1 SMALL MOLECULES FOR EXTENDI NG THE WELL BEI NG OF CELLS AND METHODS OF USE
THEREOF Field of the Invention S The present invention relates to use of a
conpound for enhancing tel onerase expression and/ or activating tel onerase
activity in cells or tissues. Background of the Invention 10 Human
tel omerase (hTERT) is an RNA-dependent 1DNA pol ynerase that synthesizes
chronosomal DNA ends called tel oneres, present in hunmans as repetitive, six
base notif (TTAGGE n of 10-15 kb in length. The maj or function of tel oneres
is to protect chronosones from degradati on, end-to-end fusions,
r ear r angenenSMALLOMOREIQULRSSPOR BEXTFENDINIG-TIHE WEL L BENGORCELLAIANDr genone
stability, gene expression, i E‘J?—' #rb. ival. In nost normal
somatic cells (human adul t tﬁ@l‘f@g e‘ﬁ% ll'%lsﬁ%%%ones shortened upon each
cell division (typically 50-200 base pairs of the telonere length are |ost)
20 due toﬁéhg gp%%qcs qf t he hTERT enzyme which is required to rebuild the
| ost telo P% i'8 ?ﬂb°d} essi ve shortening event eventually results in
irreversible cell growh arrest, ternmed as cellul ar senescence (ageing) and
eventual |y optosis. ln contrast, inogi hl roliferative cells such as
germ col | STRE L ertior 8ElGl yig ol datneBhde ol etheiding TyeReRite
activity cexpréssigtedretidreattivatimgdelomilmetaetivitydn asks ordis8oed. nvol ved in the
regul ation of the proliferative potential of both normal and mali gnant
cells. So far, the expression of hTERT nRNA is found to coincide with
t el omer aseBackgrouhgl of thenlnvegtidbm | nportance of transcriptional control in
the regul ation of this enzyne. 30As nentioned above, high tel onerase
acti viﬁijJ is highly associated in the vast ngjority of biopsies fromall
cancer casHsmah telboradrase (WEERT) islandRNKX-deperideneDNaediyneraseihbt sloisesimes cause
cancer. Stydies hayv go t hat over-expression of telonerase cayses no
mal i gnant - diagadn PR Adp calid Elomsres et &l BErAY GerareRie SXEEP < 1 hat
produce oomptifaT TAGEGG)peaf rth;15tkdl i magés eThesmhajog flinctiae bf telinedley istto phetectel | s
remain 2 or%l . Eve?r t ho§ghr tel omer %ﬁg acti Vﬁtii on irs ir orteant f or, cancer
cel | survi YEPMOBYUSHe R0k JE9RIAYon S RE el UR RN CBIPIYTUY pElfled to
i npr ovs t hehrombsoraé iloss; Whérbfovd, thay aregitalafioc geaosecdtabiliiesgened exgrassiael ay
agei ng syr‘rgtoms. (g;l’eglere .héE}ve been several reports on conpounds having the
ability to PR nd/ 8% acti vate tel omerase acti vi ty in cells and/or
tissues and thus, able to treat diseases, disorders and/or conditions
rel at ed thleretot. . :
A most normal somatic cells (human adult tissues), telomeres becomes shortened
upon each cell division (typically 50-200 base pairs of the telomere length are lost)
20 due to the absence of the hTERT enzyme which is required to rebuild the lost
telomeres. This progressive shortening event eventually results in irreversible cell
growth arrest, termed as cellular senescence (ageing) and eventually apoptosis. In
contrast, in highly proliferative cells such as germ cells, stem cells, and in 85-95% of
cancers, enhanced telomerase activity can be detected. Hence, the telomerase is
25 involved in the regulation of the proliferative potential of both normal and malignant
cells. So far, the expression of hTERT mRNA is found to coincide with telomerase
activity pointing to importance of transcriptional control in the regulation of this

enzyme.

30  As mentioned above, high telomerase activity is highly associated in the vast majority
of biopsies from all cancer cases studied to date. However, telomerase by itself does
not cause cancer. Studies have shown that over-expression of telomerase causes
no malignant changes in normal cells, and in developing germ cells (cells that

produce oocytes and sperm), telomerase is highly activated yet the cells remain



US application no. 12/602, 956, publication no. 2010/0267667, entitled

"Tel onerase 10 activating conpounds and net hods of use thereof" discloses
a series of tri-phenyl conpounds and conpositions conprising the conpounds
for activating telonerase and treating di seases, disorders and/or
conditions related thereto. US applicabion no. 10/563,533, publication no.
2007/ 0122501, entitled "Formulations 15 containing astragal us extracts and
uses thereof' discloses fornulations containing plant extracts, in
particul ar Astragal us extracts, and their use in inducing tel onerase

act l vity ijRorgel.l %‘Eve?ﬁhtﬂoi@{ fﬂélbrﬁbﬂa@ésaoﬁf/:ﬁiddsi@f ipoftant fdf‘_&ﬁhbé\'ggélli saveals
subject to treatnent by an increase in telonerase activit 'tbn E‘i?r{?%m ed
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cells, suclflomerase,pctivalion|in noimay hugtadceslisnis exPaeted dp RIYRItRe's a" | ment s,

etc. They gittoute@idihg EceRINBANEAJE aAArtR dIaY byding aagtolng. of cells in
culture and are suitable for use as cosnetic fornulations for conditioning

the skin. US 7,846,904, entitled "Conpositions and nethods for
i ncr easy ngThe&b PERE BEEN 86aralirkYortsBrE€dnASRMdS hagihy &e ability GTBMISErick @AG/or

cont ai ni ng conpound having at | egst a, 25gl ycosi roup far increasing

t el omer asea%‘é’gﬁgvtﬁwqrﬁs%%ap’g)’ "W?a"ﬁ e t%éﬁ%%@@gi? u?gﬂoeé‘ﬁ&r%%ﬁas?ﬁ’ t hese
conpounds difordesRidid Soadiflovararcebidigal products, there is an increasing
need to | ook for a new source of conpounds to neet the denmand. 30

Therefore, there is a need to provide conpounds that seek to address at

| east one Q§ dppecaabavR. ALBIL®FS, pAlicatiod B&S20M0M0ABT7E8T,ntified & dieherise ve.
Summ:]i/ of the Invention 3 In accor?ance vm'tg,]ga i rst asgect of t

ne . h
present? i n¥iMatinshcompings;and meticas of ¥sedeerget” SiSCEspd @ntP" aroféma%ﬁng
t el oner asecfyLRas Pl IAHRRiIoAE thivikiding thebONMBo@RR fBE httivatig tdlomeekl or
tissue and for the treatnent of drlf@eases,_ di s rdgrs and/ or conditions 5
capabl e of aLireRjingdiiseapesy dserdaimand/ecandrtions Felaed d§5¢ s si on and/ or

tel onerase activation. In particular, the present invention provides a use
of & compoyad KRS ent §6/58Y 555 S bliCalSh s 28h7/b 7558 1 ettt EormuidlbRse!
15  containing astragalus extracts and uses thereof” discloses formulations containing
plant extracts, in particular Astragalus extracts, and their use in inducing telomerase
activity in cells. The formulations are useful for treating diseases subject to treatment
by an increase in telomerase activity in selected cells, such as, for example, HIV
infection, acute or chronic skin ailments, etc. They are useful for enhancing
20 replicative capacity of cells in culture and are suitable for use as cosmetic

formulations for conditioning the skin.

US 7,846,904, entitled “Compositions and methods for increasing telomerase
activity” discloses a series of compositions containing compound having at least a

25 glycoside group for increasing telomerase activity in cells.

With the increase in use and demand of these compounds in cosmetics and
pharmaceutical products, there is an increasing need to look for a new source of
compounds to meet the demand.

30
Therefore, there is a need to provide compounds that seek to address at least one of

the above problems, or at least to provide an alternative.

