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USE OF S- ADENOSYLMETHI ONI NE ( SAM AND SUPEROXI DE
DI SMUTASE (SOD) FOR THE PREPARATI ON OF MEDI CAMENTS FOR
WO 2PPEI0B2ATVENT OF ALZHEI MER S DI SEASE The pr &&diP2009/001323
invention relates to the use of S-adenosyl nethioni ne
(SAM in conbination wth superoxide di snutase (SOD)
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pharmacology. The disease also exists as a genetically transmitted form

associated with mutations in some loci of chromosomes 14, 19 and 21 (typical
of persons suffering from Down’s syndrome). Early onset of the familial form
of AD takes place at around 50 years old, and causes brain degeneration
followed by death in 2-3 years. The late-onset form of the disease also gives
rise to brain degeneration and death, but in a period of 10 or more years.

The brain presents a large number of plaques in the interneuronal spaces
and typical neurofibrillary tangles in the neurons, especially those of the
cerebral cortex, hippocampus and amygdala, and in other parts of the brain
with cognitive functions. Amyloid plaques, also known as senile plaques, are
polymers of the peptide beta-amyloid (AB), which derives from a larger
protein: beta-amyloid precursor protein (APP). APP is a member of the highly
conserved superfamily of transmembrane glycoproteins.

In the last decade, numerous studies have been conducted by scientists
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conserved superfam |y of transmenbrane gl ycoproteins.

In the | ast decade, nunerous studi es have been
woceordueed by scientistsengaged in research i RCO/ERD09/001323
with a view to understanding2its etiol ogy, especially
as regards the nol ecul ar nechani snms. Research into the

en @Y eRC Yh afesearaPnam sapndvithehr vieag ulcatunderstandirgarity yetiology,
heir therapeutic and diagnostic prospects. Attention

espRtall padsedafdy Heehfylebulas mublegasmel R esbaehoiirs thegmolecular
APP, "and therefore in producing Ab, appears to be

con'ﬁ?ﬁhbﬁtss hadi therardgulhtion asarb ebitifyethwvis thatapdutioaind diagnostic

t hese proteins, presenilin 1 (PSI) and presenilin 2

prdspeéds. AtRAcidh AAs efveyRad i 6n astesenilinsprwhessiirale inhgrocessing
activities of other enzynes, nanely secretases, which

APP, eane tiRforet in pesdmdihyg ABgrappabisetc deaiighly esgnificant. It has
(al pha-secretase) or into peptide Ab (beta- and

be&argvinsegrAtdstat thesé aprotéiak, Aoeseniliat 1 of kS Of ahtiepresenilin 2
genes coding for PSI and PS2 | ead to excessive

(PP2Ydpeésenn of Ahzpndtiacautivitgt ioonrefulatofthemastivitzes rof other
particul ar, which is highly anyl oi dogenic. Recently,

en£yhes, ManicyopediStaskpooihich wicaweeWRRRNined aoxnaHy degradable
reduction in gamma-secretase activity, denonstrating

catabalitd¥S{alpha-seetdtass) delimogpeptide AhEbearramds gamemasecretase).
conplex, Is also mainly responsible for the production

In afathidiat uniD, atiwatiohs A the gagsr dedbt dos RS bt asd, P52 lead to
is believed that the product of the BACE gene can

expessive produaice of A fandchaamghationoof isofbemdABed D pngrarticular,
of clinically useful gamma- and bet a-secretase

whichiibilighly smyloidogenne Recamily, adxpeeapentsagaiPiddt knockout mice
Al zheiner's di sease, and is currently one of the nost

evizlenictd nay greatpe¢dudtions in rganennaesacretase . activityasdémenstrating that
clearly denonstrated that the activity of PSI cannot

PSie ashwlell as upgorgiegl to bheagammarsecrstaseecompienesd@lso mainly
to process transduction factor Notch- 1, a crucial

respaaisiblef dort ftke mpraductjonf amdnyacsuemletibhs,ofsubf. adds regards
t hose involved in erythropoiesis.

beta-secretase, it is believed that the product of the BACE gene can perform

beta-secretase cleavage alone.

The development of clinically useful gamma- and beta-secretase
inhibitors could become a crucial weapon against Alzheimer’s disease, and is
currently one of the most exciting competitions in neuroscience. It has been
clearly demonstrated that the activity of PS1 cannot be wholly suppressed,
because this protein is needed to process transduction factor Notch-1, a crucial
factor for the maturity of many stem cells, such as those involved in
erythropoiesis.

