxynitrite is produced as a 

by-product of trophic factor deprivation (12). This is because motor neurons cultured 

without brain-derived neurotrophic factor (BDNF) express mRNA transcripts for nitric 

oxide synthase (NOS), whereas BDNF-treated motor neurons do not. Furthermore, 

trophic factor-deprived motor neurons display immunofluorescence for neuronal NOS, 

whereas trophic-factor treated motor neurons do not. When NOS inhibitors were added 

to trophic factor-deprived motor neurons or when BDNF was added, apoptosis was 

reduced. Moreover, superoxide scavengers added to trophic factor-deprived motor 

neurons displayed a decrease in apoptosis and nitrotyrosine residues. Taken together, 

these results indicate that superoxide and nitric oxide combine endogenously following 

trophic factor deprivation to produce peroxynitrite and induce apoptosis (12). 

 

As for evidence of tyrosine residue nitration, an experiment showed that when 

tyrosine-containing peptides were added to a culture of motor neurons, apoptosis was 

reduced. The peptides acted as competitive targets for the nitrating free radical 

intermediates generated from peroxynitrite (10). These results suggest that tyrosine 

nitration activates specific pathways that lead to cellular death. In a separate study, the 

specific target for peroxynitrite-induced apoptosis was found to be the 90kDa heat 

 



 

shock protein (Hsp90), as it was the only putative nitrated protein to have significantly 

poorer motor neuron outcomes after being delivered intracellularly (11). 

 

The members of the Hsp90 family are comprised of highly conserved and ubiquitous 

molecules that act as protein chaperones (13). Hsp90 molecules are atypical in the 

sense that their main function is not to fold proteins but to stabilize and activate over 

200 signaling proteins known as clients (14). Some of these clients include the 

purinergic receptor P2X7 and important kinases such as p38, which mediates apoptosis 

(15,16). The N-terminal domain of Hsp90 binds and regulates clients and 

co-chaperones. The N-terminal domain also contains the ATPase activity (13,17). 

Additionally, the middle domain interacts with clients and co-chaperones (13). Lastly, 

the C-terminus interacts with the largest group co-chaperones, with each co-chaperone 

in the group containing a tetratricopeptide repeat (TPR) (18).  

 

It is not just the intrinsic anatomy of Hsp90 that determines how it interacts with its 

ligands, but also post-translational modifications and client-induced co-chaperone 

specificity. In terms of post-translational modifications, phosphorylation occurs the most, 

and an experiment in endothelial cells demonstrated that--following Hsp90 

phosphorylation--an increased association between endothelial nitric oxide synthase 

(eNOS) and Hsp90 occurs (19). Furthermore, another method of post-translational 

modification, S-nitrosylation, produces a similar effect in the association between Hsp90 

and eNOS (19). As for co-chaperone recruitment, phosphorylation of the middle domain 

of Hsp90 enhances the association of the co-chaperone Aha1 (20). Additionally, the 

 



 

recruitment of co-chaperones is client-specific, as the remodeling co-chaperones 

(associate after the client) PPIases, Fkbp51, Fkbp52, and Cyp40 are selective for the 

steroid receptor in steroid-Hsp90 complexes (21) 

 

 Ultimately, discovering the consequences of Hsp90 modifications is crucial for 

accurately describing a myriad of cellular processes such as cell survival, hormone 

signaling, and apoptosis as well as certain disease states (e.g. ALS) (13). The specific 

modification and consequence relevant to this study is that the nitration of specific 

residues in Hsp90 confers neurotoxicity in a gain-of-function manner (11).  

 

Hsp90’s toxic gain-of-function is triggered specifically by nitration to its tyrosine 

residues. When five susceptible tyrosine residues were replaced by phenylalanine, 

which is resistant to nitration, the intracellularly-delivered, peroxynitrite-treated Hsp90 

remained non-toxic to motor neurons (11). Through recombinant protein synthesis via 

site-specific unnatural amino acid replacement, five different Hsp90 proteins were 

created, each containing a single nitrotyrosine residue at a specific residue unique to 

each other (11). Only the Hsp90 proteins with nitrotyrosine at positions 33 and 56 were 

shown to induce motor neuron death, mimicking the aforementioned results regarding 

peroxynitrite-treated Hsp90. In fact, only the nitration of one tyrosine residue is 

necessary and sufficient to precipitate a toxic gain-of-function (11). 

