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Chapter'1'Introduction'

Alzheimer’s! disease! (AD),! with! M26,000,000! patients! worldwide,!

constitutes!the!most!common!neurodegenerative!disorder.!The!number!of!

people!who!suffer!from!AD!is!expected!to!reach!M106,000,000!by!2050!if!no!

preventive! treatments! become! available! (Brookmeyer! et! al.! 2007b!

Dziewczapolski! et! al.! 2009).! AD! describes! a! set! of! symptoms,! which!

includes!the!loss!of!memory,!mood!changes,!problems!with!communication!

and!reasoning.!AD,!which!first!described!by!the!German!neurologist!Alois!

Alzheimer,!is!a!physical!disease!affecting!the!brains.!The!neuropathological!

and! neurochemical! hallmarks! of! AD! include:! synaptic! loss! and! selective!

neuronal!cellMdeathb!decrease!of!the!markers!for!certain!neurotransmittersb!

and! abnormalities! in! neurons! and! their! processes! as! well! as! in! the!

extracellular! space! (Haass! &! Selkoe! 2007b! Roberson! &! Mucke! 2006).!

Among! the! course! of! the! disease,! ‘senile! plaques’! and! ‘neurofibrillary!

tangles’!are!developed!within!the!structure!of!the!brains,!leading!to!the!death!

of!brain!cells.! !

There! are! several! hypotheses! about! AD! pathology! causes,! among!

which!the!‘amyloid!hypothesis’!is!the!main!basic!hypothesis!for!most!of!the!

researches.!The!traditional!formulation!of!amyloid!hypothesis!suggests!that!

the!cytotoxicity!of!mature!aggregated!amyloid!fibrils!are!believed!to!be!the!

toxic!form!of!the!protein,!responsible!for!disrupting!the!cellular!calcium!ion!
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homeostasis!and! thereby! inducing!apoptosis! (Yankner!et!al.!1990).!That!

means,!the!accumulation!of!amyloid!beta!protein!(Aβ)!fragments!in!the!brain!

trigger! the! disruption! and! destruction! of! nerve! cells! that! cause!AD.! This!

hypothesis! is!supported!by!the!observation!that!a!variant!of!Aβ!known!to!

form! senile! plaque! (Glenner! &! Wong! 1984).! Aβ! peptides! are! thus!

considered!to!play!a!significant!role!in!the!pathogenesis!of!AD!because!of!

their!ability!to!aggregate!into!βMsheets,!which!constitute!the!amyloid!plaques!

in!AD!brains!(Burdick!et!al.!1992).!(Figure!1M1)!Aβ!assemblies!can!be!mainly!

divided! into! 2! big! groups:! insoluble! fibrillary! structure,! which! are!mainly!

found! in! senile! plaque,! and! soluble! nonMfibrillar! structures! with! a! wide!

molecular!weight!range!(from!<10kDa!to!>100kDa)�(Sakono!&!Zako!2010).!

Soluble!nonMfibrillar!structures!include!several!different!types!of!oligomers!

such!as!very!short!oligomers!ranging!from!dimer!to!hexamer!size!and!AβM

derived!diffusible!ligands!(ADDLs)!ranging!from!17!to!42!kDa!(Kirkitadze!&!

Kowalska! 2005),! and! larger! nonfibrillar! aggregates! known! as! protofibrils!

(Sandberg!et!al.!2010).!Among!those,!soluble!nonMfibrillar!structures!have!

been!reported!to!be!highly!toxic!in!neurons!with!increased!neuronal!death!

(Dahlgren! et! al.! 2002b! Sakono! &! Zako! 2010),! and! causing! synaptic!

dysfunction! through! calcium! impairment, long! term! potentiation! (LTP)!

blockage!and!synapse!loss!(Shankar!&!Walsh!2009b!Tu!et!al.!2014b!Palop!

&!Mucke!2010).!
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Aβ!is!formed!after!sequential!cleavage!of!the!amyloid!precursor!protein!

(APP)! by! βM! and! γM! secretase.! The! γMsecretase,! which! produces! the! CM

terminal!end!of!the!Aβ!peptide,!cleaves!within!the!transmembrane!region!of!

APP!and!generates!a!number!of!isoforms!of!36M43!amino!acid!residues!in!

length.! The! most! common! isoforms! are! Aβ40! and! Aβ42! (Haass! 2004b!

Figure! 1M2A).! Even! though! Aβ42! has! been! reported! to! be! the! more!

neurotoxic!(Jarrett!et!al.!1993)!and!more!hydrophobic!isoform,!which!prone!

to!form!aggregates!more!easily,!Aβ40!is!the!predominant!one!and!the!main!

compose!of!senile!plaque!(Hsiao!et!al.!1996b!Selkoe!1998).! !

Several!autosomal!dominant!mutations!causing!earlyMonset!familial!AD!

(FAD)!have!been! identified! in! the!APP!gene,!suggesting! that! this!protein!

affects!either!the!metabolism!of!Aβ!or!its!properties!of!aggregation!(Selkoe!

1999b! Ronnback! et! al.! 2012).! Those! mutations! cause! a! rapidly! and!

progressive!and!severe!form!of!the!disease!(Bertram!&!Tanzi!2004b!Whalen!

et! al.! 2005).!Clinical! features!of!FAD!are! indistinguishable! from! those!of!

sporadic! casesb! however,! disease! onset! occurs! at! a!much! younger! age!

(Kamino!et!al.!1992).!Point!mutations!in!the!Aβ!sequence!associated!with!

FAD!are!clustered!around!the!central!hydrophobic!core!of!Aβ!(Figure!1M2B).!

The!‘Dutch’!mutation!in!the!Aβ!sequence,!Aβ[E22Q]!gives!rise!to!a!highly!

distinct! phenotype! of! severe! amyloid! angiopathy,! leading! to! recurrent!

cerebral!hemorrhage!(Van!Broeckhoven!et!al.!1990).!The!‘Iowa’!mutation,!
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Aβ[D23N],!is!associated!with!severe!amyloid!angiopathy!as!well!(Grabowski!

et!al.!2001).!The!Aβ[E22G]!mutation,!found!to!cause!AD!in!Swedish!families,!

was!first!reported!in!2001!by!Nilsberth!et!al.,!is!named!the!Arctic!mutation!

(Nilsberth! et! al.! 2001).! This!mutation! has! a! purely! cognitive! phenotype,!

typical!of!AD,!without!showing!the!presence!of!marked!amyloid!angiopathy!

(Basun!et!al.!2008).!Carriers!of!the!Arctic!mutation!have!decreased!amounts!

of! plasma!Aβ(1M42)!and!Aβ(1M40),! and!demonstrated! that!Aβ(1M40)E22G!

forms!protofibrils!much!faster!and!more!abundantly!than!the!wildMtype!Aβ,!

whereas! the! rate!of! fibrillization! remains! the!same!(Nilsberth!et!al.!2001b!

Itkin!et!al.!2011).!There!were!other!aspects!of!aggregation!patterns!of!Arctic!

Aβ!being!studied!as!well.!Oligomerization!pattern!of!Arctic!mutation!was!

reported!different!from!wild!type!Aβ!with!a!tendency!to!form!larger!oligomers!

(Gessel! et! al.! 2012).! Fibril! structures! were! also! observed! and! studied!

previously! (Norlin! et! al.! 2012).! Therefore,! special! aggregation! pattern! of!

Arctic!Aβ!has!been!suggested!to!be!a!primary!result!of!‘Arctic’!mutation.! !

The! nicotinic! acetylcholine! receptors,! key! players! in! neuronal!

communication,!convert!neurotransmitter!binding!into!membrane!electrical!

depolarization.! One! of! the! receptors,! alphaM7! nicotinic! acetylcholine!

receptor,! is! composed! of! homologous! subunits! known! as! neuronal!

acetylcholine!receptor!subunit!alphaM7!(CHRNA7).!This!receptor!is!mainly!

located!in!the!brain!where!activation!yields!preM!and!postsynaptic!excitation,!
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mainly!by! increased!Ca2+!permeability! (Bertrand!et!al.!1993b!Figure!1M3).!

CHRNA7! regulates! numerous! Ca2+Mdependent! events! in! the! nervous!

system!(Liu!et!al.!2001b!Séguéla!et!al.!1993),!and!its!activation!can!mediate!

longMterm! potentiation! (LTP)! at! glutamatergic! synapses! (Mansvelder! &!

McGehee!2000).!CHRNA7!has!been!reported!to!show!the!neuroprotective!

function!by!its!activation,!both!in!vitro!(Qi!et!al.!2007b!Martin!et!al.!2004)!and!

in!vivo!(Di!Cesare!Mannelli!et!al.!2014b!Liu!et!al.!2012)!as!well.! !

Previous! studies! have! found! that! Aβ42! binds! to! CHRNA7! with! high!

affinity! (H.!Wang!et! al.! 2000b!H.MY.!Wang!et! al.! 2000).! Furthermore,! the!

decline! of! senile! plaques! has! been! detected! in! AβMoverMexpressed!

transgene! mice! by! blocking! of! CHRNA7! (Dziewczapolski! et! al.! 2009).!

Moreover,!Aβ!has!been!found!to!interact!with!CHRNA7!resulting!in!impaired!

receptor!functions!(Pettit!et!al.!2001b!Liu!et!al.!2001).!Meanwhile,!Aβ!has!

been! reported! to! enhance! its! aggregation! in! the! lipid! raft! with! CHRNA7!

exiting! in! it! (Ehehalt! et! al.! 2003b!Brusés!et! al.! 2001).!Combine! together,!

these!results!have!led!to!the!hypothesis!that!the!CHRNA7!subunit!plays!a!

role!in!AD.! !

Because! the!molecular! mechanism! of! Arctic! mutationMmediated! FAD!

remains!unknown,!Arctic!Aβ!and!CHRNA7!were!investigated!(Ju!et!al.!2014).!

In! vitro! binding! assay! was! performed! to! search! the! direct! interaction!

between!CHRNA7!and!Arctic!Aβ,!Thioflavin!T!(ThT)!assay!and!transmission!
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electron! microscopy! to! test! the! aggregation! ability! of! Arctic! Aβ! with! or!

without!the!addition!of!CHRNA7,!and!measured!Ca
2+
!response!to!nicotine!

induction!and!its!downstream!signal!ERK1/2!activation!to!analyze!whether!

the! function! of! CHRNA7! was! influenced! by! Arctic! Aβ! (Ju! et! al.! 2014).!

Furthermore,!whether!Arctic!Aβ!could!affect! the!neuroprotective!effect!of!

CHRNA7!was!searched!by!using!MTS!assay!and!fluorescence!microscopy.!

Human!neuroblastoma!(SHMSY5Y)!cells!were!used.! !

Several!different!signaling!cascades!are!reported!to!be!participating!in!

cell!survival!within!nicotine!antiMapoptotic!action,!including!the!extracellular!

signalMregulated!kinase/mitogenMactivated!protein!kinase!(ERK1/2)!pathway!

(Ren!et!al.!2005b!Toborek!et!al.!2007),!the!JNK!pathway!(Huang!et!al.!2012),!

as!well!as!vMakt!murin! thymoma!viral!oncogene!homolog! (AKT)!pathway!

(Kihara!et!al.!2001b!Buckinham!et!al.!2009).!The!activation!of!those!signaling!

proteins!was� investigated!to!assist!the!further!understanding!of!molecular!

mechanism!of!ArcticMmediated!FAD!through!CHRNA7!by!biochemical!assay.! ! !

This! study! indicated! the! novel! understanding! of! the! molecular!

mechanism!of!Arctic!mutationMmediated!FAD.! !

!

! !
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!

Figure!1M1!Amyloid!β!proteins!accumulate!to!form!senile!plaque! !

Senile! plaques! are! found! in!Alzheimer’s! disease! patients’! brains! (Image!

from!Miller!&!Boeve!2009).!Senile!plaques!are!mainly!composed!of!Amyloid!

β.! This! Aβ! proteins! aggregate,! from! monomers,! throughout! oligomers,!

protofribrils!and!fibrils!structures,!eventually!to!form!plaques.!! !
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A.!