Summary of the Invention



each of X1 and X3 independently represents a hydrogen atom or a hydroxyl
group; X2 represents a hydrogen atomor a | ower al koxy group; 15X4
represents a hydrogen atomor a keto (=0) group together with represents a
si ngl e bond between carbons 2 and 3 and - represents a doubl e bond between
carbons 1 and 2; R2 represents & hydroxyl group, D-glucopyranos de
or a 3-nethyl but-2- enyloxy group; and 20R1l represents a di hydroxyphenyl
group, or a keto (=0) group with the proviso that X4 is not a keto (=0) and
at least IRl or X4 represents a keto (=0) group; or pharnaceutically
acceptabl e salt, pharnmaceutical product or any conbination thereof, for the

manuf acture of a nmedi canent for ingreasing.telonerase.expression ctivity
or & combi NLATBHAREMIBH 16 asPegial s Piprell (venbal. there i PUARTa URP oh
second aspeghpaind BeenibneingiteibmetdierexpisSsioh@ndde dctisting telémemsp autidty

represented by the structur f formnul 1) when X4 represents a.keto (=0)
group: 4 MaRetediqf tissue and for e trﬁ@%ﬁr‘&s‘&%ﬁ@eﬁ W??fp?)r@eﬁ"cg roﬁ?nq% r

al kenyls gr oanaﬁlddomreingl M;edgml%phaﬁcea @hﬁfb’r@&%’bx;?ﬁ@&i@i and/or telom¥fase
represents_a. hydrogen gtom hal ogen atom .| ower . (0)¢ rQup or _an gcet oxy
aroup, - actvaien. By badihl (he, piREgRR VAN ATRUES &1 KesyPlR oPR Ry dr oxy
group or arepresin@tybydthe 8puctlRRS férequle@ent s an aryl group; and R4
represents a hydrogen atom a hydroxyl group, |ower al koxy group, an

acet oxy group or a glycoside; R5 represents a hydrogen atom an aryl
group, a hydroxyl group, a | ower al koxy group or a methyl benzenesul f onat e;
150r pharnaceutically acceptabl e sal&, phar maceuti cal product or any

conbi nation thereof, for the manufacture of a nedi canent for increasing

t el onerase expression, activityR%r 'natTﬂn thereof in a cell or
tissue.

10 X3 %4

wherein
each of Xy and X3 independently represents a hydrogen atom or a hydroxyl group;
X, represents a hydrogen atom or a lower alkoxy group;

15 X4 represents a hydrogen atom or a keto (=O) group together with —
represents a single bond between carbons 2 and 3 and — represents a double bond
between carbons 1 and 2;

R? represents a hydroxyl group, D-glucopyranoside or a 3-methylbut-2-
enyloxy group; and

20 R’ represents a dihydroxyphenyl group, or a keto (=0) group with the proviso
that X, is not a keto (=0) and at least R' or X, represents a keto (=0) group;
or pharmaceutically acceptable salt, pharmaceutical product or any combination
thereof, for the manufacture of a medicament for increasing telomerase expression,
activity or a combination thereof in a cell or tissue.

25
In accordance with a second aspect of the invention, there is provided use of a
compound represented by the structure of formula (II) when X, represents a keto

(=0) group:



I n accordance with sone enbodi nents of the invention, the cell or tissue is

isolated 20 fromor within a subject having a di sease or condition

associated with aging, greying of hair or hair |oss, a degenerative joint

di sease, a degenerative disease of nuscul ature, macul ar degeneration or a

degenerative disease of the skeletal system In accordance with another

aspect of the present invention, there is provided a 25 conposition

cont ai ni ng sai d conpounds, a pharmaceutically acceptable salt thereof or

ot her derivative thereof as an active ingredient and a pharnaceuti cal

acceptable carrier. 5 In accordancegm th a further aspect of the present

i nvention, the present inventi0£4inc ude%)a Bhod of enhanci ng and/ or

activating telonerase activity I'n a8 0 i ssue. The nethod conpri sing

contacting the cell or tissue of ith a conposition containing an

effective anount of a conmpound of @r formula 5(11) or

admi nistering to the subject a €onpo comtai ning an effective anpunt

of a compound of formula (1) or formula (§1). Brief Description of the

Drawi ngs 10The above and ot her featur'es and advant ages of the present

invention will nore clearly understood fromthe follow ng detailed

descriptionh‘%gﬁn in conjunction with the acconpanyi ng draw ngs:

Figure 1 Ry % Chart showi ng the percentage change in tel omerase expression

upon 16 15hour sXi reprs@htsoan hydrogert efoonioves alierlyl gratip igwenalihayrgieupbr ehe

pr esent inxﬁﬂ%%gn' Figure 2 is a chart showi ng the percentage increase in
r ol

O

HepQ&2 csel I 'Eac’rugii on upon treatnent with tel onmerase activators.

20Fi gure 3 i s aXghepresaiiow hgdragetostge hasgemsatonguibwer afkofEgrdub or an
(Cynarosidsg n hTERT expression. Figure 4 is a chart show ng a dosage
response o €§ Yﬁﬁﬁ %Capensine) on hTERT expression. Figure 5 is a chart
showi ng a dosagX; repsgemnisea dfydbyen akén,(I8vepelkety gloupna HyERKyleypue ©siaon.
Det ai | ed Dgée%iypérbf?& of the Invention Definitions 6
10 R® represents an aryl group; and
R* represents a hydrogen atom, a hydroxyl group, lower alkoxy group, an
acetoxy group or a glycoside;
R® represents a hydrogen atom, an aryl group, a hydroxyl group, a lower
alkoxy group or a methylbenzenesulfonate;
15 or pharmaceutically acceptable salt, pharmaceutical product or any combination
thereof, for the manufacture of a medicament for increasing telomerase expression,

activity or a combination thereof in a cell or tissue.

In accordance with some embodiments of the invention, the cell or tissue is isolated
20 from or within a subject having a disease or condition associated with aging, greying
of hair or hair loss, a degenerative joint disease, a degenerative disease of

musculature, macular degeneration or a degenerative disease of the skeletal system.

In accordance with another aspect of the present invention, there is provided a
25 composition containing said compounds, a pharmaceutically acceptable salt thereof
or other derivative thereof as an active ingredient and a pharmaceutical acceptable

carrier.



The follow ng words and terns have the neanings given bel ow, unless

i ndi cated otherw se. These are intended as general definitions and should
in no way limt the scope of the present invention to those terns al one,
but are put forth for better understanding of the follow ng description. 5
The term "pharmaceutically acceptable galts" refers to salts prepared from
phar maceutical |l y acceptabl e non-toxic bases or acids, including inorganic
or organi c bases and inorganic or organic acids. 10The term "pharnmaceuti cal
product” refers, in other enbodinment, to a conposition suitable for

phar maceut ircadcoktficé RIHAr ARGEIek ia8péct WP MO pidseANihvertion, trer preseitlinantive
anount" as. used herejin |s ant. an anount SUffk |ent to effect thﬁ desired
t

t her apeut i ECHERRA Methpdedle c3 ory@qtivating: IPIomerAss 2 NG /AY F ons 15

such as, btgsugot Thé mﬂétl%h compAgRy cBRSIIAtheC 8810 oF itiesueD bf b@b‘ﬁdﬂb]v&mtabel ng
treated, t he specific disease, d|sorder or COﬂdItlg fggin é ed| t he
dur ati on of°TR towfal@'ﬂ%aee%ﬁfew\ieyarmuwéa&eﬁmw P % Y LdeERlat he

particu ar (ua)@eaambﬁstémgat@rth@Isabjeét@comm;trmdenm‘ma@ahreiffa&trvetanmunt ahd so

forth. For ang v ? e 8 riate "effective anount”™ may be

det er m ned®dy %ﬁ@‘g" E ik@ﬁﬁ% in the art using only routine

20experinmentation. The term "subject” as used herein refers to individuals
ated with hg)ﬁresent conpounds and/ or pharnaceutlcal

t hat can bﬁ,t{ﬁ L
conposi t i oRgef Besintianeithe DrAWIRGSs and ot her mammal's. 25 The term "1 ower
al kenyl " as used in definition of XB refers, in one enbodinent to a

unsaturate hatlgdﬁ%§rocarbon cludlng Pé{am%ht chain, @nched-chain
and cyH | c RERYR 28 fRalreRgand @ V%‘tﬁgﬁsb‘& BENtINVENLga Wi MO Boubl e
bone. Exarrab@@ @fﬁdeaét&e@yﬂongmumowlﬁgIdeciﬂe@taesamonqtakén il &aglirictorv ity

1- pr openyl qy 30 |sopropenyl 2-met hyl - | - pr openyl ,

3-net hyl - mﬁﬁﬁg 5? Ingd FaWINGS: 2- propenyl , 3- net hyl- 2- propenyl, 1-butenyl,
2- butenyl, 3-butenyl group, 3- et hyl - 2- butenyl and the liKke; preferably a