 

Although it is widely known that nitrated Hsp90 and the activation of the FADD Fas 

pathway leads to motor neuron death, little is known about how the structure, and 

 



 

therefore function, of the intermediate step between them--the P2X7 receptor 

(P2X7R)--facilitates the activation of the Fas pathway and subsequent apoptosis. 

However, it is known that P2X7R is a complex consisting of at least 11 proteins, 

including Hsp90, and that it is a ligand-gated channel (22,23). Moreover, P2X7R 

precipitates an influx of calcium once activated (22). This calcium is imperative in the 

apoptotic pathway for motor neurons. An experiment illustrated that the mobilization of 

FasL was reduced after a calcium chelator was introduced intracellularly following 

Hsp90 peroxynitrite treatment (11). Because FasL interacts with the Fas death receptor 

and because FasL mobilization to this receptor was reduced, motor neuron death was 

not observed (11). 

 

Furthermore, following Hsp90 inhibition and nitration, P2X7R is capable of becoming 

activated independent of a ligand and then triggering apoptosis, indicating that the 

interplay between Hsp90 and P2X7R is paramount in the survival of motor neurons 

(11,24). Additionally, blocking P2X7R with an antagonist and preventing calcium influx 

decreases motor neuron death in rats afflicted with spinal cord injuries, but this method 

doesn’t prevent the ligand independent activation bypass (25). The composition of 

P2X7R complex in ALS individuals may be more conducive to triggering motor neuron 

death via Hsp90 nitration than healthy individuals. In order to study this phenomenon, 

we focused on motor neurons derived from the inducible neuroprogenitor cells (iNPCs) 

of human participants. This is because P2X7R is both species specific and cell specific 

(26,27).  

 

 



 

The P2X7R complex is cell-specific: in a study via Western Blotting with constructed 

monoclonal and polyclonal P2X7R antibodies, P2X7R was monomeric in brain 

glia-astrocyte cells and multimeric in peritoneal macrophages and peripheral bone 

marrow (26). Furthermore, the P2X7R complex is species-specific: human P2X7R was 

10-100 times more sensitive to ligand activation via the ATP agonist BzATP than the rat 

model, despite the fact that human and murine P2X7R share 80% homology in their 

sequences (27). This sensitivity stems from the C-terminal domain of P2X7, which is 

longer than any other member of the P2X family and is responsible for pore formation, 

transduction, and signaling (28). Most importantly, the C-terminus is the site where 

Hsp90 binds (29). 

 

The purpose of this study, then, was to investigate whether or not there are 

post-translational differences in the P2X7R composition between healthy and ALS 

patients. We hypothesized that mass spectrometry would reveal that P2X7R is 

particularly vulnerable to ligand-independent activation by Hsp90 nitration in ALS 

patients. If so, new targets for ALS therapeutics may materialize.  

 

Experimental Procedures 

Differentiation of motor neurons 

iPSC-derived NPCs of CRTL-155 and SOD-210 provided by our collaborator Kathrin 

Meyer from Nationwide Children’s Hospital were differentiated to motor neurons. The 

differentiation process took 28 days to complete. The cells were plated on 

poly-L-ornithine and laminin coated plates with 10mL of media consisting of DMEM/F12 

 



 

(Thermo Fisher Scientific, Waltham, Massachusettes), B27 (1:50 final) (Thermo Fisher 

Scientific), the γ-secretase inhibitor DAPT (1:1,000 final) (Sigma Aldrich, St. Louis, 

Missouri), retinoic acid (1:10,000 final) (Sigma Aldrich) , dorsomorphin (1:1000 final) 

(Tocris Bioscience, Bristol, United Kingdom) and antibiotic-antimycotic (100X) (1:100 

final, Thermo Fisher Scientific) for 3 days at 37oC. After that, smoothened agonist (SAG) 

(1:1,000 final) (Sigma Aldrich) was added, and the cells were incubated at 37oC for 

another 3 days. Then, muscle extract (Sigma Aldrich) was added (1 μM final) along with 

a mixture of the following trophic factors: Brain-Derived Neurotrophic factor (BDNF) 

(Invitrogen, Carlsbad, California, 10 ng/ml final), Glia-Derived Neurotrophic Factor 

(GDNF) (Invitrogen, 0.1 ng/mL final), and Ciliary Neurotrophic Factor (CNTF) 

(Invitrogen, 10 ng/mL final). Media were changed every 2 days for 6 additional days and 

incubated at 37oC. At the last media change, the cells were incubated at 37oC with the 

Hb9:GFP lentivectors in culture media at a multiplicity of infection (MOI) of 

approximately 20. Twenty four hours later, the media was replaced by 10 mL of new 

media consisting of neurobasal media (Thermo Fisher Scientific), B27 (1:50 final), 

antibiotic-antimycotic (100X) (1:100 final), and the trophic factors BDNF (10 ng/mL 

final), GDNF (0.1 ng/mL final) and CNTF (10 ng/mL final). Media were changed every 

two days until the cells expressed green fluorescent protein under fluorescent 

microscopy. 