!
!

B.!

!

Figure!1M2!Different!isoforms!of!Amyloid!β!protein!

Amyloid!β!has!different!isoforms.!(A)!Different!isoforms!of!Amyloid!β!protein!

are!named!based!on!different!amino!acid!residues!in!length,!generated!by!

sequential! cleavage! difference! by! γMsecretase! from! Amyloid! precursor!

protein! (APP).! Even! though! Aβ42! has! been! reported! to! be! the! more!

neurotoxic!(Jarrett!et!al.!1993)!and!more!hydrophobic!isoform,!which!prone!

to!form!aggregates!more!easily,!Aβ40!is!the!predominant!one!and!the!main!
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compose! of! senile! plaque! (Hsiao! et! al.! 1996b! Selkoe! 1998).! (B)!Mutant!

forms! of! Aβ40! are! generated! by! single! amino! acid! mutation! in! Aβ40!

sequence,! causing! different! types! of! familial! Alzheimer’s! disease! (FAD).!

(E22Q:!Dutch!mutationb!D23N:!Iowa!mutationb!E22Gb!Arctic!mutation)!

!

! !
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!

Figure!1M3!CHRNA7!regulates!Ca2+!permeability!

CHRNA7! is!mainly! located! in! the! brain!where! activation! yields! preM! and!

postsynaptic!excitation,!mainly!by!increased!Ca2+!permeability!(Bertrand!et!

al.! 1993).! CHRNA7! regulates! numerous! Ca2+Mdependent! events! in! the!

nervous!system!(Liu!et!al.!2001b!Séguéla!et!al.!1993),!and!its!activation!can!

mediate! longMterm! potentiation! (LTP)! at! glutamatergic! synapses!

(Mansvelder!&!McGehee!2000).!
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Chapter'2'Methods'and'Materials'

2F1'Cell'culture'
Chinese! hamster! ovary! (CHOMK1)! cell! lines! and! SHMSY5Y! human!

neuroblastoma!cell!lines!were!used!in!this!research.!Cell!culture!media!was!

DMMEM!(low!Glucose)!(Dulbecco's!Modified!Eagle's!Medium,!Wako,!Osaka,!

Japan)!containing!FBS!(Fetal!bovine!serum,!10%)!(Thermo!Fisher!Scientific,!

San!Jose,!CA,!USA)!and!PenicillinMStreptomycin!Solution!(1%).!

!

2F2'Antibodies'
The!following!antibodies!were!used!as!primary!antibodies:!antiMCHRNA7!

polyclonal! antibody! (Santa! Cruz! Biotechnology,! Dallas,! TX,! USA)b! antiM

Glutathione! SMtransferase! monoclonal! antibody! (Wako)b! Aβ! monoclonal!

antibody! 6E10! (Covance,! Berkeley,! CA,! USA)b! p44/42! MAPK! (ERK1/2)!

Rabbit! monoclonal! antibody! (Cell! Signaling! Technology,! Beverly,! MA,!

USA)b! PhosphoMp44/42! MAPK! (ERK1/2)! (Thr202/Tyr204)! Rabbit!

monoclonal! antibody! (Cell! Signaling! Technology)b! antiMHAMtag! polyclonal!

antibody! (Medical! &! Biological! laboratories,! Nagoya,! Japan)b! PhosphoM

SAPK/JNK! (Thr! 183/Tyr! 185)! antibody! (Cell! Signaling! Technology)b!

SAPK/JNK!antibody!(Cell!Signaling!Technology)b!Akt!(pan)!(C67E7)!Rabbit!

monoclonal! antibody! (Cell! Signaling! Technology)b! PhosphoMAkt! (Ser473)!
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Rabbit! monoclonal! antibody! (Cell! Signaling! Technology)b! antiMβ! actin!

monoclonal!antibody!(Wako).!

The!following!antibodies!were!used!as!secondary!antibodies:!ZyMaxTM!

Rabbit!antiMGoat!IgG!(H+L)!HRP!Conjugate!(Invitrogen,!Carlsbad,!CA!USA)b!

ECLTM!AntiMmouse!IgG,!Horseradish!Peroxidase!linked!whole!antibody!(GE!

Healthcare! UK! Limited,! Buckinghamshire,! UK)b! ECLTM! AntiMRabbit! IgG,!

Horseradish!Peroxidase!linked!whole!antibody!(GE!Healthcare!UK!Limited).!

!

2F3'Preparation'of'Aβ'
The!synthesized!wildMtype!Aβ!proteins!(Human!1M40,!Human!1M42)!and!

the!mutant!Aβ!proteins!(Arctic[E22G],!Dutch[E22Q],!and!Iowa![D23N])!were!

used! for! the! in! vitro! binding! assay,! and! were! purchased! from! Anaspec!

(Fremont,! CA,! USA).! Arctic! Aβ40! used! in! Thioflavin! T! assay,! Ca2+! flux!

measurement! and! biochemical! assay! was! purchased! from! Bachem!

(Torrance,! CA,! USA),! which! used! in! MTS! cell! proliferation! assay! and!

fluorescence! microscopy! was! purchased! from! Anaspec.! All! amyloid!

peptides!were!dissolved!in!0.1%!ammonia!to!1mM,!then!diluted!to!100µM!

in!phosphateMbuffered!saline!(PBS).!

!

2F4'Transfection'
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PEIMMAX!(Polysciences!Inc.,!Warrington,!PA!USA)!was!utilized!for!gene!

transfection! into! the!cells.!SerumMfree!medium!was!mixed!by!vortex!after!

the!introduction!of!plasmid!vectors.!With!the!incubation!in!room!temperature!

for!10!minutes,!the!transfection!solutions!were!added!into!cell!culture!media.!

The!further!experiments!were!performed!after!24h!to!48h!with!the!maximum!

expression!level.! !

!

2F5'Construction'of'plasmid'vectors'
2F5F1' Construction' of' CHRNA7' expression' vector' for' protein'
preparation'

Mammalian!Gene!Collection!Human!CHRNA7!sequenceMverified!cDNA!

was! purchased! from! Open! Biosystems! (Huntsville,! AL,! USA).! CHRNA7!

cDNAs!were!amplified!from!this!cDNA,!and!SalI/NotI!fragments!containing!

CHRNA7!were!isolated!and!ligated!into!the!mammalian!expression!vector,!

pGEXM4TM3! GST,! digested! with! the! same! endonucleases.! The! resulting!

recombinant! plasmid,! GSTMCHRNA7! was! cultured! and! induced! by!

isopropylMßMDM! thiogalactoside! (IPTG)! (1mM)! (Wako,! Osaka,! Japan)! for!

protein! expression.! For! purification,!GSTMCHRNA7!protein!was! collected!

and! bound! to! GlutathionMSepharose! 4B! (Wako),! then! eluted! by! elution!

buffer!(100mM!TrisMHCl!pH8.7,!20mM!Glutathion).! !

!

2F5F2'Construction'of'CHRNA7'expression'vectors'for'transfection'
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Mammalian!Gene!Collection!Human!CHRNA7!sequenceMverified!cDNA!

was! purchased! from! Open! Biosystems! (Huntsville,! AL,! USA).! CHRNA7!

cDNAs!were!amplified!from!this!cDNA,!and!SalI/NotI!fragments!containing!

CHRNA7!were!isolated!and!ligated!into!the!mammalian!expression!vector,!

pRK5MHA,! digested! with! the! same! endonucleases.! The! resulting!

recombinant!plasmid,!pRK5MHAMCHRNA7!was!used!for!further!studies.!The!

entire!nucleotide!sequence!was!confirmed!by!DNA!sequencing.! !

!

2F5F3'Construction'of'RNAi'vectors'for'transfection'

A!vector!system!for!small!hairpin!RNAs!(shRNAs)!was!used!to!suppress!

endogenous! CHRNA7! protein! expression! (pSilencer! Vectors,! Life!

Technologies).!I!generated!shRNA!plasmids!using!the!following!sequences:! !

shRNA1! duplex! contained! 5'MCGUGGCCAAUGACUCGCAAttM3'! as! the!

sense! and! 5'MUUGCGAGUCAUUGGCCACGggM3'! as! the! antiMsense!

sequenceb!shRNA2!duplex!contained!5'MCCAACAUUUGGCUGCAAAUttM3'!

as!the!sense!and!5'MAUUUGCAGCCAAAUGUUGGtgM3'!as!the!antiMsense!

sequence.!Scramble!shRNA!that!does!not!target!any!endogenous!transcript!

was!employed!to!control!for!nonMspecific!effects.! !

! !

2F6'In#vitro'binding'assay'
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GSTMCHRNA7!was!coMincubated!with!synthetic!Aβ!at!4°C!for!2!h!in!1!mL!

of!binding!buffer.!For! immunoprecipitation,!antiMCHRNA7!antibodies!were!

coupled! to! protein! G! Mag! Sepharose! beads! (5! μL)! (GE! Healthcare,!

Waukesha,! WI,! USA)! via! a! 1h! incubation! at! 4°C.! The! samples! were!

incubated!with!magnetic!beads!for!1h!at!4°C,!washed!three!times!with!PBS,!

eluted! with! sample! buffer! solution! (Wako),! and! quantified! via! western!

blotting.! !

!

2F7'Western'blotting'
A!standard!protocol!(Sawamura!et!al.!2001b!Sawamura!et!al.!2005)!was!

used!but!with!minor!modifications.!Proteins!were!separated!using!SuperSep!

gels! (Wako)! and! transferred! to! polyvinylidene! difluoride! membranes!

(Millipore,!Billerica,!MA,!USA).!Nonspecific!binding!was!then!blocked!with!

5%!skim!milk! (Wako)! containing! 0.1%!Tween!20! (BioMRad!Laboratories,!

Hercules,!CA,!USA)!in!PBS.!Membranes!were!then!incubated!with!primary!

antibodies! overnight! at! 4°C.! For! the! detection! of! both! monoclonal! and!

polyclonal! antibodies,! appropriate! peroxidaseMconjugated! secondary!

antibodies!were!used!in!conjunction!with!Novex!ECL!(Life!Technologies).!

Images!were!recorded!with!the!LASM3000!imager!(Fujifilm,!Tokyo,!Japan),!

and!ImageJ!(NIH)!was!used!as!an!automatic!image!analysis!software.! !
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!

2F8'Thioflavin'T'(ThT)'Assay' '
The!degree!of!Aβ!aggregation!was!determined!using!the!fluorescent!dye,!

ThT! (LeVine! 1993).! Thioflavin! T! (ThT),! one! of! the! benzathiole! dye,! is!

described!as!a!potent!fluorescent!marker!of!amyloid!in!histology!(Figure!2M

1bBiancalana!&!Koide!2010).!ThT!selectively!localizes!to!amyloid!deposits,!

thereupon!exhibiting!a!dramatic! increase! in! fluorescent!brightness.!Upon!

binding!of!fibrils,!ThT!displays!a!dramatic!shift!of!the!excitation!maximum!

(from!385!nm!to!450!nm)!and!the!emission!maximum!(from!445!nm!to!482!

nm)! and! that! ThT! fluorescence! originates! only! from! the! dye! bound! to!

amyloid! fibrils! (LeVine! 1993b! Biancalana! &! Koide! 2010).! The! incubated!

sample!(10!μL)!was!taken!every!3!h,!treated!with!100!μM!ThT,!and!adjusted!

to!50!mM!with!glycine!NaOH!buffer!(pH!8.5).!Absorbance!was!measured!at!

an!excitation!and!emission!wavelength!of!446!nm!and!482!nm,!respectively.!

The! relative! degree! of! Aβ! aggregation! was! assessed! in! terms! of!

fluorescence! intensity,! which! was! measured! by! the! RFM5300PC!

spectrofluorophotometer! (Shimadzu,! Kyoto,! Japan).! Intensity! of! each!

sample!was! normalized! to! bufferMonlyMsample! at! each! time! point.! Those!

values!were!normalized!to!each!0hMincubationMsample!and!then!the!average!

was!calculated.!