Regulation of gene expression by means of DNA methylation can be
successfully studied in a cell culture system able to express the genes involved
in AD. As a result of our studies, a very interesting indication has been found

in the regulatory mechanisms involved in aging, which consists of a gradual,
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Regul ati on of gene expression by neans of DNA
nmet hyl ati on can be successfully studied in a cell
WO eu9106392 syst em abl e to express the genes i nveCVERH2G08001323
AD. As a result of our studi®s, a very interesting
i ndi cati on has been found in the regul atory nechani snms
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suffering fromsenile dementia. Honocysteine

Hofé‘%&@}’éiﬁ&i 28 ARG RO BN | i peifetiydatieh abed irelabylically

orrel ated, because the failure of honbcysteine to be

cortORYE] Rt atife TRE FhRRE6f hovRsSBtecihBao®s 8baVéseéd to methionine
towards synthesis of S-adenosyl honocysteine, which is

revé hleOmBatRd 1 B 266 aRNAs yiethieist 6 B8 sddmsellidihbbydteine, which
and therefore i nduces DNA hyponet hylation. In

is RRGNHABC BeWal Qtrbhg RV A- geitiRpilt iR Eekab b etiibitbat andnyherefore
genes are expressed when the cytosines of specific

induegy ﬂNASh'ﬁS&n@ﬁ{SHBﬁMh atedecdddiagcodivaiciheing oalll-padabiched theory
can lead to expréssion of unexpressed genes and

thaPMRARY fedR8| 48 Sfpressdhercyiy egasin@e0€spedific seqyences are
be the ctase with AD, because the overexpressi on of

defBethy 1R |t sUBIPEheaficARpagesn BBy 1dad tontxipressioh yof unexpressed
excéed al pha-secretase activity, and therefore produce

gehdiCai@ Riviepex fes$iBhCof Aearall ad:gaessuddgemes. CEhisemaynde the case
di sease after many years. A further indication of the

wifload bbecdueettef o xpRe st b@tdfOPS I nnAbicly ganembi-sediretgse, may
that AD patients present much | ower post nortem | evels

disebnftBtibublydereesd idiphhacbratase dovivéty, amad | theréfory pfoduce the
S- adenosyl net hionine (SAM could easily lead to

peplidespl whidhnacraseldtes pnessimoaude theedigeassaftar olangdyears. A
in APP netabolism eventually producing an

furtkeunnliriation of thepposibRb rote tdfeDAAI neethybdites.in AD is the
Prelimnary experinments have been perforned on a

findéng ahbayDOnpatidmte frokemt S)chmiowhr gost esessmARPyelpS)f methyl
PS2, BACE, al pha-secretase, the other conponents of

doglersn gecbetiasEovwancavditability of ifeadenasylmstiionéne (SAM) could
treated with a

easily lead to altered or increased expression of the genes involved in APP

metabolism, eventually producing an accumulation of peptide AP in the senile

plaques.

Preliminary experiments have been performed on a neuroblastoma line
(SK-N-SH) which expresses APP, PS1, PS2, BACE, alpha-secretase, the other
components of gamma-secretase, and Notchl. The cultures were treated with a
culture medium deprived of folate, vitamin B12 and vitamin B6 (in order to
alter the metabolism of homocysteine), to which SAM was added at various
concentrations (to balance the effects of vitamin deprivation). We found an
increase in PS1 and BACE expression in the vitamin B-deprived medium, and a

marked reduction in PS1 and BACE expression after the administration of

SAM. In experiments conducted with Hpall/PCR on APP and PS1 promoters,
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cul ture nedium deprived of folate, vitam n B12 and
vitamin B6 (in order to alter the netabolism of
wohRommioyeei ne), to which SAM was added at var POT&P2009/001323
concentrations (to balance t4e effects of vitamn
deprivation). W found an increase in PSI and BACE

we?érﬂklgzas b@jof Qi 0% n¥k LiANHE r§ ﬁ%ﬂﬁﬁé{ﬁ%fr@ﬂé Bfth@Th@ sites of the

uction 1n PS BACE expression after the

PSE{;@%@%‘?‘WQ"‘C&TCIW Pﬁt KPS e eaRdbE LRty tllenced by

on APP and PSI pronoters;we found a major

adﬂitﬁ%tﬁﬁﬁ@%‘%f ' é?m%gﬁoﬁ? tSWtT}&r‘a&lﬁlrﬁgﬁaﬁBntd’f’%&ﬂ@c&htr%duce PS1
pro We concl uded that the PSI gene
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stration of SAM can reduce PSI