  

Fluorescent cells were harvested by mild digestion with Accutase (Thermo Fisher 

Scientific, Waltham, Massachusetts). Cell suspensions were subjected to cell sorting at 

the Flow Cytometry and Cell Sorting Facility of the Department of Environmental and 

 



 

Molecular Toxicology.  All cells expressing GFP were separated. Motor neurons were 

centrifuged, the supernatant removed and the pellet frozen at -80oC until used. 

 

Lentivirus Production 

Dulbecco's Modified Eagle Medium (DMEM) complete with 10% FBS and 4 mM 

L-alanyl-L-glutamine was prepared. Then, 25 mM of chloroquine phosphate was 

prepared. Lastly, 1 mg/mL Polyethylenimine (PEI) was prepared and adjusted to have a 

pH of 7.  

 

3.8*10^6 HEK 293T cells (TakaraBio, Kusatsu, Shiga, Japan) were seeded onto 10 cm 

tissue culture plates in DMEM complete with 10% FBS and 4 mM L-alanyl-L-glutamine 

and incubated at 37oC, 5% CO2 for ~20 hours. Then, the media was replaced with 10 

mL of fresh DMEM with an addition of 10 μL of 25 mM chloroquine diphosphate/10 ml of 

complete media. After that, a mixture with the following 3 transfection plasmids (Table 

1) was created: 1.3 pmol psPAX2, 0.72 pmol pMD2.G, 1.64 pmol of Hb9:GFP and 

OptiPro SFM (Thermo Fisher Scientific) was added until there was 500 μL of media. 

Next, the transfection mixture was diluted by the addition of 56.7 μL of 1 mg/mL PEI. 

This was done by adding PEI dropwise while gently flicking the diluted DNA tube (i.e. 

tube with OptiPro SFM). 

 

The mixture was incubated for 20 minutes at room temperature before being added 

dropwise to the 293T cells. The cells were incubated overnight at 37oC, and the media 

was replaced with 15 mL of DMEM complete. Then, the cells were incubated again at 

 



 

37oC, and the viruses were harvested at 48, 72, and 96 hours after transduction. Next, 

the viral supernatant was centrifuged at approximately 500g for 5 minutes to pellet any 

of the 293T cells that were collected during harvesting. Lastly, the viral supernatant was 

filtered through a 0.45 μm PES filter, snap frozen in liquid nitrogen, and stored at -80oC 

until further use. 

 

Table 1 Description of the plasmids in the transfection mix 

Plasmid Final concentration Purpose Source 

psPAX2 2600 pM Packaging Plasmid Addgene, Watertown, 
Massachusetts 

pMD2.G 1440 pM Envelope Plasmid Addgene, Watertown, 
Massachusetts 

Hb9:GFP 3280 pM Transfer Plasmid Addgene, Watertown, 
Massachusetts 

 

Concentration of Lentivirus 

Lentivirus-containing supernatants were harvested and centrifuged at 500g for 10 

minutes. Next, the supernatant was transferred to a sterile container and Lenti-X 

Concentrator (TakaraBio) was added at a ratio of 1 Lenti-X Concentrator:3 supernatant. 

Then, the mixture was incubated at 4oC overnight. The mixture was centrifuged at 

1500g for 45 minutes, leading to the formation of a white pellet. The supernatant was 

carefully removed, and the high-titer, virus-containing pellet was resuspended in 1/10 to 

1/100th of the original volume with complete DMEM. Lastly, the sample was stored at 

-70oC in single-use aliquots. 

 



 

 

Colony Formation Titering Assay 

DMEM complete with 10% FBS and 4 mM L-alanyl-L-glutamine was prepared. 

Additionally, some of the DMEM complete was used to make a DMEM mixture with 10 

μg/mL polybrene. 