3-net hyl - 2-but e yl ou The term "Il ower al kox rou as used
def i ni %/I on&i9yfe ‘%@ %W'% helﬁﬁrceﬁ?gﬁ apge injtglo é%?r?d‘gﬁqsﬁ’@ﬁtum?
oxygen st ORe UM irnelbAtbnalitAeleshrass &ctivaley corhgotihdg PR présaint Bxeamteing, a
straight or branched chain al koxy group having 1 to 6 carbons such as a
nmet hoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, s-butoxy,
t2 - buL ory, Bighent wchérsamm@m p&cémégzyihblteﬁéélﬁh Hép®ep I&w;lg pramﬁactl;on upon

- et ro ent ox 0X - met ent oxy, 3-net ent oxy,
2-netKpreﬁ?%¥§ Pﬁﬁg B P ? y 2,2-din%tﬁylbutgxy, 2-ne¥h5|pentgxy,
3, 3-di net hyl but oxy, 2, 2- dlnethylbutoxy, 1, 1- di net hyl but oxy,

1, 2- di net hyl but , 3- dlnethyl ut oxy or 2,3-dine | hyt r oup;

pr ef er&bl y¥'8“rél 3 '¥€4° r8h3Mige &Jg‘Dsﬁﬁlﬁrr&SB‘?@Fe“r%‘? )?¥ g&%(@%?%&@f;?&noup;
and nost 1QTERT ekmBbsiom net hoxy group. The term "keto" as used in
definitions of X4, Rl refers, in one enbodinent, to "=0". The terman "aryl
group” as used in definitions of R3, R4 refers, in one enbodinent, 15 to a
phenyl gr oBigurea4 phanyHartgsHawing dhsdshgelresbonsé lof 3HNEh(Gapghsing), oa hFERTOXY
group or a hydroxyl group; or a phenyl group substituted with at |east two
groups sel BHE®'YT om hydroxyl group, nethoxy group and acetoxy group.

The tersn "glycoside" as used in the definition of R4 refers to a sugar

i 11 ogen’ EORES §1F Qo ADGHERHT ARHS BRPPIS Py Tt b PREUBAA T Eine of

oxygen. expression.

Detailed Description of the Invention
30

. Definitions



The term "hal ogen atont as used in definitions of X6 refers, in one

enbodi nent, to a fluorine, chlorine, bromne or iodine atom preferably a
brom ne atom or chlorine atom 25The term "derivative" as used herein
refers to a conpound that is nodified or partially substituted with anot her
conponent. Additionally, the term"derpgvative" enconpasses conpounds t hat
can be structurally simlar but can have simlar or different functions.
Conmpounds of the Invention 30 8 activating telonerase activity in cells
and tissues of a subject and for the treatnment of diseases, disorders

and/ or conthd fNBwingapeak eanaf tehas N@véfthe eiemingg gvdrabeled, Laleosrdicated

expression_ and/or telonerase activation., 5l.n accordance. wi th one. enbodi nent

of e i e Bai Gle AR aeea R R FL TR by HAITLTe

t el omer asesg@pprathé Presundl/itientien adreictectents iakais, ®ut iane lputl éorttg &ir rtgpttef  t he

skin such as, der nnl 0 and, t hinni ng, elastolysis and skin winkling,

sebaceous ‘éﬂd%&?f’%&%Itt%gjgw"giﬂ?ﬁgbqq@gi a, senile lentigo, pignmentation

abnornal ities, greying of hair and hair | oss or thinning (bal dness,

al opeci a),_.or 10chronic skin ulcers. Disegses and disorders subject to

treat ment DY dA™M nd@gRRCSUHCIY| (?ﬁ%‘?péilga aﬁ‘%}é‘vi &P u%?étsdgbeé’ﬁéerdaﬁfc{/"é

di sease, spidimaseudiegignaicaptable nod-tokic aseaseacias titeyma hosganitséremaanitir i ti s,

neur odegener ati ve di sease, and other degenerative conditions of the 15
s@??

skel et al B SIS H9ME 88 er degenerative conditions of the

muscul ature; stress-rel ated di seases of the vascular system or age-rel ated
macul ar_ degeneratjon which qccurs with natural aqgeing. The conpounds of the
present? i ﬁﬁg‘nf‘?r@n p@\gﬁn%qeggcageprag% FR3ES; %P@&EPH&W@%‘%%%@@ SUr essi on
and/ or actsutably forpHaeRBEaUtiCalaskl(phariaesgtieyl sinipsgiohgni ng | mune menory
response and response to vaccines or increasing telonerase expression

and/or activity in healthy tissue, thus prolonging the lifespan of a
subj ect WhTHeetepmSeHEdlive Ginididit'saddieet hérBingie otledie aint dmodi Isuffe@notalaffiest Wi t h

?ggr gggg? Ietgg %s?%%h{e?qd?%gygh Ofﬂ.’ ff&%ﬁ?n%g %?)Grqtswigfvagyhveviﬂ?rvg?y?n%t cc%n%\l/t%ﬂgl on are
15  such as, but not limited to, age, physical condition of the subject being treated, the
specific disease, disorder or condition being treated, the duration of treatment, the
severity of the condition being treated, the particular agent being administered, the
mode of administration, and so forth. For any given case, an appropriate “effective
amount” may be determined by one of ordinary skill in the art using only routine

20  experimentation.

The term "subject" as used herein refers to individuals that can be treated with the
present compounds and/or pharmaceutical compositions, also refers to humans and
other mammals.
25
The term “lower alkenyl” as used in definition of X5 refers, in one embodiment, to a
unsaturated aliphatic hydrocarbon, including straight-chain, branched-chain and
cyclic alkeny! groups having 1 to 6 carbons, with at least one double bone. Examples
of alkenyl groups include but are not limited to vinyl, 1-propenyl, 2-propenyl,
30 isopropenyl, 2-methyl-1-propenyl, 3-methyl-1-propenyl, 2-methyl-2-propenyl, 3-
methyl-2-propenyl, 1-butenyl, 2-butenyl, 3-buteny! group, 3-methyl-2-butenyl and the
like; preferably a 3-methyl-2-butenyl group.



wherein each of X1 and X3 independently represents a hydrogen atomor a
hydr oxyl group; X2 represents a hydrogen atomor a | ower al koxy group; X4
represents a hydrogen atomor a keto (=0) group together with 5Srepresents a
si ngl e bond between carbons 2 and 3 and - represents a doubl e bond between
carbons 1 and 2; R2 represents @ hydroxyl group, D-glucopyranoside
or a 3-nethyl but-2- enyl oxy group; and Rl represents a

di hydr oxyphenyl group, or a keto (=0) group with the proviso 10that X4 is
not a keto (=0) and at least RI or X4 represents a keto (=0) group. In

sel ect ed eTho@heBvepsikErdgrolpt dsl Ysed GraddfinitfonXbf X5 KsX%;, X5, R, Ry defegem at om

é?g: ;Cgp3¥%{§gé%58&¥n%HE 'to éérlw c|>xsyggnka én? ’whﬁ%lzh éssat%cﬂiec;] ¥<§I ra0|>c<)x,gp gl@//ll gr%ug, 1%? Is a
Thi sconpougdinssle, (3stéight by Braockied enaid aikbxhgeuphaving 3, b, Gearbohsy siraas- - _
al S0 know PEoR n ey g droRys “EOTBULNG Fant nEoeri Rt s GhRRa (T 1)
Ihndanotsher peEROET ﬁ@rbeem;ﬁ,d'zmhylmﬁtoiy) r ﬂuih@lp(dp)oxy,ea{elrt]hydﬁrop@(ya meopehtdrsy, a ’

ydrogen at o X1,is I OXY. 0 X2 LS t hox IS, a keto
gr oup anda}ﬁ@(rﬂo%(y’ad"ér-‘e@%p‘?vfg?’f?'y I éoﬁ‘f%{hﬂﬁ’g Hg?f%x%' %‘?ntcﬁ‘)(iy sﬁ%gﬁﬁ%@dj tél))gl ’

8- hydr oxy- B 2sdirhtbyipuiéxy, 32-mesthylbéntddy, €3)§dmxathylolitoryred 2dinataytotxy,s 14+ so

known as ensine. This.co und h he structure . of faor . 10 In
Further st BETaP GioermE By AT F o btk 86 2 S me Ry Bl ol
hydr ogen preferably a C1 — C4 alkoxy group; more preferably a C1-C2 alkoxy group; and most

10  preferably a methoxy group.

The term “keto” as used in definitions of X4, R refers, in one embodiment, to “=0".