Ex@%‘ﬂﬁfcﬁﬁéa%ver SRObeRH EHEINEREADRIthC thdkaesie ifickayPuhe strain

secretase. Experinents have al so been

Tgégeg@mt efh dVebrebpSusia gnb@nﬁrbge tbsd heicet s BhIGCRYDEEA by the

cof r espondi ng controls; these mice are
prc%\,ﬁéea%tf%% I8GhBY et agancensf apMenuihere itk aleed] APEmyloid

iliuitan

gene, and can therefore devél op arryl oi d pl aques in a

plaﬁﬁl@f) tintd @EortTﬁﬁl%e BidseBdfinkes evéredfednon «oopipite diettor a diet
a diet lacking in the vitam ns of the B group; once

lackgﬁ’% th tiRSvitimiheof tid B, dgl@'il pt BAteagein, ashbltharellBAbiEincrease in
essi on was observe I'n both the experinental

Psml%' BACHexphdseic was odkedesde expression had the
fect of increasing ganma- and bet a-secretase

act 1Y ibokle Sh¥vdxip eeidnEeg L enddely ety allerdtiomobigehb, expresdion had
accurmul ated to form senil e plaques nore rapidly than

thd Bffebe ofnhe@aSing gainetla Wahd Helte-seorttasd aclieities Wethdedmsequent
sunmari sed above have been reported in the foll ow ng

ov@ﬁﬁbﬂﬁ@ﬁbﬁﬂﬁ“Aﬁuﬁmlé’h acbiigwllated\fo, fofavsdilibke pldquas,more rapidly
Ricceri L., D Anselm F., Coluccia P., Calamandrei G

thanth Srpdmiendds (2081 “Bthftlﬁaamtrahﬁretvat i on | nduces
Hyper honocyst ei nemi a and Brain S-adenosyl honocsyt ei ne,
DepTgtee tlaBi adumrazibedoaplovet hiavai been arepdetdthnioe sh@Sfollowing

and BACE Expression and
publications:

Fuso A., Nicolia V., Cavallaro R.A., Ricceri L., D’Anselmi} F.,
Coluccia P., Calamandrei G. and Scarpa S. 2008. B-Vitamin Deprivation
Induces Hyperhomocysteinemia and Brain S-adenosylhomocsyteine, Depletes
Brain S-adenosylmethionine, and Enhances PS1 and BACE Expression and
Amyloid-B Deposition in Mice. Mol. Cell. Neurosci. 37: 731-746.

Fuso A., Cavallaro R.A., Zampelli A., D’Anselmi F., Piscopo P.,
Confaloni A. and Scarpa S. 2007. y-secretase is differentially modulated by
alterations of Homocysteine cycle in neuroblastoma and glioblastoma cells. J.
Alz. Dis. 11: 275-290.

Cavallaro R. A., Fuso A., D’Anselmi F. and Scarpa S. 2006. The effect
of S-adenosylmethyonine on CNS gene expression studied by cDNA

mycroarrays analysis. J. Alz. Disease. 9: 415-419.
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Anyl oid- b Deposition in Mce. MIl. Cell. Neurosci.

37. 731-7"46. Fuso A, Cavallaro R A, Zanpelli A,
woRbsnisedori F., Piscopo P., Confaloni A and Searfa29/001323

2007. g-secretase is differeftially nodul ated by

alterations of Honocysteine cycle in neuroblastoma and

AT stlimginey . Gt g e oo
sildiife HISuBh! Sigéthgfl%éoﬁt)mp%’}g ggh@ﬁ(@nirﬁgr%t% StNAlzheimer

expr sSi on®=st arrays anal ysi s

Dl%Ja e. P REATS: . Segc? élljso 121,§car pa S., Cavallaro R A

nsel'm 006. Gene sil enci ng through

nEtﬁ}iLgtAonSe%ﬂnnml Een?,{a'v‘éllg% a8 Vet o nfll Fh@indeRcarpa S.
ease 407-2414. Fuso A

AR B PSR s D
Me@%ﬁﬁﬂﬁf Oﬁﬁﬂeba{ﬁ e i eakhY! @%E%ﬁa@fdﬁs Wt hBeta-amyloid

sequent Up-regul ati on of" Beta i d Production.