 

The frozen virus was thawed at 37oC in a warm water bath and 10-fold serial dilutions of 

lentivirus into DMEM complete containing 10 μg/mL polybrene were prepared. Next, 

150 μL of a viral dilution, along with 1,000 cells, were added to each well in a 6-well 

plate (each well received a unique dilution). After that, the plate was incubated for 48-72 

hours at 37oC and the media was replaced with 1.5 mL of DMEM complete containing 

the appropriate amount of antibiotic-antimycotic (100X) determined through minimum 

toxic experimentation. Then, the cells were incubated at 37oC for approximately 2 

weeks, and every 3-4 days, the media was replaced with DMEM complete containing 

the appropriate amount of antibiotic-antimycotic (100X). 

 

When the negative control cells (untransduced) died and colonies were visible, the 

media was aspirated from the wells and the cells were washed with 1 mL of PBS. Next, 

0.1% crystal violet solution was filtered through a 0.22 μm filter to remove any 

precipitates. Each well was stained for 10 minutes at room temperature with 1 mL of 

0.1% crystal violet; after which, the stain was removed, the cells were washed with 

PBS, and the colonies were counted. As such, the transduction units per mL (TU/mL) 

were calculated. 

 



 

 

Table 2. Summary of serial dilution and virus addition 

Dilution 

Volume of 
Lentivirus or 

Previous 
Dilution (μL) 

Volume of DMEM 
Complete Containing 
10 μg/mL Polybrene 

(μL) 

Volume of 
Virus Added 
to Plate (μL) 

Volume of 
Cells Added 
to Plate (μL) 

Final Viral 
Dilution 

1:10 100 of Stock 
Virus 

900 150 1,350 1:100 

1:100 100 of 1:10 900 150 1,350 1:1,000 

1:1,000 100 of 1:100 900 150 1,350 1:10,000 

1:10,000 100 of 1:1,000 900 150 1,350 1:100,000 

1:100,00
0 

100 of 
1:10,000 

900 150 1,350 1:1,000,000 

 

Immunoprecipitation 

Purified motor neurons were resuspended in immunoprecipitation (IP) lysis buffer 

(Thermo Fisher Scientific).The motor neurons were then homogenized by 3 cycles of 

freeze and thaw followed by passage through a needle. One-half mg of motor neuron 

proteins derived from the previous step were brought to a volume of 300 μL in lysis 

buffer. Then, 4 μg of polyclonal anti-P2X7 receptor antibody (Alomone, Jerusalem, 

Israel) was added and the mixture was incubated for 2 hours on ice with agitation. 15 

minutes before the end of the incubation, the protein A/G agarose beads (Pierce 

 



 

Biotechnology, Rockford, Illinois) were washed. After that, 30 μL of protein A/G agarose 

beads were added, and the samples were incubated for an additional hour. The 

samples were washed 3 times with an equal amount of lysis buffer (30 μl) and 

centrifuged at 14,000 RPM for 2 minutes. The supernatant was discarded carefully such 

that the protein A/G agarose beads were not carried away with the supernatant.  

 

Following supernatant disposal, 10 μl of 3X sample buffer was added to the sample. 

This was then heated up to 100oC so that the protein of interest could detach from the 

protein A/G agarose beads. After being heated up, this mixture was centrifuged at 

14,000 RPM at 4oC for 10 minutes and the supernatant was saved. The proteins were 

separated by PAGE on 10% gel, and the bands in the gel were cut and sent for mass 

spectrometric analysis. 

 

Results 

Motor neuron differentiation progression 

Figure 1 shows the partial differentiation process of the inducible neuroprogenitor cells 

(iNPCs) to motor neurons. Even on day 5, there is a visible increase in the proportion of 

cells expressing a jagged motor neuron phenotype (aka dendrites and axons) as 

opposed to the round appearance typical of iNPCs. The iNPCs were differentiated up to 

the point of green fluorescence expression in the motor neurons. Unfortunately, the 

motor neuron culture containing the fluorescent motor neurons died; therefore, 

immunoprecipitation and mass spectrometry of the P2X7R complex were not 

 



 

performed. Additional differentiations to progress further than the fluorescence step and 

to reach immunoprecipitation and mass spectrometry were not successful. 

 

 

 

 



 

 

Figure 1. Differentiation of inducible neuroprogenitor cells (iNPCs) to motor neurons. Day 1 

(top), day 2 (middle), and day 5 (bottom). 

 

Lentivector production and fluorescence 

The Hb9:GFP lentivectors were produced successfully in the HEK 293T cells. Figure 2 

illustrates that the packaging plasmid psPAX2, the envelope plasmid pMD2.G, and the 

transfer plasmid Hb9:GFP were combined in order to manufacture a lentivector that 

would fluoresce green under the presence of the motor neuron-specific Hb9 promoter 

(30,31). The motor neurons were transduced with the harvested lentivectors at day 12 

of differentiation, and the motor neurons expressed fluorescence several days later. 

