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Abstract

Background— Spinocerebkar Ataxias (SCASs) bdongto pdyglutamine repetdisorders and are
charaterized by a preduinart atrophy ofthe cerebkkum andthe pors.

Method s—Proton magnéic resonancespedroscopy ¢H MRS) using an opimised semiadabaic
locdizaion by adiabaic seledive refocsing (semi-LA SER) pratocd was perfomed & 3 Tto
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detemine metabdite concetrationsin the cerebkkar vemis and pos of a cohor of paierts with
SCA1 (n=16),SCA2 (n=12),SCA3 (n=21),SCA7 (n=12) and helshy cortrols (n= 33).

Results—Comparedto cortrols, pdierts displayedlowertotal N-aceylaspaitate andto alesser
extert, lower dutamate, refeding neuronblosstysfunction, whle the dial marker,myoinasitol,
was elevaed. Patierts dso showed hghertotal credine & repotedin Hurtington dsease, antdher
polyglutamine repetdisorder. There waastrong corréation béweenthe Scde forthe
Assssnert andRating of Ataxia andthe neuranetabditesin bah affeded regons of pdierts.
Principd componer andyses confirmedtha neurondmetabdites (total N-aceylaspatate and
glutamate) wereinversely corrdatedin the vemis andthe porsto dial (mycinositol) and
energéic (total credine) metabdites, as well asto dsease seveity (motor scaes). Neurochenicd
plots with seleded metabdites aso dlowedthesepardion of SCA2 andSCA3 from cortrols.

Conclusion—The neurmetabdic profiles deededin pdierts undelie cdl-spedfic changsin
neurondand atrocytic canpatmertstha canna be &ssed by dher neuremagng modditi es.
Theinverse corréation béweenmetabdites from these two canpartments suggestsametabdic
attempt to campersate for neurondamagein SCAs. Because these homarkess refled dynanic
aspeds of cdlular metabdism, they are good camdites for proof-of-conceptherapetic trials.

Keywords

Spinocerebkar aaxia; biomarker, movemert disordess; NMR spedroscopy, neurochenica
profile

INTRODUCTION

Spinocerebkar gaxias (SCA 1, 2, 3, 7) are dgglutamine repetdisordesinheited & an
autosomal dominart trait. The cerebleum andthe branstem aremainly affededin SCAs,!
ther arophy béng deedable severd yeas beforethe predcted orset of motor symptoms:2
Progressive aaxiais the praminert symptom of dl SCAs. In SCA1, SCA2, SCA3 and
SCA7, aaxiais often accenparied by pyranidd signs, sensory dsturbancs, muscle
wasting and brinstem ocuomotor signs.3 SCA7 is cleaty distinguished fran dl other
SCAsbytheinvaiabe presence of pgmertary rdind dystrophy.Severd scaes exist to
assssdisease state bu the Scde forthe Assessirert andRating of Ataxia (SARA) is the
beststudied and vidatedso far® SARA is however of no sein presymptomatic
individuds andis dso na adeto idertify subtle dfferencestha canserve & endpantsin
futuretherapetic trials.> Since SCAs are rarestudying alarge cohdrwith adequte power
for dinicd trials is amajor hindranceé® Magnéic resonancespedroscopy (MRS) offers a
non4{onizing and norinvasive approach for quaitetive information onthe réationship
betweenmetabdism and dinicd fundionin paierts with neurodegenetiae dseases.”
Moreover MRS dl ows theidertification ofin vivo ateraionsin bran metabdite
concetrations that arelikely to occur pior to bran arophy? andmay be aended by edy
therapetic intervertion.

Changein bran metabditesin SCAs have been prégusly studied with MRS but mainly
on a 1.5 Tela MR system, with smaller cohots and nonéndudedSCA7 paierts.912 Most
of these studies orly repoted metabdite raios, which canplicae daainterpraation13:14A
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few MRS studies have &0 beenmplemented on a 4 Tela MR system but only in SCAL,
SCA2 andSCA6.1516Furthemore, 4 Tsla systemsare uncenmon, andVIRS daa oliained
in pdiernts with SCAs on dinicd 3 Tesla scannes, such & those now wddy avdlaldein
haospitals, arestill lacking. Inthis cortext, the purpee of ourstudy was to idertify in vivo
metabdic biomarkessin alarge cohdrof paients with SCA1, SCA2, SCA3 andSCA7 on a
3 TeslaMR system commonly usedin hospitals.