PrMIM1nQe|MnI Ne,U]r] OﬁrGhrmz‘?’(’lg(l\lﬂﬁﬁ -3204. Scarpa S., Fuso
Ansel'mi F., Cavallaro’RA 2003. Preseni I in 1

gengﬁtﬂf@' WAS' pranRsyhet hicevaNaro R W e200®NPresenilin 1
for ei ner |sease’? FEBS Letters 541 (1-3):

gex’ié1 glllﬂgglggklgoslﬁd’en BhédiGniBe: A tredrheht forBAllkREigdr disease?
. rpa S. 2001 . Cene silencing by

FERCfenesy 54t iplgnlz(@_lwg muscl e differentiation. FEBS
etters 508 337-340. The use of SAMto treat AD

ls0A Pr@ﬁ)@(ﬂ%}o'ﬁ WS, 2092/1028ktaraNf FUR. and Scarpa S. 2001.
2004 0048827 The l'attef document denonstrated the

Gedl kilbicRiy PHMS- adeﬁé%nﬁfertﬁmmhs hetAuseer diffefentiation. FEBS
presenilin 17and 2 and beta-anyloid protein precursor

Le%pse5ggr{_p,§as§3'p134ost udi es conducted with | abell ed

(tritiated) SAMe after said patent application

demypgtyst SESAM tabirkat X DPivdshdsopreposeal troUe2002/025926 and
US 2004/0048827. The latter document demonstrated the ability of SAM to
interfere with beta-secretase, presenilin 1 and 2 and beta-amyloid protein
precursor gene expression. Studies conducted with labelled (tritiated) SAMe
after said patent application demonstrated the ability of the molecule to reach
the central nervous system after oral administration, as rei)orted below.

The beneficial effect of SOD in the treatment of AD is suggested in
US 5519058 and in CN 1099224.

Pharmaceutical compositions comprising SAM and SOD together with a
number of active ingredients, for use in conditions other than AD, are
disclosed in US 2003/129261 and in WO 2005/041996.

Description of the invention

It has now been found that the activity of S-adenosylmethionine can be

surprisingly improved when it is administered in combination with superoxide

dismutase (SOD). This enzyme has not only proved able to facilitate the
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the central nervous systemafter oral adm nistration,

as reported below. The beneficial effect of SOD in the
worpwavemat of AD is suggested in US 55 19058 BAWEPROOGEN1323

1099224. Pharnaceutical conpésitions conprising SAM

and SOD together with a nunber of active ingredients,

ngredi ents,
P O P L R o et Vo o o 1%

1nté1?@§ Q%ﬁél?é %twﬁHSSAMV e s dht hatprebdoacsf Yhé WPS1 and

t hi oni ne can be surpr|3|ngly i mpr oved

BA&@E %ng 'é)%f?%%ﬂt@ks%tdeﬁﬁﬁl resu1€ 8Rifaaiind® défidiesesper oxi de

This enzyme has not only proved abl e

to Hael Aéﬁe%ft eoﬂ' epansestoRf theréfdeposelhtet i Prbdeacts containing
t hrough t'he bl ood-brain barrier, but also interacts

S- a?ﬁéﬁ%églrﬁ@t'hlldn%t& SMrivatFROURF O Afe seperegde dismbitase in the
BACE genes overexpressed as a result of

for¥l t@¥Man Bnflsihi8! priparatibe AsP8Ghulthntbes,i Bypdrato©ror sequential
therefore relates to products containing

adiAdEA0H iFBhBitARItAR NP o fA BBkinat is\sédrer eof and
superoxi de disnutase in the formof a conbi ned

Pr epaE aldses chAfvayy Withng avidle raapariatvdens oﬁﬂweaﬁy Bw toxicity
admnistration in" the treatnent of Al zheiner's

of X ARASHd BBDJasRE widh depepdvbh i mumbedefr fagers,nsuch as the
view of the very lowtoxicity of SAM and SOD, and w |

patiépegdwerptit, niexbendofagtaddon@vesudroadlyt Bpeplingentiey will be
wei ght, sex and age. However, broadly speaking, they

bettddn 260 LRRIMVEGOD A0 dap Fo2 MOMghddyetivern SMaadd 000 mg/day for
bet ween 50 and 1000 rrg/day for SCD. SAM can be
SOgoim ni stered, preferably orally, either as such or in
the formof a stable salt thereof such as tosyl ate,
but Saadi san Heoadirdnistered| praferabbs yirally, eithsnigshsueh or in the
di tosyl ate or disul phate nonot osyl ate. An advant ageous
fofim@raf fstatsdei shlsthatodruck Sauslyhatempuemekswphonate, disulphate

cells enriched with SAM
tosylate, disulphate ditosylate or disulphate monotosylate. An advantageous
form of administration is Saccharomyces cerevisiae cells enriched with SAM,
described in WO 2006/131382.

SOD, obtained by fermentation from strains of Saccharomyces
cerevisiae as described in WO 2006/131382 filed by the Applicant, can also
be administered orally, supported on gliadin film, or using other
gastroprotection techniques. As an alternative to the oral route, both SAM and
SOD can be administered parenterally, e.g. by intramuscular injection.