Figure 3 exemplifies this. Lastly, images of the green-fluorescing motor neurons were 

taken but were not able to be recovered. 

 

 

 



 

 

 



 

 

 

 



 

 

Figure 2. Plasmid maps of the plasmids that were combined in HEK 293T cells to create the 

Hb9:GFP lentivectors. PsPAX2 is the packaging plasmid, pMD2.G is the envelope plasmid, and 

Hb9:GFP is the transfer plasmid. 

 



 

 

Figure 3. Diagram detailing how lentivector-induced GFP expression was achieved in the motor 

neurons  

 

Discussion 

The P2X7 receptor (P2X7R) complex is implicated in the death of motor neurons 

following the nitration of Hsp90. The P2X7R complex is both cell and species specific 

 



 

and has been found to be present in humans via in situ hybridization (26,27,32). 

However, it is unclear to what extent the composition of the complex has on facilitating 

the Fas-FADD cell death pathway. The purpose of this study was to investigate whether 

there are post-translational compositional differences in the P2X7R complex. If 

differences exist, new therapies may be developed to target the ALS-specific P2X7R 

complex. 

 

In this study, we were only able to observe motor neuron fluorescence. Nevertheless, 

this fluorescence let us detect the cells in culture that were actually motor neurons (i.e. 

purification). We used inducible neuroprogenitor stem cells (iNPCs) derived from both 

healthy and ALS patients, matured them into motor neurons, and transduced them with 

Hb9:GFP-containing lentivectors. Through this method, we identified what cells in our 

culture were motor neurons, because they were the ones that fluoresced green. More 

importantly, the de facto presence of fluorescence indicated that the lentivectors were 

successfully produced in the HEK 293T cells. 

 

Our fluorescence results are consistent with a previous study which also transduced 

motor neurons with an Hb9:GFP-containing lentivector. The motor neurons in that study 

fluoresced green following transduction (31). In addition, a different study utilizing the 

same vector architecture as our study--but with an RFP transfer plasmid instead of a 

GFP transfer plasmid--demonstrated fluorescence (33). Ultimately, the motor neurons in 

our study fluoresced because the motor neurons recognize the Hb9 promoter in the 

lentivector as one of their own, subsequently transcribing and translating the fluorescent 

 



 

protein of choice. The Hb9 promoter has been inductively established to be in all motor 

neurons via staining for the Hb9 protein (34). 

 

Unfortunately, even though fluorescence was observed in one culture, that culture died. 

Furthermore, the following cultures died before motor neuron maturation. There are 

several reasons why the fluorescent cell culture and subsequent differentiations could 

have stopped progressing. Mainly, the culture may have been exposed to non-sterile 

environments for too long, such as when we observed the cells for fluorescence. 

Another possibility is that the culture became contaminated during media changes. This 

could have occurred via cross-contamination with a pipette that became unknowingly 

unsterilized following non-air contact in the fume hood. Lastly, the culture might have 

been incubated improperly. For example, the water in the pan may have been 

contaminated or cross-contamination may have occurred between a researcher’s lab 

coat/skin and the incubator. Furthermore, the chamber doors may have been open for a 

long enough period of time to let in pathogens. 

 

Not only was there an issue with maintaining a viable culture but there was also an 

issue with recovering images for the motor neuron fluorescence. These images might 

have been taken improperly on the fluorescence microscope or the files containing the 

images might have been mismanaged. Additionally, separate images were captured on 

a cellular device and were backed up into the cloud; however, the cellular device was 

destroyed and the cloud backup was not viewable/corrupted/inadequately maintained.  

 

 



 

As there was no cell culture that could be immunoprecipitated nor images documenting 

fluorescence, a future experiment will have to achieve motor neuron fluorescence again 

but with proper documentation before proceeding to immunoprecipitation and 

subsequent mass spectrometry. If the mass spectrometry illustrates a compositional 

difference in the P2X7R complex between healthy and ALS patients, future studies will 

be needed to test whether different ALS-specific P2X7R complex ligands induce a safe 

and neuroprotective response. These studies will start in vitro--and given an efficacy 

signal--they will then proceed to clinical trials.  

 

Although the original purpose of this study was to analyse the composition of the 

P2X7R complex, which was not realized, we were still able to corroborate the lentivector 

method of motor neuron purification employed in previous studies and that utilizing the 

Hb9 promoter is a sufficient way to achieve this purification. 
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