1 DI AGNCSI S OF ALZHEI MER S DI SEASE FI ELD OF THE
| NVENTI ON  5The present invention relates to diagnosis and nonitoring of
Al zhei nerwe 2dixaa®de in the |ive subject. Particularly, actrhamegie/osot3
exclusively, the invention relates to methods involving the measurenment of
differential gene expression in non-neuronal cells taken from human
subj ects suspected of having Al zheiner's disease. The invention al so
relates to a nethod by whjgdNnOSIS®RALPHEMERSHIZEREEI N0 in a human cel|. 10
BACKGROUND TO THE | NVEhﬂmﬂmhe nost conmon form of
denenti As a result of population aging worldw de, the
pr eval efree—o—thts—otsease IS set to increase significantly in 15com ng
years. As such there is an urgent need to devel op better diagnostic tools
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éhelner s disease is acconpani ed by progressive cognitive inpairment

i ng ultimtely to dementia in affected individuals. 25 There is

cur r entBACKGRAOUMBPI@ IHEANVENTIOM dar d* di agnostic test for Al zheiner's
disease in the live patient. This reflects the difficulties associated with
identifying patients who would go on to be classified as having this
di sease\lzeimestdisease srhexasticaanmionrormQifidameatia idiokignipsips. ofs legtibdfmer ' s
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(Forl eri als-. , (2010) BI\/C Medi ci ne 8:89). Based on these observati ons,
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di agnostic criteria for Al zheimer's disease to take 20account of the need
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di sease at an early stage (Gustaw E&ot henberg etal ., (2010) Bi omark. Med.
4(1):15-26). 25 To date, researchers have focussed on the measurenent of

bi omarkers in hunoral fluids, mainly cerebrospinal fluids, and bi omarkers
that nay be detected using advanced neuroi magi ng net hods. However, these
approaches are not particularly suitable for convenient, w de-scale

di agnostic testing. 30 In terns of the nDIecuIar changes underlying disease
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3 Moreover, it is thought that detection of these cell cycle changes nmay be
used to assist with diagnosis of Al zheinmer's di sease at an early stage,
even in a89rept3omedc i ndividuals. In this regard, it hagsChamBrhserdsed t hat
it is not cell cycle re-entry per se that contributes to 5A zheiner's

di sease but rather the inability of neurons from Al zhei ner's di sease
patients to respond appropriately to this cell-cycle re-entry. In
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| N\VENTI ON 20The SA%\:é&€nti al sensiti vi ty to cell cycle inhibitors, and in
pagticul ar tdng nMlicapichhddoxizichp@mdiddase (trmendyy. been exploited in order to
identify new neans by which to diagnose and nonitor Al zheiner's disease,
particularly in the early stages of the disease. Therefore, in accordance
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nmet hod of assessing the risk of Al zheiner's di sease progression in a human
subj ect, which nethod conprises screening for a differential response to a
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o% (a) into two pools and treating one pool of ceI s with a cell-division
i bitor; (c) determning the |evel of expression of one or nore of the
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unt r eat peBORIeQhgcel I's, in order to determne any inhibitor-induced

rel ati ve changes I n gene expression; (e) repeating steps (a-)-(d) for
cdhtrol non-neuronal cells; (f) comparing any inhibitor-induced relative
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response I n gene expression observed 1 n non-neuronal I's taken from human
subjects with Al zheinmer's di sease as conpared with cont roI non- neur onal
cells may be exploited further in order to identify conpounds that nay be
used to treat Al zheiner's disease or to assess 25pharnacol ogi cal agents
devel oped for the treatnent of Al zheinmer's disease in particular

i ndi viduals. Thus, in accordance with a third aspect of the invention,
there is provided a nethod of identifying a conpound havi ng potenti al

phar macol ogl cal actl VI ty | n the treatnent of AI zhe| rrer s di sease, 30v\hi ch
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5 neuronal cells exhibiting a cell cycle regulatory defect at the Gl/S
transition is identified as having potential pharmacol ogical activity in

t he treatwenvidafii®4zhei mer' s di sease. | n accordance w t rC/dRordsi@spect of
the invention, there is provided a nethod of determ ning 5Swhet her a
pharnacological agent is likely to be of benefit in the treatnent of

Al zheinmer's disease in a particular human individual, which nethod
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individual. 15 I'n accordancé with a fifth aspect of the invention, there is
provi ded a method of nonitoring the efficacy of a pharnacol ogi cal agent in
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25i nhi bitor in non-neuronal cells taken fromthe human individual is

'dent'gﬂﬁﬁﬂgﬁxigiiﬁﬁﬁgﬁﬂigb&fthe treatment of Al zheiner's disease in said

i ndi vi the invention described above, in preferred

enbodlnents the one or nore genes used for neasuring relative changes in
| . s . f A .
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sensi tiMideinds fihbs phRichiBgy .hrﬂhu Dl Qagk 8BARY GisBasenew bi omarkers of the niTOR
signal I'ing pathway have been identifiéd that may be used to nonitor 35mrOR
signalling in human cells. 6 Therefore, in a sixth aspect of the present

i nvent i Rrefdrb S @cdcsddMce Witk @ dirgd aéﬁﬂch@ldh@MvMbﬁ Rhére igWBViday a MEMBd & gt | i ng
etecting one or nore biomarkers of

in a hunan. cel l. S
L P T CRTEIER Pl SR o0 L L R TOR0 STt Rt QoLPEolBPBEed 11 om ¢ he
r apany cicreesieg $ortai difeergeinbssginewo a cellfdbsiesinkhibaordn Zon-seuktitabcalietakenfrom sevent h
aspect i 0 :
r apanyctﬁéng&e'nn%f %d?) e%{‘éé é)d?nso a%be\gﬁ]oér?éy en?)}é ngﬁ '%{1 ﬁ%gpnsrggggﬁgtﬁép{ﬁ?{\egn%at hway in a
human d@$pon&mt§masur§é|bm agalyring e éhdibeiodengdrelativetchangpsiegenstrymiession Tabl es 1
and 2. JHIP Rl ofdsdP§sHes sRbwit RerabRY§Rfhen described above, in preferred
enbodi ments, the rapanycin- sensitive genes of interest are selected from

t B@& group of genes consisting of: interleukin 1 beta (IL1B); interleukin 2

( | L- 2) ;In labdorddnes kith aBeédrid a@bect 8Nle invbATonemkiens ﬁ;@vbb&a HdthodRRkEdesBRpER! PTI ON

OF THE F ure Rel ative rapanycin-I nduce ene expressi on
Shange Sk RREPITE SUIERAcE PSS RIS U St eyt o PR RG! ent s
wi t h Alfahediffeehiial disp@aseao & AB)-diginidn abititocih nbmnamrosa]bpusualsen flengihe dudafikkel ati ve
rapanycj S measured in
|ynphocs§/’ Jeh{g%%%ﬁﬁ %‘agﬁt]h%é tFoZﬁ?ﬁ KLy §P£§$|% whé}e."n*?ﬁe J(ijher%m%? ?SR 3% oont ol
h8Pran gudgseEddy azal(zahg:thllemwtowductadvelam@l dhangasgmg@meméﬂsarpn pEone or more
rapanthﬂmhﬂggﬁnggﬁﬂqagégqgﬁgéon changes in the IL-2 gene neasured in

| ynphocytes taken frompatients wwth Al zheiner's di sease (AD) and control
human subj ects. Figure 4 Rel ative rapanycin-induced gene expressi on changes
in the IL-2 gene neasured in | ynphocytes taken frompatients with

Al zhei nmer' s di sease (AD) and control human subjects, 25cal cul ated per live
cell. Figure 5 Relative rapanycin-induced gene expression changes in the

| L-6 gene neasured in | ynphocytes taken frompatients with Al zheiner's

di sease (AD) and control human subjects. Figure 6 Relative

rapany0|n i nduced gene expre55|on changes |n the IL 6 gene neasured in
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differential expression of IL 1 beta, IL-2, IL-6 and IL-10 and determ ni ng
ApoE genotype status. Figure 13 Correl ati on between rapanycin-i nduced
changes iwoOlRL3b1®Ia gene expressi on and rapanyci n-i ndueet/GHrarngsseon cel |
proliferation. Figure 14 Correl ation hetween rapanycin-induced changes in

| L- 10 gene expression and 10rapamyci n-i nduced changes in cel

proliferation. Figure 15 Correl ati on between rapanyci n-i nduced changes in

| L-2 gemng MichiRigSbiondd i d(@&W&éﬂhhlﬁﬂﬂﬁ?ﬁ@orﬁﬁ@m}?oéllﬁték@h honaraq{uniae]r ation.
Figure 16 Correl ati on between rapanycin-i nduced changes in |IL-6 gene
expr es SUBKRCHRY Peirieiied Y induced changes in cell proliferation. 15 DETAILED
DESCRI R3) .fim;cm’tjhgu AVRBAMNG ndravéndriadellp takeh tiem thehivagssfopct slispenesbitving

Al zheiner' s disease in |ive hunman subjects. The net hods may be used to
ident|p§ W#Wﬁ&%%%?&ﬁ% suspected of having this particul ar

20meur duesppaeitiog iheelivitligpasencoronaheiis oifapintr teo pools iad@tremimgtone psd obéells

devel opjipg, Hlorusq inS¥fgpt oms associated with Al zhe| mer's di sease. As

ment i oned & ove, I'nircal diagnosis of Al zheinmer's disease is typically
based df) deleiminiag tbﬁleael of Expipesin of one e are of thetpeass shawnNp Nerhsy ABRDAICriteri a
( MeKhanRe péal ofdetb treaté&-%ﬁﬁhe'ﬂ%“’-ﬂ@lsi@)ﬂ%%or ar?(ﬁn%%gu%@ed pER¥8Is; such

dlagnostlc criteria aP the clinic are based on the measur ement  of
cogni ti Q)ecoﬁéﬂaélﬂ%lhér‘%’e %{r?dpf&P%OQ ‘Pfd%e PRA Prapire ganasHARayRabn (9fordbyRee! Pl e

syorpt orgelld fledd&d WilHths cel- a.husbhirmuuﬂbrs@@aﬂe untreatdd god! dT@WlIs; Ineiderftd a@fe@xbensi ve
research Hﬁﬁ$tthﬁ<$ﬁtqofh EIO oglcal changes defining Al zhei ner's 30di sease
are det®EEN AP FAPSIG AP VRPEPEPhese patients show any signs of
cogni ti(e)erebemlaglsmam(a )-@) foineomhet han- nbwwmﬂseellbas accordingly, been classified
into t ica

stage) : mr ?Sm?% y |r{t1'|t}tora§ﬁ}flﬁ%hqggﬁ\}e%h§1gf¥ ﬁgfgsggﬁﬁg e("\%rdeflﬁ Hérp di sease
(pre- deneeipnRkceds @b@) froma iteg BHTEAN SUPiEFt thbe ddstag-withf 4y dthibior indugedrelgtivgi sease

( @@”Entdhﬁﬁges iPgdrd éxBF‘esglgﬁ‘BS@@rve‘afm E&]ﬁropﬁcﬁ‘fﬁﬁéﬂﬁodaﬁ\,’e@lgtlh Bfer fohRidr@I@angli agnosi s
Al zhei mer' s di sease” is used very broadly and shoul d be taken to mean

d| agnosliieresces i iNpIayingysgd IRIAIYheP i exeg SOk Ehanges briwedst et fdiCANEA NBibas es
def i nechcalk@drcelld, Whersh £ aifedno@Rtindidaiee GretiRandgs didegsd.nvention is used to
di agnose or assist with diagnosis of Al zheiner's disease in its preclinical
stage in an individual 5with no synptons of disease, for exanple no signs
of cogrirtfexably, teaonine nbn-nburowdl kells eemjem&emmsa hdalitiey maimufai&shibitingandjmdbl ogy
be t “synptomatic" to varying degrees.
ggér/ exalr(%ﬁﬂk/e %hd%} S@ﬁ%%%p@&%ete%%gﬁ | on nmay be applied to individuals
classified according to standard criteria, for exanple the Mayo dinic

di agnos‘ﬁHerlfﬁerrérﬁlglrrb%cﬁﬂg MYeRE e%r@ésmn db%@l@éa m%onhféhr’%fn@l cMekérfom BiPak46) . as

havi ng m | ﬁnl ti've I npairnment 10(MC b patients classified as
havi ng SIV@PCWV‘{” ARG ES R EISEITRASTOMRALRS VY hl‘ﬁ@"‘ﬁé‘@? 68@@@@1@?'&”“%%%@5@?% ed

Wi t? Nf@lh‘t@rr]ﬂ‘ﬁﬁrdér tdio@?ﬁ?@omﬂé’l}m&s tHahﬁapb@%@é’Htom@hm%dTgé’rsQﬁsdalﬁ@dr tb?rs]sel\s/él Chat
I N | S (0] aSS|S ul sni n I ndl vi.dual.s W a
éwn'w[?g'cmagﬁa%vengoeﬁgféﬁ&eﬂwant?%gf%fﬂa}eéS&Fgaﬁe REFYYY go on to

devel opndhhohkm nmer's di sease-associ ated denentia, and those that have M
attributable to a different cause or condition. In a further 15enbodi nent
of the invention, the method may be used to di agnose or assist with

di agnoslihgisdn aggordesicerwith g thilidasaed of e invhntinanthe ebp ewridest Rintsithadn] idenéfyiog nor e
Sy Pt OB ridahe h&Mg wtérﬁar%héﬂﬁédgg)gucﬁl g6 Bre bR 84%9%‘%&1& JBdagds of the

present |nvention may al so i'n conjunction wth existing
28%1i agridush eetbed @cg@p@es pRPeIERpR @'ff?'ﬁ@t'%fWADﬁ@ﬂ\" givistosnnipitof i ngPder t o

verify r@nroﬁuhseusam\tmoﬁtcﬁllﬁékhfkd.wd*t@%we segdhw@@edlaamefaﬁv@tramsn@nhuﬁmﬁ subj ect
who alread crite ositive d nosis,. In this

t he existin
erboa (ESREIo] RS Ssea et rodeoHry YhB oo lerBR (Arbonsees SRt ve
d|agno&bnmanmﬁmeuwmmememnmumaameeﬁmnmsmeg@mdxp3530mohnpemdem&omhegemﬁ
neur op I I . rel 0si s
of ol | ahcu v PR SRRl by BBleofei e b U FhIB RO o8P
pBesentmorg the gemes eyt in dablpsrprode In/\ﬂ:dnﬂrolhmeﬂem@alsiehrané Wi i eonapounthe
under | irih G8UE % a KRECRNGS FRMTERLiASsHSe KR cbiliRB0A Infithéifin b assi st
w th di aghosi s of zheinmer's disease 1nh a |li1ve human subject. A definitive
di agnosis of Al zheiner's disease is generally considered by 30 those in the
field to be inpossible in a live subject, and can only be nmade post-nortem
fol |l owi ng pat hol ogi cal exam nation of brain tissue fromthe patient. Thus,
al t hough present nethods nay seek to "di agnose" Al zheiner's disease in live
subj ects, such a diagnosis is typically based on an assessnent of the
|'i kel i hood that any given individual has the disease. In this regard,
|nd|V|duaIs may be C|aSSIerd as p055|ble Alzhelner S dlsease or
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S5patients exhibiting mld cognitive inpairment. The nethods of the

i nvention may al so be used in conbination or together with other nethods or
t est s usewof2or3/Aihei ner' s di sease di agnhosi s, for exanplPETIGB20r2d816980

i nprove the specificity and/or sensitivity of these nethods or tests. In
speci fic enbodi nents, the present nethods may 10be carried out in
conbination with a test designed to nonitor one or nore biomarkers of

