16 January 2006 Description Novel transforned cells, nethod of screening
antiaging agent and antiagi ng agents Technical Field This invems JanuarnelGioces
to a novel transforned cell, a nmethod for screening an anti-agi ng agent and
an anti-agi ng agent. Background of the Invention Cellular senescence is
condi tions under which a cell that should originally carry out cell growth
cannot performecell division in response to growh stinulation. A senescent
cell is characterized by its large flat nucleus and a cellul ar

senescence-specific (3-galactosid %C§%$ﬂ$§ﬁpnce-associated
3-galactosidase;SA—p-gaIactosidasg%%cti Ity. Inadditionto norphol ogical
changes, the cellular senescent cell (senescent <cell) shows characteristic
changes in the gene expression patterns and the |ike. There are nany causes
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a cell nost geénera in the studies on cellular senescence. It is
known t hatagegt | aharasenesteacagestenduced when this is exposed to ionizing
radi ati on or cultured under a high oxygen partial pressure. 1 16 January
2006 Also, in recent years, it has been reported that cellular senescence
is rapidly induced after about 1 week when an activated oncognic RAS is

expressed by force in human nor nal
Technical Field

This invention relates to a novel transformed cell, a

method for screeningananti-agingagentandananti-agingagent.
Background of the Invention

Cellular senescence is conditions under which a cell that
should originally carry out cell growth cannot perform cell
division in response to growth stimulation. A senescent cell
is characterized by its large flat nucleus and a cellular
senescence-specific B-galactosidase (senescence-associated

_“) B-galactosidase; SA-f-galactosidase) activity. Inadditionto
morphological changes, the cellular senescent cell (senescent
cell) shows characteristiclchanges in the gene expression
patterns and the like.

There are many causes which trigger cellular senescence.
For example, human normal fibroblast is a cell most generally
used in the studies on celiular senescence. It is known that
cellular senescence is induced when this is exposed to ionizing

radiatidn or cultured under a high oxygen partial pressure.



fibroblast. However, the cellular senescence nost thoroughly studied is a
cel lul ar senescence by the replicative life span (tel onmere-depepdghiary bD0O6
which a normal cell reaches an aging cell after a finite nunber of ce

di visions. Since the cellular senescence generated by these different
causes finally shows the sane phenotype, it is considered that it occurs by
t he sane nol ecul ar nechanism but its details are not clear. The cellular
senescence based on the replicative life spanis a phenonenon in which a
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divisions, In recent years, it has been shown that DNA replication of the
chr onosofdPTOP &R/ nal tel omere is not conplete due to the so-called "end
replication problent, and the telonere length is shortened fron1 about 50 to
200 base palrsﬁ%%?v%€tﬁjﬁ?9ﬁg &&araﬁanﬁﬁaﬁnsed@?$ﬁlgp L e e lisd i nduced
when this shortenlng reaches its threshold 2_16 January 2006 val ue. However,

it is notScfedf ﬂHé?rl§QMﬁﬁcqﬁﬁﬁm9ytEEeCEPP&FSPtl§@né§é§h6§"ﬂ%curs by the

shortenlng of telonere Ien th .and
(Eelomere-dependen in which a normal cell reaches an aging

cell after a finite number of cell divisions.

Since the cellular senescence generated by these
different causes finally shows the same phenotype, it is
considered that it occurs by the same molecular mechanism, but
its details are not clear.

The cellular senescence based on the replicative 1life
span is a phenomenon in which a normal cell becomes senescent
cell after a certain number of cell divisions which vary
depending on the kind of the cell. In the case of the most
frequently used human normal fibroblast, a fetal cell shows

i an aging phenotype after about 60 to 80 times of cell division.
This phenomenon was reported by Hayflick in 1962. ﬁowever, it
has been unclear for a long time that intracellular mechanism
of the recording of the number of cell divisions. In recent
years, 1t has been shown that DNA replication of the chromosomal
terminal telomere is not complete due to the so-called “end
replication problem”, and the telomere length is shortened from
about 50 to 200 base pairs per cell division, and that a cellular

senescence is induced when this shortening reaches its threshold



whet her or not its nolecular nmechanismis identical to cellular senescence
caused by other causes. On the other hand, MAPK (M togen-actiVvabedn@ir9ebs
ki nase) pathway is a cascade of protein kinases which exist in the
cytoplasm and are activated by the intracellular and extracellular stinuli
and t hereby phosphoryl ate and activate downstreaminactive protein kinases.
The final target kinase MAPK phosphoryl ates and activates a specific
transcription factor, and the cell responds to stinuli through the

i nduction  of the expressionof a group,K of genes by the transcription factor.
The upstd et kFRASE S Lh ‘PThBSBHOrSA ALES & s P SriAF ME SF GEi CRIAZSE VAPK | S
cal l ed MAPKK ( MAPK2K) , and the upstream ki nase, whi ch phosphoryl ates the

af or eneTRRIGTFENMRPRRCHE ScRY ddavePIC e MAPK3K) teLPRS 6 st e bf 2R Ae MAPK
pat hway are present, andMAPK, MAPKK and MAPKK are known as each of them
The cl agsstdr MERRC paitthinay LRIFiudia tnas Ciesdevet ed Gt 1 edhlbze8 ldarliatest in
the history conprises Raf-Mek-Erk, and it responds to mainly extracellular
stinul iserardeee gfawsRd Pactdhegndaweesi ke and is activated via Ras.
PDO8059 is known as a specific inhibitor of Mek. On the other hand, JNK
(c-Jun N-ter fndih«inklzey handp3¥APK otHi P grer k@oiwia hsdt RECHERR: whi ch is

i nduced by cytokine of tunor necrosis factor (TNF) and the |ike that induce
stress kdmbpaprovay. 1A §ocasredvARKK bart MAPKIdK dF e INKR ARH g38Sfrotein 3