Examples of these formulations include tablets film-coated with acrylic
or methacrylic polymers, gastroresistant capsules, microcapsules and the like.

SAM and SOD can be present in the same dose unit or formulated and
administered separately: in that case, kits could be provided comprising the

two drugs in separate dose forms accompanied by instructions for their

sequential, simultaneous or separate use.
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descri bed in WD 2006/ 13 1382. SOD, obtai ned by

fernmentation fromstrains of Saccharonyces cerevisiae
w0a809dese¥2i bed i-n WD 2006/ 13 1382 fil ed by thePCI/EP2009/001323

Applicant, can al so be adm ni/stered orally, supported

on gliadin film or using other gastroprotection

tecbgg&qgﬁonﬁgfﬁ%u%gernative to the oral route, both
SAM and SOD can be adm ni stered parenterally, e.g. by

intg QUi Arand B tdws kNaretfes of SARB@and SOD in mice, on
formul ations include tablets filmcoated with acrylic

ov&exPREIASH VKPS IPARd BASE @hdsiceanssa sitaiiing depeived diet.
m crocapsul es and the Iike. SAM and SOD can be present
in FhaneaTe shose Yhet effect @MBIGD edn@nglwrsiiiionst @SH) on the
separately: in that case, kits could be provided
ovERRPEESSiNE of IPS 1t did WAICE inné@pdlastemaosssf of tike line SK-N-BE,
acconpani ed by instructions for their sequential,
alopleatld AneOubiwitiGepataSaMse. Description of figures
Figures la and Ib shows the effect of SAM and SCOD in
M CRigwfe 8Vshoaxgties $ewsls aff ffiiatad S BRCn ithdunaihdpfanice after
vitam ns B-deprived diet. Figure 2 shows the effect of
orad@dngimdstgatidRblfiSoxe! 4@SHg/dayt he over expression of PS|
and BACE in neuroblastoma cells of the |ine SK-N BE
al oFggwrdl 4 howibithat measwdet lof SAdlyldidgbeta Predwstsort e human
| evel s of tritiated SAMin the brains of mce after
Nearoblagtbmaicsils affiepronef wedlMoAQfeatmletiay. Fi gure 4 shows
t he neasure of anyl oid-beta production in human
NeuFih ps tSoshoosl the affeet oh&Adkkndf SOfRaimentidative status in
Figure 5 shows the effect of SAM and SOD on oxi dative
eyttirat yiesiandelytaim of yh e taeatedneith Rideprivedtdietit ed wi t h
B-deprived diet. The invention will now be descri bed
i n FTheaineentienawill mowdendesdribdtk ip lgneatec aledail dt means of the
tests described bel ow by way of exanple.
pharmacological tests described below by way of example.

EXAMPLE 1 - Gene expression

In particular, the effect of SAM was tested at pharmacological
concentrations (400 pg/day) on TgCRND8 mice and the corresponding
wild-type controls.

Gene expression channels

RNA was extracted from cell cultures and homogenised brains, and
cDNA was synthesised. 0.5 pg of total cDNA was used for each real-time
reaction on an Opticon2 DNA Engine (MJ Research) using SYBR-Green
reagents. The amplification efficiency for each pair of primers was previously
determined by amplification of a standard linear curve. The experimental
samples were compared with a standard curve of a specific gene to determine
the quantity of specific cDNA present in the standard reaction. The standards
were obtained from highly purified PCR products amplified by positive