Al zhei rﬂ%ﬁro‘haﬁheﬁ@@ﬁﬁo.ﬁd@ aace%pélé féglu@rory sstbMtiafithdla1/aagndideR .mamne@qs result may
be used to assess that the individual has Al zheiner's

di seasd'aving Pgieped! Hﬁi‘rﬂ\?éo'%gf%éﬁﬁ‘ﬁht”s‘he frﬁ%mﬁP'ég étrheimer ﬁSHG?’P&y be used to

i ndependent|y substantiate the results of other di agnostl c tests. 15In

f d t t th t d t
A e T e S W e R T T
Mo e s pdwiier a@harynacblbglcg@gentemh}@m tuge Apldbefisin el tieabmert btAlzivdimer's disesse naj or

al I el eg or s
of the p?@? E?lﬁla( apokE2 \g%‘{) CE%{HFQE%% ?ci%e 8 % & fgl%mrgﬂe%Eoﬁs\?ﬁé
geneti @& Wl|§wl$%‘ﬂ@b't¢mnwrﬁﬂ&m’e¢e”§ta&i?@ saéhe wr@pwﬁahur@mmw'd@mhmtbe groups

and can,aeresaid é&@n@eocﬂ&&fhﬁﬁhd&to@lcxl a%@%) RheeRSBS dittBre AR YespORiel i@t | Ons
(Waring SC and Rosenber de Associ ation Studi.es in Al zhei ner

Di seas&Nea&HEr %8?‘8?”%8%‘”6@(@)'”@@9" setative changied inApar $XPEHOEPHORE T one or
tWQ coph&s othe@@ﬁ@‘lsrbaMﬁh Paldésoh@id 7 @vmkth@ﬁnrﬁtﬁmein@meﬂgelédnﬂwh@s iggéhiesease,

d wt f the oth d th di
R e e e e e A e e TR
honozy gdteesn & Gealamoslivioa agent AhichSégudts inomdotteniin Eeaintérehlnalheépmesé ®© tok sease:

L I T T
ri sk fdebepef penefitan ﬂf}%f%ﬂﬁer& 0%'@'@%[@@&’3 disgase iregalickindivigualot reI i abI e on its own

for the diagnosis of Alzheiner's disease in a clinical setting.
30Theref ore, in preferred enbodi nents, the results obtained using the

pr esent!N 2ceadangeWithadiip asperhyf thrinvesiipi.deaie i ravigqska methy PfsmB'EﬂOHP%@G from

ApoE gmy@ofrbgomfmamg&ﬁn@e!nndlth@ idheitdf AizRgMeBSdisdaseHbh partivdlathugiadagnosi s
of Al zhei. uman subj e t he presence

t. : d
of at I GRET A AR pqralisc SRR b il RsROTE W AL elia oo b ovi de a
means t|mlldtoa@nmmeanmamelIamkersiromntrterpadncmgnbsrhsn otlividbahieitmepresende aedise i n
tipl t I : dt
L1 DL TS BOEa SEURCI S0 1 I, BT BB E gl B U220 Lo
Sui t ablagmpering the Inhmoraig@wg nelativeghangey ingerecixpeessien di anes eore efdbareenes, f or
exanpl &bk in FRfs! 1 drfedt Wlﬂﬂh@fnhﬁ)‘r{bﬁlﬁ@uc‘%d $81RIR Thindelin &de@xﬁl%gs@ﬁ bddne-or New

treatments or therapies emg preventive and/or curative may only
have t HBOB&® g%ﬁ%@é’vrb!f‘ Tablee §§d ?r‘f‘ WfPHTﬂn§%qnﬁ' 243 /Pt YRt or

early- %ﬂﬁ@ﬁacﬁlo‘gl%aﬁé@entmﬁcrpﬁe&ﬂ%ﬁﬁ a Pafubesh .ﬁm\e dlfhﬁérﬂfaprl’egpcbﬁe used ctipdidsisgnose

or_assi.st Wt nos| of pre-clinical se in

22 ot JTHIP G I e R s kB e AT el a5 Soei e

i ndi vi dwatrsenwothMEhertereahamesaimd@viHyalng Al zhei ner' s di sease pat hol ogy,
for the purposes of assessing new treatnents specifically in these
patients. As inproved treatnents for Al zheiner's di sease becone avail abl e,
t he prdsehaspeststadiles imeeptier dasciiediaberk, iroprdicarga egbodimealssthe pbnepitrnorgi agnosi s
of i nd'déh@é’é‘ée% féﬂn@a%uﬁ&i ﬂeﬂﬁ% bH‘aYmgé’@ﬁw'g%Hé éxﬁ?@s%ldNéré sé?é‘rﬁ&f frdm ftHerFbGd &atnments

t hat may have 10t he ab prevent cog nltlve decline. The present

i BYent iGRCRPYEISHRDRS; 'at%'e%% hea@ 'éﬂ B)a%%%'iﬂﬂé (pras 'F"ieﬂﬁukmfiid\'kﬁhér‘%er s
dlseasen@ﬂ@gneﬁgupn)ln a human subject. In this context, "Al zheiner's

di sease progression” should be taken to nean the progressive

neur odegener ati on associated with this disease and/or the 15progressive
decl i nerurther@geibly investfgatiag ihe iiffeleatial secdtiiipoi etis toibe inhibéor rgpargycin, new

neur op v d of

havi ngﬁ%érg%éokﬁgﬁﬁdﬁfégﬁaﬁ%ﬁ[@?g}sﬁgﬁﬁ g?er?gpéd;tﬂ%t ﬁ%/grge L?Sggklc?ﬁg 0gbove or
i B%i vi doEDR sigoalingdeheaaacellsi sk of devel oping this disease. In preferred
enbodi nents of the invention, the nethods provide neans by which to assess
or 20predict cognitive decline in human subjects by identifying individuals
with early-stage Al zheinmer's disease who will go on to devel op Al zheinmer's
di sease-associ ated denmentia. These prognostic nethods, particularly for
patients suspected to be "at risk™ or in the early stages of Al zheiner's

di sease, are namde possible by the fact that the present nethodol ogy detects
pat hophysi ol ogi cal changes precedi ng the devel opnent of recognisable
clinical synptons. In certain enbodi nents, 25the individual or human
subject for testing wll be asynptonatlc for Alzhelner S dlsease In
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Enbodi ments of the methods of the invention are nost preferably carried out
in vitro on non-neuronal cells isolated fromthe human subject. Any

non- neur owal2ocalih29ype which exhibits a 10differential PesmBIR/AS694 cel |
division inhibitor in patients with Alzheinmer's di sease may be isol ated and
used for analysis. It is preferred to use cells that are readily obtainabl e
fromthe subject for obvious practical reasons. In one enbodi nent, the

met hod frarG@e!ih @ct,.xwtsp@a di )Hé&ﬂ@ée\‘lt ﬁ%dtléﬁ'tﬁérg% 6r6\ﬂdi@dé‘ﬁ\eﬁ169b?%lcﬁw cultured
in vitro. The use O tes Is artlcu g %SCOhvehleht S|l nce they are

easi | y Byt ’HEQRf%'QB‘ﬁt"ﬁg ] %“a‘%?ﬂ’l"éf“ R AR P 8PREHINIPEP RUBPFes t he use
of fi browdvha@gérs of mQMWCIFU£|§deIMQ$JétHWa§/Jvhde@h aa&it iomalfieehardBylcbed fromvesi ent | y
obtained froma sl non- nﬁgronal cells may be screened for

t heir rrg‘%%@’r?@esetn8'“\é%?/en83gﬁgw Vi §P|8r°‘l1laﬂ bitor. In preferred enbodi ment s of

th® invention, the cell-division inhibitor may be any GL inhibitor i.e. an

20i nhi e&{z o of t he

cel | Ca\é(%r%ve? hﬁ% nﬂggs r@!é%]&) grhregﬁdegt ﬁJe?e Rl ceyé%gr(?n dﬂ \?/Tllosq;% Oaﬁﬁﬁﬁﬁl bit or

is an |S¢h$lmetgﬂne$)ﬂs blh@a@@fﬁ Qﬁ&etf‘ﬁT@Bﬁlgﬁe”"PQ m@eaymr@mumnmch" vheseinpar

' nhi bi tRhed ARaBNKEIH f@ﬁftﬁ&g%stshé\h'h Al tapiRei@rar ed. In certain enbodiments, a
"differential response"” t0 a cell-division inhibitor in non-neuronal cells

25t aken from a human subject to be tested, is nmeasured by essentially a

t g ee- 9h apaspReR@R &R invehiiGi des@ﬂ‘bédi abbi/ehiut @réfeirr@d ldﬁh@ddlﬁt@ht@t th¥ Eapafipeinexpr essi on
Changes occurrin neu

t t b t
dot of mrBaRograPt el a8 S pERIg e Srlftrgt SqbialadE HlerBiioh TRRe"" °
non- neyloBglinterdukis 2f (Lo intedletikdrs 6 (I5Biyjandintérfealingd (MittOh | nhi bi tor (the
treated sanple) and non-neuronal cells fromthe test subject that are not

treated with inhibitor (the untreated sanple), and 30conparing the |levels
of genéﬂEEﬁiﬁﬁgﬂﬂﬂlﬂmtgéiﬂﬁﬁﬂﬂgﬁﬁﬁ untreated sanples in order to cal cul ate
apy inhibitor-induced relative gene expression changes. In the second
stage, the process described in the first step for determ ning any

i nhi bi thguqeﬂd%uet@He,r HAFYPPEYIERG ONER}ELSFIBN C'&%T@ﬁ@é‘sth? H 't pria o ’ﬁ%%ﬁ“tﬁi’al

cel I s tiak@iphbdyess ttah#. fhwpdt.emsbwm@uzwemd@e d&'étaees(rAm andj Sorn@piﬁmﬁ@dsuuﬁab@g
control non-.neur onal J

re nor B AR eSS e RoisPt U5 o Praton Praroa® IRaBY fnl BSiRar YA e

exhi bi tin Iygwphocmml takamgront patienamdth dYizheewer's plisgase{Ady aodtortteshumassaubjests, 1t i S
%@ferr%%utaré%t f ﬁ%ﬁntrol non-neuronal cells are the 12 sane cell type as
e non-neuronal cells taken fromthe hunman subject to be tested. It is

al so priagerer3dielativarapanycioonduced gensl expressien degrigee i the B aeneageasyeeddined

heal t hyyhitbcyibsltibn ndAPalisiivin Akndingr SASORE (RbFRdIcEnFAPuRER ShERARL I On of

any |nh|b|tor i nduced rel ative gene expression changes occurring in control
cel | s. Moyrg 4 Relatvairgngmyeinraguced a%ﬂ? eXQF??S'Phﬁ'i‘%lg%t”-thhﬂu%@%ﬂer’e?aét’fe@é” gene
expr essyrﬁtshda:ha@gﬁsn 068 paNEEs With ABRsIRENs d83Hs68 aD) 4@l dofitrd| Alian bireord,he human
g | ect 0 be teEt ed are conpared with any inhi b| tor-induced rel ati ve gene
expr essi H AHGLE Shserved in the control non-neuronal cells in order to
det er m RigurarbyRalatfvt espantein-induced ggnedixpfession clesigas & théd e yawd rhedsweelrin t he
i nhi bi tor -1 e j - peur onal
col 15 (RRoRAHERRen A bl APRERSIBF 3208 DRNES U iy Diledhs
non- neuUrigurgl6 Reative rartamygmrledtee@geiefemwsagn aghangies ndheht 6 génerreegsoreslé t o t he
cel | - dnym&\oehet {Hﬂbrbfrérﬂrpatlétﬁéjwﬁw AizhdiREeNGiL &lse (ROPARBNIS hLdh S@ljdie of
AI zhei ner" s di sease. I'n particularly preferred embodi nents, a
"0 f f ercaleviated neeiyeditde to a cel | -division inhibitor in non-15neur onal
cel | s tragee 7maamve r&p&h@@mﬁhﬂﬂc@@@eﬁe%xbﬁés&l@ﬁ'E:Iﬁ’tﬂtgb§mdﬁé BET0 i@ nhdashiRa in

fol |l ow wa ste on- neur onal
col | o R s ke ran el L A S Eop R e A e SHERRBIDE! sonce.
The norFigure8dRative eddasnyniayindveed gehecegrdssion changes ythdé het taglohietmezsuietl imny

m t oge rret hod
s 20carirEaEbiaE ol op AT R A GRS Bl ABGRe A ol Ten Sl oy be
used t@alcntatﬁﬂe)ece\telceﬂt vi si on. The cells will typically be cul tur ed i n the
presence?hfe PO LAGE R AhinBi Wl o @%aﬁfnyo%neé.s bateRfmetudd 96 hours,
preferab erio et ween ours, and nost preferably a perlod
of 48 HU{W%”“aE?WEﬂSS'PBOh'W Belg-t her treatnment. 25In a second step, the

di vi di ng non-neuronal cells exposed to the mtogenic stinulus are separated
into two "pool s" and one of these pools of cells is treated with a
cell-division inhibitor (referred to herein as the "treated cells"). In
this context, a "pool" of cells should be taken to nmean a discrete culture
of cells. Typi caIIy, the pool of cells not treated with inhibitor (referred
to hereln as. the untreated ceIIs ) WI|| undergo contlnued grovvth |n
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10 genes is determ ned. The genes to be anal ysed are typically endogenous
human genes. In the context of the present invention, the term"gene
expressi om0 20/a1m9ended to nean the process by which a PitvGB20rvDNf9Benpl at e
is transcribed to produce nRNA and/or the process by which the nRNA is
translated in order to produce the corresponding protein. Thus, gene
expression may be anal ysed at the nRNA or protein | evel using standard

t echni Gigigre MBVAT Edrvé hﬁ%ﬁzh@uhte'r 5 @Qeéée F;r&ﬁcn%ﬁ@ratgno@bésea b niERkRgGs for the
detectlon/quantltatlo whi ch may be used in accordance with the

present'ﬁ%@h@ﬁ?pgﬁeoﬂéﬂF1%W5WH@'h6the art, and include, but are not linited
to, hhylhrgm'esatﬂmdctre@mm&uemer §d$bas®5pré@¢tbhﬁ|ra@nrbdls)bésieﬂﬁn mea%mgggr ray

t echnol pgi es.,, and a chni ques such as or

nucl ei ¢ &%é?rﬁa%eé(a[%ﬁ'gﬁ LL @c?liaaﬂp?’q?% 9%0518( NASBA). In preferred embodi nents
of 5t he FigwernRiROG cgean®dr dlpeioes s diseass pperdidtipseighysisisased snngabeingl s of t he
corres | i e u vels are
o flﬁf&?‘%ﬁ?ﬁl &P%S’.gﬁ'of ey t} ff’aP |ngJ tlﬁgyéﬂbﬂb ;?é Fh@&et&ﬁﬁrﬂﬁ&hﬁ& mt?%ﬁ;@b% rL;F/S,

i munoffigiredddioyrelagon EEHWQ?AU faEﬂmt#i)@tndaw chergasdn Bshlorta gergdressen€adt ai n

enbodi R Sycirt RERRd RASLS i@ pRSitdssRA, i N conjunction with _
commerci al I'y-avai | abl e antlbodles that bind to the protein of interest, in

order tfA9uE'&GaRER Betwpen faggmy@n-induced ghangesd it 1P danegxPiegion ad at i ve