The term an “aryl group” as used in definitions of R®, R* refers, in one embodiment,
15 to a phenyl group; a phenyl group substituted with a methyl group, a methoxy group
or a hydroxyl group; or a phenyl group substituted with at least two groups selected

from hydroxyl group, methoxy group and acetoxy group.

The term “glycoside” as used in the definition of R* refers to a sugar derivative
containing a non-sugar group attached through an oxygen or nitrogen bond. In some

20 embodiments of the invention, the bond is one of oxygen.

The term “halogen atom” as used in definitions of Xs refers, in one embodiment, to a
fluorine, chlorine, bromine or iodine atom; preferably a bromine atom or chlorine

atom.
25  The term “derivative” as used herein refers to a compound that is modified or partially
substituted with another component. Additionally, the term “derivative” encompasses

compounds that can be structurally similar but can have similar or different functions.

H. Compounds of the Invention

30
The present invention relates to use of a series of compounds and compositions

comprising the same for stimulating and/or enhancing telomerase expression and/or



atom X2 is a nethoxy group, IRL is a keto group and R2 is a hydroxyl

group. This 5conpound is 7-hydroxy-6-nmethoxychronen-2-one and is al so known
as Scopol etin. This compound has a structure of fornmula (V): 10 HO HaCo

O her conpounds havi ng the backbone structure of 2-(3,4-di hydroxyphenyl)-5-
hydr oxy- 743, 4, 5-tri hydr oxy- 6- (hydr oxymgt hyl ) (2H- 3, 4, 5, 6-t et r ahydr opyr an- 2-
15 yloxy)] chronmen-4-one are al so considered for use in the present

i nvention. Sone of these conpounds are listed in Table 2 bel ow. These
conpounds generally are represented by the structure of forrmula (I1): 20

wher ei n actwatmg@ommb@ i RISERDBskuaE B shg@@tranalflsems ltre@ifr@aH2 of | ower
al koxy group or ydr oxyl resents gdrogen

atom hal o‘éié??%?oﬁisofmra@?%oﬁwqgtﬂ%ﬁpcﬁﬂab% OiS%F‘d’éQ cido ) enhan

r epr esent StefRibtSEO8@ReRIPBnd/WBbmatdsexytigtion, a hydroxyl group or an
acetoxy group; IR3 represents an aryl group; 11 R4 represents a

hydrogen atom a hydroxyl group, |ower alkoxy group, an acetoxy group or a
gl ycosigde; inagdordance W|tR5orfee8ﬁ1§§@iﬁ"te$|t af Medimoasdbnatcenditieiy edpabled6Obélng a
hydr oxyl grou | ower al koxy group or a nethglbenzenesulfon te.. 5
affected by enhanced te omerase expression and/or telomerase activation include
ageing of the skin such as dermal atrophy and thinning, elastolysis and skin
wrinkling, sebaceous glad hyperplasia or hypoplasia, senile lentigo, pigmentation
abnormalities, greying of hair and hair loss or thinning (baldness, alopecia), or

10  chronic skin ulcers.

Diseases and disorders subject to treatment by an increase in telomerase activity
include degenerative disease, such as degenerative joint disease, osteoporosis,
osteoarthritis, neurodegenerative disease, and other degenerative conditions of the
15  skeletal system, sarcopenia and other degenerative conditions of the musculature;
stress-related diseases of the vascular system or age-related macular degeneration

which occurs with natural ageing.

The compounds of the present invention can also be used for increasing telomerase
20  expression and/or activity in memory T cells, thereby strengthening immune memory
response and response to vaccines or increasing telomerase expression and/or
activity in healthy tissue, thus prolonging the lifespan of a subject while sustaining the

subject in good health.

25 In accordance with one embodiment of the invention, the compounds of the present

invention are represented by the structure of formula (I):



I n accordance with anot her enbodi nent of the present invention, the

i nvention provides a conposition conprising the conpound of the present

i nvention or use of the compound of this invention, for increasing

tel onerase activity and/or expression in a cell or tissue; and/or treating
a condition by increasing telonerase agivity and/or 10Oexpression in cells
or tissue of a subject; and/or treating di seases, disorders and/or
conditions associated with ageing of a human body or skin. In general,
sui t abl e pharnmaceutical conposition may be prepared accordi ng to nethods
which are Whewm to those of ordinary skill in the art. The conposition 15

i Si t ti ds, di scl d.h ' d i nclud
Convent | onGRoT & ARt TERe iy R 60 O YIERe! 2GHT | R B5Re” oy

i ncl ude ot her nEdreprat@htsageyirsgerpdtammredovecako@eesds, carriers, adjuvants
and the like. I? accordance with a further gntbo?_icgent of . th reifnerlt_
h 8of enfl /g =

i nvention, the FHIRHEFHRS 2o WHOOEALCD Reth ONR; foge

act i vats ngrdpedsenir aisiaglaGond ibeywaan carlsdis| 2 and 8 iaad ve reprbsentethiodbledopdi si ng
contacting,the cell or _ tigsue of a subject with a conposition containing an
effective SAYGRE CFPoGs &?f?%gund of formula (1) or formula (11) or

adm ni stering tR?trepresamtsest hairexaympsig,i Drylwoepy@hasidg @mn aeBineethylbe-2nmount

of a conpou‘gﬁ of formul,a (1) or formula (11). 25 Preferably, the nethod
conprises SOMPYEPHY e cell or tissue of a subject with a conposition
contai ning an eRf egiréseptsaadihytironpreengogmpopind ssiete ¢(t@dgrbupmithtiee grovisp

consi st i ngpf 2¢,(3, 4-di hydr hepyl) - 5- hydroxy-7-[ 3,4, 5-t{.i hydr oxy- 6-

(hydr oiél neﬁﬁ‘g?(ﬁ 3t %,kﬁ%ég,"@(%/’g? ?g%ﬁélr'%p%}'&gﬁg‘%?ﬁ%g9)@&%@'@@5‘3’%—' one, 8- hydr oxy
- 6- 30net hoxy- 7- ( 3- net hyl but - 2- enyl oxy) chr onen- 2- oneand7- hyd r oxy- 6-

met hoxychr pnen- 2- pne our ces, an nt hes of mpounds of _the J nvention
15 The conBumRee b padmarEaTaThy ARt Kagh ot S pasa slsid bt fng
propert ides hyde 68/l 'ﬁdﬂjm Ki isedlkétor RUgha aihymwxyplmegydgiMlRQ iscr @&d@gmhoii@@
conpounds fromthe Timlfec Natu pr.oduct || NPL) * i onsi st s
of a tot al% P 480 R8s enf pu‘%@f]iéjfwséﬂxy%ﬁ‘ed’éfhﬁN‘ﬁ“&%é%’?dggltwg r%(gfreica'ounds
wer e | tent (Hydestymsthg)(2#&-3 4ab-etahiipodahrpoxy)lehomenasengr andt és  atsast r uct
assay (Hep&2-phTERT- SEAP) si.mi |l ar to, the ones reparted by, Huang et. a/,
(5003 " ackTl SO St T P BRen LA 8 AP bR B YL "B pr ession by
Some New Symmetrical Bis-Substituted Derivatives of the Anthraqui none", J.
Med. Chem 46, 3300-3307. From the 160 cqnpeunds screened using the
Hep&2- phTERT- SEAP stable cell 1jne, 103 p te tial telomerase activators
were identified. They wererfT ’Sy7Erand 8H, Plate 1(P1) and 11E, Plate
2 (P2)20 HO N R S |

OH oH O

In another selected embodiment of formula (1), each of X5 and X, is a hydrogen atom,
X; is a hydroxyl group, X, is a methoxy group, R' is a keto group and R® is a 3-
25  methylbut-2-enyloxy group. This compound is 8-hydroxy-6-methoxy-7-(3-methylbut-
2-enyloxy) chromen-2-one and is also known as Capensine. This compound has the

structure of formula (1V):

30




Wl |l 7E, Pl contains Cynaroside, well 8H Pl contains Capensine and wel |
11E, P2 contains Scopoletin. The conpounds of the present invention
alternatively can also be isolated or 15 synthesized fromnaturally
occurring material. For exanple, the conpound, Luteolin