METHODS

Expeimenrtal procedurewere approved bthelocd ethics committee (ACGM 10094,CPPlle
deFrance VI,Ref: 105-10).MRS data were acqued on a 3 Tela whde-bodySiemens
Magnéom Trio scanner Siemerns Medcd Solutions, Edangen, Ganany). Al paticiparts
were over 18 yearandsigned a witteninformed corsert before paicipating in the study.

Patients and Controls

We recrited 16 ptierts with SCAL, 12 pdients with SCA2, 21 paients with SCA3 and 12
paients with SCA7 as pat of the BIOSCA study (NCT01470729). Al pdierts underweh
neurdogicd exanindions. Thirty-three helihy vduntees with no history of neurdogic
diseases and wth amedan age, gender afgM| similarto the pdiert groups were dso
recriited (Tabe). SARA was usedto evduate the seveity of the cerebikar aaxia? The
scde range from O (no cerebléar symptoms) to 40 (nost severe cerebkar symptoms).

MR Proto col

A modifiedsemiadabdic locdization by adabdic seledive refocsing (semi-LA SER)
sequence waused forlH MRS.17 This sequence prades approxmately twicethe signd-
to-nase raio (SNR) comparedto the stimulated-echo acgsition mode STEAM) sequence,
is lessproneto motion atifacts comparedto the spin echo fll -intersity-acqured
locdization (SFECIAL) sequence and sahelowest chamica shift displacenert atefad.18
3D T1-weighted vdumetric images (Tg = 2530ms, Tg = 3.65ms 1 mmisotropic, FOV =
256x 176mme, matrix size= 256 x 256) were acqgued forspaia nomalizaion and
locdi zation of bran vdumes. Shimming was perfomed on a 25 10x 25mm? volume-of-
interest (VOI) in the vemis, and a 16 16 x 16 mm? VOI in the pors, using a fat
auomatic shimmingtechrnque wth echo-panarsignd trains utili zing mapgng dong
projedions, FAST(EST)MAP.19 The radofrequency power fathe 90° aymmetric puse of
thesemi-LA SER sequence anthe varabe puse power and djmised réaxaion ddays
(VAPOR) water suppression puses were céibraed for each VOI. The power ftiie 90°
exdtation puse dso served athe baisfor setting the power fothe oder vdume
suppression (OVS) puses. Siemers 32 channks head cd was usedto cdled signds from
the VOIin the vemis and pos of paticiparts using the semi-LA SER sequenceTgr = 5000
ms Tg = 28ms Average = 64). VAPOR water suppression pusesin canbinaion with 3D
OVS puses dl owed forimprovedlocdizaion and weer suppresson perfomance. Two
unsuppresed wder spedra were acqued one for eddy currdrcorredion ¢he
radofrequency plses of the VAPOR scheme wereturned off) and one forse & reference
for metabdite quatification (VAPOR and O\S schemesturned offin orderto diminae
magneizaiontrarsfer effeds). Unsuppressed wder spedra were &0 acqured & aseries of
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T vaues (Tg = 28 — 4000ms; T = 15000msfor full relaxaion)to evduate the
cerebrapind fluid (CSH cortribution to the VOI20 Thetotal acqusitiontime per voxé
induding power chbraions, metabdite spedrum acqusition and weer reference
acqusition for quatification andCSFevduation, wa approxmately 20 minutes.