Ch@nge&amym&whﬁ&kbubﬁ@xﬁ@ﬁﬂﬁﬁ@mﬁ&ﬂﬁmﬁxprESSIOn may be determ ned 30by
ce in ei evel s or éhe | evel s

cal cul gt.in

of ¢ he KOPBIETGralalg hABEE ePafu Frutiifabodit g Bineldbdsfiolen
inhib|Uapanwﬂahaﬂmdehauﬁsnnhmbnm&anmtreated non-neuronal cells. In order
to det ghg R8s NA0N B&W ra}a?rﬂ{«ﬁ L c%ﬁie"sﬁﬁmééén RAB8SEand © an

i nhi bitor 1 n non- neurona ce aken from=a human®su ct suspect ed of
havi ng rapamsinmigducsd ghanggs & cell peolifesdtioni ve 35 changes |n i nhi bi tor-induced
gene expression calculated for the non-neuronal cells taken fromthe test
subj ect_are conpared with any rel ative changes in inhibitor-induced gene
expreséﬂ%ﬂﬂbgﬂgﬁﬁﬁﬁﬁﬂﬂﬂﬁrm)control non-neuronal cells. 14 As nentioned
above, "control non-neuronal cells" are non-neuronal cells typically

derived from a healthy individual,K exhibiti nor na and/ or

neur opsyEIRETISH! B baLv RS e eh tiBorising " BEE s Rno i r el ati ve
changessubjectsnithdiriediods may be dsepbtosdepxifyriedivduars siepaitddaal hatioy this merticular

5p0n-n r US| Jo

2 mod SRapoerErE o b Ul lio R cor SRl o R B B BRI D e
have beaspociiedwith Alateifmers ¢isgasenon- neur onal ceIIs frontthe human subject to
be tested ("test") and control non-neuronal cells (" control ), the final
step is to conpare the gene expression changes for the "test" and "control”

in 100rﬁfemertt'8”%fet‘t§>¢’? %H'?a'd#'atgﬂﬁ'%ﬁfc“ééhe'”‘r%%j'%ﬁ%ﬁltw'qaﬂhb%?edloﬁéﬁﬁ'vﬂ%‘étf| on of
di ff er eeied ctidrigdnyich BHNBINIRCDSIATIRDIZEEH &R (WcKWgnrg ener &X Pllgeﬂi)sﬂléijﬁol es via

nparison qf the resu ob ai ned. usi non-neuronal cells froma test
Pamn S aat N RO RPbIRE Cerpoie Ip RS PRRAE] &) MBOReHET b  ng
cont r olof mgmtrvetpamnaalters,ednbsarq)mos'retlierst dnhlm dnseadf cogstilet sympetiedn patieasswiit Wi t h
di agnosj;s jRE & zhei ner’ s di sease and/or assess the risk of Al zheimer's
di sease progre55|on or cognitive 15decline. In particular, a difference
bet ween test non-neuronal cells and control non-neuronal cells is

i ndi catjj ¥BoRlicAl #ilRekBhsiv [BE&faPBat thE BafiSsHySBIo8kal dﬂhﬁde%ro%ﬂﬁﬁgnAﬁﬁél%bﬁé” ed
significant for the purposes of a positive 'test outcome nay be established

ad€or didiRpasdaietistasiakle ip Wiﬂ%wakﬁryaarﬁ@pf%@etq patiepts shewany JHRIRI OB Mehos e

utili siimgaitmiént. Zﬂ&ﬁéuh@déSd.Q@a%@rhebe@bohﬁrﬁw lbeé@élaﬁhfié@ﬂﬂ@thré‘e gR@éor noni toring
pur poses. Nbreover ggé i i a eve($ of difference may be
used to strétlfy‘§M@P@HF@C %@eﬁh'?ﬁﬁﬁ PregineAi 995 sk, for exanple, the
relative |i K#dl i hooith ctoha:tlveamqpawreentl(lmml)\dudmaAlzmmnbrehdw@sétl(mlaeiementia di sease.
In the nethods O%tﬁgﬁ esent invention, gene expression changes are
measured by nonito 5t he expression of one or nore of the genes shown
i B5 Tabl es 1 (#ihd Zlinigdy-dglinegetewinérsmdiscane Tehlestid. were found to be
down-regul ated in | ynphocytes in response to rapanmycin treatnment, and the
73 genes shown in Table 2 were found to be up-regulated in |ynphocytes in
response to rapanycin treatnment. 30The genes shown in both Tabl es encode
proteins that are either secreted by cells or are typically located in the
cytoplasm There are clearly practical advantages associ ated wi th nethods
i nvol vi ng neasurenent of the relative expression of proteins, wherein such
proteins are readily detected by virtue of their extracellul ar and/or
cytoplasm c | ocation. For exanple, secreted proteins can be readily
detected by ELISA or simlar _assays such as. the Ellspot assay or the
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di sorders, genetic disorders, netabolic disease, cardiovascul ar di sease and
cancer. The proteins encoded by the genes shown in both Tabl es have been

i npl i cat edloizn1¥the29devel opnent and function of various pirgIiGH2000058493
systens. These include haemat ol ogi cal 20system devel opment and
function/ hemat opoi esis, imune cell trafficking, tissue devel opnent and

nor phol ogy and | ynphoid tissue structure and devel opnent. The net hods of

t he prQﬁ%tcoh@y%itméwemmww@hvtﬂe f@ﬁsaagm.stdwzhamebé bittadenducedvagl ative
changes in expression for one or nore, three or nore, four or

nor e arfioagly 3 sfewd e t%”ﬂ%@eaéﬁé%”%ﬁ&mn il V’F’éﬂﬁ'l haying d&ﬁasezat i epephing
conbi nahnegrph@efesgi@nm dbdvd. Olnbﬁeteﬁtbb@menlf, h@&ﬁet@@ﬂ@f&hermyerhxen &&Js@@toed onI y from

Table 1 b ted f th

bor b TS st Oy FRirSsR s ENe S o TS b Bt R g e S AR Ry ent s on

i n¥ol ve:vmnermsaympmstdiellseaﬂa leir egarApl@ Go sigusiciegnigtesitnpaiemetiagaberi N expr essi on
f terl euki

> (1L 2 ool 8RR BaBE IRl mapbE U b o S o By {01 Pher "

pr ef er rednRiepai’ ierRndng degseaserRberample, ﬁheem@h@%@fﬁhe inMerdian imsy berappliegdo

measur '|ﬁ@V|@Jb¢s él&!@lfu@b Ta@c!orduﬁ@fé“s‘i‘eﬁmdé@' c%ién‘éefopmthbrﬂ/la%l@ﬁ%%la@ﬁos% two or
nore genes s interleukin beta (1L1B) and at | east

one ot r%'Fe”@éWénbiaé’ %él é%QOééIJqP‘@Fﬁ Medt2eP1 #iadR); QS@PY_”@?‘" Foniive dupgirmegt
(iI(thGZj N@Tl)df thﬁﬁalmpﬁrehsta@sané&as( helvran\)lCl Wlmhé\lérthél@/be Bf ﬂ]d%ﬂp@gi_ grrt)odl rregt s, dt he
met hods_ o e presen ven i nvol ve ne ein or-i nduce

"ol ot VECIeRRARIEEH PR SRS B Ve Bl et Tt BAPIE eI TN T B Pt n 2
(I L-2) ,to distirguisbudk assi@ w(th disGhguéainthgi betverdnandivieu alOwitH ME 1@t have ubdeslsiagpr ef er r ed
WO 201 P g(zl'Jla W@?

expr esgé%ﬂleﬁﬁezéﬁlﬁgg g?ab é%e%ig%%é%g% &1@3&%0 é%@ﬁew& %egg??(%gpondl ng
pr ot ei rfepiedtiu@ad tose that havel NG Rittributable tq ﬁdlﬁe@ﬁtﬂ%ﬂﬁe pLeonditigenkes fufthar exanpl e

bys ELI Sfmbokitnett6Ming MISdioMBRE shetolendyRel vsdl Yo Gh@ost BRadRist Riin difigiisRigr abl y
rapamycin. SWierein the met hods of the invention |nvolve neasuring changes

in gené\ @?ﬁ?%r%i'%ﬁsq Br2 as URisA! %H'@'“ﬁ@ﬁﬁe QHBNA SYMPipas|cansistgpt Wih { he

expr essaigeimdrsereisgene may be neasured via a separate assay.
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20The net hods descri bed above may be used to screen any conpounds known to
those skilled in the art including small nol ecul e i nhibitors and bi ol ogi cal
agents suwb20s/amubodi es. I n preferred enbodi nents, thecCrag0osp@ands are
not known for the treatnent of Al zheinger's di sease. Mreover, enbodi nents
of the methods may involve testing panels or |ibraries of test conpounds
for their potential as pharmacol ogi cal agents in the treatnent of
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20 activity of growh factors and their cognate receptors. Activation of
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Al zheinmer's disease. It is particularly preferred that the present nethod
Is used to assist with the early-stage diagnosis of Al zheiner's disease in
ei t her aswyopbomaiise subj ects or subjects exhibiting m | @&Ctapmtzosecodec! i ne.
10As detail ed above, neuronal cells a ﬂ some non-neuronal cells from
subjects with Al zheiner's disease exhibit defects in cell cycle control,
and thus have been found to respond differentially to cell division
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Cyt opl asm enzyne
from a skin biopsy.

The non-neuronal cells may be screened for their response to any cell division inhibitor. In
preferred embodiments of the invention, the cell-division inhibitor may be any G1 inhibitor i.e. an

20 inhibitor that brings about cell cycle arrest during the G1 phase of the cell cycle. In further
preferred embodiments, the cell division inhibitor is an inhibitor of the serine/threonine kinase
mTOR, with the mTOR inhibitor rapamycin being particularly preferred.

In certain embodiments, a “differential response” to a cell-division inhibitor in non-neuronal cells

25 taken from a human subject to be tested, is measured by essentially a three-stage process.
First, any inhibitor-induced relative gene expression changes occurring in non-neuronal cells
taken from the test subject are determined by analysing separately the levels of gene expression
in non-neuronal cells from the test subject treated with inhibitor (the treated sample) and non-
neuronal cells from the test subject that are not treated with inhibitor (the untreated sample), and

30 comparing the levels of gene expression for treated and untreated samples in order to calculate
any inhibitor-induced relative gene expression changes.

In the second stage, the process described in the first step for determining any inhibitor-induced
relative gene expression changes in the non-neuronal cells taken from the human subject to be
35 tested, is repeated using control non-neuronal cells. As used herein, “control non-neuronal cells”
are non-neuronal cells typically derived from a healthy individual exhibiting normal cognitive
and/or neuropsychological test results. It is preferred that the control non-neuronal cells are the
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the second step is the determination of any inhibitor-induced relative gene expression changes

occurring in control cells.

In the third, final stage, any inhibitor-induced relative gene expression changes observed in the
non-neuronal cells taken from the human subject to be tested are compared with any inhibitor-
induced relative gene expression changes observed in the control non-neuronal cells in order to
determine any differences. If any differences are observed between the inhibitor-induced relative

10 gene expression changes in the non-neuronal cells taken from the human subject as compared
with the control non-neuronal cells, this is classified as a “differential response” to the cell-
division inhibitor, and a differential response is indicative of Alzheimer’s disease.

In particularly preferred embodiments, a “differential response” to a cell-division inhibitor in non-
15 neuronal cells taken from a human subject to be tested is determined in the following way.

In a first step, cell division is induced in non-neuronal cells taken from a human subject
suspected of having Alzheimer’s disease. The non-neuronal cells may be induced to divide by
the addition of any mitogenic stimulus, for example one or more growth factors. If the method is

20 carried out using lymphocytes, then phytohaemagglutinin (PHA) may be used to induce cell
division. The cells will typically be cultured in the presence of a mitogenic stimulus for a period of
between 12 and 96 hours, preferably a period between 24 and 72 hours, and most preferably a
period of 48 hours, prior to any further treatment.

25 In a second step, the dividing non-neuronal cells exposed to the mitogenic stimulus are
separated into two “pools” and one of these pools of cells is treated with a cell-division inhibitor
(referred to herein as the “treated cells”). In this context, a “pool” of cells should be taken to
mean a discrete culture of cells. Typically, the pool of cells not treated with inhibitor (referred to
herein as the “untreated cells”) will undergo continued growth in standard culture media.

30
The rationale behind having “treated” and “untreated” cell pools or cultures is so as to be able to
determine the levels of gene expression of one or more genes in the treated and untreated
samples and thereafter compare these results. Thus, the relative sizes of the “treated” and
“‘untreated” cell cultures, and/or the quantity of cells within each pool or culture will depend on the

35 quantity of cellular material needed for the subsequent analysis of gene expression. Typically,
the non-neuronal cells taken from the test human subject and initially induced to divide by the
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Following the addition of inhibitor, the treated and untreated cells may be cultured for any

5 suitable length of time prior to the third step of gene expression analysis. In a preferred
embodiment of the invention, both inhibitor-treated and untreated cells are cultured for a period
of 24 hours following addition of the inhibitor and prior to harvesting for gene expression analysis.

For both the inhibitor-treated and untreated cells, the level of gene expression of one or more
10 genes is determined. The genes to be analysed are typically endogenous human genes. In the
context of the present invention, the term “gene expression” is intended to mean the process by
which a DNA or cDNA template is transcribed to produce mRNA and/or the process by which the
mRNA is translated in order to produce the corresponding protein. Thus, gene expression may
be analysed at the mRNA or protein level using standard techniques known to those skilled in the
15 art.

Suitable methods for the detection/quantitation of MRNAs which may be used in accordance with
the present methods are well known in the art, and include, but are not limited to, hybridisation
techniques, such as Northern blotting or microarray technologies, and amplification-based

20 techniques such as RT-PCR or nucleic-acid sequence-based amplification (NASBA).

In preferred embodiments of the invention, gene expression is analysed by assessing levels of
the corresponding protein. Suitable techniques for assessing protein levels are known in the art
and include, but are not limited to flow cytometry, immunoblot analysis, ELISA, Elispot and

25 Fluorospot assays. In certain embodiments, these assays may be used in conjunction with
commercially-available antibodies that bind to the protein of interest, in order to determine protein

levels.

In a fourth step, the “relative changes”, in inhibitor-induced gene expression may be determined
30 by calculating the difference in either mRNA transcript levels or the levels of the corresponding
protein, for the genes of interest, in inhibitor-treated versus inhibitor-untreated non-neuronal cells.