7-0- D- gl ucopyranosi de, can be isol ated1drom dandelion coffee, in Ferule
varia and F. foetida, in Canpanula persicifolia and C. rotundifolia, in
banmboo of species Phyllostachys nigra and in Cynara scol ymus (antichoke).
20The conpound, Capensin, can be isolated fromthe roots of Bupl eurum
fruti cosum or Hapl ophyl I um obtusifolium Scopoletin can be isolated from
the roots of plants in the genus Scope//a, such as Scopolia camolica or
Scopolia japonica. 25 IV.Determ nation of Biological Activity A Assay
Prot ocol 3D0i'BEAE se¢ced embodinsst oéfethul ((rleanke op e sphatdXe issazyd®geSEAP was

sed as a reponter . s emto nopktor 0 it hTERT.
Ilf|er e, abou?t%%b,%d%a r}lqéttne)@f P OUBGPH \ﬁe?lkepo 9%‘”@ i‘&nﬁaﬁ%%@%roﬁﬁ glp(%/ gy?%nd
i ncubatsed ed:mﬁdtﬁdfier? rglzrdnqw-methm;/wragem-?m amudis atsukinavrofs ﬁabmlatin

conpounds nd ce ated for another 16 hours. Culture
medi a wer exﬁ@ P@g? saa ﬁtéléctt"érﬁmi org‘gc?é%) 10 mns to inactivate heat

| abi | e phosphat ases. An equal anount of SEAP buffer 5 (2M di et hanol am ne,
1 nM MBC1l2, and 20 M L- honoar gi ni ne), vvas added to the nedia and

p- ni trophenyl phosphate was add# P soncentration of 12nM

t l
/
Absor bance at 405nm was t aken, percnt age change i n absorbance was
f,- , gdetected via the utilization of

cal cul gt ed. 10An increase i nuSEAP
a substrate, translates to an i mrease i N“hTERT expression. Cell |ines
suitable for use in the assay were prepared from ATTC No. HB-8065 Hep &
(Hepat ocel I ul ar carci noma, human). The Hep &2 cell line was isolated froma
15 liver biopsy of a 15-year-old nale Caucasian with a well differentiated
hepat ocel | Otresr cmmpn'umdsmhavTﬂmstbe cleddkboraer estrepmtd"le:lf i 24(3,udioirgpdypheryl)-5-These

(a1 pha ot T a0el B4 SauBe i SvaRg Rl Eitiye ey RlaRar 06l Cbut i)

al phalisant leXthrorme(ra‘ﬂ-phaaﬂe alkb |cbn§1@a'ed)‘or Ltseam;ﬁaepnesant iavgriiad. Some of

ant i chynot in: h n Ly ); t

cer ul opl as{rr#gg Cgmgg%érzso%reen“& (&) 'ﬁhlygg? l?%i\? Etgeas% ?%g@on;&s qggrrelmhagrgn;

al phal aci I@pgﬂsyoteprhyttbe atr@c&duphﬁfdmada @d)gl ycoprotein); al pha2 HS

gl ycoprotein (al pha-2-HSgl ycoprotein); beta |ipoprotein (beta-I|ipoprotein);
retinol binding protein (retinolbinding protein). The cells are al so
responsive to stinulation with humanXgrowt h hornone. Hep& cells and its
derivatives are commonly used a§4a int for 25 studies of liver
nmet abol i sm and toxicity of xeno i det ecti on of cytoprotective,
anti (environnental and dietary) ¢ aXi C ]nd cogenot oxi ¢ agents,

under st andi ng hepat ocar ci nogenesisx ad~f or~drg targeting studies. Hep&
cells are also enployed in trial'¢ with b||P arﬁfl cial liver devices.

X, O

20
wherein
Xs represents a hydrogen atom, lower alkenyl group, lower alkoxy group or a
hydroxyl group;
Xs represents a hydrogen atom, halogen atom, lower alkoxy group or an
25  acetoxy group;
X7 represents a hydrogen atom, lower alkoxy group, a hydroxyl group or an
acetoxy group;

R® represents an aryl group;



30The plasm ds used in the test were obtained fromthe Institute of

Bi ophar maceuti cal Science, National Yang-M ng University, Shih-Pai, Taipe
112, Taiwan, Republic of China. 14 One of the plasm ds contains the 5
upstream hTERT pronoter region followed by the reporter gene, the SEAP
gene, while the other plasm d contains1the CW pronoter region controlling
t he expression of the SEAP gene. 5Each plasm d was then individually
transfected into Hep& cells and stable cells lines were established by
sel ection on 0418 (1ng/ m). Stable clones of fromeach plasmd transfected

cell line was eRf adpresdnes] asmairegemhatohy reehydiexyb rgopag doweer alkaxypgrespr ged under
liquid nitrogen fror (I)ron | tesr ,s% rage prior to use 10 The newy established
HepQ&2- pTER&f‘2 Fray I—%g&ob -SEAP stable cell lines were then used for

screeni ng for i Rhicprdsents shydredervatbor; an afyl groupna hgdrory gasup, dowar edeixpn.

An i ncr easg iun rSEAP act | Vi t%( ifgdi gat es an increase in hTERT expression and
a 15decr ea®Q"PR g@}ﬁmy%etqzsp i}' I ﬂ%tl cates a decrease in hTERT expression.
Hep&2- BCW/- SEAP serves as a positive control to ensure that SEAP is al ways

secreted by cells harbguring this plasmn |t al V€ ificity
control as%aﬁflcoéﬁﬂlcﬁ I eaé‘ﬁﬁjgé ?rﬂ%(g "E?riwrrgﬁ g}eep%réﬁtnﬁﬁlg%{f&oﬁﬁ?/qp z%gg’%er ase
expr essi onpriodlieias iaf doatboBBius icogptikiag ltes G2mpdibdTef SE#\Preseht mventioneniusg ashoul d
show littlg to no increase in. SEAP .actiwvity. A Y. s 25
CepCo phTER? SERReRFf BT EERio Rl REbasid fore e TREL 4R ERERHENS ot o
with 10% FBS cdlhe tisbues @ndonpesatirdsa catdifdPlyy, inSldasiny telomerbsE@RRYity(edfmy/ i)
speci fjed above.were added and jncubat.ed for 16
nour s, |Ee PR e 8h teditcel 1 SR ol cEb i Pe St e drtfrneq by
Huang et atqridtd} asfeiitd withvageingsf s hammanibndyogskie 1 whi ch shows t he
average 30i ncrease in hTERT expression fromn = 5 independent experinments.

15 57.99 % respectively after 16 hours of incubation in the Hep&-hTERT
reporter ckl gehérae satabladpiainadelticat ltempositieaseayi e SERPa@dt aggarging toTo

check the cifici f  the thr [ofe] n 7 g H )Oq,'quo..ﬁ(PZ) in

activati ng%gﬁé)dgx\%}'(té% ?%r#n@fvn e ©a Ogél'B% |Sr@n npégse g‘sf:rlrﬁ%'b%d esf"éw was

5condut® edcomprising the active compounds disclosed herein and may include a conventional
pharmaceutical carriers or diluent, and in addition, may include other medicinal

agents, pharmaceutical agents, carriers, adjuvants and the like.

In accordance with a further embodiment of the present invention, the invention
20 includes a method of enhancing and/or activating telomerase activity in a cell or
tissue. The method comprising contacting the cell or tissue of a subject with a
composition containing an effective amount of a compound of formula (1) or formula
(1) or administering to the subject a composition containing an effective amount of a

compound of formula (1) or formula (ll).

25
Preferably, the method comprises contacting the cell or tissue of a subject with a
composition containing an effective amount of a compound selected from the group
consisting of 2-(3,4-dihydroxypheny!)-5-hydroxy-7-[3,4,5-trihydroxy-6-
(hydroxymethyl)(2H-3,4,5,6-tetrahydropyran-2-yloxy)lchromen-4-one,  8-hydroxy-6-
30  methoxy-7-(3-methylbut-2-enyloxy) chromen-2-one and 7-hydroxy-6-

methoxychromen-2-one.