Metabolite Quantification

Spedral processng andmetabdite quatification were perfanedin the frequency dmoain
using LCModd?! as described prewously.22 Themodd spedra (basis set) were genertadto
indudethe fdlowing metabdites: darine (Ala), ascorbde (Asc), espattate (Asp), credine
(Cr), y-aminobutyric add (GABA), glycerophaphoryichdine (&C), phasphoryichdine
(PCho), phaphocreéine PQ), guccse (Ac), dutamine (An), dutamate (Ju), dutathione
(GSH), myainositol (myaIns), scyllo-inacsitol (sins), ladate (Lac),N-aceylaspatate
(NAA), N-acdylaspatylglutamate (NAAG), phaphorjethandamine PE), tautine (Tau)
and expamertally measuredmacranolecdes (Mac) &ill ustratedin Supdemertary
eFigure 1.Pre-procesing stepsindudedshat-to-shaot phase and frequency corréon a well
as eddy-currehcompersation wing the ursuppressed wder spedra acqired fran the same
VOI. Metabdite concetrations were oliained wsing waer @ aninternd concettration
referenceConcertrations were correted forCSFcorternt determined by tting theintegrds
of the ursuppressed waer spedra & differert Tg values with a b-exponetial fit.20 Tissue
water coriert was assimed d 82% for vemis and 72% for pos23:24T, of CSFwas fixed d
740msbesed on expeémertal measuremert. The wder signd a Tg = 28 msused &
concefration reference wacorreded forsignd lossdueto To relaxaion. Sincemetabdites
havelongerT, than waer, thelossof signd dueto T, relaxaion of metabdites a Tg = 28
mswas nededed 22 Tissue concetrations of glucose andladate were correed forCSF
cortribution to the VOI asauming 3.2mM of glucase and 1.8nM of ladatein CSF1° Only
metabdites quartified with meanCramér-Raolower bound (CRLB), which are stimated
errors of metabdite quatificaion,< 20% are repaed. The 20%CRLB threshdd dlowsthe
seledion ofthemost relialdy quartified metabdites, as outlined bythe LCModd manud
andthe MRS Consersus Group2>26\We cdculated and repdedthe average oflla
concefration vdues of rdialdy quarified metabdites induding vdues with high CRLB but
exduding metabdites with CRLB = 999%. Oty the sum of metabdites was repotedif the
corrdation baweentwo metabdites was corsistertly high (corréation coeffciert < - 0.7)in
a gven regon (e.gtotal credine,tCr = Cr + PQr). Similady, whenthe corréation
coefficiernt wasin the range of -0.%0 -0.7,the sum of thetwo corréated metabdites was
repotedin addtionto theindividud metabdites (e.g. NAA, NAAG andNAA = NAA +
NAAG). Spedra with waer linewidth > 10 Hz were eXcded fran daa andysis.
Approximately 3 minutes were requred for preprocgsing and quatificaion of each
spedrum.

Statistical Analysis

Participart charateiistics, spedra qudity andmetabdite concetrations —separaely for the
vemis andthe pors — were aniyzed sing ANOVA with a Dunné multiple canpaiison
testto canpare eacl8CA typeto the cortrols. For eachSCA typeseparaely, using those
regons andmetabdites showing significart SCA versus cortrol differences, Peaison
corrdation was perfomed béweenthe metabdite andSARA score,CAG repealengh and
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disease durdion; these p-vdues were correted formulti ple testing wsing the step-down
Bonferron proceduré?’ separaely for pors and vemis. Using pdiert daa orly, dinicd
charateiistics and concetnations of metabdites tha weresignificartly differert in paiens
comparedto cortrols were groupednto two principd componerts using ptincpd
componer anadysis (PCA). PCA was perfomedto investigate the dobd interadion
betweenthe seleded metabdites andthe dinicd paraneters acrasspatiert groups using
XLSTAT. In addtion, the metabdites tha showedthe largest difference beveen péiens
and corrols were potted aganst each therto find raios tha coud separae pdiert groups
from the cortrol group. A patial least squares discriminart andysis (PLS-DA) was aso
performed onthe etire set of metabdites to idertify the varabes with dassseparaion
information wsing XLSTAT.

Data quality control

Good quiity spedra with a hgh SNR and exchert resolution were cosiseertly obtained
from bath cortrols and péients. SNR was 6-24%lower and weer linewidth 1-2 Hz
narrowern some pdiert grougs than cotrols, likely dueto the HgherCSFfradionin
paierts vermis and pos, espedally in paierts with SCA2 in whan cereb#ar and
branstem arophy wa the most severe and % SFhighest (Talde). Pons daa were rgeded
in one péert with SCAL, one péernt with SCA2, one péiert with SCA7, 4 pdients with
SCAS3 and 2 heldhy cortrol subjeds dueto broad wéer linewidth (> 10 Hz). Aa, Asp, Asc,
GABA, Lac,Ptho andPE dd na med themeanCRLB critefion of< 20%in bah the
vemis and pos. In addtion, NAAG dd na med this critefionin the vemis, whilst Cr,
Glc, An, GSH, POr and Tau @ na med the citerionin the pors. Our cotrol daa were
also pat of atwo-site reproduiility study prevously pulishedin whichthetwo
paticipaing certers oktained cosisent spedra qudity andsimilar neurochmicd
concefrationsin cortrols by using the same MRS puse sequencegemi-LASER) in
corjundion with idertica cdibraion and quatification procedurg??