In order to determine whether or not there is a “differential response” to an inhibitor in non-

neuronal cells taken from a human subject suspected of having Alzheimer’s disease, the relative
35 changes in inhibitor-induced gene expression calculated for the non-neuronal cells taken from

the test subject are compared with any relative changes in inhibitor-induced gene expression

calculated using control non-neuronal cells.
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As mentioned above, “control non-neuronal cells” are non-neuronal cells typically derived from a

healthy individual exhibiting normal cognitive and/or neuropsychological test results. Thus, the
process for determining relative changes in inhibitor-induced gene expression detailed above for

5 non-neuronal cells taken from a test subject is repeated using control non-neuronal cells.

Once inhibitor-induced relative gene expression changes have been determined for both non-
neuronal cells from the human subject to be tested (“test”) and control non-neuronal cells
(“control”), the final step is to compare the gene expression changes for the “test” and “control” in

10 order to detect any differences. This calculation or identification of differences in any inhibitor-
induced relative gene expression changes via a comparison of the result(s) obtained using non-
neuronal cells from a test human subject (test non-neuronal cells) and the result(s) obtained
using control non-neuronal cells provides the final result needed to assist with diagnosis of
Alzheimer’s disease and/or assess the risk of Alzheimer's disease progression or cognitive

15 decline. In particular, a difference between test non-neuronal cells and control non-neuronal

cells is indicative of Alzheimer’s disease.

The degree of “difference” considered significant for the purposes of a positive test outcome may
be established according to the sensitivity and /or specificity requirements of those utilising the

20 methods described herein for diagnostic and/or monitoring purposes. Moreover, different “cut-
offs” or levels of difference may be used to stratify subjects based on their relative risk, for
example, the relative likelihood that a given individual will have Alzheimer’s disease.

In the methods of the present invention, gene expression changes are measured by monitoring
25 the expression of one or more of the genes shown in Tables 1 and 2. The 31 genes shown in

Table 1 were found to be down-regulated in lymphocytes in response to rapamycin treatment,

and the 73 genes shown in Table 2 were found to be up-regulated in lymphocytes in response to

rapamycin treatment.

30 The genes shown in both Tables encode proteins that are either secreted by cells or are typically
located in the cytoplasm. There are clearly practical advantages associated with methods
involving measurement of the relative expression of proteins, wherein such proteins are readily
detected by virtue of their extracellular and/or cytoplasmic location. For example, secreted
proteins can be readily detected by ELISA or similar assays such as the Elispot assay or the

35 related Fluorospot assay. Thus, by exploiting differential sensitivity to cell cycle inhibitors, and in
particular, the inhibitor rapamycin, and thereby identitying genes regulated downstream of such
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response to a ceII dIVISIOI’l inhibitor may be assessed in non-neuronal cells.

The rapamycin-sensitive genes shown in Tables 1 and 2 encode a variety of different types of
5 protein including cytokines, enzymes, growth factors, kinases, peptidases, phosphatases and
transporter proteins. The proteins of Table 1 have been implicated in a diverse array of
molecular and cellular functions including cell-to-cell signalling, antigen presentation, cellular
movement, cell death and cellular growth and proliferation. The proteins of Table 2 are similarly
diverse and have been implicated in cellular growth and proliferation, cell morphology, cellular
10 development, antigen presentation and molecular transport.

Furthermore, the proteins encoded by the genes shown in Table 1 have been associated with a
variety of diseases and disorders including haematological disease, infectious disease,
inflammatory responses, endocrine system disorders and metabolic disease. Similarly, the

15 proteins encoded by the genes shown in Table 2 have been associated with endocrine system
disorders, genetic disorders, metabolic disease, cardiovascular disease and cancer.

The proteins encoded by the genes shown in both Tables have been implicated in the
development and function of various physiological systems. These include haematological

20 system development and function/hematopoiesis, immune cell trafficking, tissue development
and morphology and lymphoid tissue structure and development.

The methods of the present invention may involve measuring the inhibitor-induced relative
changes in expression for one or more, two or more, three or more, four or more and up to 104 of

25 the genes shown in Tables 1 and 2. Wherein a combination of genes is to be tested, these
genes may be selected only from Table 1 or only from Table 2 or may be selected from the
genes shown in both Tables.

In preferred embodiments, the methods of the present invention involve measuring the inhibitor-
30 induced relative changes in expression of one or more genes selected from: interleukin 1 beta
(IL1B); interleukin 2 (IL-2); interleukin 6 (IL-6); and interleukin 10 (IL-10). In further preferred
embodiments, the methods of the present invention involve measuring the inhibitor-induced
relative changes in expression of two or more genes wherein a first gene is interleukin 1 beta
(IL1B) and at least one other gene is selected from: interleukin 2 (IL-2); interleukin 6 (IL-6); and
35 interleukin 10 (IL-10). In further preferred embodiments, the methods of the present invention
involve measuring the inhibitor-induced relative changes in expression of interleukin 1 beta
(IL1B), interleukin 2 (IL-2), interleukin 6 (IL-6) and interleukin 10 (IL-10). In these preferred
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corresponding protein produced from the IL1B, IL-2, IL-6 and/or IL-10 genes, for example by
ELISA. In such embodiments, the cell-division inhibitor is preferably rapamycin.

5 Wherein the methods of the invention involve measuring changes in gene expression for more
than one gene shown in Table 1 or 2, the expression of each gene may be measured via a
separate assay. Alternatively, changes in expression of multiple genes may be measured
simultaneously using a nucleic acid microarray, for example to detect multiple mRNA species, or
a protein or antibody array, to detect multiple proteins. In the context of the present invention,

10 the term ‘multiple’ should be taken to mean at least two, at least three, at least four and so forth.

The methods of the present invention described above may be used for diagnosing and/or
assessing any individuals suspected of having Alzheimer’s disease or considered to be at risk of
developing this disease. In preferred embodiments, the methods are used to diagnose and/or

15 assess individuals suspected of having sporadic Alzheimer’s disease. In other embodiments, the
methods of the present invention may be applied to subjects suspected of having familial forms
of Alzheimer's disease.

In a further aspect, the present invention also provides methods for identifying a compound

20 having potential pharmacological activity in the treatment of Alzheimer’s disease. Such methods
also involve screening for a differential response to a cell-division inhibitor in non-neuronal cells
(“test” cells), and in particular non-neuronal cells from Alzheimer's disease patients which exhibit
a cell cycle regulatory defect at the G1/S transition. The differential response is measured by
comparing the relative changes in gene expression of one or more of the genes shown in Tables

25 1 and 2 as determined for the “test” cells with the relative changes in gene expression of one or
more of the genes shown in Tables 1 and 2 as determined for control non-neuronal cells. All
embodiments of the screening process described in respect of the diagnostic and prognostic
methods detailed above apply mutatis mutandis to this further aspect of the invention and
therefore are not repeated for reasons of conciseness.

30
In order to use the screening process described above to identify a compound having potential
pharmacological activity in the treatment of Alzheimer’s disease, it may be necessary to monitor
the differential response of the test non-neuronal cells, which exhibit a cell cycle regulatory defect
at the G1/S transition, both before and after exposure to the test compound. In preferred

35 embodiments, the test non-neuronal cells will have been previously isolated from a human

subject known to have or suspected of having Alzheimer’s disease and the cells will thereafter be
exposed to the test compound for the purposes of in vitro testing.
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In‘order to determine’whether a test compound has an effect on the differential response to a

cell-division inhibitor observed in non-neuronal cells exhibiting a regulatory defect in the G1/S cell
cycle transition, the following stages of analysis may be carried out. In a first stage, “test non-

5 neuronal cells” that have not been exposed to the test compound, are compared with “control
non-neuronal cells” that have also not been exposed to the test compound and have been
isolated from a healthy individual. This comparison involves determining any inhibitor-induced
relative gene expression changes for both the “test” and “control” non-neuronal cells using the
methodology detailed above, and thereafter comparing the results to determine any “differential

10 response” to the inhibitor. In a second stage, “test non-neuronal cells”, that have been exposed
to the test compound, are compared with “control non-neuronal cells” that have not been
exposed to the test compound, and any differences in inhibitor-induced relative gene expression
changes observed are used to determine any “differential response”. In a third stage, any
differential response measured in the first stage of the analysis is compared with any differential

15 response measured in the second stage of the analysis. If, in the second stage, following
exposure of the test non-neuronal cells to the test compound, any differential response detected
(by comparing “test” and “control” non-neuronal cells) is reduced, then the test compound is
identified as having potential pharmacological activity in the treatment of Alzheimer’s disease.

20 The methods described above may be used to screen any compounds known to those skilled in
the art including small molecule inhibitors and biological agents such as antibodies. In preferred
embodiments, the test compounds are not known for the treatment of Alzheimer’s disease.
Moreover, embodiments of the methods may involve testing panels or libraries of test
compounds for their potential as pharmacological agents in the treatment of Alzheimer’s disease.

25
In a further aspect, the present invention provides a method of determining whether a
pharmacological agent is likely to be of benefit in the treatment of Alzheimer’s disease in a
particular human individual. Embodiments of the earlier aspects of the present invention also
apply mutatis mutandis to this further aspect.

30
In this aspect, the suitability of a particular pharmacological agent for a particular individual is
assessed by screening for a differential response to a cell-division inhibitor in non-neuronal cells
taken from the particular human individual, in the presence and absence of a pharmacological
agent, wherein the differential response is measured by comparing the inhibitor-induced relative

35 changes in gene expression of one or more of the genes shown in Tables 1 and 2 with the
inhibitor-induced relative changes in gene expression of one or more the genes shown in Tables
1 and 2 in control non-neuronal cells.
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In preferred embodiments, the screening methods of the present invention involve measuring the

inhibitor-induced relative changes in expression of one or more genes selected from: interleukin
1 beta (IL1B); interleukin 2 (IL-2); interleukin 6 (IL-6); and interleukin 10 (IL-10). In further
5 preferred embodiments, the screening methods of the present invention involve measuring the

inhibitor-induced relative changes in expression of two or more genes wherein a first gene is
interleukin 1 beta (IL1B) and at least one other gene is selected from: interleukin 2 (IL-2);
interleukin 6 (IL-6); and interleukin 10 (IL-10). In further preferred embodiments, the methods of
the present invention involve measuring the inhibitor-induced relative changes in expression of

10 interleukin 1 beta (IL1B), interleukin 2 (IL-2), interleukin 6 (IL-6) and interleukin 10 (IL-10). In
these preferred embodiments of the invention, gene expression is preferably measured by
analysing levels of the corresponding protein produced from the IL1B, IL-2, IL-6 and/or IL-10
genes, for example by ELISA. In such embodiments, the cell-division inhibitor is preferably
rapamycin.

15
In certain embodiments, the pharmacological agent for testing may be a known treatment for
Alzheimer’s disease, in particular a known G1/S cell cycle inhibitor. Moreover, the
pharmacological agent for testing may be administered directly to the human subject such that
the cells are exposed to the pharmacological agent in vivo. Under these circumstances, non-

20 neuronal cells would be harvested from the individual before and after treatment. Alternatively,
the non-neuronal cells may be first isolated from the human subject and thereafter tested both
before and after exposure to the pharmacological agent in vitro. A pharmacological agent which
reduces the differential response observed in the non-neuronal cells taken from the individual
following treatment is identified as likely to be of benefit in the treatment of that particular

25 individual.

In a yet further aspect of the invention, there is provided a method of monitoring the efficacy of a
pharmacological agent in the treatment of Alzheimer’s disease in a particular human individual.
Such methods may be used to assess new pharmacological agents that are being tested in the

30 context of clinical trials. Alternatively, such methods may be used to assess the clinical progress
of a particular individual receiving a pharmacological agent predicted to be efficacious on the
basis of in vitro results or a pharmacological agent known to have been used for the successful
treatment of other individuals with Alzheimer’s disease.

35 In order to assess the efficacy of a pharmacological agent in the treatment of Alzheimer's
disease in a particular individual or patient, the following stages of analysis may be carried out.

In a first step, a “test” non-neuronal cell sample is taken from the individual before treatment
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inhibitor using the screening process described above. In particular, this involves comparing any
inhibitor-induced relative gene expression changes in one or more of the genes shown in Tables
1 or 2 with any inhibitor-induced relative gene expression changes in one or more of the genes
5 shown in Tables 1 or 2 as determined for control non-neuronal cells, wherein the control non-

neuronal cells derive from a healthy individual. Once the individual’s treatment has commenced,
further “test” samples may be taken at various time intervals, and these test samples will be
analysed for any differential response to a cell-cycle inhibitor on the basis of comparison with
control non-neuronal cells. Thereafter, the differential responses observed over time may

10 themselves be compared in order to determine whether the pharmacological agent is causing a
reduction over time in any differential response to an inhibitor, wherein a reduction is indicative of
a positive response to the pharmacological agent in the particular individual being treated. The
results of this type of assessment may be used to assess an individual’s clinical progress in
response to a particular pharmacological agent, and thereby inform decisions regarding the

15 patient’'s ongoing treatment regimen.

As discussed elsewhere herein, the genes to be analysed in the context of the present methods

may be selected from the rapamycin-sensitive genes shown in Tables 1 and 2. The inhibitor

rapamycin is known to inhibit the serine/threonine kinase mTOR in human cells, and thereby
20 reduce signalling downstream of this protein.

Therefore, in a further aspect, the present invention also provides a method by which to monitor
mTOR signalling in a human cell, which method comprises detecting one or more biomarkers of
the mTOR signalling pathway, wherein said biomarkers are selected from the rapamycin-

25 sensitive genes shown in Tables 1 and 2.

In preferred embodiments, the biomarkers are selected from the group of rapamycin-sensitive
genes consisting of: interleukin 1 beta (IL1B); interleukin 2 (IL-2); interleukin 6 (IL-6); and
interleukin 10 (IL-10).

30
The kinase, mTOR, functions within the context of two cytoplasmic protein complexes known as
mTORC1 and mTORC2. It is however, only the mTORC1 complex that is sensitive to the
inhibitor rapamycin. Thus, in a preferred embodiment of this aspect of the invention, there is
provided a method by which to monitor mTORCH1 signalling in a human cell.

35

The cytoplasmic kinase mTOR is stimulated or activated by a wide variety of upstream signals.
These include signals generated or triggered as a result of nutrient sensing, hypoxia, and/or the
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activity and thereby increases mTOR-mediated phosphorylation of downstream protein targets
within the cell. In most cases, the direct downstream protein targets of mTOR interact with a
variety of further molecular targets, and in doing so, stimulate a wide variety of cellular

5 responses, such as increased protein synthesis and the promotion of cell growth and
proliferation. The chain of molecular events triggered downstream of mTOR-mediated
phosphorylation of its direct protein targets is defined herein as the “mTOR signalling pathway”.

The methods of the present aspect of the invention allow for the monitoring of mTOR signalling.
10 By “monitoring” is meant determination of the level of activity downstream of the mTOR kinase,

for example the level of activity of proteins present within the downstream signalling pathways.

As used herein, “monitoring” should also be taken to mean the determination of changes in the

level of activity of proteins within the mTOR pathway, for example in the presence and absence

of a chemical compound or pharmacological agent, and determination of the functional integrity
15 of the mTOR signalling pathway within a human cell.