!
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2F9'Transmission'electron'microscopy'
TEM!was!performed!according!to!a!previously!published!method!(Ono!

et! al.! 2008).!Each! sample! (10!μL)!was! spotted! on! to! a! collodionMcoated!

copper! grid! (NisshinEM,! Tokyo,! Japan)! and! incubated! for! 20! min.! The!

droplet!was!then!displaced!with!an!equal!volume!of!2%!(v/v)!glutaraldehyde!

in!water!and!incubated!for!an!additional!5!min.!This!solution!was!wicked!off,!

and!the!grid!was!air!dried.!Samples!were!examined!using!the!transmission!

electron!microscope!HM9500!(Hitachi,!Tokyo,!Japan).! !

!

2F10'Measurement'of'Ca2+'flux'
Ca2+! flux! in!CHOMK1!cells!was!measured!using!FluoM4!acetoxymethyl!

ester! (FluoM4/AMb!Dojindo,!Kumamoto,!Japan).!Ca2+! flux!was! induced!by!

400! nM!Aβ! or! 100! μM! nicotine! after! Aβ! incubation.! Ca2+! response!was!

detected! by! the! Calcium! kitMFluo! 4! (Dojindo),! according! to! the!

manufacturer’s!instructions.!Fluorescence!excitation!and!emission!was!read!

at!455!nm!and!525!nm,!respectively.!The!change!of!fluorescence!intensity!

was!determined!by!the!Powerscan!HT!and!analyzed!by!GENE!5!software!

(Biotek,! Tokyo,! Japan).! All! measurement! of! Ca2+! flux! experiments! were!

repeated!with!five!individual!times!and!the!maximum!of!Ca2+!response!peak!

amplitude! at! that! single! time! point! was! chosen! for! the! bar! graph.! The!

individual! time! point! at! each! experiment! group!was! chosen! as! previous!



18 

reports!described! (Bengtson!et!al.! 2013b!Sukumaran!et!al.! 2012),!where!

each!maximum!of!Ca2+!reponse!peak!amplitude!exhibited.!

!

2F11'Biochemical'assay'of'protein'extracts'preparation'
To!prepare!total!protein!extracts,!after!washing!by!PBS!buffer,!cultured!

cells! were! lysed! with! RIPA! buffer! (Wako),! which! contained! Complete!

Protease! Inhibitor! Cocktail! (Roche,! Basel,! Swizerland).! After! sonication,!

samples!were!centrifuged!under!the!condition!of!15,000!rpm,!4˚C,!5!minutes.!

The! supernatant! was! diluted! by! 2X! sample! buffer! solution! (Wako)! with!

addition! of! 2Mmercaptoethanol! and!heated!under! 95˚C! for! 1!minute.! The!

concentration! of! proteins! was! determined! using! BCA! Protein! Assay!

Reagent!(Thermo!Fisher!Scientific!K.K.,!Yokohama,!Japan).! !

!

2F12'MTS'cell'proliferation'assay'
To! measure! cell! viability,! H2O2! (750µM)! was! added! for! 24! hours! to!

induce!the!cell!death!and!coMincubation!with!nicotine!(0,!10,!100µM)!was!

processed! to! activate! the! neuroprotection! of! CHRNA7.! MTS! cell!

proliferation!assay!was!pursued!using!CellTiter!96®!AQueous!One!Solution!

Assay! (Promega! Corporation,! Madison,! WI,! USA),! following! the!

manufacturer’s! instructions.! 20µl! of!CellTiter! 96®!AQueous!One!Solution!
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reagent!was!added!into!each!well!of!the!96Mwell!assay!plate!containing!the!

samples!in!100µl!of!culture!medium.!The!plate!was!then!incubated!at!37˚C!

for!1!hour!in!a!humidified,!5%!CO2!atmosphere.!Absorbance!at!490nm!was!

recorded!using!Benchmark!Plus!Microplate!Reader!(BioMRad!Laboratories).!

All!data!was!normalized!to!controls,!which!were!under!no!H2O2!addition.! !

!

2F13'Fluorescence'microscopy'
Cellstain®MDouble! Staining! Kit! (Dojindo! Laboratories,! Kumamoto,!

Japan)!was! utilized! for! simultaneous! fluorescence! staining! of! viable! and!

dead!cells.!CalceinMAM!solution!was!used! for!viable!cells!and!Propidium!

Iodide!(PI)!solution!used!to!stain!dead!cells,!observed!by!EVOS!Floid!Cell!

Imaging!Station!(Life!Technologies).!The!protocol!was!pursued!according!

to!the!manufacturer’s!instructions.!The!dye!solution!was!made!of!CalceinM

AM!2µmol/l! and!PI! 4µmol/l.!Cultured! cells!were! collected!by! trypsin! and!

centrifuged!under!the!condition!of!1000xg,!3!minutes.!The!cell!pellet!was!

then!reMdissolved!by!200µl!PBS!and!added!by!100µl!dye!solution.!20µl!of!

the!sample!was!dropped!onto!the!slide!glass!and!covered!by!cover!glass.!

Green!(CalceinMAM)!and!red!(PI)!fluorescence!was!detected!simultaneously!

by! the! excitation! of! 490nm.! Cell! number! was! counted! by! ImageJ! (NIH)!

manually!using!cell!counter!plugin.!5!fields!of!view!were!randomly!chosen!
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from!each!kind!of!samples,!counted,!averaged,!normalized! to! the!control!

sample!without!extra!condition!to!measure!the!cell!viability.!

!

2F14'Statistical'analysis'
The!data! in!all! the!experiments!were!expressed!as!means!±!SD!from!

three!to!five!independent!experiments.!Data!presented!from!chapter!3M1!to!

chapter!3M6!were!analyzed!using!Student's!tMtest,!where!difference!between!

samples!was!considered!as!statistically!significant!at!p*!<!0.05,!p**!<!0.01.!

Statistically!significant!differences!between!groups!presented!from!chapter!

3M7! to! chapter! 3M9! were! determined! by! an! analysis! of! variance!

(ANOVA)!followed!by!a!Dunnett’s! test.!The!level!of!statistical!significance!

was!taken!at!p*<!0.05,!p**<0.01.! !

!

2F15'Dot'Blot'

Polyvinylidene!difluoride!membranes!(PVDF!membrane,!Millipore)!was!

preMwetted! for!1!minute! in!100%!Methanol! to!allow!membrane!activation!

and! then! soaked! in! distilled! water! for! 2! minutes! followed! directly! by! 5!

minutes’!equilibration!in!TBST!(20mM!Tris,!150!mM!NaCl,!0.1%!Tween!20!

(Biorad,!Hercules,!CA,!USA),!pH7,5).!Then!PVDF!membrane!was!placed!

on!top!of!filter!stack!and!10μl!of!protein!is!spotted!within!a!pre!marked!grid.!
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The! membrane! is! then! left! to! dry! to! fix! the! proteins! for! 1.5! h! at! room!

temperature.!Nonspecific!binding!was!blocked!with!5%!skim!milk! (Wako)!

containing!0.1%!Tween!20!in!TBS!after!overnight!incubation!of!desired!Aβ!

solution!within!different!concentration.!Membrane!was!then!incubated!with!

the!desired!dilution!of!primary!antibody.!For! the!detection,!same!protocol!

was!used!as!the!detectedMpart!in!western!blotting.!ImageJ!(NIH)!was!used!

as!an!automatic!image!analysis!software!to!do!the!quantification.'

!
! !
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!

!

Figure!2M1!ThT!structure!(cited!from!Biancalana!&!Koide!2010)!

Structure!of!ThT!(top).!The!two!planer!segments!of!ThT!whose!mutual!
rotation!defines!chirality!are!also!shown!(bottom).!
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Chapter'3'Results'

3F1'Arctic'Aβ40'specifically'bound'to'CHRNA7'

An!in!vitro!binding!experiment!was!first!performed!using!several!types!of!

synthetic!Aβ!with!GSTMCHRNA7.!The!direct!interaction!of!Dutch,!Iowa,!and!

Arctic!Aβ40!with!CHRNA7!was!tested.!These!mutations!have!the!potential!

to!affect!all!factors!(i.e.,!the!production,!degradation,!aggregation),!known!

to! regulate!Aβ!monomer! levels.!As! the! result,!only!Arctic!Aβ40!bound! to!

CHRNA7! with! high! affinity! (Figure! 3M1A).! Furthermore,! quantification! of!

western!blot! for!Aβ! immune! reactivity! showed! that!Arctic!Aβ40!bound! to!

GSTMCHRNA7! with! significantly! higher! affinity! than! wildMtype! Aβ40!

(**p<0.01b! Figure! 3M1B).! As! the! negative! control,! an! in! vitro! binding!

experiment!was!performed!using!Arctic!Aβ40!with!GSTMCHRNA7!or!GST!

protein.!Arctic!Aβ!did!not!bound!to!GST!protein!(Figure!3M1C),!suggesting!

that!GST!vector!showed! lack!of! the! influence!on! this!Arctic!AβMCHRNA7!

interaction.!

!
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A.!In!vitro!binding:!GSTMCHRNA7!+!Aβ40!

!

B.!Quantification!of!in!vitro!binding:!GSTMCHRNA7!+!Arctic!Aβ!

!

!
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C.!In!vitro!binding:!GST!or!GSTMCHRNA7!+!Arctic!Aβ40!

!

Figure! 3M1! Arctic! Aβ40! specifically! binds! to! neuronal!

acetylcholine!receptor!subunit!alphaM7!(CHRNA7)!(cited!from!Ju!

et!al.!2014)!

(A)! An! in! vitro! binding! experiment! was! performed! using! three! types! of!

mutant!Aβ!that!are!commonly!found!in!earlyMonset!FAD:!Dutch,!Iowa,!and!

Arctic!Aβ.!Only!Arctic!Aβ40!binds!to!CHRNA7!with!high!affinity.!(B)!Arctic!

Aβ40!bound!to!GSTMCHRNA7!with!significantly!higher!affinity!than!wild!type!

Aβ40!(**p<0.01).!Quantification!of!western!blot!for!Aβ!immunoreactivity!is!

represented!as!means!±!SD!(n=3).!(C)!An!in!vitro!binding!experiment!using!

Arctic!Aβ!with!GSTMCHRNA7!or!GST!protein!was!performed.!Arctic!Aβ!binds!

to!GSTMCHRNA7!with!high!affinity.!Meanwhile,!Arctic!Aβ!does!not!bind!to!

GST!protein.!



26 

3F2'Arctic'Aβ42'bound'to'CHRNA7'with'higher'affinity'than'

wildFtype'Aβ42'

Aβ42!has!been!thought!to!have!a!stronger!association!with!AD!(H.!Wang!

et!al.!2000).!Therefore,! the! interaction!of!wildMtype!Aβ42!and!Arctic!Aβ42!

with!CHRNA7!was!tested!by!in!vitro!binding!experiment.!As!the!result,!Arctic!

Aβ42!bound!to!CHRNA7!more!strongly!than!wildMtype!Aβ42!(Figure!3M2).!

However,!the!bands!corresponded!to!aggregated!Aβ42!(~8kDa)!was!also!

detectable!(Figure!3M2).!Since!the!aggregates!bands!were!visible!in!the!input!

sample!as!well!(Figure!3M2,!arrowhead),!it!was!difficult!to!clarify!whether!the!

interaction! between! aggregated! Aβ42! and! CHRNA7! occurred! before! or!

after!Arctic!Aβ42!selfMaccumulating.!Physiological!phenomenon!of!cells!can!

be!affected!by!the!accumulation!of!Arctic!Aβ42!itself!bypassing!or!including!

CHRNA7.!Therefore,!to!exclude!the!effect!of!selfMaggregation!of!Arctic!Aβ!

in!order!to!focus!on!the!effect!of!the!mutant!Aβ!on!CHRNA7,!Arctic!Aβ1M40!

peptides!were!utilized,!which!did!not!show!selfMaggregation!in!experimental!

conditions!(Figure!3M1),!to!do!the!further!research.!

! !
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!

Figure!3M2!Arctic!Aβ42!bound!to!CHRNA7!with!higher!affinity!

than!wild!type!(cited!from!Ju!et!al.!2014)!