Neurochemical al terations in patients with SCAs

In paierts with SCAs, NAA andtNAA were significartly lowerthanin cortrols in bah the
vemis andthe pors (Figure 1). Gu was dso significartly lowerin the vemis of paierts
with SCA3 andthe pors of paients with SCA2 andSCA3 (Figure 1). Lower NAA, anarker
of neuronélossbysfunction, in the vemis andthe pors of paierts was assodated with
significartly higher concetnations of myolIns, a puative dia marker, andCr, amarker of
energymetabdism (Figure 1). Neurochmaicd dteraionstendedio bemore pronounceth
paientswith SCA2 andSCA3 (Figure 1 andsuppemertary e-igure 2 and Eigure 3).

Correlation between disease parameters and neurochemical c oncentrations

A strong negtve corréation was found béweenSARA scores andtNAA in the vemis of
paienswith SCA7 andin the pors of pdiernts with SCA3 andSCA7 (Figure 2). Taal
credine dso strongy corrdated with SARA scoresin the vemis of paierts with SCA1 and
in the pors of paients with SCA3 (Figure 2).Furthemore, SARA scores corrdated with
myaolInsinthe pors of paierts with SCA3 (Figure 2). HowevelCAG repealengh and
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disease durdion dd nd corrdate with the concetration of any neurochmeicd
(Supdemertary eTalbe).

Using pdiert daa orly, PCA was used formetabdites with significart differences beween
paients and cotrols —tNAA, myolns, tCr and Gu — & well as for disease paraneters of
interestin SCAs— SARA, CAG repealengh and dsease durdion. The frsttwo principd
componerns exdained 57.18% and 63.94% tbfe varancein the vemis andthe pors
respedively (Figure 3).PCA separdedthe neuronmarkeis —tNAA and Qu — from the
glia (myclns) and energiic markess (tCr) in bah veimis and pos (Figure 3). Anongthe
disease paraneters, PC1 furthershowedtha the motor score SARA) wasthe orly one
inversely corrdated with the neuronamarkeis and corréated with the dial and energic
markeisin bah vemis and pos (Figure 3). Of nte, PCA showed a negéave corréation
betweenCAG repealengh and dsease durdion (Figure 3).

Separation between patients and controls using neurochemical c oncentrations

The concetrations of metabdit es tha showedthelargest differences beween péerts and
cortrols —tNAA, tCr, mycIns and Gu — were fotted agénsteach therto degeminethe
separdion baween péent and cottrol groups. These neurochmica plots demonstratedthe
separdion of pdierts with SCA2 andSCA3 from cortrols in bah vemis and pos (Figure
4). However, we cdd na cleaty separde pdients with SCA1 andSCA7 from cortrols
(data nd shown). In addion, we $sedPLS-DA toidertify the varades with dass
separdion information bu we were unale to oltain a goodsepardion beéweenthe dfferert
SCAs (daa nd shown). Likewise, whle MRS all owed dscriminaing metabdic profles
from patierts and cottrols as well as corrdating pdierts metabdic profile with dinica
status, it did nd reved metabdic profil es charateristic to any ofthe SCA types.

DISCUSSION

This is the frststudy repoting neurochmicd profiling on aarge cohdrof paierts with
SCAs(SCA 1, 2, 3 and 7) sing a 3 Tsla dinicd MR system. In the vemis andthe pors,
paients displayedlower NAA, a neurorlanarker, lighermyeoins, a dial marker, and
highertotal Cr comparedto conrols. Glu, angher neuronlamarker, wa aso lowerin
paiens vermis (SCA3) and pos (SCA2 andSCA3). Our cortrol daa ha aso been parof
atwo-site study to estaldish the reproduibility of ourmethods, which undescoresthe
robustnessof our findings.22 Althoughthe CRLB < 20% citerion s fairly corservaive,
quartification of some metabdites such & GSH from short-TE spedrasstill reqtires caution
asthdr quarification may besersitiveto small changsin the baeline, even \ith the
excdlert spedra qudity achievedin this study. However, b themain findings repoted
here focis on metabdites (NAA, myains, tCr, Glu) tha havethe most prominert
resonance and areherefore isudly apparehin spedra.