controls. The total cDNA levels were normalised to the B-actin control (gene
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EXAMPLE 1 - Gene expression In particular, the effect
of SAM was tested at pharnacol ogi cal concentrations
WO 240006892 day) on TgCRND8 m ce and the corr esp8QdiER009/001323
wi | d-type controls. Gene expBession channels RNA was
extracted fromcell cultures and honogeni sed brains,
hoddtkee was synthesised. 0.5 ng of total cDNA was
used Tor each real-time reaction on an Qpticon2 DNA
EngTRE rebiitRefasstdtiate that SAPRalgoersvarsaged oveldipression of
anplification efficiency for each pair of prinmers was
PSPraM BACE iflghesdrbpaddeyriespldiét savhenfid. 1§, ahdrdandreduces it
l'inear curve. The experinental sanples were conpared
to Wwér Rvelantharfiossofahefcoanspelied.i ¢ gene to determ ne
the quantity of specific cDNA present in the standard
reags| ‘h@m%&&%téh@n dastdboMeme i9bimioteed finorbdthghdethylation and
purified PCR products anplified by positive controls.
oxidired @étadn GENAIdB elve tested iy Bfflect off variduseahtioridamts on the
control (genehousekeeping). The results denonstrate
expieakion AV Bhes owb axearese T hiehfirvdate xbtemedowithf ndiflobéaxdoma cells
ACE i nduced by a deprived diet in vivo (fig. 1), and
of anenSKetuBas lide demenysrateévidlas bdthnSUOIDsendfglutethione (GSH)
control diet. As honocysteine netabolismis involved
inHibitbovbrexpirbysiai i o PBid andi Bk €Huitdwoed déycivitansin deprivation,
tested the effect of various antioxidants on the
theugh es s dessef exbbentt angSreel. Hbwebver,sit daimtendstimignéal note that
wi th neurobl astoma cells of the SK-N-BE |ine
whten®0P nateSiAMate hditinBtEreantbggthdrathéep pee{edtd) synergic effect
i nhibit overexpression of PSI and BACE i nduced by
(figi 2avihicHefuriheatredaces Hoeigkptession of slee twot geniest tealower levels
SAM However, it is interesting to note that when SOD
thanthcSAMseevetiwith SAdViedonedéb % lessy present a
synergic effect (fig. 2) which further reduces the
expFSAMEBLE 2trSAMampkes to | ower |evel s

Experiments were conducted on cells and mice to demonstrate that
SAM crosses the blood-brain barrier.

For the cell cultures, 100 uM of SAM was added to the F14 cell culture
medium (complete or deprived of vitamin B, according to trial design) and the
cultures were stopped after 96 hours.

For the mice, 400 pg/day of SAM was administered orally by feeding
probe needle, and the animals were sacrificed after 2 months; the animals
were fed on a complete diet or a vitamin B-deprived diet, according to trial
design. SAM levels were analysed by HPLC with a Varian HPLC system. The
cells and homogenised brains were lysed in distilled water, and the
macromolecules were precipitated with 1.5 M PCA. Standard SAM curves
were calculated before and after the experimental samples. For the analysis of
tritiated SAM, cells were treated as described above, while mice were treated

for 4 days to minimise exposure to the radioactive drug. The cells and
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than those observed with SAM al one (15-20%1 ess).
EXAMPLE 2 - SAM upt ake Experinents were conducted on
woeeldigeand m ce to denonstrate that SAM cr 0ssBETER2009/001323
bl ood-brain barrier. For the9cell cultures, 100 mM of
SAM was added to the F14 cell culture nedium (conplete
ho&bg@ﬁ&fedvﬁﬁiﬂé wérealfisedBin dixtitedi RGité0 Arpatticiedifdysed brains
and the cultures were stopped after 96 hours. For the
wabl shicd@d aBnd deshtiffuSéd toasepataianiniémbeshey ahdy cblf organelles;
feedi ng probe needle, and the animals were sacrificed
an@hegrpottiohninhls; trebeedaniidelereklogid @adid(PL Apmiteet sonication to
diet or a vitanmin B-deprived diet, according to trial
sepdgeaiedthe BANrogideculesr Thangdtgke bfbyadibaéiive ISAM Veas areasured
HPLC system The cells and honobgeni sed brains were
by lsyBeilldtiordirdth hlbeta vateter. and t he nmacronol ecul es were
precipitated with 1.5 M PCA. Standard SAM curves were
cal tunalsefoured ahet ahed mfttaeelluhe deyeds | o it4aM daopdased from 1
For the analysis of tritiated SAM cells were treated
(comtralpso 2. pexd uboVe, estiiblish wihethevethe irceessedwiasrdue thayptake of
to mnimse exposure to the radi oactive drug. The
excgdricusa®AM nasgeppesed to annacrease inythedendoghimhis| tesdrves in the
water. A portion of |ysed brains was sonicated and
presente idfugjedated exraceliwanmzomncangstians afethe orajacelel estest was
anot her portion was treated with perchloric acid (PCA)
pedbtmedswithcetdioactive St altG) puhd ofatritoatedeSAM (SANE3H]) was
upt ake of radioactive SAM was neasured by
added no i SKaNiBE oéll rcudtures.,aandthe arptake was evaluated Hat cell lysis
the intracellular levels of SAMincreased from1l
and qediqactiyvityocaunt. A medidastizgtyabbiish ofinlet ieM DSAM in the cell
i ncrease was due to uptake of exogenous SAM as op{oosed )
lysatesawas fonndsthis val e 1 aoimpenahls todberinercasa from 1 to 2.5 times
presence of el evated extracellular concentrations of
fourhik wishenahdritinteds$AMs apdr clearby indi¢atesdhebdhev tracellular
SAM 100 mM of tritiated SAM (SAM 3H]) was
increase is due to uptake of exogenous SAM.