An! in!vitro!binding!experiment!using!Arctic!Aβ42!and!wild!type!Aβ42!was!

performed.!Arctic!Aβ42!binds!to!CHRNA7!more!strongly!than!wild!type!Aβ42!
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while! the!bands!corresponded! to!Aβ42!dimer!(~8kDa)! is!also!detectable.!

Aggregates!are!visible!in!input!sample!used!for!in!vitro!binding!experiment!

as!well! (arrow!showed),! suggesting! the!selfMaccumulation!of!Arctic!Aβ42!

and!wildMtype!Aβ42.!
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3F3'Arctic'Aβ'enhanced'its'aggregation'with'the'incubation'

of'CHRNA7'

The!Arctic!mutation!has!been! reported! to! induce!a! rapid! formation!of!

protofibrils,! thus! leading!to!an!alternative!pathogenic!mechanism!for!FAD!

(Nilsberth!et!al.!2001).!Fibril!formation!by!the!Arctic!mutation!has!also!been!

found!under!both!in!vitro!(Murakami!et!al.!2003)!and!in!vivo!(Cheng!et!al.!

2007)!conditions.! !

In! the! present! study,! the! aggregation! form! of! Arctic! Aβ! affected! by!

CHRNA7!was!investigated!via!ThT!assay!and!TEM.!The!ThT!assay!showed!

that!Arctic!Aβ!started!to!aggregate!at!6h!when!coMincubated!with!CHRNA7.!

Arctic! Aβ! alone! itself! did! not! aggregate! at! this! time! point! (Figure! 3M3B).!

Furthermore,!Arctic!Aβ!enhanced!the!aggregation!at!9h!when!coMincubated!

with!CHRNA7,!significantly!greater!than!Arctic!Aβ!alone!itself!(Figure!3M3B).!

Meanwhile,! wildMtype! Aβ40! did! not! aggregate! with! or! without! the! coM

incubation!with!CHRNA7!(Figure!3M3A).! !

The!same!phenomenon!was!observed!via!TEM!as!well.!Accumulation!of!

Arctic! Aβ! was! quite! clear! when! coMincubated! with! CHRNA7! for! 24h!

compared!with!Arctic!Aβ!alone!(Figure!3M4).!A!and!B,!C!and!D!described!

different!fields!of!view!within!2!kinds!of!samples.!As!a!result,!aggregation!of!

Arctic!Aβ!was!enhanced!with!the!addition!of!CHRNA7.!
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A.!ThT!assay!of!Aβ40!with!or!without!CHNRA7!

!

B.!ThT!assay!of!Arctic!Aβ40!with!or!without!CHNRA7!

!
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Figure!3M3!Arctic!Aβ!enhanced!its!aggregation!with!addition!of!

CHRNA7!detected!by!Thioflavin!T!(ThT)!assay!(cited!from!Ju!et!

al.!2014)!

The!ThT!assay!was!used!to!determine!the!aggregation!form!in!presence!of!

CHRNA7! over! time.! (A)! WildMtype! Aβ40! does! not! aggregate! when! coM

incubated!with!CHRNA7b!(B)!Compare!with!Arctic!Aβ!alone,!the!addition!of!

CHRNA7!helps!Arctic!Aβ!aggregates!further!(*p<0.05!at!the!time!point!of!

6h,!**p<0.01!at! the!time!point!of!9h,!24h).!The!data!of!each!time!point! is!

represented!as!means!±!SD!(n=3).!

!
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!

Figure!3M4!Arctic!Aβ!enhanced! its!aggregation!with!addition!of!

CHRNA7!observed!by!Transmission!electron!microscopy!(TEM)!

(cited!from!Ju!et!al.!2014)!

Synthetic!Arctic!Aβ!incubated!at!37˚C!for!24!hours,!with!or!without!CHRNA7,!

then!observed!by!TEM.!Arctic!Aβ!clearly!accumulates!when!coMincubated!

with! CHRNA7! (panel! C,! D).! However,! the! aggregation! phenomenon! in!

Arctic! Aβ! alone! sample! is! not! as! significantly! visible! as! the! Arctic! AβM

CHRNA7!coMincubation!sample!(panel!A,!B)!(scale!bar!=!500nm).
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3F4'Arctic'Aβ'did'not'modify'the'function'of'CHRNA7' ' '

CHRNA7! has! a! high! relative! permeability! to! Ca2+! and! regulates!

numerous!Ca2+Mdependent! events! (Bertrand! et! al.! 1993b! Liu! et! al.! 2001b!

Séguéla!et!al.!1993).!In!order!to!search!the!effect!of!Arctic!Aβ!on!the!function!

of! CHRNA7,! I! investigated! the! Ca2+! response! and! Ca2+Mdownstream!

signaling!activation!of!ERK1/2!using!the!protocol!as!Figure!3M5!described.!

The! overMexpression! of! CHRNA7! in! CHOMK1! cells! was! confirmed! by!

western!blot!analysis.!CHRNA7!was!detected!by!both!antiMHA!tag!and!antiM

CHRNA7! antibodies! (Figure! 3M6).! Synthetic! Aβ! (400nM)! was! used! to!

determine!whether!Arctic!Aβ!induces!Ca2+!response.!As!a!result,!CHOMK1!

cells!produced!a!rapid!and!sharp!increase!in!Ca2+!response!to!Aβ42!(Figure!

3M7),!confirming!a!previous!report!(Dineley!et!al.!2002).!This!increase!was!

not! seen!when!Arctic!Aβ!was!added! (Figure! 3M7).! This! result! leads! to! a!

speculation!that!although!Arctic!Aβ40!bound!to!CHRNA7!similarly!as!Aβ42,!

Ca2+!flux!was!not!the!same!(Figure!3M7).! !

Aβ42! was! reported! to! activate! MAP! kinase! cascade! via! CHRNA7!

(Dineley!et!al.!2001).!Thus,!the!activation!of!ERK1/2!was!examined,!as!the!

further!test!of!a!downstream!Ca2+Mdependent!event!through!CHRNA7.!The!

results!showed!that!the!addition!of!Arctic!mutant!Aβ!did!not!activate!ERK1/2!

(Figure!3M8).! !

! !
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!

Figure!3M5!Protocol!of!measuring!CHRNA7!functions!influenced!

by!Amyloid!β!

In! order! to! search! the! effect! of! Arctic! Aβ! on! the! function! of! CHRNA7,! I!

investigated!the!Ca2+!response!and!Ca2+!Mdownstream!signaling!activation!

of!ERK1/2.!Synthetic!Aβ!(400nM)!was!added!into!CHRNA!M!overexpressed!

CHOMK1! cells.! Calcium! was! measured! before! and! after! the! immediate!

addition! of! Aβ! in! order! to! determine! whether! Arctic! Aβ! induces! Ca2+!

response.! 10! minutesMincubation! of! Aβ! was! used! to! activate! ERK1/2,!

investigating!whether!Arctic!Aβ!affects!ERK1/2!activation.!
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!

Figure!3M6!Confirmation!of! the!overMexpression!of!CHRNA7! in!

CHOMK1!cells!(cited!from!Ju!et!al.!2014)!

CHRNA7! expression! was! confirmed! by! western! blotting.! CHRNA7! was!

detected!by!antiMHA!tag!antibody!(Medical!&!Biological! laboratories),!and!

antiMCHRNA7!antibody!(Santa!Cruz!Biotechnology).!The!band!observed!in!

CHRNA7Mtransfected! cells! was! not! detectable! in! lysates! from! mockM

transfected!cells.!
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A.!Measurement!of!Ca2+!flux!with!the!addition!of!Aβ!

!

B.!Amplitude!of!Ca2+!with!the!addition!of!Aβ!

!

Figure!3M7!Addition!of!Arctic!Aβ!does!not!induce!Ca2+!

responses!(cited!from!Ju!et!al.!2014)!

CHRNA7!was!transfected!into!CHOMK1!cells.!(A)!Ca2+!response!to!synthetic!

Aβ!was!measured!using!Calcium!KitMFluo!4!and!all!measurement!of!Ca2+!
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flux! experiments! was! repeated! with! 5! times.! (B)! The!maximum! of! Ca2+!

response!peak!amplitude!at!that!single!time!point!was!chosen!for!the!bar!

graph!and!represented!as!means!±!SD!(n=5).!The!results!show!that!Arctic!

Aβ!does!not!induce!Ca2+!flux.



38 

!

!

Figure!3M8!Addition!of!Arctic!Aβ!does!not!activate!ERK1/2!(cited!

from!Ju!et!al.!2014)!
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Synthetic!Aβ!was!added!to!CHRNA7Moverexpressed!CHOMK1!cells.!Then!

proteins! were! extracted! and! detected! by! the! phosphoMp44/42! MAPK!

(ERK1/2)!antibody! (Cell!Signaling!Technology).!Quantification!of!western!

blot!for!phosphoMERK1/2!immunoreactivity!is!represented!as!means!±!SD!

(n=3).!
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3F5'Incubated'Arctic'Aβ'inhibited'the'function'of'CHRNA7'

Since! Arctic! Aβ! enhanced! its! aggregation! when! coMincubated! with!

CHRNA7!(chapter!3M3,!Figure!3M3b!3M4),!the!effect!of!the!incubated!Arctic!Aβ!

on!the!function!of!CHRNA7!was!searched.!Nicotine!was!used!to!activate!

the!Ca2+!response!after!24Mh!incubation!of!Aβ!(Figure!3M9).!Ca2+!response!

was!not!induced!by!nicotine!in!mockMtransfected!CHOMK1!cells.!Ca2+!rapidly!

increased!after!the!addition!of!nicotine!in!CHRNA7MoverMexpressedMCHOM

K1!cells.!However,!this!response!was!significantly!(*p<0.05)!reduced!within!

the! cells! incubated! with! Arctic! Aβ40.! Therefore,! Arctic! Aβ! tended! to!

attenuate!Ca2+!response!in!addition!to!enhanced!its!aggregation!when!coM

incubated!with!CHRNA7!(Figure!3M10).! !

Furthermore,! the! activation! of! ERK1/2,! Ca2+! M! downstream! signaling!

protein,!was!investigated!as!a!further!test!of!one!of!the!Ca2+!M!dependent!

events.!The!results!showed!that!the!incubation!of!Arctic!mutant!Aβ!actually!

inhibited! the! activation! of! ERK1/2! (Figure! 3M11).! In! short,! these! results!

indicated! that! Arctic! Aβ! aggregated! in! the! presence! of! CHRNA7,! and!

suppressed! the! function! of! CHRNA7! via! the! inhibition! of! Ca2+! flux! and!

activation!of!ERK1/2.!

! !
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!

Figure!3M9!Protocol!of!investigating!the!influence!of!incubated!

Amyloid!β!on!CHNRA7!functions!

In! order! to! search! the! effect! of! Arctic! Aβ! incubation! on! the! function! of!

CHRNA7,!I!investigated!the!Ca2+!response!and!Ca2+!Mdownstream!signaling!

activation!of!ERK1/2.!Synthetic!Aβ!(400nM)!was!added!into!CHRNA–overM

expressed!CHOMK1!cells,!incubated!for!24!hours!to!aggregate!based!on!the!

results!we!gained!from!chapter!3M3.!Calcium!was!measured!before!and!after!

the! immediate! addition! of! nicotine! (100µM).! 10! minutesMincubation! of!

nicotine!was!used!to!activate!ERK1/2,!searching!whether!incubated!Arctic!

Aβ!affects!ERK1/2!activation.!

!

!
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A.!Measurement!of!Ca2+!flux!with!the!incubation!of!Aβ!

'

B.!Amplitude!of!Ca2+!with!the!incubation!of!Aβ!

'

Figure!3M10!Incubated!Arctic!Aβ!inhibits!the!Ca2+!response!via!

CHRNA7!(cited!from!Ju!et!al.!2014)!



43 

CHRNA7!was!transfected!into!CHOMK1!cells.!Nicotine!was!used!to!activate!

CHNRA7! after! 1Mday! incubation!with! or! without! Aβ! (n=5).! (A)!Cells! with!

Arctic!Aβ40!incubation!significantly!diminished!the!Ca2+!response!(*p<0.05).!