In the present aspect, “biomarkers” of the mTOR signalling pathway are used to characterise or
monitor mTOR signalling in human cells. The term “biomarker” is used herein broadly to mean
any molecule whose level correlates with the activity of a molecular or cellular pathway, in this

20 case the mTOR signalling pathway. The use of such a biomarker provides for a surrogate
measure of activity through the pathway of interest. The present methods may comprise
detection of one or more, two or more, three of more, four or more and up to 104 biomarkers of
the mTOR signalling pathway.

25 In the context of the present invention, the biomarkers of the mTOR signalling pathway are
selected from the rapamycin-sensitive genes shown in Tables 1 and 2, and in particular, the
expression products thereof. In a preferred embodiment, the biomarkers of the mTOR signalling
pathway for use in the methods of the present invention are selected from the proteins encoded
by the rapamycin-sensitive genes shown in Tables 1 and 2. Wherein a combination of

30 biomarkers is to be tested, these biomarkers may be selected from only Table 1, only Table 2, or
may be selected from both Tables.

In preferred embodiments, the biomarkers of the mTOR signalling pathway for use in the
methods of the present invention are selected from the group of rapamycin-sensitive genes

35 consisting of: interleukin 1 beta (IL1B); interleukin 2 (IL-2); interleukin 6 (IL-6); and interleukin 10
(IL-10), and optionally the proteins encoded thereby.
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in response to rapamycin treatment, and the 73 genes shown in Table 2 were found to exhibit
up-regulated expression in lymphocytes in response to rapamycin treatment. Thus, in a
preferred embodiment of the invention, the present method is used to detect decreases in mTOR

5 signalling in a human cell and the method involves determining a decrease in one or more of the
biomarkers represented in Table 1 and/or an increase in one or more of the biomarkers
represented in Table 2. In a further preferred embodiment of the invention, the present method
is used to detect increases in mTOR signalling in a human cell and the method involves
determining an increase in one or more of the biomarkers represented in Table 1 and/or a
10 decrease in one or more of the biomarkers represented in Table 2.

The skilled person will appreciate that the technique used to “detect biomarkers” will depend on
the exact nature of the biomarker molecule. For example, if the biomarker is a protein encoded
by any one of the genes shown in Tables 1 or 2, detection may be carried out using any of the

15 techniques known in the art for detecting proteins, for example immunoblotting, flow cytometry,
ELISA, Elispot, Fluorospot and so forth.

Wherein the biomarker to be detected is the mRNA species encoded by any of the genes shown
in Tables 1 and 2, suitable techniques for mRNA detection may be used. Various techniques are

20 well known in the art and include hybridisation techniques, such as Northern blotting or
microarray technologies, and amplification-based techniques such as RT-PCR or nucleic-acid
sequence-based amplification (NASBA).

The methods of the present invention may be used to monitor mTOR signalling in any type of

25 human cell. For example, the human cell may be a cell pre-treated with a compound such as a
pharmacological inhibitor. In a preferred embodiment of the invention, the human cell is a
lymphocyte.

Furthermore, in preferred embodiments of the invention, the human cell may be taken from an
30 individual or human subject suspected of having a particular condition or disease, or considered
to be at risk of developing a particular disease, most preferably Alzheimer’s disease. Wherein
the human subject is suspected of having or developing Alzheimer's disease, the cell may be
taken from a subject that is asymptomatic for Alzheimer’s disease, or a subject who exhibits mild
cognitive impairment or a subject exhibiting one or more symptoms consistent with Alzheimer's

35 disease.
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assist with diagnosis or prognosis of disease in the subject. In the preferred embodiment of the
present invention wherein the human cell is isolated from a human subject suspected of having

5 Alzheimer’s disease, the method may be carried out in order to assist with the diagnosis of
Alzheimer’s disease. It is particularly preferred that the present method is used to assist with the
early-stage diagnosis of Alzheimer’s disease in either asymptomatic subjects or subjects
exhibiting mild cognitive decline.

10 As detailed above, neuronal cells and some non-neuronal cells from subjects with Alzheimer’s
disease exhibit defects in cell cycle control, and thus have been found to respond differentially to
cell division inhibitors, for example rapamycin. The present method may therefore be used to
monitor mTOR signalling in non-neuronal cells, preferably lymphocytes, taken from a human
subject suspected of having Alzheimer’s disease following treatment with a cell division inhibitor,

15 preferably rapamycin, in order to detect any differential response in the non-neuronal cells of the

human subject as compared with control non-neuronal cells.

The present methods may also be used to diagnose and/or assist with diagnosis of other
diseases or conditions wherein dysregulation of signalling through the mTOR pathway is an

20 underlying cause or consequence, for example cancer, type |l diabetes, dementia following brain
injury or stroke.

In a further aspect of the invention, there is provided use of one or more rapamycin-sensitive
genes as biomarkers of the mTOR signalling pathway in a human cell wherein said genes are
25 selected from the genes shown in Tables 1 and 2. All embodiments described in respect of the
methods for monitoring mTOR signalling in a human cell apply mutatis mutandis to the use
aspect of the invention recited above and therefore are not repeated for reasons of conciseness.
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acyl-CoA synthetase
long-chain family member

ACSL6 ACSL6 6 Cytoplasm enzyme | 0.350051 | -1.79485
carnitine O-

CROT CROT octanoyltransferase Cytoplasm enzyme | 0.386898 -2.4978
egl nine homolog 3 (C.

EGLN3 EGLN3 glegans) Cytoplasm enzyme | 4.876128 | -1.95857
fucosyltransferase 9
(alpha (1,3)

FUTQ FUT9 fucosyltransferase) Cytoplasm enzyme | 2.127555 | -1.64844
glycerol-3-phosphate
acyltransferase,

GPAM GPAM mitochondrial Cytoplasm enzyme | 9.500153 | -1.23142
monooxygenase, DBH-

MOXD1 MOXD1 | like 1 Cytoplasm enzyme | 0.755247 | -2.42089
prostaglandin-
endoperoxide synthase 2
(prostaglandin G/H
synthase and

PTGS2 PTGS2 cyclooxygenase) Cytoplasm enzyme | 8.108912 -1.2871
pyrroline-5-carboxylate

PYCR1 PYCR1 reductase 1 Cytoplasm enzyme | 4.864678 | -1.29403
Ras-related associated

RRAD RRAD with diabetes Cytoplasm enzyme | 9.443493 | -1.63179
ST6 (alpha-N-acetyl-
neuraminyl-2,3-beta-
galactosyl-1,3)-N-
acetylgalactosaminide

ST6GAL | ST6GAL | alpha-2,6-

NAC?2 NAC2 sialyltransferase 2 Cytoplasm enzyme | 7.768988 | -1.24228
ubiquitin-conjugating
enzyme E2M (UBC12

UBE2M UBE2M | homolog, yeast) Cytoplasm enzyme | 8.787849 | -1.50361

HCK HCK hemopoietic cell kinase Cytoplasm kinase 9.500153 | -1.40301
protein kinase, cGMP-

PRKGH1 PRKG1 dependent, type | Cytoplasm kinase 9.544845 | -1.11593

DYNC2LI | DYNC2LI | dynein, cytoplasmic 2,

1 1 light intermediate chain 1 Cytoplasm other 6.334793 | -1.90235
small glutamine-rich
tetratricopeptide repeat

SGTA SGTA (TPR)-containing, alpha Cytoplasm other 9.500153 | -1.40315
inositol polyphosphate-5- phosphat

INPP5E INPP5E | phosphatase, 72 kDa Cytoplasm ase 6.62909 -1.4981




Extracel | ul ar Space enzynme 1.821924 1.348977 LOXL4 LOXL4 |ysyl
Space enzyne 6.056672 0.867586 MARK1 MARK1l

4 Extracell ul

ar

MAP/ m cr owolkzoisg1afofti ni t yregul ati ng ki nase 1 Cyt opl asm kiPoagB2812256@3 7

1.450886 MW12 MW12 natrix netallop
Extracel | ul ar Space peptidas e 0.4900

x

| dase 12 (macrophage el ast ase)
1.631485 MW16 MVWP16 nmatrix

net al | opepti dase 16 (nenbrane-inserted) Extracellu |lar Space peptidas e
4.1686%56 1. 799388 MVPY ivTv'Ptur_reaet ri(g TTet attopeptidase 9 (getatinase B, 92
gel ati nase, 92kDa type o [T%ﬁéﬁl ¥@) | Extracel | ular Space peptj das e
4. 588739 5L g1520%3, MPP4 ¢ S SO
: $nphs 18PP4 MR Cytoplasm | er 8.493268 | -1.48813
chemokine (C-C motif) Extracellular
CCL2 CCL2 ligand 2 Space cytokine | 0 -2.66056
chemokine (C-C motif) Extracellular
CCL8 CCL8 ligand 8 Space cytokine | 0.301273 | -2.62023
Extracellular
IL10 IL10 interleukin 10 Space cytokine | 0.301273 | -2.72661
Extracellular
L2 L2 interleukin 2 Space cytokine | 8.787849 | -1.40663
interleukin 3 (colony-
stimulating factor, Extracellular
IL3 L3 multiple) Space cytokine | 0.338759 | -2.12321
interleukin 6 (interferon, Extracellular
IL6 IL6 beta 2) Space cytokine | 9.500153 -1.3333
Extracellular
LOXL3 LOXL3 lysyl oxidase-like 3 Space enzyme | 8.542884 -1.3654
fibroblast growth factor Extracellular | growth
FGF18 FGF18 18 Space factor 8.787849 | -1.25471
fibroblast growth factor 2 | Extracellular | growth
FGF2 FGF2 (basic) Space factor 9.762848 | -2.24068
ADAM metallopeptidase
ADAMTS | ADAMTS | with thrombospondin type | Extracellular
16 16 1 motif, 16 Space other 9.443493 | -1.49705
collagen, type VIII, alpha | Extracellular
COL8A2 | COL8A2 | 2 Space other 4.876128 | -1.41058
four jointed box 1 Extracellular
FJX1 FJX1 (Drosophila) Space other 0.301273 | -2.32761
Extracellular
TACA TACH tachykinin, precursor 1 Space other 9.443493 | -1.26207
Extracellular
THBSH THBSH thrombospondin 1 Space other 9.155824 | -1.35908

oxi dase-1li ke

k Da



menbr ane protein,

pal mitoylated 4 (MAGUK p55 subfam |y nenber 4) Cytoplasm

ki nase 7.768987 0.86115 MIHFR MIHFR net hyl enet et r ahydr of ol at e reduct ase
( NAD( P) Hwoyenopliseom enzyme 9. 762848 0. 815308 OGN OGN osPewyiB2ei2ns51693

Extracel | ul ar

Space

growth factor 0.440183 1.567356 PAOX PAOX pol yam ne

oxi dase (exoMN-am no) Cytoplasm enzyne 9.762848 0.857204 PDE1A PDE1lA
phosphodi est erase 1A, cal nodul i n-dependent Cytopl asm enzyne 1.709551

1. 3100 A pRIEAL-rE§dted geResphodi est erase 4C, cAMP-specific Cytopl asm enzyne

7.539559 1.01713 PDK4
q value Fold
ID Symbol Entrez Gene Name Location Type(s) change
acid phosphatase, Extracellular | phosphat
ACPP ACPP prostate Space ase 9.500153 | 1.769193
acyl-CoA synthetase
short-chain family
ACSS1 ACSS1 member 1 Cytoplasm enzyme | 3.617024 | 1.211557
ADAM metallopeptidase
ADAMTS | ADAMTS | with thrombospondin type | Extracellular | peptidas
15 15 1 motif, 15 Space e 8.787849 | 1.094887
alcohol dehydrogenase 6
ADH®6 ADH6 (class V) Cytoplasm enzyme | 3.617024 | 1.176887
adenylosuccinate
ADSSL1 | ADSSL1 | synthase like 1 Cytoplasm enzyme | 7.885502 | 0.854385
ALDH1A | ALDH1A | aldehyde dehydrogenase
3 3 1 family, member A3 Cytoplasm enzyme | 3.196117 | 1.792436
AMY1A
(includes | amylase, alpha 1A Extracellular
AMY1C | others) (salivary) Space enzyme | 7.333469 | 0.899842
UDP-Gal:betaGIcNAc
beta 1,3-
B3GALT | B3GALT | galactosyltransferase,
4 4 polypeptide 4 Cytoplasm enzyme | 3.143549 | 1.174816
UDP-Gal:betaGIcNAc
beta 1,4-
B4GALT | B4GALT | galactosyltransferase,
6 6 polypeptide 6 Cytoplasm enzyme | 2.488273 | 1.070201
bone morphogenetic Extracellular | growth
BMP7 BMP7 protein 7 Space factor 5.211284 | 1.122622
Extracellular
CA6 CA6 carbonic anhydrase VI Space enzyme | 3.617024 | 1.029014
chemokine (C-C motif) Extracellular
CCLA1 CCLA1 ligand 1 Space cytokine | 9.762848 | 1.135392
chemokine (C-C motif) Extracellular
CCL26 CCL26 ligand 26 Space cytokine | 1.447061 1.66153
peptidas
CTSF CTSF cathepsin F Cytoplasm e 0.393105 | 1.610012
cytochrome P450, family
3, subfamily A,
CYP3A5 | CYP3A5 | polypeptide 5 Cytoplasm enzyme | 1.312691 | 1.213781
cytochrome P450, family
4, subfamily F,
CYP4F3 | CYP4F3 | polypeptide 3 Cytoplasm enzyme | 1.145026 | 1.394588




PDK4 pyruvat e dehydrogenase ki nase,

I sozyme 4 Cytoplasm ki nase 8.108911

0.818656 PIML PIML pi m1 oncogene Cytoplasm ki nase 3. 346465 1.101022
Pl TPNVR RVORMNM/@129phosphat i dyl i nosi t ol
menbr ane- associ ated 2 Cytopl asm enzyng
pl asm nogen acti vator,

0. 88969 PLB1 PLBl1 phospholipase Bl Cytoplasmenzyne 1.206892 1.566276 WO

ti ssue Extrace?

transfer protei nPCT/GB2012/051693

6. 334792 0.870237 PLAT PLAT
| ul ar Space peptidas e 6.535021

2013/ 011294 PCT} GB2012/ 05 e 8me B4 Kt BiniyCPL phosphpt i pase DL,
phosphati dyl chol i nespeai §uptanfyyopl asm enzynme

CYP4v2 | CYP4V2 | polypeptide 2 Cytoplasm enzyme | 9.544845 0.82527
cytochrome P450, family
4, subfamily X,

CYP4X1 | CYP4X1 | polypeptide 1 Cytoplasm enzyme | 7.780925 | 1.061522
doublecortin-like kinase

DCLK1 DCLK1 1 Cytoplasm kinase 0.990043 | 1.436873
dehydrogenase/reductas

DHRS3 DHRS3 | e (SDR family) member 3 | Cytoplasm enzyme | 9.500153 | 0.820622
D-tyrosyl-tRNA
deacylase 1 homolog (S.