Thesignificart decreaein NAA and Qu olservedin paients with SCAs, likely refleding
neuronalosstysfunctionin those structures,! is in agreenert with pior MRS studiesin
SCAs.28 We dso olservedthe decrese of NAA in the porsto bemore substartial thantha
inthe vemis. This is similarto the otservaionsin SCA1 studies!® andmay be dudo a
more pronounced plaologicd involvemert and @rophyin the pors.2° Onthe dher hand,
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theincreae in myclns, asix-carbonsugarthat serves as anintermedate in the metabdism
of membrane andnyelin phasphdipids,3° canindicate danageto myelin sheahs as a result
of neurodegenetisn resulting in increaed concetration of freemyolIns. As a dia marker,
theincreae in myclInslevds in respornse to neuronblossmay dso be an giempt to
improve dia prdiferaionto moduate vascular andmetabdic adivities andthereforeto
compersate for neuronkloss3! This pinpants theimportart role of non-neuroracdls in
SCAs, espedally astrocytes tha play key rdesin bran hameacstasisthroughthear
neurovacular and neunmetabdic couping with neuros —i.e. neurtrarsmitter recyding
and provsion of energysubstrates.32

Furthemore, we oberved asignificart increae in tCr, an energeéc marker ofen wsedin
prior studies as a concetration referencén MRS,2%in bah the vemis®3 andthe pors of
paiens. Dueto thelimited alility of the bran to store Juccse, the creéine knase/
phosphocredéine CK/PQr) system is importart to keep up ith the high energy deands of
neurors.34 Sincemitochondral CK adtivity suppresses formation of free raitds within the
mitochondia 3®36theincreae in tCr might be an &tempt to increae Cr levds to suppress
formation of free rattds andincreae neuroprtedion. Changesin Cr andPQOr have been
repotedin Hurtington dsease (HD), anther pdyglutamine dsease that shares
pahophysiologicd commonditi es with SCAs.37 Using microwave fxation techriques,
whichinstartaneosly inadivate bran enzynatic adivities and preervein vivo levds of
andytes, increaedlevds of Cr andPCr were repaiedin HD mice bran. Theincreae oftCr
preceded decread ATP levds as ealy as 4-weels of agein presymptomatic mice38
Similady, increaedtCr39 andsignificart changsin [PQr] / [Cr] ratio®® have been reptad
in the bran of HD mouse modds at an eally age sing H MRS techriques. Recerily, we
aso described abnamal ratios of inorgaric phaphae (Pi) / PO using 3P MRS duiing
bran adivationin paierts with HD & an ealy stage ofthe dsease confrming dtered bran
bioenergécsin HD A1 Thereforetheincreae oftCr in paierts with SCAs is comparalbe to
the dysreguation ofthetCr pod tha we otservedin pdients and ammal modds with HD.
Accordngly, it woud beinteresting to dedemine wheherthe abovemerntionedmechamsms
are ativated d a presymptomatic stage ofSCAs.

Higher dsease seveity, refleded by ligherSARA scores, was asdated with lowertNAA
concettration and hgher concemations of myoIns andtCr in bah the vemis andthe pors
of severd SCA types. Moreover the PCA confirmedtha neurondmetabdites —tNAA and
Glu — vaiedinversely in the vemis andthe porsto dia metabdites —myolIns—, energtc
metabdites —tCr — and dsease seveity — SARA score —in paierts with SCAs. This inverse
corrdation suggeststhat the metabdic atempt to canpersate for neurondamageis criticad
to SCAs pahophysiology, evermore & the metabdic change are @dated with dsease
seveity scores. The alsence of corrkations beween neurochmicad concetrations and
CAG repedlengh or dsease durdion may be paty expgained bythelimited dynanic
rangein CAG and duréon.

Using neurochmica plots with ourmetabdites of interest—tNAA, myalns, tCr and Gu —,
we were aleto separde pdients with SCA2 andSCA3 from cortrols but nat SCA1, urlike
what was previously repoted1® Moreover metabdic profles codd na discriminate the

differert SCAs from one anther. Altogether,this study indicaestha, raherthan provding

Mov Disord. Author manuscript; avalabdein PMC 2016 Apil 15.



wduosnue Joyiny wduosnuepy Joyiny 1duosnuen Joyiny

1duosnuepy Joyiny

Adanyeguh edl.