(B)!The!maximum!of!Ca2+!response!peak!amplitude!at!that!single!time!point!

was!chosen!for!the!bar!graph!and!represented!as!means!±!SD!(n=5).!
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!

Figure!3M11!Incubated!Arctic!Aβ!inhibits!the!activation!of!

ERK1/2!(cited!from!Ju!et!al.!2014)!

CHRNA7!was!transfected!into!CHOMK1!cells!and!synthetic!Aβ!was!added!

after!24!hours,!incubated!for!1!day.!After!activation!of!CHRNA7!by!nicotine!

for! 10! minutes,! proteins! were! extracted! and! detected! by! the! phosphoM

p44/42! MAPK! (ERK1/2)! antibody! (Cell! Signaling! Technology).!
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Quantification! of! western! blot! for! phosphoMERK1/2! immunoreactivity! is!

represented!as!means!±!SD!(n=3).!

!
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3F6' Neuroprotective' effect' of' CHRNA7' by' nicotine' was'

blocked'by'the'knockdown'of'CHRNA7'

The!contents! from!3M6! to!3M8! is!under! review!of! the!scientific! journal.!

CHRNA7!was!reported!to!have!neuroprotective!function!against!oxidative!

stress!through!multiple!pathway!but!not!confirmed!(Guan!et!al.!2001b!Qi!et!

al.!2013b!Javier!Egea!et!al.!2007).!Arctic!mutationMmediated!FAD!has!been!

reported!the!increased!oxidative!stress!as!well!(Ronnback!et!al.!2016).!In!

order! to! search! the! neuroprotective! function! of! CHRNA7,! Hydrogen!

peroxide! (H2O2)!was!applied!as!an!oxidative!stress! inducer! (Wang!et!al.!

2003)! and! nicotine! as! to! activate! CHRNA7! (DajasMBailador! et! al.! 2000b!

Iwamoto! et! al.! 2013b! Shin! et! al.! 2007)! in! this! study’s! experiments.! Both!

retinoic!acid!(RA)!differentiated!(Cavanaugh!et!al.!2006b!FernandezMGomez!

et!al.!2006)!and!unMdifferentiated!SHMSY5Y!cells!(Xue!et!al.!2006b!Levites!et!

al.!2002)!have!been!used!in!neuroscience!research!as!an!in!vitro!model!for!

neurotoxity! experiment! (Cheung! et! al.! 2009),! therefore,! in! this! study!

neuronal!cell!model!SHMSY5Y!human!neuroblastoma!cells!were!utilized.! !

RNA! interference! (RNAi)!was! used! to! knock! down! the! expression! of!

CHRNA7,!so!that!the!neuroprotective!function!of!CHRNA7!against!oxidative!

stress!activated!by!nicotine!could!be!confirmed.! I! transfected! the!shRNA!

vector!(1,!2,!scramble)!of!CHRNA7!and!CHRNA7Mcontained!vector!into!SHM

SY5Y!cells! simultaneously.!Cells!without! shRNA!vector! transfected!were!
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utilized!as!control.!H2O2!(750µM)!was!added!for!24!hours!to!induce!the!cell!

death! and! coMincubation! with! nicotine! (0,! 10,! 100µM)! was! processed! to!

activate!the!neuroprotective!function!of!CHRNA7.! !

Cells!transfected!with!scramble!shRNA!expressed!the!similar!levels!of!

CHRNA7!as! the!cells!without!RNAi! transfected,!confirming! that!scramble!

shRNA!did!not!target!any!endogenous!transcript!and!could!be!employed!to!

control! for! nonMspecific! effects! (Figure!3M12).!Comparing!with! the! control!

sample,!cells!transfected!with!shRNA!expressed!the!decreases!in!the!levels!

of!CHRNA7!protein!(Figure!3M12).!The!neuroprotective!function!of!CHRNA7!

against!oxidative!stress!activated!by!nicotine!was!confirmed!(Figure!3M13,!

no!RNAi!and!scramble).!However,!with!the!knockMdown!of!CHRNA7!using!

RNAi,!nicotine!failed!to!rescue!the!cellMdeath!from!oxidative!stress!(Figure!

3M13,! RNAiM1! and! RNAiM2).! The! results! confirmed! that! neuroprotective!

function!against!oxidative!stress!was!mediated!through!CHRNA7!activated!

by! nicotine,! because! this! neuroprotective! function! was! blocked! by! the!

knockMdown!of!CHRNA7!through!RNAi.!

!

! !
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!

!

Figure!3M12!Decreased!expression!of!CHRNA7!using!RNAi!

CHRNA7! vector! and! shRNA! vectors! were! coMtransfected! into! SHMSY5Y!

cells.!Cells!transfected!with!scramble!shRNA!expressed!the!similar!levels!

of! CHRNA7! as! the! cells! without! RNAi! transfected.! Compared! with! the!

control! sample,! cells! transfected! with! RNAiM1! and! RNAiM2! express! the!
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decreases! in! the! levels! of! CHRNA7! protein! significantly! (*p<0.05).!

Quantification!of!western!blot!is!represented!as!means!±!SD!(n=3).!

!

! !
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!

Figure! 3M13! Neuroprotective! effect! of! CHRNA7! activated! by!

nicotine!was!blocked!by!the!knockdown!of!CHRNA7!

CHRNA7!has!the!neuroprotective!function!against!oxidative!stress!activated!

by!nicotine!(no!RNAi!and!scramble!shRNA!transfectedb!*p<0.05).!Nicotine!

shows!no!effect!on!the!neuroprotection!of!cell!viability!by!MTS!assay!with!

the! knockMdown! of! CHRNA7! using! RNAi! (RNAiM1! and! RNAiM2).!

Quantification!of!the!MTS!assay!is!represented!as!means!±!SD!(n=3).!
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3F7' Arctic' Aβ' inhibited' the' nicotine' activated'

neuroprotective'functions'through'CHRNA7'

Previous! results! suggested! that! immediate!Arctic!Aβ! addition! did! not!

modify!the!function!of!CHRNA7!(Ju!et!al.!2014).!Meanwhile,!coMincubation!

with! Arctic! Aβ! successfully! inhibited! the! functions! of!CHRNA7! (Ju! et! al.!

2014).!In!this!study,!SHMSY5Y!cells!was!utilized!to!investigate!whether!Arctic!

Aβ!affects!the!neuroprotective!function!of!CHRNA7!activated!by!nicotine.!

Following!the!protocol!described!in!Figure!3M14,!overMexpressed!CHRNA7!

into!SHMSY5Y!cells!and!incubated!Arctic!Aβ!or!wildMtype!Aβ!(400nM)!for!24!

hours.!H2O2!(750µM)!was!then!added!for!24!hours!to!induce!the!cell!death!

and!coMincubation!with!nicotine!(0,!10,!100µM)!was!processed!to!promote!

the! neuroprotective! effect! (Figure! 3M14).! From! the! results! from!MTS! cell!

proliferation!assay,! I! noticed! that! the! incubation!of!Arctic!Aβ!significantly!

inhibited!the!neuroprotective!function!activated!by!nicotine!(p*!<!0.05,!Figure!

3M15A).! Furthermore,! wildMtype! Aβ40! showed! no! influence! on! this! effect!

(Figure!3M15A),!suggesting!that!the!mutation!of!Aβ!played!the!critical!role!in!

affecting!this!interference,!but!not!Aβ!peptide!itself.! !

To!exclude!the!influence!of!endogenous!CHRNA7!and!other!unrelated!

channels!in!SHMSY5Y!cells,!the!same!experiment!was!performed!using!the!

mockMtransfected! cells.! The! result! showed! that! endogenous!CHRNA7! in!

SHMSY5Y!cells!was!not!enough!to!present!its!own!neuroprotective!function!
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activated!by!nicotine!(Figure!3M15B).!In!this!case,!both!Arctic!and!wildMtype!

Aβ! had! no! influence! on! rescue! nor! enhance! the! cellMdeath! caused! by!

oxidative!stress!(Figure!3M15B).! !

The! similar! phenomenon! was! also! observed! via! fluorescence!

microscopy.!I!stained!the!viable!and!dead!cells!simultaneously!by!CalceinM

AM!solution!and!Propidium!Iodide!(PI)!solution!(Figure!3M16A).!In!order!to!

dye! the! cells! uniformly! and! count! the! cells! easily,! cultured! cells! were!

collected! by! trypsin! and! centrifuged,! cell! pellet! then! reMdissolved! and!

dropped!onto!the!slide!glass!to!be!dispersed!(Figure!3M16A).!Nicotine!was!

found! to! rescue! the! cellMdeath! form!oxidative! stress! caused!by!H2O2,! by!

activating! the! CHRNA7,! which! was! overMexpressed! into! SHMSY5Y! cells!

(Figure! 3M16).! Arctic! Aβ! significantly! (*p! <! 0.05)! inhibited! the! nicotineM

activated!neuroprotective!function!through!CHRNA7!(Figure!3M15,!3M16).! !

!

! !
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!

Figure!3M14!Protocol!of!measuring!neuroprotection!of!CHRNA7!

affected!by!incubated!Amyloid!β!

In!order! to!search!neuroprotection!of!CHRNA7,!MTS!assay!was!used! to!

measure!the!cell!viability.!CHRNA7!was!overMexpressed!into!SHMSY5Y!cells!

and!Arctic!Aβ!or!wildMtype!Aβ!(400nM)!was!added!after!one!day,!incubated!

for!24!hours.!H2O2!(750µM)!was!added!for!24!hours!to!induce!the!cell!death!

and!coMincubation!with!nicotine!(0,!10,!100µM)!was!processed!to!promote!

the!neuroprotective!effect.!

! !
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A.!CHRNA7!transfected!SHMSY5Y!cells!

!

B.!MockMtransfected!SHMSY5Y!cells!

!
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Figure!3M15!Arctic!Aβ!inhibits!neuroprotective!functions!through!

CHRNA7!by!MTS!cell!proliferation!assay!

(A)!CHRNA7!was! transfected! into!SHMSY5Y!cells!and!Arctic!or!wildMtype!

Aβ40! (400nM)! was! added! after! 24h.! After! oneMday! incubation,! H2O2!

(750µM)! was! added! for! 24! hours! to! induce! the! cell! death.! Addition! of!

nicotine!(0,!10,!100µM)!was!processed!to!activate!the!antiMapoptotic!effect!

by! activating! CHRNA7.! Incubated! Arctic! Aβ! significantly! inhibits! the!

neuroprotective!function!activated!by!nicotine!(*p!<!0.05).!WildMtype!Aβ40!

shows! no! influence! on! this! effect.! Quantification! of! the! MTS! assay! is!

represented!as!means!±!SD!(n=3).!(B)!MockMtransfect!SHMSY5Y!cells!were!

utilized.!As!a!result,!Arctic!and!wildMtype!Aβ!both!has!no!influence!on!rescue!

or!enhance! the!cellMdeath!caused!by!oxidative!stress.!This! indicates! that!

endogenous!CHRNA7!or!other!unrelated!channels!in!SHMSY5Y!cells!are!not!

enough! to! present! the! nicotineMinduced! neuroprotective! function! through!

CHNRA7.! !

!

! !
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A!

! !

B  

!

Figure!3M16!Arctic!Aβ!inhibits!neuroprotective!functions!through!

CHRNA7!by!fluorescence!microscopy! !
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CHRNA7!was!transfected!into!SHMSY5Y!cells.!(A)!Viable!cells!are!stained!

by!CalceinMAM!solution! (green)!and!dead!cells!are!stained!by!Propidium!

Iodide!(PI)!solution!(red)!simultaneously!(scale!bar!=!100µM).! In!order! to!

dye! the! cells! uniformly! and! count! the! cells! easily,! cultured! cells! were!

collected! by! trypsin! and! centrifuged,! cell! pellet! then! reMdissolved! and!

dropped!on!to!the!slide!glass!to!be!dispersed.!i,!ii!described!different!fields!

of!view!within!3!kinds!of!samples.!(B)!Incubated!Arctic!Aβ!significantly!(**p!