DTD1 DTD1 cerevisiae) Cytoplasm enzyme | 0.486825 | 1.5114356
dual specificity phosphat

DUSP13 | DUSP13 | phosphatase 13 Cytoplasm ase 6.810082 | 1.045486
DAZ interacting protein

DZIP3 DZIP3 3, zinc finger Cytoplasm enzyme | 9.500153 | 0.853284

Extracellular | peptidas

F9 F9 coagulation factor IX Space e 5.835312 | 1.604713
guanylate binding protein

GBP3 GBP3 3 Cytoplasm enzyme | 8.493268 | 0.846187

GDA GDA guanine deaminase Cytoplasm enzyme | 6.889679 | 1.596347
guanine nucleotide
binding protein (G
protein), alpha activating
activity polypeptide,

GNAL GNAL olfactory type Cytoplasm enzyme | 6.889679 | 0.995972
glutathione peroxidase 6 | Extracellular

GPX6 GPX6 (olfactory) Space enzyme | 6.056672 | 1.701714

HSD17B | HSD17B hydroxysteroid (17-beta) Extracellular

13 13 dehydrogenase 13 Space enzyme | 2.797309 | 1.509712
immunoglobulin (CD79A) phosphat

IGBP1 IGBP1 binding protein 1 Cytoplasm ase 9.347548 | 0.803832
insulin-like growth factor Extracellular | growth

IGF2 IGF2 2 (somatomedin A) Space factor 3.928841 | 1.184617

Extracellular

IL1B IL1B interleukin 1, beta Space cytokine | 5.211284 | 1.135797
interleukin 1 receptor Extracellular

IL1RN IL1RN antagonist Space cytokine | 4.588739 | 1.004466
inositol polyphosphate-5- phosphat

INPP5K INPP5K | phosphatase K Cytoplasm ase 9.544845 | 0.775302

JAK1 JAK1 Janus kinase 1 Cytoplasm kinase 6.056672 | 0.872602




8.787849 0.93338 PLA.B1 PLA.B1/ PLA.B2 plasm nogen-like B2 Extracellular
Space peptidas e 7.333469 0.944078 PON3 PON3 paraoxonase 3 Extracellular
Space enayoeot3/B88439 1.01348 PRODH2 PRCDH2 proline delrgirGBrerasesy3

(oxi dase) 2 Cytoplasmenzynme 0.980142,1. 716334 PR5523 PR5523 pr ot ease,

serine, 23 Extracellular Space peptidas e 5.835312 1.012222 RAB37 RAB37
RAB37, menber RAS oncogene famly Cytoplasm enzyne 6.334792 0.905196 RAB39
RAB39 [RAB39, Jrember RAS oncogene fam ty Cytopt asim enzy
left-right determination Extracellular | growth
LEFTVY1 LEFTY1 | factor 1 Space factor 4.653116 | 1.067174
Extracellular | growth
LEP LEP leptin Space factor 9.544845 | 1.280507
Extracellular
LIPF LIPF lipase, gastric Space enzyme | 1.821924 | 1.348977
Extracellular
LOXL4 LOXL4 lysyl oxidase-like 4 Space enzyme | 6.056672 | 0.867586
MAP/microtubule affinity-
MARKA1 MARKA1 regulating kinase 1 Cytoplasm kinase 3.216837 | 1.450886
matrix metallopeptidase
12 (macrophage Extracellular | peptidas
MMP12 MMP12 | elastase) Space e 0.490071 | 1.631485
matrix metallopeptidase Extracellular | peptidas
MMP16 MMP16 | 16 (membrane-inserted) Space e 4.168656 | 1.799388
matrix metallopeptidase
9 (gelatinase B, 92kDa
gelatinase, 92kDa type IV | Extracellular | peptidas
MMP9Q MMPQ collagenase) Space e 4.588739 | 1.152273
membrane protein,
palmitoylated 4 (MAGUK
MPP4 MPP4 p55 subfamily member 4) | Cytoplasm kinase 7.768987 0.86115
methylenetetrahydrofolat
MTHFR MTHFR | e reductase (NAD(P)H) Cytoplasm enzyme | 9.762848 | 0.815308
Extracellular | growth
OGN OGN osteoglycin Space factor 0.440183 | 1.567356
polyamine oxidase (exo-
PAOX PAOX N4-amino) Cytoplasm enzyme | 9.762848 | 0.857204
phosphodiesterase 1A,
PDE1A PDE1A calmodulin-dependent Cytoplasm enzyme | 1.709551 | 1.310078
phosphodiesterase 4C,
PDE4C PDE4C cAMP-specific Cytoplasm enzyme | 7.539559 1.01713
pyruvate dehydrogenase
PDK4 PDK4 kinase, isozyme 4 Cytoplasm kinase 8.108911 | 0.818656
PIM1 PIM1 pim-1 oncogene Cytoplasm kinase 3.346465 | 1.101022
phosphatidylinositol
PITPNM | transfer protein,
PITPNM2 | 2 membrane-associated 2 Cytoplasm enzyme | 6.334792 | 0.870237
plasminogen activator, Extracellular | peptidas
PLAT PLAT tissue Space e 6.535021 0.88969
PLB1 PLB1 phospholipase B1 Cytoplasm enzyme | 1.206892 | 1.566276




9. 155824 0.809517 RND3 RND3 Rho fam |y GIPase 3 Cytoplasm enzyne 9.500153

0.912389 RPS6KB 1 RPS6KB 1

ri bosoma

protein S6 kinase,

70k Da

pol ypepti de

1 Cytopl ason2kimas®42. 739944 1. 480561 SPP1 SPPl secr et ed PphiaERzhpsodoei n 1
Extracel  ul ar Space cytokine 2.739944,4. 471148 SPRED2 SPRED2
sprouty-rel ated, EVHL domain containing 2 Extracellular Space cytokine
9.544845 0.825032 ST3GAL 6 ST3GAL 6 5T3 bet a-gal act osi de al pha- 2, 3-

si al yl tTansfergse 6 Lgt&Bg@Qthgéyne 1T 918337 I. 174742 STRK3T STK3T

phosphatidylcholine-

PLDA1 PLD1 specific Cytoplasm enzyme | 8.787849 0.93338

PLGLB1/ Extracellular | peptidas
PLGLB1 | PLGLB2 plasminogen-like B2 Space e 7.333469 | 0.944078
Extracellular

PON3 PON3 paraoxonase 3 Space enzyme | 4.588739 1.01348
proline dehydrogenase

PRODH2 | PRODH2 | (oxidase) 2 Cytoplasm enzyme | 0.980142 | 1.716334

Extracellular | peptidas

PRSS23 | PRSS23 | protease, serine, 23 Space e 5.835312 | 1.012222
RAB37, member RAS

RAB37 RAB37 oncogene family Cytoplasm enzyme | 6.334792 | 0.905196
RAB39, member RAS

RAB39 RAB39 oncogene family Cytoplasm enzyme | 9.155824 | 0.809517

RND3 RND3 Rho family GTPase 3 Cytoplasm enzyme | 9.500153 | 0.912389
ribosomal protein S6

RPS6KB | RPS6KB | kinase, 70kDa

1 1 polypeptide 1 Cytoplasm kinase 2.739944 | 1.480561
secreted phosphoprotein | Extracellular

SPP1 SPP1 1 Space cytokine | 2.739944 | 1.471148
sprouty-related, EVH1 Extracellular

SPRED2 | SPRED2 | domain containing 2 Space cytokine | 9.544845 | 0.825032
ST3 beta-galactoside

ST3GAL | ST3GAL | alpha-2,3-

6 6 sialyltransferase 6 Cytoplasm enzyme | 1.918337 | 1.174742
serine/threonine kinase

STK31 STK31 31 Cytoplasm kinase 6.810082 1.09185
steroid sulfatase

STS STS (microsomal), isozyme S Cytoplasm enzyme | 9.762848 | 0.867689
L-threonine

TDH TDH dehydrogenase Cytoplasm enzyme | 4.876127 | 1.414347
tribbles homolog 1

TRIB1 TRIBA1 (Drosophila) Cytoplasm kinase 3.238106 1.07006
unc-51-like kinase 2 (C.

ULK2 ULK2 elegans) Cytoplasm kinase 6.535021 | 1.068956
WW domain containing
E3 ubiquitin protein ligase

WWP2 WWP2 2 Cytoplasm enzyme | 8.787849 | 0.910502
zinc binding alcohol
dehydrogenase domain

ZADH2 ZADH2 containing 2 Cytoplasm enzyme | 5.211284 | 1.004706




serine/threoni ne ki nase 31 Cytopl asm ki nase 6.810082 1.09185 STS STS
steroid sulfatase (mcrosonmal), isozyne S Cytoplasm enzyne 9.762848

0. 867689 WODHMoBDBH129L- t hr eoni ne dehydr ogenase Cyt opl asm emreymaB2412886603 7
1.414347 TRIB1 TRIB1 tribbles honol og,d (Drosophila) Cytoplasm ki nase
3.238106 1.07006 ULK2 ULK2 unc-51-1i Ee ki nase 2 (C. el egans) Cytoplasm
ki nase 6.535021 1.068956 WAP2 WAP2 WN dormai n containing E3 ubiquitin

pr ot ei NrHgligRBEorAwiPbE AMNBBIRCRRZIHIMENB: 1R iBEd tddn SRiAg A& iRiting examples.
EXAMPLES
5 Example 1. Gene expression microarray analysis of lymphocytes treated with rapamycin

Two-colour microarray based gene expression analysis (Agilent Technologies) was used to

identify genes that were differentially expressed in lymphocytes treated with rapamycin

compared to lymphocytes that were left untreated. The microarray used was the Agilent Whole
10 Human Genome Microarray: 4x44K.

1.1 Lymphocyte culture with and without rapamycin

Two parallel lymphocyte cultures were set up in RPMI medium supplemented with 10% FCS at a
concentration of 1x10° cells per 1ml of culture media. Phytohaemaglutinin (PHA) was added to

15 the cultures at a final concentration of 22 ug/ml to activate the lymphocytes. Cultures were
incubated for 48 hours at 37 °C in a humidified atmosphere containing 5% CO.. After 48 hours
culture, one culture was treated with 100 ng/ml rapamycin, while the other untreated culture was
kept as a control. After a further 24 hours, the cells of each lymphocyte culture were harvested
by centrifugation.

20
1.2 RNA extraction
RNA was extracted from the lymphocyte pellets using TRI Reagent® in accordance with standard
protocol. To ensure that there was no DNA contamination, the RNA was treated with DNase
(Qiagen) according to the manufacturer’s standard protocol. RNA quality was determined by

25 RNA nano-chip analysis using an Agilent 2100 Bioanalyser, also according to standard protocol.

The RNA quality of the samples ranged from 8-10 RNA Integrity Number (RIN), indicative of
good quality RNA suitable for gene expression microarray.

1.3 Conversion of RNA to cDNA

30 200 ng of RNA was converted to cDNA with the low-input quick amplification labelling kit (Agilent,
5190-2305). Spike Mix A and B were prepared separately. For each, the spike mix was thawed
and vortexed, incubated at 37°C for 5 minutes, and diluted in the provided dilution buffer (see
Table 3 for dilution protocol). 2 pl of diluted spike mix A and spike mix B were added to 200 ng
of RNA in a 1.5 pl volume from the rapamycin-treated and untreated lymphocytes respectively.

35 The T7 promoter primer was prepared as shown in Table 4, and 1.8 pl added per 3.5 pl sample.
The samples were incubated at 65°C for 10 minutes, and placed on ice for 5 minutes. The cDNA
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CTP (green), whereas Spike Mix B samples were added to transcription master mix prepared

with Cyanine 5-CTP (red). 6pl of the transcription master mix was added per 10ul cDNA sample,
and incubated at 40°C for 2 hours.

20 Table 6 Transcription master mix
Component (Agilent) Volume (ul) per reaction
Nuclease free water 0.75
5 x transcription buffer 3.2
0.1 MDTT 0.6
NTP mix 1
T7 RNA polymerase Blend 0.21
(store on ice until use)
Cyanine 3-CTP or Cyanine 5-CTP 0.24
Total volume 6

1.5 cRNA purification and quantification



133.3 1:20 1:40 1:16 2 Table 4Dilution of T7 pronoter prinmer Conponent
(Agilent) Volune (pi) per reaction T7 pronoter prinmer 0.8 Nucl ease free
wat er 1 Twoabidvwahasare 1.8 Table 5 cDNA naster m x ConpomremiGB2( Ryish@nt )

Vol une (pi) per reaction 5x first strg{uﬂd buffer (pre-warnmed at 800C for 4
m nutes prior to use) 2 0.1MDTT 1 10 dNTP mx 0.5 AffinityScript RNase
Block mx 1.2 Total volume 4.7 10 1.4 Conversion of cDNA to | abelled cRNA
The lowinput quick anplification labelling kit (Agilent, 5190-2305) was

used tOTr%WWastMlestbﬁdahﬁhﬂbé@dmﬁl%mnTﬁ?Gto&dSIQ@ﬁ &) ptrh@emeagr m x was

set u rior to use as sho 15Tabl e sa | es
ver o b qBETCY R aneBrd e R e aretsaap B MRt cyfa%?wé@a@d Spepisc

( gr een)activilyer @ REA ée@pMstdBe salophtes asveilevadded to transcription master mx

pr gpar W|th Cyani ne 5 ) h, of t.h SCI i ti master m x was
ad %ed ‘ég?l 10h1 cDNA sar ?ncen %tﬁﬂ °f %@E’%E‘gﬁn%@ﬁ%éé@ﬂﬁ@“ 'f g(:);brs 20Tabl e

6 Tr ans d3pepifi¢ aciivitast er =nGoncEoingsion @hCy3 Agliseboicevisatiomet CBNA xd®00r eact i on

Nucl ease free water 0.75 5 x transcription buffer 3.2

The specific activity and yield of all the samples were greater than 6 and 825 ng respectively
indicating suitability for hybridisation.

10
1.6 Hybridisation

825 ng of labelled cRNA was added to various fragmentation components as described in Table
7, incubated at 60°C for 30 minutes, and cooled on ice for 1 minute. 55 pl of GEx Hybridisation
buffer HI-RPM was subsequently added to stop fragmentation. The samples were mixed,

15 centrifuged at 13,000 rotations per minute (RPM) for 1 minute, and placed on ice in preparation
for microarray assembly. The microarray of choice was the 4x44K Agilent Whole Human
Genome Microarray. A clean gasket slide was placed into the chamber base, 100ul of sample
dispensed per well, and array placed onto the gasket slide to facilitate hybridisation. The gasket
and microarray slides were clamped together and incubated at 65°C for 17 hours.