Page 8

subtype-spedfic information abott SCAs, MRS hasthe pdertial to unravé eaty metabdic/
cdlular changein vaiious SCAs, which arelikely to occur pror to bran arophy.
Neurametabdic profiles dso provide cdl-spedfic information on neurosand &trocytes,
which cannbbe ass®din ivo by aher neuramagng modditi es. Because these
biomarkess refled dynamic aspeds of cdlular metabdism andmirror dsease seveity, they
may dso be ofspedal interestto estadish proof-of-concets for drugs prior to the
evduaion of dinicd oucome measuresin phae Il therapetic trials. Our prevous repot
of highly reprodudble ddain cortrols in atwo-site study suppots the daim tha these
biomarkess can be gedin multicertric trials.22

Supp lementary Material

Referto Web vesion onPubMed Certral for suppdementary material.
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Figure 1.
Mean concetnations of metabdites tha showedsignificart differenceinthe vemis andthe

pors of pdierts with SCAL, 2, 3, 7 . cortrols. p vdues represert Dunndt-corretced
statisticdly significart differences between péerts and cotrols differences (* p <0.05 # p
<0.0% T p<0.001). Lower neurohanarkestNAA and Quin pdiernts are adated with
higher dial markermyaIns and ligher energynarkertCr. Error bas represent standard
devations (SDs).
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Corrdation beween ¢inicd scores and neurochmica concettrationsin the vemis andthe
ponrs of paiernts with SCAs. SARA scores corrdated with (A) tCr in SCA1 vemis, (B)
tNAA in SCA7 vemis, (C) myainsin SCA3 pors, (D) tCrin SCA3 pors, (E)tNAA in
SCA3 pors, and F) tNAA in SCA7 pors. Metabdites tha showed Dunnt significance
when eacl8CA type wa comparedto cortrols wereindudedin the corréation andysis p

values of the corréations have been corrged formultiple testing with step-down

Bonferron method.
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Figure 3.
Prindpd componen andysis of metabdites of interest and dsease charateiistics of

paierts with SCAs. The frsttwo canponeris accoutied for 57.4% and 64% viation in the
vemis andthe pors respedively. PCA was alle to separae the neuronamarkess —tNAA
and GQu — from the energic marker (Cr), the dial marker fnyoIns) andthe SARA score.
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Figure 4.
Separdion beéween p#erts with SCAs and cottrols by potting the concetrations of

neurochenicds aganst each ther. The concerations of metabdites tha showed
significart differencesin pdiernts —tNAA, tCr, mycIns and Gu — were fotted aganst each
otherto deeminethe rdio tha coud separde subjedsinto paiernt and cotrol grougs, with
amost no ovelap.SCA2 hasthe best separdion with & most one déeset ovetappng with
cortrols.
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Table

Demograplic andspedroscopc paraneters of dl subjeds.

Variable Control SCA1 SCA2 SCA3 SCA7
No of participants 33 16 12 21 12
Gender (M/F) 1518 97 75 912 6

Age (yr9) 48+13  44x16 45213 51+12 4614
BMI (kg/m?) 2544 2446 2615 244 23£3
SARA score 07409 1114627 1262607 132:717 924727
CAG length 47+7 40%3 69+6 4245
Disease duration (yrs) 7+7 1046 915 945
Lw vermis (Hz) 7.3+0.6 6.411.1* 5.611.1T 6.611.5* 6.7+1.2
Lw pons (Hz) 81109 80:16 ..t 76:l1 7.7¢0.8
SNR vermis 3316 3116 - 31+4 20+4
SNR pons 213 1943 16437 16537 184

% CSF vermis 94 20487 33107 22:8T 19487
% CSF pons 242 242 gast 342 241

Page 15

SNR: signd-to-naise rdio; Lw: water linewidth; CSF:cerebraepind fluid. Daa are preerted & mean +SD and canpared by one-way ANOVA

with Dunnét corredion.
*
p<0.05

#p <0.01

Tp < 0.001 repreert significart difference bewveenSCAs and cotrols.

Mov Disord. Author manuscript; avalabdein PMC 2016 Apil 15.