<! 0.01)! inhibits! nicotineMmediated! neuroprotective! function! of! CHRNA7!

against! oxidative! stress.! Quantification! of! fluorescence! microscopy!

represents!means!±!SD!(n=3).!

!
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3F8'Activation'of'ERK1/2'was'the'key'signaling'protein'

participating'in'Arctic'AβFmediatedFinterference'on'

neuroprotective'function'

Previous!study!described!that!the!addition!of!incubated!Arctic!mutant!Aβ!

inhibited!the!activation!of!ERK1/2!in!nonMneuronal!CHOMK1!cells!(Ju!et!al.!

2014).! There! were! several! different! signaling! cascades! (i.e.! ERK1/2!

(Toborek!et!al.!2007b!Ren!et!al.!2005),!JNK!(Huang!et!al.!2012),!and!AKT!

pathway! (Kihara! et! al.! 2001b! Buckinham! et! al.! 2009))! reported! to! be!

participating!in!neuronal!cell!survival!within!nicotine!antiMapoptotic!actions.!

Therefore,!here!I!investigated!the!activation!of!other!signaling!proteins!as!

well! as! ERK1/2! to! search! which! kinds! of! signaling! proteins! were!

participating! in! the! Arctic! AβMmediatedMeffect! on! functions! of! CHRNA7!

activated!by!nicotine!in!neuronal!SHMSY5Y!cells.!As!the!result,!addition!of!

the!Arctic!Aβ!only!inhibited!the!activation!of!ERK1/2!but!no!other!signaling!

proteins!(Figure!3M17A).!This!effect!was!performed!by!CHRNA7!because!

those!cells!without!overMexpressed!CHRNA7!showed!none!of!the!activation!

change! of! signaling! proteins! (Figure! 3M17B).! This! result! suggested! that!

ERK1/2!was!the!key!signaling!protein!participating!in!Arctic!AβMmediatedM

interference!on!functions!of!CHRNA7!activated!by!nicotine!in!neuronal!cells.!

In!order!to!further!test!whether!the!activation!of!ERK1/2!is!mediating!the!

nicotine!effect!in!neuroprotection!against!oxidative!stress!induced!by!H2O2,!
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SHMSY5Y! cells! was! treated! with! PD98059,! which! served! as! a! specific!

inhibitor! of! MAPK! extracellular! signalingMregulated! kinase! (ERK)! kinase!

(MEK)! (Hotokezaka! et! al.! 2002).! After! overMexpressing! CHRNA7! in! SHM

SY5Y! cells,! 5µM! and! 50µM! PD98059! was! added! for! one! hour! prior! to!

treating!with!nicotine!to!activate!ERK1/2.!As!the!result,!both!5µM!and!50µM!

PD98059!significantly!inhibited!the!activation!of!ERK1/2,!while!50µM!clearly!

inhibited! further! (*p<0.05,! **p<0.01,! Figure! 3M18A).! However,! cells!

pretreated!with!50µM!PD98059!appeared!to!have!more!toxicity,!that!cells!

were!mostly!dead!before!adding!H2O2!and!nicotine!to!measure!cell!viability!

(data!not!shown).!Therefore,!cells!pretreated!with!5µM!PD98059!were!used!

to!measure!the!cell!viability.!H2O2!(750µM)!was!added!for!24!hours!to!induce!

the! cell! death! and! addition! of! nicotine! was! processed! to! activate! the!

neuroprotective!effect!by!activating!CHRNA7.!In!CHRNA7Mtransfected!cells,!

treatment! of! PD98059! significantly! blocked! the! neuroprotective! effect!

against! oxidative! stress! (*p<0.05,! Figure! 3M18B).! This! result! suggested!

ERK1/2!at! the!MEK! level!efficiently!blocked!nicotineMmediated!protection!

against!oxidative!stress! induced!by!H2O2.!MockMtransfected!cells! failed! to!

show!the!nicotineMinduced!neuroprotection,!which!excluded!the!influence!of!

endogenous!CHRNA7!in!SHMSY5Y!cells!(Figure!3M18B).!Combine!together,!

these!results!supported!that!activation!of!ERK1/2!is!mediating!the!nicotine!

effect!in!neuroprotection!against!oxidative!stress!induced!by!H2O2.!
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A.!CHRNA7!transfected!SHMSY5Y!cells!

!

!
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B.!MockMtransfected!SHMSY5Y!cells!

!

!



62 

Figure!3M17!Activation!of!ERK1/2!was!the!key!signaling!protein!

participating! in!Arctic!AβMmediatedMinterference!on! functions!of!

CHRNA7!activated!by!nicotine!

! (A)!From!CHRNA7!overMexpressed!cells,!addition!of!the!Arctic!Aβ!only!

inhibits!the!activation!of!ERK1/2!but!no!other!signaling!proteins!(**p<0.01).!

Quantification!of!western!blot!for!all!signaling!proteins!is!represented!as!

means!±!SD!(n=3).!(B)!None!of!the!activation!change!of!signaling!proteins!

is!observed!using!the!SHMSY5Y!cells!without!CHRNA7!overMexpression.!

Quantification!of!western!blot!for!all!signaling!proteins!is!represented!as!

means!±!SD!(n=3).! !

! !
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A.!PD98059!inhibited!the!activation!of!ERK1/2!

!

B.!Neuroprotection!of!CHRNA7!induced!by!nicotine!

!

!

Figure!3M18!Activation!of!ERK1/2!mediating!the!nicotine!effect!in!

neuroprotection!of!CHRNA7!against!oxidative!stress!induced!by!

H2O2!
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! (A)!CHRNA7!was! transfected! into! cells.! 5µM! and! 50µM!PD98059!was!

added!for!one!hour!prior!to!treating!with!nicotine!to!activate!ERK1/2.!5µM!

and!50µM!PD98059!both! inhibited! the!activation!of!ERK1/2! significantly,!

while!50µM!inhibited!further!(*p<0.05,!**p<0.01).!Quantification!of!western!

blot! is! represented! as! means! ±! SD! (n=3).! (B)! From! CHRNA7! overM

expressed! cells,! addition! of! 5µM! PD98059! significantly! blocked! the!

neuroprotective!function!of!CHRNA7!against!oxidative!stress!activated!by!

nicotine!(*p<0.05).!The!mockMtransfected!SHMSY5Y!cells!failed!to!show!the!

nicotineMinduced! neuroprotection,! excluding! the! influence! of! endogenous!

CHRNA7!in!SHMSY5Y!cells.!Quantification!of!the!MTS!assay!is!represented!

as!means!±!SD!(n=3).! !

!

! !
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3F9'Supplementary'experiments'

3F9F1'Aβ42'doseFdependently'bound'to'CHRNA7'F'N'

terminal'with'high'affinity'

The!direct!interaction!of!CHRNA7!with!wildMtype!Aβ42!has!already!been!

confirmed!(Figure!3M2)!and!Arctic!Aβ!was! found! to!bind! to!CHRNA7!with!

higher!affinity!than!wildMtype!(Figure!3M1,!3M2).!In!order!to!further!understand!

interaction!between!CHRNA7!and!Aβ,!I!investigated!the!key!binding!sites!

on! CHRNA7.! NMterminal! extracellular! membrane! domain! of! CHRNA7!

contains!ligandMbinding!sites!for!Acetylcholine!(ACh)!and!nicotine!(Brejc!et!

al.!2001b!Dougherty!&!Stauffer!1990).!Tyrosine!at!the!position!188!in!mouse!

CHRNA7!has!been!indicated!primary!juxtaposition!and!interaction!of!Aβ!by!

affecting!AβMinduced!CHRNA7!functions!(Tong!et!al.!2011),!which! is!also!

included! in! NMterminal! extracellular! domain! of! CHRNA7.! Therefore,! the!

exact! key! domains! participating! within! the! direct! interaction! between!

CHRNA7! and! Aβ! were! investigated.! NMterminal! extracellular! domain! of!

CHRNA7! (Figure!3M19)!was!considered! to! serve! the!potential! role!within!

interaction!of!CHRNA7!with!Aβ.!

Firstly,!GSTMCHRNA7MN! terminal! fusion!protein!was!produced,!which!

contained!only!the!NMterminal!sequence!of!CHRNA7.!The!expression!of!this!

protein!was!confirmed!using!antiMCHRNA7!antibody!and!size!was!compared!
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with!fullMlength!CHRNA7!(Figure!3M20A).!Next,!I!searched!whether!synthetic!

Aβ42! could! bind! to!CHRNAMN! terminal! using! in! vitro!binding! assay,! and!

GSTMonly! was! used! as! control.! As! the! result,! wildMtype! Aβ42! bound! to!

CHRNA7MN! terminal! without! the! influence! of! GST! (Figure! 3M20B).!

Furthermore,! the! direct! interaction! of! CHRNA7!with! wildMtype! Aβ42!was!

doseMdependent! based! on! the! quantification! of! dotMblot! result! (Figure! 3M

20C).! !

! !
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!

Figure!3M19!The!structure!of!CHRNA7!

CHRNA7!receptors!are!thought!to!be!pentamers!to!be!functional!composed!

of! homologous! subunits.! The! proposed! structure! for! each! subunit! is! a!

conserved! NMterminal! extracellular! domain! followed! by! three! conserved!

transmembrane!domains,!a!variable!cytoplasmic!loop,!a!fourth!conserved!

transmembrane!domain,!and!a!short!CMterminal!extracellular!region.!Among!

them,! NMterminal! extracellular! membrane! domain! of! CHRNA7! contains!

ligandMbinding!sites!for!Acetylcholine!(ACh)!and!nicotine!(Brejc!et!al.!2001b!

Dougherty!&!Stauffer!1990).!

! !
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A.!Generation!of!GSTMCHRNA7MNMterminal!protein!

!

B.!in!vitro!binding!of!GSTMCHRNA7!NMterminal!with!Aβ42!

!

!
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C.!Aβ42!doseMdependently!bound!to!CHRNA7MN!terminal! !

!

Figure!3M20!Aβ42!bound!to!CHRNA7!extracellular!N!terminal!

domain!doseMdependently!

(A)! GSTMCHRNA7MN! terminal! fusion! protein! was! generated,! which!

contained! only! the! NMterminal! sequence! of! CHRNA7.! AntiMCHRNA7!

antibody!was!used!to!confirm!the!generation!of!CHRNA7MN!terminal!protein.!

Size!of!NMterminal!was!compared!with! fullMlength!CHRNA7.! (B)!Synthetic!

Aβ42!bound!to!CHRNA7MN!terminal.!GSTMonly!was!used!as!control.!GST!

showed!lack!of!the!influence!on!this!Aβ42!–!CHRNA7MNMterminal!bond.!(C)!
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The!direct!interaction!of!CHRNA7!with!wild!type!Aβ42!was!doseMdependent!

based!on!the!quantification!of!dotMblot!result.!

! !
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3F9F2'Arctic'Aβ42'bound'to'CHRNA7'F'N'terminal'with'higher'

affinity'than'wildFtype!

Arctic!Aβ42!was!utilized!to!investigate!the!direct!interaction!as!well.!The!

result!showed!that!Arctic!Aβ42!bound!to!CHRNA7MNM!terminal!with!higher!

affinity!than!wildMtype!(Figure!3M21).!However,!the!binding!of!Aβ40!peptide!

(both! Arctic!mutant! type! and!wildMtype)!with!CHRNAMNMterminal! was! too!

weak!to!be!detectable!(data!not!shown).!

! !
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!

!

Figure! 3M21! Arctic! Aβ42! bound! to! CHRNA7MN! terminal! with!

higher!affinity!than!wildMtype!

An! in!vitro!binding!experiment!using!Arctic!Aβ42!and!wild!type!Aβ42!was!

performed.!Arctic!Aβ42!binds! to!GSTMCHRNA7MN! terminal!more! strongly!

than!wild! type!Aβ42.!Bands!corresponded!to!Aβ42!aggregated!forms!are!

also! detectable.! Aggregates! are! visible! in! input! sample! used! for! in! vitro!
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binding!experiment!as!well,!which!suggests!the!selfMaccumulation!of!Arctic!

Aβ42!and!wildMtype!Aβ42.!