1. Sources and Syntheses of Compounds of the invention




Hep&2- phTERT- SEAP cells were grown for 22 hours in M99 nedi um suppl enent ed
with 10% FBS. The three conpounds (20pg/ nml) specified above were then added
and incubated for another 16 hours. After 16 hours, SEAR assay was
conducted in accordance to the protocol described by Huang et aL (2003). 10
Concurrently, Hep&2-pCW-SEAP cells wet2z al so subjected to the conpounds
and results were also collected. The results obtained were as shown in

Tabl e 1 bel ow which indicate the change in hTERT expression from n=3

i ndependent experinments. Table 1. Ratio of activity of hTERT pronoter

rel ative toheClobmpoamist efr ther presentSEXEOtphalsavirg tatortiep&R acvdtmguponediespound

t r eat ment S rage T * TE,. Bl 4 8H,
b oo s VO g’%’@%‘%%&%ﬁa ROGBABY §Gbadina, BF 168 Biripctings dfbr ) 1.16
0.11 15" Fudradéatual peductriblardi(NBL) tNEidahidh epnsists (0BB) totzhbfi480 didfieeent
calculated_from.r ts f n=3_i nde ri S 4G QL t ver age
val ues of % ] é%tﬁé%%u?ta&%;& 4 n§§.e“ﬁ1r$3§@g§§}qd§§§e%{e Hggr%%%ouwg)&%)rlé abl e
to spedi f i dep®GY hsmamiglamnerakd pRIMeRpcasticrassAg (Hdpidph TERBSEAP) sinv@npounds
to the ones reported by Huang et. al, (2003) “Activation of Human Telomerase
Reverse Transcriptase Expression by Some New Symmetrical Bis-Substituted

Derivatives of the Anthraquinone”, J. Med. Chem. 46, 3300-3307.

From the 160 compounds screened using the HepG2-phTERT-SEAP stable cell line,
10 3 potential telomerase activators were identified. They were from wells 7E and 8H,
Plate 1(P1) and 11E, Plate 2 (P2).

Well 7E, P1 contains Cynaroside, well 8H, P1 contains Capensine and well 11E, P2

contains Scopoletin.

The compounds of the present invention alternatively can also be isolated or
15  synthesized from naturally occurring material. For example, the compound, Luteolin
7-O-D-glucopyranoside, can be isolated from dandelion coffee, in Ferula varia and F.
foetida, in Campanula persicifolia and C. rotundifolia, in bamboo of species

Phyllostachys nigra and in Cynara scolymus (antichoke).

20 The compound, Capensin, can be isolated from the roots of Bupleurum fruticosum or

Haplophyllum obtusifolium.

Scopoletin can be isolated from the roots of plants in the genus Scopolia, such as
Scopolia carniolica or Scopolia japonica.
25

V. Determination of Biological Activity

A Assay Protocol

30 “SEAP” stands for secreted alkaline phosphatase enzyme. SEAP was used as a

reporter system to monitor the transcriptional activity of hTERT. Here, about 10,000



8H, 11E and 7E displayed the highest to | owest specificity in activating
hTERT 20 expression. Conpounds 8H and 11E, is highly specific in activating
hTERT expression (average phTERT/ pCW ratio of nore than 2) while 7E is
only mldly specific (average phTERT/ pCW ratio of just above 1). This is
in accordance to Bao et aL (2002), "Act3vation of cancer-specific gene
expression by surviving pronoter”, J. Natl, Cancer Inst., 94, 522-528;
results which reported that, a ratio of 2 is highly 25suggestive of the
specificity of the activation of the pronoter under investigation 16 using
the same SEAP parpuelt weres gemanin 9emel, platespodnideutdtecdat! 37X fejud? inbyrsas

hi ghly spegLf| & | Lvali t & S ig}&g I ke E only
mar gi nal | ygg%ln%vgpgg%?%bgﬁﬁr@sgggﬁ} % I tf‘%%g*el?%,é@%gd?@r%%g%é SO
shown t hat inthkated &g anotheof! 6 orpr Boitirermédia weregpllestssi andl berieqy of 859 | |

al ways r esti%t‘lOirﬂn?tcban%Waieeﬁ%ﬁ?goﬁl%%ogéha?%. AR eﬁpgpéarﬁ&%tto? SEQYehgrerchi eved
usi ng hTERT pronot er. SimTar observation was al so made i n non-conpound
treat ed He{@P dietrroBEARR, cletmMs Mo randa2thingh érhamsqareginioebrvagagddgdste tbeser ved

as conpare 2 - I ape. j rat ed
i th o of DSh ST GRPEERR ReeEheip s pdd BETTHBPERickRih S2ANe" T
pronot er aBbsorbancei at 40dnmavaaekaraaodrthe pementagei shaade o wibperbagenwas her apy:
A prom si n%l%l{mgécati on of tel onerase-dependent targeted cancer gene

t herapy", I'ntl. J. Oncol ogy, 29, 681-688, findings in their LacZ-pronoter
construct studies with pCW and phTERT in Hep& cells. Another study by
Kuppusyany et (; " I OVikr: t and
ropl | o cerEinditaseyf SR epiy Beiklch o HOUIEUT TS SRR, BAUEERSN £a
gene expr edsingreéase GemEERhexprpysiori2, 1608- 1617, which uses Luc- pronoter
construct studies with pCW and phTERT in Hep3B cells (another type of
hepat ocel | ul ar carcinoma cells) al so denonstrated simlar results. Hence,

t he signi f Celalinas sfitablador deenini the edsayowpeuprdared flom AET aridp. HB-8p6%tEPvat i ng
t el omer ase r ' J - Smgleds i gher it

expr essi onGg)ri(gl e?%tgkés}@ Idéx %r%ﬁgy’gélgg?@i F@%g—(l:% %2 [ %"i'/' : If?%r‘wé%?'nsg::laé%@‘&@h @

Pr ol i f¥r at liven bResyibt 8 1Biygar-eld2naladvasicasian péth cewelbgiffeientated Hepataceldas? cel |

roliferat] n kb (e ] ;
FepGo: pnerftoRiRe” ThpRELETR e Bhiibibh b RaG PGB cBl sectdle sy of oy
20pg/ mL anwajer tréasniss phadeins  e.g elalphgrietoptaieint (aphavigtoraaieiay selaunig mpheBe CCK- 8
assay (Doj| a € %%fﬁdl‘:l S\, S i I iHadq Gad ny.aver age
i ncrease i@ggﬁpf&’gﬁﬂ faﬁ{eHra:%“gﬁ fro#jlﬁ)’:Q%\P@%d%BEﬂrﬁéer é)‘(d;;{egﬂ ﬁ@ﬁ@g@méo 17
prol i f er at rarsférin348iphadByaatichympisypsispealbhee yanichyowifyasiel theptegieinl wel | s

1% O ' . - e ' 0 . @Gal: i he
Fosul 13} SuEPEh fy Bl Bhe Copthlolbehl R Ui or, RN ERP Bt abe
activity (@xgmesteinonfdlrbreieral] glycoprotdimt eadphwit HiSarolyerpraiaise (lphaRdiR-h rate

i ncrease | - pralif LA - s i O\ I kiRl | W LB e
1£i ndi ngs r%'g%@?%%m?ng%l ;ﬁ Egérbfaélm. (?%%g%ep'fo%éz (’:L}gg?&cglmjmg Eﬁgelw;grﬁtlﬂg?i on of
t el omer asebinding viretgin).n Thenegllscarel @50 respposivelde |stimutadian V8§1 humgan growth

10687- 10692, mhfle DHEYBBRIAE aFRRE dBRHR00S §rReithbfly used as a model system for
25  studies of liver metabolism and toxicity of xenobiotics, the detection of cytoprotective,

anti (environmental and dietary) genotoxic and cogenotoxic agents, understanding
hepatocarcinogenesis, and for drug targeting studies. HepG2 cells are also employed

in trials with bio-artificial liver devices.

30 The plasmids used in the test were obtained from the Institute of Biopharmaceutical
Science, National Yang-Ming University, Shih-Pai, Taipei 112, Taiwan, Republic of
China.