20

Table 7 Fragmentation components

Components (Agilent) Volume/ Mass (for 4x44K microarray)
Cy3-labelled cRNA 825ng

Cy5-labelled cRNA 825ng

10 x blocking agent 11 ul

Nuclease free water Bring total volume to 52.8 ul

25 x fragmentation buffer 2.2 pl

Total volume 55 pl

Following hybridisation, the microarrays were washed in various wash solutions as described in
Table 8. To summarise, the microarrays were removed from the hybridisation assembly and

25 carefully separated from the gasket slide whilst fully submersed in wash buffer 1. Slides were
washed for 1 minute, transferred to wash buffer 2 at 37°C for 1 minute, and washed in
acetonitrile for 10 seconds. The final wash was in stabilisation and drying solution for 30
seconds. The slides were air-dried and stored in a dark slide box in a nitrogen rich environment
prior to scanning on the Agilent C Scanner. The AgilentHD_GX_2color programme was used,

30 and settings amended as shown in Table 9.
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the scanner. The output was normalised to various housekeeping genes present on the

microarray, and results processed to provide a list of genes that were differentially expressed in
10 rapamycin-treated lymphocytes compared to untreated lymphocytes. Estimates of the false
discovery rate (FDR) were provided for each gene. For the purpose of our study, genes with a
FDR up to 10% were accepted as differentially expressed. Genes determined to be down-
regulated and up-regulated in response to rapamycin are shown in Tables 1 and 2, respectively.

15 Example 2. Expression analysis of rapamycin-sensitive genes in lymphocytes isolated
from human subjects

Lymphocytes are isolated from venous blood samples collected from the human subjects for
testing. The venous blood sample is collected from the patient in a heparin vacutainer and

20 transported into the laboratory at room temperature within 48 hours. The lymphocytes are
separated from the blood according to standard protocols using Lymphoprep, Histopaque, Ficoll
or an equivalent standard reagent.

Alternatively, the venous blood is collected directly into a BD Vacutainer® CPT "cell preparation
25 tube with sodium heparin and lymphocyte separation is carried out, using one of the techniques
described above, instantly. The lymphocyte sample is then transported to the laboratory for

analysis.
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hours, the cells of each lymphocyte culture are frozen to -80 °C and stored at this temperature

until further analysis.
10 Analysis of gene expression is carried out by analysing the levels of corresponding protein for the
target genes of interest. Protein levels are determined in accordance with standard protocols,

such as ELISAs carried out in accordance with manufacturer’s instructions.

Example 3 Differential gene expression responses to rapamycin measured in Alzheimer’s
15 disease patients

3.1 Blood collection and lymphocyte separation

Peripheral blood samples from elderly subjects were provided by the Oxford Project to

20 Investigate Memory and Ageing (OPTIMA) subject to ethical approval and informed patient and
carer consent. The samples provided were from Alzheimer patients who fulfilled the NINCDS-
ARDRA criteria for probable AD (n=24) or from healthy age-matched controls (n=21).
Appropriate consent and ethical approval was sought before the study began.

25 Peripheral blood was collected in Heparin vacutainers and shipped at room temperature. The
separation of lymphocytes was carried out within 24 hours of blood collection using established
protocols [Lymphoprep]. Briefly the blood was diluted 1:1 with PBS (Ca and Mg free, Sigma).
Ten ml diluted blood was carefully layered onto 4 ml Lymphoprep (Axis Shield UK) in 15-ml
conical centrifuge tubes. Samples were centrifuged at 800 x g for exactly 30 minutes at room

30 temperature. The upper layer (within 0.5 cm of the opaque interface) was discarded. The
opaque interface containing mononuclear cells was carefully removed into a clean 15 ml conical
centrifuge tube containing PBS (Ca and Mg free, Sigma) and mixed by turning the tube a few
times gently. The cells were centrifuged at 400 x g for 10 minutes at room temperature. The
supernatant was aspirated to approximately 1 cm from the pellet and discarded. To this tube

35 was added 2 ml of Isotonic PBS (Ca and Mg free, Sigma) and the pellet was resuspended by
triturating with a pastette (3 aspirations), then made up to a volume of 14 ml and mixed by
turning the tube a few times gently. The cell suspension was centrifuged at 400 x g for 10
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From each patient two sets of identical cultures were set up in 96 well
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solution or 50 pL 2N H.SQO, to each well. Adsorption values were read at 450 nm.

15 3.4 Results

The reduction of total IL 1 beta levels in dividing lymphocytes in response to Rapamycin was
higher in control subjects than in AD patients, as shown Figure 1. The reduction of IL 1 beta/live
cell in dividing lymphocytes in response to Rapamycin was also more significant in control

20 subjects than in AD patients, as shown in Figure 2.

The reduction of IL 2 levels in dividing lymphocytes in response to Rapamycin was lower in

control subjects than in AD patients, as shown in Figure 3. The reduction of IL 2/live cell in

dividing lymphocytes in response to Rapamycin was also less significant in Control subjects than
25 in AD patients, as shown in Figure 4.

The reduction of IL 6 levels in dividing lymphocytes in response to Rapamycin was lower in

Control subjects than in AD patients, as shown in Figure 5. The reduction of IL 6 levels/cell in

dividing lymphocytes in response to Rapamycin was also less significant in Control subjects than
30 in AD patients, as shown in Figure 6.

The reduction of IL 10 levels in dividing lymphocytes in response to Rapamycin was higher in

Control subjects than in AD patients, as shown in Figure 7. The reduction of IL 10 levels/cell in

dividing lymphocytes in response to Rapamycin was more pronounced in Gontrol subjects than
35 in AD patients, as shown in Figure 8.

3.4.1 Logistic regression and ROC curve analysis for IL 1 beta




0.0287 (Rapa | L_1 Betal/cell)/(Control IL 1 _Beta C/cell) -19.79583 9.31493
0. 0336 Constant 20.8900 15ROC CURVE ANALYSI S Area under the ROC curve
(AUC) 0. A98 28t3andand Error 0.0784 95% Confi dence i nter vetT&GEbR/Is0698. 835
ROC curve Variable | L | _beta pred IL 1 beta pred Classification variable
DG 20 AREA UNDER THE ROC CURVE ( AUC) égea under the ROC curve (AUC)O0.708
Standard Errora0.0784 WD 2013/011294P¢T/ GB2012/ 051693 38 95% Conf i dence
intervalb 0.555 to 0.862 z statistic 2.658 Significance |Ievel P (Area=0.5)
0.0079 a Hanley & McNeil, 1982 b AUC 1.96 SE YOUDEN | NDEX Youden i ndex

J0. 3583 Associated criterion>0.6789 3.4.2 Logistic regression and ROC curve
anal ysi dogigfic regression and ROC curve analysis indicates that the combination of change in total IL 1

beta levels and IL1 beta levels/cell in response to Rapamycin could alone distinguish AD patients

from controls (see Figure 9 and analysis below).

5
Logistic regression
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10
Null model - 60.633
2 Log Likelihood
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iL 1 beta pred
Classification variable | DG.
20
AREA UNDER THE ROC CURVE (AUC)
Area under the ROC curve (AUC) 0.708
Standard Error® 0.0784
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10Logi stic regression and ROC curve anal ysis indicates that changes in IL-2
expression by rapanycin could al one distinguish AD patients fromcontrols
(see analwei2s13mahkmw) . Logi stic regression Dependent YDGp8elamzhi12@dFkRALL
MODEL FIT Null nodel - 2 Log Likelihood 62.183 Full nodel -2 Log

Li kel i hood 55.823 Chi-square 6.360 DF 2 Significance |evel P = 0.0416
ODDS RATI OS AND 95% CONFI DENCE 1 NTERVBBS Vari able Odds ratio 95% Cl

IL_2 change 1.2021 0.9860 to 1.4656 (Rapa 1 2/cell)/(Control "1L_2/cell)

0. 0000 _0.0000 to 3.93377 ROC CURVE ANALYSIS Area under the ROC curve (AUC)
0. 679 Besth@aniiiebre ptenGl"0793 95% Confi dence i nt er v&F5Do8882tl0 0. 810

z statistic 2.658
Significance level P (Area=0.5) 0.0079

7 Hanley & McNeil, 1982
® AUC + 1.96 SE

YOUDEN INDEX

5
| Youden index J 0.3583
Associated criterion >0.6789
3.4.2 L ogistic regression and ROC curve analysis for {L-2
10 Logistic regression and ROC curve analysis indicates that changes in IL-2 expression by
rapamycin could alone distinguish AD patients from controls (see analysis below).
Logistic regression
Dependent Y DG
Select
15
OVERALL MODEL FIT
Null model - 62.183
2 Log Likelihood
Full model -2 Log Likelihood 55.823
Chi-square 6.360
DF 2
Significance level P =0.0416
ODDS RATIOS AND 95% CONFIDENCE INTERVALS
20
Variable Odds ratio 95% Cl
IL_2_change 1.2021 0.9860 to 1.4656
(Rapa IL_2/cell)/(Control IL_2/cell) 0.0000 0.0000 to 3.9337
ROC CURVE ANALYSIS
Area under the ROC curve (AUC) 0.679
Standard Error 0.0793
959% Confidence interval 0.523 t0 0.810
25
ROC curve
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ROC curve WO 2013/011294PCT/ GB2012/ 051693 39 Variable IL_2 pred IL 2 pred
Cl assification variable DG Sel ect AREA UNDER THE ROC CURVE (AUC) Area
under t hewBQE3aIwe (AUC) 0.679 Standard Errora 0.0801 9b6%wdm0fi@esnse
intervalb 0.522 to 0.836 z statistic 2.228 Significance |level P (Area=0.5)
0. 0258 a DeLong et al., 1988 5bAUC 1.96 SE YOUDEN | NDEX
Youden i ndex JO. 3095 Associated criteB9on>0.6392 10 3.4.3 Logistic
regressi on and ROC curve analysis for IL 1 beta in conbination with IL-6
The cophination of 1l 6 changes with the Il 1 bheta changes allowed a
correcl Vpiableent di agnqdi 2 0%Brom the EL1SA results (see Fidure 10 and

anal ys| s bel ow). logi stk éPréslgr essi on Dependent YDG Sel ect ERALL MODEL FIT
Nul | np@Geksificafiort wagiable K }G hood

Select
AREA UNDER THE ROC CURVE (AUC)
Area under the ROC curve {AUC) 0.679
Standard Error? 0.0801
95% Confidence interval® 0.522 to 0.836
z statistic 2.228
Significance level P (Area=0.5) 0.0258
“ DeLong et al., 1988
5 ° AUC +1.96 SE
YOUDEN INDEX
Youden index J 0.3095
Associated criterion >0.6392
10
3.4.3 Logistic regression and ROC curve analysis for Il 1 beta in combination with IL-6
The combination of IL 6 changes with the IL 1 beta changes allowed a correct patient diagnosis
15 from the ELISA results (see Figure 10 and analysis below).
Logistic regression
Dependent Y DG
Select
OVERALL MODEL FIT
20
Null model - 56.227
2 Log Likelihood
Full model -2 Log Likelihood 45.672
Chi-square 10.555
DF 5
Significance level P =0.1032

COEFFICIENTS AND STANDARD ERRORS

Variable Coefficient | Std. Error P
(Rapa IL_1_Beta/cell)/(Control -94.36426 | 54.44730 | 0.0831 |
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56. 227 Full nodel -2 Log Likelihood 45.672 Chi-square 10.555 "' DF 5
Significance level P = 0.1032 COEFFICI ENTS AND STANDARD ERRCRS Vari abl e
Coef fi ci emb 28tah11daar or LP (Rapa 11.. 1 Betal/cell)/ ( Cont poli/GB20258694 26
54. 44730 0.0831 WD 2013/011294PCT/ GB2012/ 051693 40 IL_1 Beta_C/cell)
(Rapa IL_6/cell)/(Control I1L_6 C/cell) 187.20670 98.82951 0.0582 |

L_1 Beta_Change 1.01041 0.57969 0.08139% L_6_change - 1.89564

IL_1_Beta_Cf/cell)
(Rapa IL_6/cell)/(Control IL_6_C/cell) 187.20670 | 98.82951 | 0.0582
IL_1_Beta_Change 1.01041 0.57969 | 0.0813
IL_6_change -1.89564 1.00576 | 0.0595
% change in cell numbers in response -1.23152 | 0.75159 ) 0.1013
to Rapamycin
1 Constant -86.4594
ROC CURVE ANALYSIS
Area under the ROC curve (AUC) 0.768
Standard Error 0.0748
95% Confidence interval 0.610to (G.885
5
ROC curve
Variable IL1_beta_&_ IL_6_pred
IL1 beta & IL_ 6 pred
Classification variable | DG :
AREA UNDER THE ROC CURVE (AUC)
Area under the ROC curve (AUC) 0.768
Standard Error® 0.0748
95% Confidence interval® 0.621t0 0.915
z statistic 3.582
Significance level P (Area=0.5) 0.0003
10 ? Hanley & McNeil, 1982 :
® AUC + 1.96 SE
YOUDEN INDEX
Youden index J 0.5411
Associated criterion >0.5539
15
3.4.4 Logistic regression and ROC curve analysis for the combination of IL 1 beta, IL-2. IL-6 and
iL-10
The ability to predict the diagnosis of the patients correctly increased further when the
20 combination of parameters measured for all four interleukins was taken into account and

normalised for cell numbers (see Figure 11 and analysis below).

Logistic regression
| DependentY [ DG ]
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1. 00576 0.0595 % change in cell nunbers in response to Rapanycin -1.23152
0. 75159 0.1013 Constant -86.4594 ROC CURVE ANALYSI S Area under the ROC
curve (AMED 2013788298t andard Error 0.0748 95% Confi dence iPoTarB2ai2/B314030 to
0.885 ROC curve Variable 11 1 beta & IL 6 pred ILI beta & IL 6 pred
Classification variable DG AREA UNDER THE ROC CURVE ( AUC) YOUDEN | NDEX
Youden i ndex JO.5411 Associated critefon>0.5539 15 3.4.4 Logistic
regressi on and ROC curve analysis for the conbination of IL 1 beta, IL-2,

I L-6 ai he —H i he—dh 5 of the patients
correct z = he e 20conbine 0 rameters neasured
for all four interleukins was taken into account and normalised for cel

nunbers (see Fi | ysis bel ow). Logistic regression Dependent
pun BUERALL vSSEAAT

Null model - 60.633
2 Log Likelihood
Full model -2 Log Likelihood 46.472
Chi-square 14.161
DF 8
Significance level P =0.0777
5 COEFFICIENTS AND STANDARD ERRORS
Variable Coefficient Std. Error P
Rapa IL_1_Beta_R/cell -97833.31096 | 71605.28179 | 0.1718
Control {L_10/ cell -893476.20549 | 499925.93833 | 0.0739
Rapa IL_10/ cell 1179046.99423 | 675543.69063 | 0.0809
Control IL_2/ cell 18818.68649 | 13142.67004 | 0.1522
Rapa IL_2/ cell -27853.09109 | 20494.42955 | 0.1741
Rapa IL_6/ cell 51427.70147 | 26334.92380 | 0.0508
Change in cell numbers -0.13229 0.091870 | 0.1499
induced by Rapamycin
Control cell numbers -0.45198 0.23570 | 0.0552
Constant 42550

ROC CURVE ANALYSIS

Area under the ROC curve (AUC) 0.821
Standard Error 0.0649
95% Confidence interval 0.676 to 0.920
10
AREA UNDER THE ROC CURVE (AUC)
Area under the ROC curve (AUC) 0.821
Standard Error? 0.0649
95% Confidence interval® 0.694 to 0.948
z statistic 4.944
Significance level P (Area=0.5) <0.0001
4 Hanley & McNeil, 1982
® AUC + 1.96 SE
15
YOUDEN INDEX
Youden index J 0.5917
Associated criterion >(0.552
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WO 2013/ 011294PCT/ GB2012/ 051693 41 Sel ect OVERALL MODEL FIT Null nodel - 2
Log Likelihood 60.633 Full nodel -2 Log Likelihood 46.472 Chi-square

14. 161 DPwo2oS/igmisi cance | evel P = 0.0777 5CCEFFI Cl ENPETANDRORNANDARD
ERRORS Variable Coefficient Std. Error P Rapa IL_1 Beta R/cell -97833.31096
71605. 28179 0.1718 Control I1L_10/ cell -893476.20549 499925. 93833 0.0739
Rapa |L_10/ cell 1179046.99423 675543469063 0. 0809 Control |L_21cell

18818. 68649 13142. 67004 B

3.4.5 Logistic regression and ROC curve analysis for the combination of IiL 1 beta, IL-2, IL-6 and
5 IL-10 with ApoE status

When the ApoE status of the patients is included in the analysis the prediction becomes more
accurate (see Figure 12 and analysis below).