! !
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3F9F3'Arctic'Aβ'enhanced'its'aggregation'when'coF

incubated'with'CHRNA7'NFterminal'

Arctic!Aβ!enhanced!its!aggregation!when!coMincubated!with!CHRNA7!

(Figure!3M3,!3M4).!Therefore,!whether!Arctic!Aβ!could!appear! to!have! the!

similar! aggregation! trend! when! coMincubation! with! CHRNA7! NMterminal!

using!ThT!assay!was!tested.!In!order!to!exclude!the!influence!of!accelerated!

accumulation!ability!of!Aβ42!peptide,!Aβ40!was!utilized!to!do!the!research.!

Even!though!CHRNA7!NMterminal! M!Aβ40!direct!bind!was!too!weak!to!be!

detectable!in!previous!experiment,!Arctic!Aβ40!aggregated!further!when!coM

incubated!with!CHRNA7!NMterminal!(Figure!3M22).!When!coMincubation!with!

CHRNA7,!Arctic!Aβ40!started! to!aggregate!at!6Mhr! incubation! time!point,!

maximize!its!aggregation!level!at!9Mhr!incubation!time!point,!and!stayed!its!

maximum!aggregation!to!24Mhr! incubation!time!point!(Figure!3M22B).!This!

pheromone!was!not!observed!within!wildMtype!Aβ40!(Figure!3M22A).!Among!

them,!GST!appeared!to!have!no!effect!on!the!aggregation!(Figure!3M22,!blue!

line).! !

!

! !
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A.!ThT!assay!of!Aβ40!with!or!without!CHNRA7!NMterminal!

!

B.!ThT!assay!of!Arctic!Aβ40!with!or!without!CHNRA7!NMterminal!

!
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Figure!3M22!Arctic!Aβ!enhanced!its!aggregation!with!addition!of!

CHRNA7!extracellular!N!terminal!domain!

The!ThT!assay!was!used!to!determine!the!aggregation!form!in!presence!of!

CHRNA7! extracellular! N! terminal! domain! over! time.! (A)!WildMtype! Aβ40!

does!not!aggregate!when!coMincubated!with!CHRNA7!NMterminal!nor!GST!

proteinb! (B)! Compare! with! Arctic! Aβ! alone,! the! addition! of! CHRNA7! NM

terminal!helps!Arctic!Aβ!aggregates!further!(*p<0.05!at!the!time!point!of!9h,!

24h).!GST!protein!showed!lack!of!the!influence!on!the!aggregation!of!Aβ.!

The!data!of!each!time!point!is!represented!as!means!±!SD!(n=3).!

!

! !
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3F9F4'Interference'of'signaling'protein'ERK1/2'by'Aβ'was'

specific'to'Arctic'mutation'

ERK1/2! was! the! key! signaling! protein! participating! in! Arctic! AβM

mediatedMinterference! on! functions! of! CHRNA7! activated! by! nicotine! in!

neuronal! cells! (3M8,! Figure! 3M17).! Moreover,! the! activation! of! ERK1/2!

mediated!the!nicotine!effect!in!neuroprotection!(3M8,!Figure!3M18).!In!order!

to! find!out!whether! this!effect! is!specific! to!Arctic!mutation! (E22G),!other!

familial!AD!Aβ!as!well!as!wildMtype!Aβ!were!tested!to!see!whether!they!could!

influence!on! the!activation!of!ERK1/2!or!other! signaling!proteins.!As! the!

result! (Figure! 3M23),! ERK1/2! was! further! confirmed! to! be! the! only! key!

signaling! protein! participating! in! Arctic! AβMmediatedMinterference! on!

functions!of!CHRNA7!activated!by!nicotine! in!neuronal!cells.!Meanwhile,!

this! interference!was! found!out! to!be!specific! to!Arctic!mutation.!Nicotine!

was!able!to!activated!the!activation!of!ERK1/2!in!cells!overMexpressed!with!

CHRNA7.!The! incubation!of!Arctic!Aβ! inhibited! the!activation!of!ERK1/2,!

while! wildMtype,! Dutch! or! Iowa! Aβ! did! not.! Therefore,! the! inhibition! of!

ERK1/2!participating!in!AβMmediatedMinterference!on!functions!of!CHRNA7!

activated!by!nicotine! in!neuronal! cells!was! found! to!be! specific! to!Arctic!

mutation.! ! !

! !
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!

Figure!3M23!ERK1/2!participating!in!AβMmediatedMinterference!

on!functions!of!CHRNA7!activated!by!nicotine!was!specific!to!

Arctic!mutation!

CHRNA7! was! transfected! into! the! SHMSY5Y! cells.! Nicotine! was! able! to!

activate!the!activation!of!ERK1/2.!The!incubation!of!Arctic!Aβ!only!inhibited!

the!activation!of!ERK1/2,!while!wildMtype,!Dutch!or!Iowa!Aβ!did!not.!As!the!

result,!ERK1/2!was!the!only!key!signaling!protein!participating!in!Arctic!AβM

mediatedMinterference! on! functions! of! CHRNA7! activated! by! nicotine! in!

neuronal!cells,!and!this!interference!was!specific!to!Arctic!mutation.! !
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Chapter'4'Summary'and'Discussion'

This!study!has!shown!for!the!first!time!that!Arctic!Aβ!specifically!bound!

to!CHRNA7!with!high!affinity,!unlike!other!typical!earlyMonset!FAD!mutant!

forms!of!Aβ.!Arctic!Aβ!enhanced! its!aggregation!when!coMincubated!with!

CHRNA7,! thus!suggesting! that! this!membrane! receptor!was! required! for!

further!aggregation!of!this!mutant!form!of!Aβ.!Furthermore,!when!CHOMK1!

cells! overMexpressed! CHRNA7,! Arctic! Aβ! aggregated! on! CHRNA7! and!

inhibited!the!function!by!reducing!the!Ca2+!response!and!nicotineMinduced!

activation!of!ERK1/2.!This!results!clarified!that!CHRNA7!might!be!the!target!

membrane!receptor!for!Arctic!Aβ!(Ju!et!al.!2014).!Moreover,!I!demonstrated!

that!Arctic!Aβ! influenced! the!neuroprotective!effect!of!activated!CHRNA7!

using!SHMSY5Y!cells.!This!interference!was!participated!by!the!activation!of!

ERK1/2!but!not!the!other!cell!survivalMrelated!signaling!proteins.!The!results!

gained!in!this!study!are!summarized!in!Figure!4M1.!

Arctic!mutationMmediated!FAD!has!been!studied!since!the!discovery!by!

Nilsberth!et!al.!(Nilsberth!et!al.!2001).!Most!of!the!studies!have!focused!on!

the!special!aggregation!pattern!of!Arctic!Aβ,!which!prefers!to!form!protofibril!

assemblies!than!fibrils.!Similar!to!the!conclusion!made!by!Nilsberth!et!al.,!

(Nilsberth!et!al.!2001),!some!of!these!studies!have!suggested!that!Arctic!Aβ!

protofibrils! are! generated! faster! than! wild! type! Aβ! (Päiviö! et! al.! 2004b!

Johansson! et! al.! 2006).! Those! studies! were! performed! under! different!
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conditions! (Johansson!et!al.!2006)!or!by!structural!analysis! (Norlin!et!al.!

2012).! Meanwhile,! there! were! other! aspects! of! aggregation! patterns! of!

Arctic!Aβ!being!studied!as!well.!Oligomerization!pattern!of!Arctic!mutation!

was! reported! different! from!wild! type! Aβ!with! a! tendency! to! form! larger!

oligomers! (Gessel! et! al.! 2012).! Fibril! structures!were!also! observed!and!

studied! previously! (Norlin! et! al.! 2012).! However,! none! of! these! studies!

targeted!any!molecular!signaling!pathway!including!membrane!receptors.!

CHRNA7!bind! to!wildMtype!Aβ42!(H.!Wang!et!al.!2000b!H.MY.!Wang!et!al.!

2000)!without!any!interaction!with!wildMtype!Aβ40.!The!result!from!this!study!

(Chapter!3b!3M1b!Figure!3M1)!showed! that!Arctic!Aβ40!bound! to!CHRNA7!

with! high! affinity,! suggesting! that! CHRNA7! plays! a! critical! role! in! FAD!

caused!by!Arctic!mutation!through!the!interaction!with!Arctic!Aβ.!This!finding!

suggests!that!the!structures!of!monomer!Arctic!Aβ40!may!have!changed!to!

appear!the!higher!affinity!against!CHRNA7!because!of!its!mutant!effect.! !

NMterminal!extracellular!membrane!domain!of!CHRNA7!contains!ligandM

binding! sites! for! Acetylcholine! (ACh)! and! nicotine! (Brejc! et! al.! 2001b!

Dougherty!&!Stauffer!1990).!The!results!showed!that!wildMtype!Aβ42!bound!

to!extracellular!N!terminal!of!CHRNA7!doseMdependently!(Chapter3b!3M9M1b!

Figure!3M20).!Furthermore,!extracellular!N!terminal!domain!of!CHRNA7!was!

determined! to! be! the! key! sequence! within! Arctic! AβMCHRNA7! direct!

interaction! (Chapter! 3b! 3M9M1b! Figure! 3M21),! that! Arctic! Aβ! bound! to!
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CHRNA7MNMterminal!with!higher!affinity!than!wildMtype.!These!results!assist!

the!explanation!that!extracellular!NMterminal!domain!of!CHRNA7!plays!the!

critical!role!in!AβMCHRNA7!interaction.!

The! aggregation! pattern! of! Arctic! Aβ40! is! different! from! wildMtype!

(Gessel!et!al.!2012)!because!Arctic!Aβ40!can!generate!protofibrils! faster!

and!into!a!bigger!size!when!incubated!(Norlin!et!al.!2012b!Päiviö!et!al.!2004).!

Under!the!experimental!condition!from!this!study,!selfMaggregation!of!Arctic!

Aβ40!was!not!seen!(Chapter!3b!3M3b!Figure!3M3,!3M4).!Arctic!Aβ40!enhanced!

its!aggregation!when!coMincubated!with!CHRNA7!(Chapter!3b!3M3b!Figure!3M

3,!3M4).!The!coMincubation!of!CHRNA7MNMterminal!also!enhanced!Arctic!Aβ!

aggregation! (Chapter! 3b! 3M9M2b! Figure! 3M22),! suggesting! CHRNA7MNM

terminal!is!the!key!domain!affecting!the!aggregation!of!Arctic!Aβ.!Several!in!

vitro!studies!have!reported!that!conditional!change!would!affect!aggregation!

easily:!the!presence!of!lipid!enhances!the!Arctic!Aβ!aggregation!(Pifer!et!al.!

2011b!Sureshbabu!et!al.!2010)b!membraneMmimicking!environment!is!crucial!

for!Arctic!Aβ!aggregation!(Yamamoto!et!al.!2004)b!Mixing!Arctic!Aβ!with!wild!

type! also! enhances! Arctic! aggregation! (Lashuel! et! al.! 2003).! There! are!

several!studies!demonstrating!that!CHRNA7!interacts!with!Aβ!(Wang!et!al.!

2009),! and! exacerbates! the! pathological! features! in! AD! mouse! models!

(Søderman!et!al.!2008b!Dziewczapolski!et!al.!2009).!Therefore,!this!study!

suggests!that!CHRNA7!may!serve!as!the!scaffold!protein!(seed)!to!enhance!
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the!aggregation!of!Arctic!Aβ,!that!NMterminal!of!CHRNA7!serves!a!critical!

role.! !

Although!the!direct!addition!of!Arctic!Aβ40!did!not!affect! the!Ca2+!flux!

(Chapter!3b!3M4b!Figure!3M7),!a!diminished!Ca2+!response!was!observed!after!

a!24Mh!incubation!of!Arctic!Aβ!(Chapter!3b!3M5b!Figure!3M10).!Based!on!these!

results,! the! inhibition! of! CHRNA7! function! could! be! the! result! of! the!

aggregation!of!Arctic!Aβ40!when!both!coMincubated!for!24!hours.!Previous!

study!reports!that!Arctic!Aβ40!is!able!to!inhibit!the!hippocampal!LTP!in!vivo!