Figure 3 shows a dosage response curve of 7E, P1 (Cynaroside) on hTERT
expression. From Figure 3, one can see that the incubation of conpounds to
Hep&X2- phTERT- 15 SEAP cells for 16 hours resulted in a dose dependent
increase in hTERT expression. At the | owest dosage of 1.25ug/m, conpound
7E, Cynaroside increased hTERT expressi4o4n by 12. 3% above cells which did
not receive Cynaroside treatnment. At 20Cug/nl and 10Qug/ m , Cynaroside
stinmulated an increase in hTERT expression by 34.7% and 167. 0% when
conpared to control wells receiving 1% DMSO only. 20 Figure 4 shows a
dosage resPoasé tirrplaemals @idtaifl theCa passeam ) h R Th pPERTOtexpgessiotewed-bym

Fi gure 4, e h i bat.i.on, of 10 Ry 25
pPhTERT- SEA@gcreﬁ%?EerfgrgnéIGf%%o%?gprQ%n%’ ﬁé}hgi H\%aofgggg?a%ggghﬁégﬁa[ﬂsl rtlH(:é(raease in
hTERT exprpogioter.region torardllimgeise extwvessien ofthd SEBEgemt. of conpound 8H,

Capensi ne increased hTERT expression by 8. 1% above cells which did not
recei ve Capensine treatnent. At 2Qug/nml and 10Qugi m , capensine stinul ated
an i ncreaskeaé¢h plaFERT wes ghers gidividuafly 3eanStectaddintcs BlepGR vdedisn andngiabledcells

control we el vl e AYA = Lau , fqﬂﬁ see
that the iI#@%b‘g%f%oéns\@obgg?%eggg?r'p%ﬁdgﬁtdg1ﬁéé@frﬁ‘zﬁ%b{%%% Te s%%grr1 16
hour s r esuplastidi narsfebtesk celbjrendesntestablistesisand nad¢tTERMe avgsr ropagated Andt he
| owest dos il . i.p.increased hTERT
expr essi on&%;gie&g%%%%gg(é'%éﬂggﬁmgw%nggﬁ%?&é)g@erﬁéllelgl%copoI etinb5
treatnment. At 2Qug/nl and 10Qug/ m, Scopoletin stinulated an increase in
hTERT gxpr i 9 25- 8%\ MR LD _LOMGOsE LS| I
recei vﬁfr(lg ﬁﬁgﬂ%@g%ﬁ?@%@ %len%ec’i%z?(r)%d%gtngd%ﬁl onﬁ%ﬁhpﬂou déplségﬁ%jd‘i%%‘i onal
conpounds lefeserereieent osédfar sasentngl fominhihitersact adtivetpranet burabds telgmewseed by
screeni ng gﬁév%‘i.ves of conpounds of formula (I1) in a SEAP assay, using
metho

t he sane a Used for screeni ng the above three conpounds, 7E, Pl; 8H,
P1; and 11E, P2. 15 The exenplary conpounds listed in Table 2 bel ow are

derivative ar o t. t ' ' ; enti al
t el omer as eﬁgg{]?r%%oins %'E%E’b?gt‘vgg If’ﬁétﬂ%gnt% ?arqn* I@%g%ggm %}g&&%‘t@ f’ \e/aar{t%g%s
(Pl at e)5 Wedidcrédse in SEAP activity indicates a decrease in hTERT expression.

HepG2-pCMV-SEAP serves as a positive control to ensure that SEAP is always
secreted by cells harbouring this plasmid. It also serves as a specificity control as
any small molecules that stimulate or inhibit only telomerase expression identified

20  using the HepG2-pTERT-SEAP cells screening should show little to no increase in
SEAP activity.

B. Exemplar Assay Results

25  HepG2-phTERT-SEAP cells were grown for 22 hours in M199 medium
supplemented with 10% FBS. The three compounds, 7E (P1), 8H(P1) and 11E(P2)
(20ug/ml) specified above were added and incubated for another 16 hours. After 16
hours, SEAP assay was conducted in accordance to the protocol described by
Huang et al.(2003). Results were as shown in Figure 1 which shows the average

30 increase in hTERT expression from n = 5 independent experiments.

As shown in Figure 1, incubation of compounds 7E (P1), 8H(P1) and 11E(P2) at
20ug/ml shows an average increase in hTERT expression of 29.42%, 49.76% and



Nunber Chem cal Structures Average hTERT expression (% !(Plate 6) G/
267.85 ST083655 0 H G- 30 H3 CflO 5- met hoxy- 2- ( 2- met hoxyphenyl )
chronmen- 4- one

15

57.99 % respectively after 16 hours of incubation in the HepG2-hTERT reporter cell

line as indicated by the increase in SEAP activity.

To check the specificity of the three compounds 7E (P1), 8H(P1) and 11E(P2) in
activating the expression of hTERT, an experiment as described below was

5  conducted.

HepG2-phTERT-SEAP cells were grown for 22 hours in M199 medium
supplemented with 10% FBS. The three compounds (20ug/ml) specified above were
then added and incubated for another 16 hours. After 16 hours, SEAP assay was
conducted in accordance to the protocol described by Huang et al. (2003).
10  Concurrently, HepG2-pCMV-SEAP cells were also subjected to the compounds and
results were also collected. The results obtained were as shown in Table 1 below

which indicate the change in hTERT expression from n=3 independent experiments.

Table 1. Ratio of activity of hTERT promoter relative to CMV promoter driven SEAP

plasmid in HepG2 cells upon compound treatment

Compounds o Average phTERT/pCMV ratio*
7E, Plate 1 1.08 + 0.04
8H, Plate 1 216+ 0.14
11E, Plate 2 2.01 £ 0.01
Suramin (Positive Control) 1.16 + 0.11

15  * Average values including standard error (SE) values were calculated from results

from n=3 independent experiments conducted.

Average values of phTERT/ PCMV ratio above indicate that the compound(s) are
able to specifically stimulate hTERT expression. As shown in Table 1, compounds
8H, 11E and 7E displayed the highest to lowest specificity in activating hTERT
20 expression. Compounds 8H and 11E, is highly specific in activating hTERT
expression (average phTERT/pCMV ratio of more than 2) while 7E is only mildly
specific (average phTERT/pCMYV ratio of just above 1). This is in accordance to Bao
et al. (2002), “Activation of cancer-specific gene expression by surviving promoter”, J.
Natl. Cancer Inst., 94, 522-528: results which reported that, a ratio of 2 2 is highly

25  suggestive of the specificity of the activation of the promoter under investigation
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using the same SEAP reporter system. Hence, compounds 8H and 11E qualify as
highly specific in activating telomerase expression while compound 7E only

marginally activates hTERT expression.

Additionally, studies have also shown that the presence of CMV promoter in
expression analysis will always result in a higher expression of SEAP as compared to
levels achieved using hTERT promoter. A similar observation was also made in non-
compound treated HepG2-pCMV-SEAP cells, where a higher expression was also
observed as compared to HepG2-phTERT-SEAP cells. The same observation
corroborated with Murofushi et al. (2006), “Cell cycle-specific changes in hTERT
promoter activity in normal and cancerous cells in adenoviral gene therapy: A
promising implication of telomerase-dependent targeted cancer gene therapy”, Intl. J.
Oncology, 29, 681-688, findings in their LacZ-promoter construct studies with pCMV
and phTERT in HepG2 cells. Another study by Kuppuswamy et al. (2005), “Oncolytic
adenovirus that overproduces ADP and replicates selectively in tumors due to
hTERT promoter-regulated E4 gene expression”’, Gene Therapy, 12, 1608-1617,
which uses Luc-promoter construct studies with pCMV and phTERT in Hep3B cells
(another type of hepatocellular carcinoma cells) also demonstrated similar results.
Hence, the significance of the identified compounds, 8H, 11E and 7E in activating
telomerase expression is likely to be much higher than basal level expression and

also exhibits greater specificity.

C. Exemplar Cell Proliferation Results

Figure 2 shows the percentage increase in HepG2 cell proliferation upon treatment

with telomerase activators.

HepG2-phTERT-SEAP cells were incubated with hTERT activator compounds at
20upg/ml and after 16 hours, cell proliferation was assessed using the CCK-8 assay
(Dojindo Laboratories). Results shown in Figure 2 indicate an average increase in

cell proliferation from n = 3 independent experiments.

From Figure 2, one can see that the incubation of hTERT activator compounds to

HepG2-phTERT-SEAP cells for 16 hours resulted in an average increase in cell

mp H3C'.
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proliferation by 34%, 38% and 44% respectively as compared to control wells (1%
DMSO) which are not treated with the compounds.

Collectively, the results from Figures 1 and 2 indicate that an increase in telomerase
activity (expression) generally correlates with an increase in growth rate (increase in
cell proliferation). These findings are in line with the findings reported in Holt et al.
(1997), “Lack of cell cycle regulation of telomerase activity in human cells”, Proc.
Natl. Acad. Sci. 94, 10687-10692.

D. Exemplar Dose Response Results

Figure 3 shows a dosage response curve of 7E, P1 (Cynaroside) on hTERT

expression.

From Figure 3, one can see that the incubation of compounds to HepG2-phTERT-
SEAP cells for 16 hours resulted in a dose dependent increase in hTERT expression.
At the lowest dosage of 1.25ug/mi, compound 7E, Cynaroside increased hTERT
expression by 12.3% above cells which did not receive Cynaroside treatment. At
20ug/ml and 100ug/ml, Cynaroside stimulated an increase in hTERT expression by

34.7% and 167.0% when compared to control wells receiving 1% DMSO only.