A similar increase in SAM levels was found in brain lysates of mice
treated orally with 400 pg/day of SAM; once again, a further test was
performed with SAM[3H] at the concentration of 400 and 800 pg/day. The
increased radioactivity in the total brain lysates is comparable to 0.5 ng of
SAM per brain in mice treated with 400 pg of SAM, and 1 ng per brain in
mice treated with 800 pg of SAM (Fig. 3).

A portion of the total brain lysates was also sonicated and centrifuged
to obtain a cleared lysate (cytoplasm), and a further portion of this cleared
lysate was precipitated with perchloric acid (PCA) to eliminate the proteins
(soluble lysate). It is interesting to note that the soluble lysate from mice
treated with 800 pg of SAM shows a radioactivity level comparable to 0.5 ng
of SAM (whereas the total and cleared lysates presented higher levels),

indicating that the excess methyl function bonded to exogenous SAM was
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added to SK-N-BE cell cultures, and the uptake was

eval uated by cell lysis and radioactivity count. A
woreiteeddei vity count of 1.5 mM of SAMin the BENIEP2009/001323

| ysates was found; this valu® is conparable to the

increase from1l to 2.5 tines found with non-tritiated

conjibhtc@nWithl Gkl ¥ell MHbIRess. t hat the intracel | ul ar
i'nCrease I s due to uptake of exogenous SAM A sim |l ar

| NCEXaSRIPDES\WA @iv3b 1l Pprodhietibel inNbarobldsyomiacéeldlines
mcetreated orally w ng/ day o once
agayiethads UMAOEE debteNealmees or med with SAM 3H at

the concentration of 400 and 800 ngy/day. The increased

r adNeardlstoynd NSKON-B® dhurfdhai Belly sidleesvass maimaimid dn F14
to 0.5 ng of SAM per brain in mce treated with 400 ng

me@iuAMitRNI0% MCHeanlr shiftdd 61 eenipless adiffureiti®i6n mmedium
of SAM (Fig. 3). A portion of the total brain |ysates

(cot@ol dhe@imaniviet €% BE pbu 10fdekttinviohtid)noata defferhtiation
| ysate (cytoplasnm), and a further portion of this

medi@ar deficysat @fWeslaps, e &iifaintiat 611 2M driid peitahinorB6 &Bi deficient).
(PCA) to elimnate the proteins (soluble |ysate). It
Cultarénivereséifad everyetcoriddby tahd ssoppdd eftey 9t e from
mce treated with 800 ng of SAM shows a radi oactivity
| evghimehpaidbliasto 0.5 ng of SAM (whereas the total
and cl eared | ysates presented higher |evels),
i ndiA¢ apippgxinhaely Bewerkeof aget hyice fweret systeatidedytassigned to
exogenous SAM wasconjugated with other cell nolecules.
citlANPtEnt3ol diety proup rottuat deficient Miet gobapst oeeeivalg food and
i nes Methods: Media and cell cultures Neurobl astona
waSis- 0 BB itumefihe eohtial (A IO 3vhj dicaiAvetblate B4l 9&diViitamin B12
with 10% FCS and shifted to conplete differentiation
mgedd26m Vitamhino B 6meng i) and tdxpEvirr@gapldistslQARNIO3M B; diet B,
retinoic acid) or to differentiation nmedi um deficient
defitichol at efolatet avitamii 2Bdi2d anidt antamide B®) deticipumchased from
Cultures were re-fed every second day and stopped
Mudadeda 9dtaly). Both diets contained 1% sulfathiazole to inhibit folate

formation by means of gut bacteria and ensure that the only source of folate
was the diet. Moreover, other three groups of animals received SAM
(800 pg/day) or SOD (10 U/day) or the combination of both drugs (SAM
400 pg/day and SOD 5 U/day). After one week of treatment, mice were
anesthetized and sacrificed to obtain brain and blood. Blood was collected by
heart puncture in a test tube containing EDTA 2 g/dl and immediately
centrifuged to separate the plasma and erythrocytes, then stored at -80°C.
Brains were perfused with PBS and removed.