(Klyubin!et!al.!2004).!In!their!study,!intracerebroventricular!injection!of!Arctic!

Aβ40!blocked!the!LTP!in!CA1!area!of!the!hippocampal!hemisphere!(Klyubin!

et!al.!2004).!Moreover,!the!activation!of!CHRNA7!at!glutamatergic!synapses!

promotes!LTP!(Mansvelder!&!McGehee!2000).!Therefore,! the! function!of!

CHRNA7!may!be!a!critical!intermediate,!and!its!loss!of!function!may!be!the!

primary!cause!of!LTP!inhibition!by!Arctic!Aβ.! !

Numerous! studies! have! revealed! that! CHRNA7! played! as! a!

neuroprotective! role! against! several! cell! insults! including! different!

excitotoxicities!in!cortical!(Stevens!et!al.!2003b!Huang!et!al.!2012b!Hejmadi!

et!al.!2003),!hippocampal!neurons!(J.!Egea!et!al.!2007b!DajasMBailador!et!

al.!2000b!Ren!et!al.!2007b!Shin!et!al.!2007),!as!well!as!culture!cells!(Jonnala!

&! Buccafusco! 2001b! Li! et! al.! 1999b! Barrio! et! al.! 2011b! Ren! et! al.! 2005b!

Roensch! et! al.! 2007).! Those! studies! indicates! that! activated! CHRNA7!
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appeared!to!have!neuroprotective!function!against!oxidative!stress!(Guan!

et! al.! 2001b! Qi! et! al.! 2013b! Javier! Egea! et! al.! 2007),! glutamate! toxicity!

(Shimohama!et!al.!1996b!Shimohama!2009b!Kihara!et!al.!2001b!Iwamoto!et!

al.!2013b!Cui!et!al.!2013)!or!other!kinds!of!insults!(Shaw!et!al.!2002b!DajasM

Bailador!et!al.!2000b!Shin!et!al.!2007b!Yu!et!al.!2011).! !

The!pathology!of!AD!is!associated!with!increased!oxidative!stress!(Ma!

et!al.!2011b!Hensley!et!al.!1994b!Abramov!&!Duchen!2005b!Kamynina!et!al.!

2013)!on!a!molecular! level.!Arctic!mutationMmediated!FAD!has!also!been!

reported!the!same!result!(Ronnback!et!al.!2016).!Therefore,!oxidative!stress!

appeared!to!play!an!important!role!in!the!pathogenesis!of!AD!(Qi!et!al.!2013b!

Massaad!2011).!In!order!to!search!the!neuroprotective!function!of!CHRNA7,!

H2O2!was!applied!as!an!oxidative!stress! inducer! (Wang!et!al.!2003)!and!

nicotine!as!to!activate!CHRNA7!(DajasMBailador!et!al.!2000b!Iwamoto!et!al.!

2013b!Shin!et!al.!2007)!in!the!experiments!in!this!study.! !

Neuronal! cell! model! SHMSY5Y! cells! in! which! overMexpressed! with!

CHRNA7!can!be!inhibited!by!RNAi!(Qi!et!al.!2007).!Both!of!cells!with!the!

knockMdown! of! the! expression! of! CHRNA7! failed! to! represent! the!

neuroprotective!function!of!CHNRA7!(Chapter!3b!3M6b!Figure!3M13).!Arctic!

mutant!Aβ!was! found! to! inhibit! the! neuroprotective! function! of!CHRNA7!

(Chapter!3b!3M7b!Figure!3M15A,!Figure!3M16).!This!phenomenon!was!not!seen!

within!the!mockMtransfected!cells,!indicating!that!this!interference!effect!of!
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Arctic!Aβ!on! the!neuroprotective! function!was!actually!mediated! through!

CHRNA7!but!no!other!channels!in!SHMSY5Y!cells!(Figure!3M15B).!Combine!

together,! these!results!serve!a!brief! interpretation! that! the! interference!of!

Arctic!Aβ!on!CHRNA7!may!be!one!of!the!key!molecular!mechanisms!within!

the!Arctic!mutationMmediated!FAD.! !

The! signaling! pathways! that! implicated! in! CHRNA7Mmediated!

neuroprotection!are!including!ERK1/2!activation!in!several!different!models,!

both! in! vitro! such!as!culture!cells! (DajasMBailador!et!al.!2002b!Ren!et!al.!

2005b!Utsugisawa!et!al.!2002a),!and!in!vivo!like!neuronal!cultures!(Toborek!

et! al.! 2007b!DajasMBailador! et! al.! 2002b!Dineley! et! al.! 2001)! and!mouse!

models! (Liu! et! al.! 2007).! On! the! contrary,! some! studies! present! that!

phosphorylation!of!ERK1/2!by!nicotine! is!not!mediated! through!CHRNA7!

(Nakayama! et! al.! 2001b! Barrio! et! al.! 2011b! Steiner! et! al.! 2007).! The!

activation!of!Akt!has!also!been!suggested!involved!in!the!regulation!of!cellM

survival!routes!(Fan!et!al.!2016b!Shimohama!2009b!Utsugisawa!et!al.!2002bb!

Kihara!et!al.!2001b!Cui!et!al.!2013b!Barrio!et!al.!2011b!Huang!et!al.!2012).!

Some!results!also!reveal!that!JNK!phosphorylation!coMrelate!with!the!downM

regulation!of!Akt!(Huang!et!al.!2012)!enhancement!at!the!neuroprotection!

function,!while!some!indicate!that!JNK!do!not!participate!in!such!mechanism!

(Ren!et!al.!2005b!Toborek!et!al.!2007b!Liu!et!al.!2007b!Buckinham!et!al.!2009).!

Some!studies!report!that!CHRNA7Mmediated!neuroprotection!involves!the!
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inhibition! of! JNK! without! modifying! ERK! (Suzuki! et! al.! 2006).! Combine!

together,! the!signaling!proteins!participating! in!cellMsurvival! routes!remain!

controversy.! Above! all,! the! signaling! proteins! involved! in! the! nicotineM

mediated! functions! of! CHRNA7! on! which! Arctic! mutant! Aβ! affects! are!

remained!to!be!searched.!The!results!illustrated!that!only!ERK1/2!activation!

but! not! Akt! or! JNK! was! participating! in! the! nicotineMmediated! functions!

through!CHRNA7,! that! incubated!Arctic!Aβ!only! inhibited!ERK!activation!

(Chapter!3b!3M8b!Figure!3M17).!Although!similar! result!was!gained!when! I!

searched! the! Ca2+! downMstream! signal,! signaling! pathways! differ! within!

distinct!cell!types!(Roberts!et!al.!2002)!thus!worth!searching.!Furthermore,!

activation!of!ERK1/2!was!also!confirmed!to!be!mediating!the!nicotine!effect!

in!neuroprotection!against!oxidative!stress!induced!by!H2O2,!by!gaining!the!

result! that! selective! inhibitor! PD98059! of! ERK1/2! blocked! the!

neuroprotection!of!CHRNA7!activated!by!nicotine!(Chapter!3b!3M8b!Figure!3M

18).!This!inhibition!of!ERK1/2!participating!in!AβMmediatedMinterference!on!

functions!of!CHRNA7!activated!by!nicotine!in!neuronal!cells!was!found!to!

be!specific!to!Arctic!mutation,!but!no!other!familial!AD!Aβ!(Chapter!3b!3M9b!

Figure!3M23).! !

The!observation!of!cognitive!deficits!in!an!Arctic!APP!transgenic!mouse!

model!(Ronnback!et!al.!2012b!Ronnback!et!al.!2011)!suggests!that!memory!

and!cognitive!functions!are!affected!by!the!Arctic!mutation.!The!levels!of!Aβ!
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protofibrils!correlate!with!learning!performance!in!Arctic!APP!mice!(Lord!et!

al.!2009),!thus!suggesting!a!link!between!aggregation!and!memory.!Even!

though! wildMtype! Aβ42! has! been! reported! to! activate! the! function! of!

CHRNA7!(Dineley!et!al.!2002b!Tong!et!al.!2011),!Arctic!Aβ40!inhibited!the!

functions! as! well! as! neuroprotective! effect! of! CHRNA7! in! this! study.! I!

consider!that!mutation!of!Aβ!might!change!its!influence!on!CHRNA7.!Loss!

of!function!of!CHRNA7!enhances!Aβ!oligomer!accumulation,!exacerbating!

earlyMstage!cognitive!decline!and!septohippocampal!pathology!in!a!mouse!

model!of!AD!(Hernandez!et!al.!2010).!This!previous!study!suggests!that!loss!

of!CHRNA7!could!accelerate!the!AD!symptoms!(Hernandez!et!al.!2010).!On!

the! contrary,! deletion! of! CHRNA7! gene! improves! cognitive! deficits! and!

synaptic!pathology!in!a!mouse!model!of!AD!(Dziewczapolski!et!al.!2009).!

These!reports!indicate!that!the!exact!roles!of!CHRNA7!participating!in!AD!

pathology!remains!controversial.!However,!mice!samples!utilized!in!these!

groups!are!in!different!ages:!5Mmonth!mice!were!used!for!behavioral!test!in!

Hernandez’s! group! (Hernandez! et! al.! 2010)! and! around! 15Mmonth!mice!

were!used!in!Dziewczapolski’s!group!(Dziewczapolski!et!al.!2009).!Distinct!

ages! of!mice! influence! the! accumulation! of! Aβ,! that! soluble! nonMfibrillar!

structures! are! generated! in! young! mice! while! fibrillarMlike! structures! are!

formed! in! elder! ones.! Since! soluble! nonMfibrillar! Aβ! forms! would! affect!

synapse! dysfunction! through! calcium! impairment, long! term! potentiation!
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(LTP)!blockage!and!synapse!loss!(Shankar!&!Walsh!2009b!Tu!et!al.!2014b!

Palop!&!Mucke!2010) and!CHRNA7!is!mainly!located!in!synapse!yields!

regulating!Ca2+,!Ca2+Mdependent!events!and!LTP!(Bertrand!et!al.!1993b!Liu!

et!al.!2001b!Mansvelder!&!McGehee!2000b!Séguéla!et!al.!1993),!a!possible!

explanation! for! the! comparative! results! of! the! exact! roles! of! CHRNA7!

participating!in!AD!pathology!is!due!to!distinct!aggregation!forms!of!Aβ!in!

distinct!ages.!Furthermore,!this!explanation!also!assists!the!hypothesis!for!

understanding!earlyMonset!AD! (EOAD)! rather! than! lateMonset!AD(LOAD).!

Based!on!the!results!from!this!study,!I!think!that!the!inhibition!of!the!function!

of!CHRNA7!is!due!to!a!combination!of!mutant!effect!and!the!higher!affinity!

to!CHRNA7.!This!finding!led!us!to!clarify!the!mechanism!of!Arctic!FAD!other!

than! its! special! aggregation! pattern.! The! findings! assist! the! novel!

understanding! of! the! molecular! mechanism! of! Arctic! mutationMmediated!

FAD.! I! hypothesize! that! CHRNA7Mmediated! changes! of! Arctic! Aβ!

aggregation! may! be! crucial! for! CHRNA7! in! FAD! caused! by! the! Arctic!

mutation,!which!interferes!the!function!of!CHRNA7!including!Ca2+!response!

and! the! neuroprotective! characteristic.! This! leads! to! a! proposal! that!

CHRNA7!can!a!critical!therapeutic!target!for!the!treatment!of!FAD!caused!

by!Arctic!mutation.! !

!
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!

!

Figure!4M1!Interpreted!mechanism!of!ArcticMmutationMmediatedM

FAD!

Arctic! Aβ! specifically! bound! to! CHRNA7! with! high! affinity,! enhanced! its!

aggregation!and!inhibited!the!function!by!reducing!the!Ca2+!response!and!

nicotineMinduced!activation!of!ERK1/2.!Moreover,!Arctic!Aβ!influenced!the!

neuroprotective! effect! of! activated! CHRNA7,! and! this! interference! was!

participated! by! the! activation! of! ERK1/2! but! not! the! other! cell! survivalM

related!signaling!proteins.! !
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