Figure 4 shows a dosage response curve of 8H, P1 (Capensine) on hTERT

expression.

From Figure 4, one can see that the incubation of the compounds to HepG2-
phTERT-SEAP cells for 16 hours resulted in a dose dependent increase in hTERT
expression. At the lowest dosage of 1.25ug/ml of compound 8H, Capensine
increased hTERT expression by 8.1% above cells which did not receive Capensine
treatment. At 20ug/ml and 100ug/ml, capensine stimulated an increase in hTERT
expression by 39.5% and 139.5% when compared to control wells receiving 1%
DMSO only.

Figure 5 shows a doage response curve of 11E, P2 (Scopoletin) on hTERT

expression.
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From Figure 5, one can see that the incubation of the compounds to HepG2-
phTERT-SEAP cells for 16 hours resulted in a dose dependent increase in hTERT
expression. At the lowest dosage of 1.25ug/ml of compound 8H, Scopoletin
increased hTERT expression by 4.3% above cells which did not receive Scopoletin
treatment. At 20ug/mi and 100ug/ml, Scopoletin stimulated an increase in hTERT
expression by 54.2% and 225.8% when compared to control wells receiving 1%
DMSO only.

V. Selection of Additional Compounds

Additional compounds effective to increase telomerase activity were also selected by
screening derivatives of compounds of formula (II) in a SEAP assay, using the same
method used for screening the above three compounds, 7E, P1; 8H, P1; and 11E,
P2.

The exemplary compounds listed in Table 2 below are derivatives of Cynaroside

selected from the screening, which are potential telomerase activators.

Table 2

Potential* & Chemical Structures Average hTERT

Probable hTERT expression (%)
Activators

(Plate) Well ID

Number

*(Plate 6) G7 267.85

ST083655

5-methoxy-2-(2-methoxyphenyl)
chromen-4-one

6H
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The above is a description of the subject matter the inventor regards as the invention.
It is foreseeable that those skilled in the art can and will design alternative methods

and compounds that include this invention based on the above disclosure.



HO 124.78 The above is a description of the subject matter the inventor
regards as the invention. It is foreseeable that those skilled in the art
can and will design alternative nethods and conpounds that include this

i nvention based on the above disclosure. 25 CLAIMS: 1. Use of a conpound
represented by the structure of formul25(1): 5 wherein each of X1 and X3

i ndependently represents a hydrogen atom or a hydroxyl group; X2 represents
a hydrogen atomor a | ower al koxy group; 10X4 represents a hydrogen atom or
a keto (=0) group together with - represents a single bond between carbons
2 and 3 an@LAIM®presents a doubl e bond between carbons 1 and 2; R2
represents a hydroxyl group, D-glucopgranoside or a 3-nethyl but-2- enyl oxy
group; and 151 Rl represents a di hydroxyphenyl group, or a keto (=0) group

with the proviso that X4 is not a ket gﬁi‘&jo% and a% Iea]st Rl or X4

represent s'a ket8e PEOFOPPHNS: repfeseHss fryctire 9 oeBWBHbl e sal t,

phar maceuti cal product or any conbi nation thereof, for the manufacture of a
medi canent for increasing tel omerase expression, activity or a conbi nation
thereof>in a cell or tissue. 20 2. The use according to claim1, wherein
each of X1 and X2 is a hydrogen atomx, X3 is a hydroxyl group, X4 is a keto,
R1 is a di hydroxyphenyl and R2 is a chopyrnosi de. 253. The use accordi ng

to claimi1, wherein each of X3 B \ aydrogen atom X1 is a hydroxyl
Iéleto group and R2 is a 3-

group, X2 is a nethoxy group, Rl i
met hyl but - 2- enyl oxy group.

wherein
each of X; and Xs independently represents a hydrogen atom or a hydroxyl group;
X, represents a hydrogen atom or a lower alkoxy group;

10 X4 represents a hydrogen atom or a keto (=O) group together with —
represents a single bond between carbons 2 and 3 and — represents a double bond
between carbons 1 and 2;

R? represents a hydroxyl group, D-glucopgranoside or a 3-methylbut-2-
enyloxy group; and

15 R’ represents a dihydroxyphenyl group, or a keto (=O) group with the proviso
that X, is not a keto (=0) and at least R" or X, represents a keto (=O) group;
or pharmaceutically acceptable salt, pharmaceutical product or any combination
thereof, for the manufacture of a medicament for increasing telomerase expression,

activity or a combination thereof in a cell or tissue.

20
2. The use according to claim 1, wherein each of X; and X; is a hydrogen atom,
X3 is a hydroxyl group, X4 is a keto, R' is a dihydroxyphenyl and R? is a D-
glycopyranoside.

25 3. The use according to claim 1, wherein each of X; and X, is a hydrogen atom,

X, is a hydroxyl group, X, is a methoxy group, R' is a keto group and R?is a 3-

methylbut-2-enyloxy group.



26 4. The use according to claim11, wherein each of X X3 and X4 is a
hydrogen atom X2 is a nmethoxy group, RlL is a keto group and R2 is a

hydr oxyl group. 5. The use according to claim2, wherein the conpound is
2-(3, 4-

Sdi hydr oxypheny1) - 5- hydr oxy- 7-[ 3, 4, 5- t26 hydr oxy- 6- (hydr oxynet hyl ) (2H 3, 4, 5,
6 tetrahydropyran-2-yl oxy)]chronen-4-one. 6. The use according to claim 3,
wherein the conpound i s 8-hydroxy-6-mnmet hoxy7-(3-nethyl but - 2- enyl oxy)
chronmen-2-one. 10 7. The use according to claim4, wherein the conmpound is
7- hydr oxy-4- neThoxyeaccording 20 claém 1, SvheTdie eask 0hXe of.crntigXt § @ hydragen
wherei n wh IS =0) g InSuil sented by the
st uct ur o 5P & sch BelfErd shou) PR b e R e ol oRy SR Tt om 1 ower
al kenyl group, |ower al koxy group or a hydroxyl group; Xe

representssa hyafoopy, abanyy el RUSLAL OB LAEh FEONMBSID 187 238 A0et Xy

group; represents a hydrdgen ato ower y group, a
hydr oxyd gdibygroxyphany! 25-dyertonyy-[grduinihydRaxy-e1ihskexnmeta)(2h-gl4.gPoup;

R4 repr eseﬁfﬁh?dFwﬁ%@gﬁﬁg%mga'w%qul group, |ower al koxy group, an

acet oxy group or an R5 represents a hydrogen atom
an aryl group, a hydroxyl group, a |ower al koxy group or a

met hyl benz&nesuhflé)ngé gccording to claim 3, wherein the compound is 8-hydroxy-6-methoxy-
7-(3-methylbut-2-enyloxy) chromen-2-one.
10
7. The use according to claim 4, wherein the compound is 7-hydroxy-6-

methoxychromen-2-one.

8. The use according to claim 1, wherein when X, is a keto (=O) group, the

15  compound is represented by the structure of formula (l1):

Xg
R’ o. _R
5
X; O
wherein
20 Xs represents a hydrogen atom, lower alkenyl group, lower alkoxy group or a

hydroxyl group;
Xe represents a hydrogen atom, halogen atom, lower alkoxy group or an
acetoxy group;
X; represents a hydrogen atom, lower alkoxy group, a hydroxyl group or an
25  acetoxy group;
R? represents an aryl group;
R* represents a hydrogen atom, a hydroxyl group, lower alkoxy group, an

acetoxy group or a glycoside; and



9. The use according to claim11l, wherein the cell or tissue is isolated
fromor 5 within a subject having a disease or condition associated with
aging, greying of hair or hair |oss, a degenerative joint disease, a
degenerative di sease of nuscul ature, macul ar degenerati on or a degenerative
di sease of the skeletal system 10. A &b6nposition conprising a conpound as
claimed in any one of clains 1-9 10and a pharnmaceutically acceptable
carrier.

R® represents a hydrogen atom, an aryl group, a hydroxyl group, a lower

alkoxy group or a methylbenzenesulfonate.

9. The use according to claim 1, wherein the cell or tissue is isolated from or
5  within a subject having a disease or condition associated with aging, greying of hair
or hair loss, a degenerative joint disease, a degenerative disease of musculature,

macular degeneration or a degenerative disease of the skeletal system.

10. A composition comprising a compound as claimed in any one of claims 1-9

10  and a pharmaceutically acceptable carrier.