10 Logistic regression

Dependent Y DG
Select

OVERALL MODEL FIT

Null model - 60.633
2 Log Likelihood
Full model -2 Log Likelihood 37.244
Chi-square 23.389
DF 2
Significance level : P < 0.0001
15 COEFFICIENTS AND STANDARD ERRORS
Variable Coefficient Std. Error P
all_ILs_combined 5.69684 2.02719 0.0050
ApoE4 1.98995 0.81722 0.0149
Constant -3.7343
ROC CURVE ANALYSIS
20
Area under the ROC curve (AUC) 0.879
Standard Error 0.0528
95% Confidence interval 0.745 to 0.958
ROC curve
Variable All_Interleukins_&_ApoE
"| Classification variable | DG
AREA UNDER THE ROC CURVE (AUC)
25

[Area under the ROC curve (AUC) | 0.879 |

SUBSTITUTE SHEET (RULE 26)



0. 1522 Raba 1L2/ cell -27853.09109 20494. 42955 0. 1741 Rapa IL_6/ cel

51427. 70147 26334.92380 0. 0508 Change in cell nunbers induced by Rapanycin
-0. 13229 WOoQOBAiM9d. 1499 Control cell nunbers -0.45198 ®CZRE20120050852
Const ant 4. 2550 ROC CURVE ANALYSI S Area under the ROC curve (AUC) ,
0.821 Standard Error 0.0649 95% Confidence interval 0.676 to 0.920 AREA
UNDER THE ROC CURVE (AUC) Area under 4Bhe ROC curve (AUC) 0.821 Standard
Error' 0.0649 95% Confidence intervalb 0.694 to 0.948 z statistic 4.944

Si gni f icance |l evel P (Area=0-5§)—<0-000%
Standard Error® 0.0528
95% Confidence interval® 0.776 to 0.983
Z statistic 7.187
Significance level P (Area=0.5) <0.0001

3 Hanley & McNeil, 1982
® AUC + 1.96 SE

YQUDEN INDEX

Youden index J 0.6167
Associated criterion >0.3567

3.4.6 Effect of rapamycin on cell proliferation and interleukin-expression

10 PrOON BN gL
The relationship between changes in interleukin expression and the changes in cell proliferation
(actual cell numbers) induced by Rapamycin in these cultures was also analysed.
We have found that the changes induced in Interleukin levels did not relate significantly to
changes induced in cell numbers (Figure 13: IL 1beta, p=0.32, R?=2.37%; Figure 14: 1L 10,

15 p=0.73, R2=0.3%; Figure 15: IL 2, p=0.17, R%=4.5%; Figure 16: IL 6, p=0.21, R*=3.7%).

20

25
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a Hanley & McNeil,

Associ ated criterion>0.552 WD 2013/011294PCT/ GB2012/ 051693 42

Logi stic wognsggiza and ROC curve anal ysis for the conbiPeatdBni2af51dos 1

bet a,

IL-2, IL-6 and 5IL-10 with ApoE,gstatus Wen the ApoE status of

1982 b AU C 1.96 SE YOUDEN | NDEX Youden index JO.5917

3.4.5

t he

patients is included in the analysis the prediction becones nore accurate

(see Figure 12 and anal ysi s bel ow).

10Logi sti c regressi on Dependent YDG

Sel ect dME@ALL MODEL FIT Null nodel - 2 Log Likelihood 60.633 Full nodel
-2 Log TrKkeli hood 37.244 Chi-square 23.389 DF 2 Significance |evel
0. 0001 15COEFFI Cl ENTS AND STANDARD ERRORS Vari abl e Coefficient Std. Error

Pall_

10

15

20

25
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35

1.8 B&hdd Bedsibt viialdhndsi® 37AI2ndim&QEdisepe ida heMBBRAD subject, which
method comprises screening for a differential response to a cell-division inhibitor in non-neuronal
cells taken from the human subject as compared with control non-neuronal cells, wherein the
differential response is measured by analysing the inhibitor-induced relative changes in gene
expression of one or more of the genes shown in Tables 1 and 2.

2. A method of assessing the risk of Alzheimer's disease progression in a human subject, which
method comprises screening for a differential response to a cell-division inhibitor in non-neuronal
cells taken from the human subject as compared with control non-neuronal cells, wherein the
differential response is measured by analysing the inhibitor-induced relative changes in gene
expression of one or more of the genes shown in Tables 1 and 2.

3. The method of claim 1 or claim 2 wherein a differential response to a cell-division inhibitor in
non-neuronal cells taken from a human subject is determined by:-

(a) inducing cell division in non-neuronal cells taken from the human subject suspected of having
Alzheimer’s disease;

(b) separating the dividing non-neuronal cells of (a) into two pools and treating one pool of cells
with a cell-division inhibitor;

(c) determining the level of expression of one or more of the genes shown in Tables 1 and 2 in
the pool of cells treated with the cell-division inhibitor and in the untreated pool of cells;

(d) comparing the level of expression of the one or more genes analysed in (c) for the pool of
cells treated with the cell-division inhibitor and the untreated pool of cells, in order to determine
any inhibitor-induced relative changes in gene expression;

(e) repeating steps (a)-(d) for control non-neuronal cells;

(f) comparing any inhibitor-induced relative changes in gene expression observed in non-
neuronal cells taken from the human subject to be tested with any inhibitor-induced relative
changes in gene expression observed in control non-neuronal cells, in order to determine any
differences in inhibitor-induced relative gene expression changes between test and control non-

neuronal cells, wherein a difference is indicative of Alzheimer’s disease.

4. The method of any of claims 1-3 wherein the human subject is asymptomatic for Alzheimer’s
disease.

5. The method of any of claims 1-3 wherein the human subject exhibits mild cognitive

impairment.

P <



0.81722 0.0149 Constant -3.7343 ROC CURVE ANALYSI'S Area under the ROC
curve (AUC) 0.879 Standard Error 0.0528 95% Confidence interval 0.745 to
0. 958 ROGvVounsar11ddari abl e Al _Interl eukins_ & ApoE O assipCiraca2ommsvesi abl e
DG AREA UNDER THE ROC CURVE ( AUC) Ar egs under the ROC curve (AUC) [0.879 i
WO 2013/ 011294PCT/ GB2012/ 051693 43 St andard Errora 0.0528 95% Confi dence
intervalb 0.776 to 0.983 Z statistic 7.187 Significance |level P (Area=0.5)
<0.0001 a Hanley & McNeil, 1982 b AUC 1.96 SE YOUDEN | NDEX Youden i ndex
J0. 6167 Associated criterion>0.3567 3.4.6 Effect of rapamvci n on cell
prol i f & ah¢ BIRNRA@T A & clak{ ﬁ’%@tﬁ‘%@%héﬁ‘a” $PigH &xhi '%'Fsaq”ieé’ﬁg]ﬁ’if PSRz N
changescohgistentvaihl AxHeinmerexeassi on and t he changes in cell proliferation
(actual cell nunbers) induced by Rapamycin in these cultures was al so
anal ysed.

5 7. The method of any of the preceding claims wherein the control non-neuronal cells are taken

from an age-matched healthy subject.
8. The method of any of the preceding claims wherein the non-neuronal cells are lymphocytes.
10 9. The method of any of the preceding claims wherein the cell-division inhibitor is a G1 inhibitor.

10. The method of any of the preceding claims wherein the cell-division inhibitor is an mTOR
inhibitor.

15 11. The method of any of the preceding claims wherein the cell-division inhibitor is rapamycin.

12. The method of any of the preceding claims wherein gene expression is analysed by
assessing mRNA levels.

20 13. The method of any of claims 1-11 wherein gene expression is analysed by assessing levels
of the corresponding protein.

14. The method of any of the preceding claims wherein the differential response is measured by
analysing the relative changes in gene expression of at least two of the genes shown in Tables 1
25 and 2.

15. The method of any one of claims 1-13 wherein the differential response is measured by

analysing the relative changes in gene expression of one or more genes selected from the group

consisting of: interleukin 1 beta (IL1B); interleukin 2 (IL-2); interleukin 6 (IL-6); and interleukin 10
30 (IL-10).

16. The method of any one of claims 1-13 wherein the differential response is measured by

analysing the relative changes in gene expression of two or more genes wherein a first gene is

interleukin 1 beta (IL1B) and at least one other gene is selected from the group consisting of:
35 interleukin 2 (IL-2); interleukin 6 (IL-6); and interleukin 10 (IL-10).



We have found that the changes induced in Interleukin levels did not relate
significantly to changes induced in cell nunmbers (Figure 13: IL lbeta,
p=0. 32, RRO20B/P129%i gure 14: |L 10, 15p=0.73, R2=0.3% PCHOEB0LA51498 2,
p=0.17, R2=4.5% Figure 16: IL 6, p=0,21, R2=3.7%. 20 25 44 CLAIMS 1. A
nmet hod to assist wth diagnosis of Alz einmer's disease in a live human
subj ect, which nethod conprises screening for a differential response to a

cel | - divi $homeinBd oPardyUneioncla|id-NEwREH 19 &iﬁérbﬁna‘i %"éﬁ&sfeﬁé)rﬁbéshu?emn
subj ect as conpared with caontrol non-neuronal

di f f er EREIVENY Fh@sf BB RROGSER GRRSRKPERPSIAR &l %‘ﬁ”ﬁﬁ"ﬁ h@et?rﬁ'ﬁﬂ B) t%%”ei"ﬁﬂaé%d

rel ati vy isleaagess (IDeganeingxieu@sso gn-10f. one or nore of the genes shown in

Tables 1 and 2. 2. A nethod of assessing the risk of Alzheinmer's disease
progression in a human subject, which 10net hod conprises screening for a

di §f er gt Tad methop ohay dne ohtheglréceding ickinowherbin lthe lmmanrsuhjentis eddiomally cel | s

taken fsrc%&]g?)]{ P@?@ﬁﬁplﬁgﬁkﬁFﬁme%ﬁo@B&%%ﬁ&’th\é‘ré |t%8ﬂh58¢>oé‘§n(gmﬂ@wg%@' cells,

wher ei n : . response”l s nmeasure ana
i nhi bi taembingd udte dherrepisioptained by gagyingmojdhremepdeeiany ane pf di@sdr17ribre of t he

genes shgwio h&lsT@vﬁlh @ﬁfgaos*?srtq Azheih®?Ps dEB@ser@taQ%s‘?rﬁe Gkt R)zheiffer § HidbdBe2

wherein a differential response to a cell-division inhibitor in

non- ned?%ﬂ%?m¥@Fﬁ§rWH@@ﬁ“WP@n1a human subject is deternined by:- (a)

i ngluci ng cel | leISIOﬂ in non-neuronal cells taken fromthe human subj ect
suspect d_ of h ei nmer. aratln

divr it g AR SRl E e e BRRTS Stagegdniae B R oAl R M pool of
cells Zﬂwfnhmaecell-d|V|S|on inhibitor; (c) determning the |evel of
expression of one or nore of the genes shown in Tables 1 and 2 in the pool
of cells treated with the cell-division inhibitor and in the untreated pool
of cel 129; The method pf tyrph &€l pigcading dadveherpingigpAlaReiners ¢iseashds sHeeadsr nor e
genes gHs&d didaabe) for the pool of cells treated with the cell-division
i nhibitor and the untreated pool of cells, in order to determ ne 25any

i nhi bitor-induced relative changes in gene expression; (e) repeating steps

(a%] E) d%21f Almatifodt ot Mentii9ing A&BMPOJ r@lnbf‘poten{lélbh@rﬂfmalbgll?@ adity in the
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non- newet nglle eglia®radaiedt gihb Gdy8 eansitibd & iddiiéiedras havthggdoteatisl phbrmbdoelopicelcedi ng
cl ai s i bitor is a GL inhibitor. 10. The

met hod 3$ﬁgﬂkme&ggﬁ%gk&’gﬂﬁmﬁﬁgngﬁﬁi wherein the cell-division inhibitor
is an MMOR inhibitor. 1511. The nethod of any of the preceding clains

wher ei st Ja%eqi%doffabféms.hma whethePh bRArmaSolb AR TY&Ht 1 1ikdig 10 JJJ& d@ﬁémwthef any of
t he precedin ai s wherein gene expression IS ana assessi ng MRNA
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rel ati ected fromthe
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wherein a first gene is interleukin 1 beta (IL1B) and at | east one ot her
gene is selected fromthe group consisting of: 35interleukin 2 (IL-2);
interleukin 6 (I1L-6); and interleukin 10 (IL-10).



WO 2013/ 011294PCT/ GB2012/ 051693 46 17. The nethod of any one of clains 1-13
wherein the differential response is neasured by analysing the relative
changes iwogersa1&9pr essi on of interleukin 1 beta (I|L1B) PCirmaBeni2skion 2
(IL-2); interleukin 6 (1L-6); and intgsleukin 10 (I1L-10). 518. The nethod
of any one of the preceding clains wherein the human subject is
additionally screened for polynorphisns in the apoE gene, and the results
of the RAPIRe BEMER YHRAVRBIaRS neﬁmré‘ela@welwotd@ df B@néf@ﬁnhé BRI AMAENBInPAr I Yi NG
out the nethods of any one of clains 1-17 in order to aSS|st wi t h di agnosi s
of Al zHBIeRES nsaleiiidiydi@lor assess the risk of Al zheiner's disease
progression in the human subject 10 19. The nethod of claim 18 wherein

th j.ect i d f t Il ele.
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32. The method of claim 30 wherein the human subject exhibits mild cognitive impairment.

33. The method claim 30 wherein the human subject exhibits one or more symptoms consistent
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34. The method of any of claims 30-33 wherein monitoring mTOR signalling is used to assist with
the diagnosis of Alzheimer’s disease in the human subject.

15 35. Use of one or more rapamycin-sensitive genes as biomarkers of the mTOR signalling
pathway in a human cell wherein said genes are selected from the genes shown in Tables 1 and
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36. The use of claim 35 wherein said genes are selected from the group consisting of: interleukin
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37. The use of claim 35 or 36 wherein the human cell is a lymphocyte.

38. The use of any of claims 35-37 wherein the human cell is isolated from a human subject
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