Amyloid analysis

Homogenized brains were lysed with 50 mM TRIS-HCl pH 7.4,
150 mM NaCl, 0.2% Nonidet P-40, 1% CHAPS, 2 mM EDTA, PMSF
(200 uM), Leupeptin (1 uM), Pepstatin A (1 pM) and Calpain Inhibitor I

(5 uM). Protein extracts were used for ELISA test with AB 1-42 Immunoassay



10

Animal s and diets At approximately 3 weeks of age,
mce were systenmatically assigned to either a control

wodi@tiogrooup or to a deficient diet group, receCYiERg09/001323

food and water ad |ibitum Thle control (AIN-93M di et
A. folate ng 1.98; Vitamn Bl12 ng 0.025; Vitamn B6 ng
kit7(BiaSduespdnteraatiahalji Bekzi(GAl )N BBIS B; kiti ghafdntee a good linear
deficient in folate, vitam n B12 and vitam n B6) were
serpiticitasadtif r bin pavtebol B-42)t aAY) .mBothurenieats werd giarformed in
1% sul fathiazole to inhibit folate formati on by neans
triglicggeit bacteria and ensure that the only source of
folate was the diet. Moreover, other three groups of
ani Saitsticat enaddiSAM (800 ng/ day) or SOD (10 U day) or
t he conbi nati on of both drugs (SAM 400 ng/day and SCOD
5 UDdeyyway MNEVanwaseekmphtad end o fermmiepastrtest was used to
anest hetized and sacrificed to obtain brain and bl ood.
evuatdangsigmficent gzkh)Shdafferqmeeatepoetedn a test tube
contai ning EDTA 2 g/dl and i medi ately centrifuged to
sepResales t he pl asma and erythrocytes, then stored at
-800C. Brains were perfused with PBS and renoved.
AnyFoird thealagsirepoised gefigee #r tiasywvargy befwegnp AM 80d SOD
MM TRIS-HCO pH 7.4, 150 nM NaCl, 0.2% Noni det P-40, 1%
ap AP Sevidlent EEGIT AonBivBred 400 thw) statistipabanalysiy nepprted below,
Pepstatin A ( 1 and Calpain Inhibitor I (5 nV).
alvanyst with refereacedodegoreided for ELISA test with Ab 1-42
| munoassayl kit (Bi oSource International, Belgium;
ELI BAdéd. IVSgGaﬂapﬁ &d0d good linear sensitivity until 10
pg/nL (1-42). nmeasur enent s were perforrred in
triPl d@%TSAMt@KII Btdedat SQRPavy I8 slebn @<Raf0 ANOVA was

conput ed and Bonferroni post test was used to
def.+SAM+SOD vs. B def.: p<0.001

B def.+SAM+SOD vs. B def.+SAM and B def.+SOD: p<0.001
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eval uate any significant (p<0.05) difference reported.
Results Fromthe data reported in Figure 4, the
wOo9anepp2 bet ween SAM and SOD gppears evi dent RQTEP2009/001323
confirmed by the statisti callinal ysis reported bel ow,
always with reference to Figure 4. B def. vs.
CLAIMS ?<0. 001 B def.+SAM and B def.+S0OD vs. B
def.: p<0.001 B def.+SAM+SOD vs. B def.:/?<0.001 B
def. +SAM+SOD vs. B def.+SAM and B def. +SQOD:
/ ?<0. 001CLAI M5 1. The use of S-adenosyl nethi oni ne
1. (SAWhei ruseondf n8tadenosylmethipaimxi (BANM > mim asenilsioBfion with
for the preparati on of medi caments for the treatnent
supEroXiden elismntased(S€©d3e . fop. thEhgreparas®nclofi meatlicaments rfor the
1, wherein the medi canment inhibits overexpression of
tre@dhentrnef SkdEin®r’sTdisecase as clained in claim1 or 2,
wherein the nmedi canments are adninistered orally. 4. _
2. Prodibet vseoas ailaimed atn tdleimolle wherein itherm¢decamnert )inhibits
S-adenosyl net hi onine or a derivative thereof and (ii)
overgppressiateotiPStharakBACH. t he form of a conbi ned
preparation for the sinultaneous, separate or ]
3. seqlibatusd asdelaiinedr am i Jaimn 1t he 2,r sdrerent th¢ medicaments are
Al zheimer's disease. 5. Products as claimed in claim
adminigtesedionalbpM t akes the form of tosylate,
but anedi sul phonat e, di sul phate tosylate, disul phate, .
4. di t Begdugte orcomtaininghat @snoridcosyselee, antives congrgdignds (1)
i n Saccharonyces cerevisiae cells enriched with SAM .
S-adenosylmethionine or a derivative thereof and (ii) superoxide dismutase, in

the form of a combined preparation for the simultaneous, separate or
sequential administration in the treatment of Alzheimer’s disease.

5. Products as claimed in claim 4, wherein SAM takes the form of
tosylate, butanedisulphonate, disulphate tosylate, disulphate ditosylate or
disulphate monotosylate, or is contained in Saccharomyces cerevisiae cells

enriched with SAM.