16 January-2096 are not single, but two or nore of themare respectively
known. in the cytoplasm and are activated by the intracellular and

extracellular stimuli and thereby phosphorylate and activate
downstream inactive protein kinases. The final target kinase
MAPK phosphorylates and activates a specific transcription
factor, and the cell responds to stimuli through the induction
of theexpressionofagroupofgenesbythe transcription factor.

The upstream kinase which phosphorylates the final target
kinase MAPK is called MAPKK (MAPK2K), and the upstream kinase
which phosphorylates the aforementioned MAPKK is called MAPKKK
(MBPK3K). Twoormoreof theMAPKpathwayare present, and MAPK,
MAPKK and MAPKK are known as each of them.

The classical MAPK pathway which was discovered and
analyzed earliest in the history comprises Raf-Mek-Erk, and
it responds to mainly extracellular stimuli, such as growth
factor and the like and is activated via Ras. PD98059 is known
as a specific inhibitor of Mek.

On the other hand, JNK (c~Jun N-terminal kinase) and p38
protein are known as the MAPK which is induced by cytokine of
tumor necrosis factor (TNF) and the like that induce stress

and apoptosis. Also, the MAPKK and MAPKKK of JNK and p38 protein



SB203560 is known as a conpound which specifically inhibits the function of.
the p38 protein, and it is known that this conpound inhibits pred i

i nfl ammat ory cytokines interleukin-1, interleukin-6, interl euki@-"éﬁ%é&%%gé
and therefore is useful a therapeutic agent of inflamuatory diseases (WO
97/33883) . Disclosure of the Invention Inventors of the present invention
have conducted in tensive studies on the cause of generating cellular
senescence and found that the p38 MAPK pat hway takes a direct role in the

cel l ul ar_senescence i hduced,_hy two or re causes. Tho MAPK

pat hway s nﬁ%eﬁlﬁlﬁ(jl\ﬁrf §ls‘1%at‘f(/¥2ﬁ5 I|¢518?ﬁl\/\%1y § T Ch i ndae se'.(l:qrsltvﬁere1 sk%%%élp'opt 0osi s
as descri bed i ove, .its rel ationshi i th,cellul ar .senescence has
been conpl et e|$%§§ﬂ§§m}s| KRR4E; %17, q%‘é"?‘fﬂ/‘?ﬂf’%f’ggﬁp?ﬁé fdtcél i nvention
have al sq found based on this finding_.that when a gene .coding for .a
protein var/i?ﬁlct?ﬁfc%nt Tt '%?%l%%§rpF&eePﬁ8b9rPF§lBho§BﬁoJrE/Ilasti &?g”i gﬁiaﬁ?{ roduced
into a young cell, cellular .senescence can be rapidly induced in the
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manner can be prepared within a short period of-tinme in _conparison with a
nat ural SeriskenkiRell JBTETER KA %fcof%EGBiLeP?‘ﬁﬁsT 8oPIndtlir &7 di vi si on,

and is markedly useful in_constructi ng%a scr.eeni n% 4 16 January 2006 system

for anti-RRIHL et $SeFHL &defi ¢ T dPCUE RE R bLE THRTWRE PrediRaiSRFent i on

have
(WO 97/33883).
Disclosure of the Invention

Inventors of the present invention have conducted
intensive studiesonthecauseof generatingcellular senescence
and found that the p38 MAPK pathway takes a direct role in the
cellular senescence induced by two or more causes. Though the
p38 MAPK pathway has been known as a MAPK pathway which induces
stress or apoptosis as described in the above, its relationship
with cellular senescence has been completely unknown.

In addition, the inventors of the present invention have
also found based on this finding that when a gene coding for
a protein which can activate p38 protein by its phosphorylation
is introduced into a young cell, cellular senescence can be
rapidly induced in the aforementioned juvenile cell.

The novel senescent cell obtained in this manner can be
prepared within a short period of time in comparison with a

natural senescent cell obtained via scores of times of natural

division, and is markedly useful in constructing a screening



also and newly found that a known inhibitor for p38 protein shows
anti-aging activity upon the aforenentioned novel senescent cel{s ghtary 2006
nat ural senescent cell. The invention is based on these findings. An&gj ect
of the invention is to provide a novel transforned cell useful in
constructing a screening systemfor anti-aging agents, a screening system
capabl e of using the sane and an anti-aging agent. Mre specifically, an
object of the invention is to provide a novel transfornmed cell in which a
gene coding, for _(a) _a roteln capabl e of phosphoryl ating p38 protein, or (b)
p38 protéV%t ﬁ%?aﬁ?mp %%n "a kinase domain of p38 protein, a
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rovide a, nmethqd for s en conpound, ich,_comprises (1 step for
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capabl e of inducing cellular , senescence ntact with a subst?nce to be
tested, &RAYE23N51SESH Thradnly 2y ngPaR Eé?nﬁ CFEEER T AHE Pve

addltlon still another object of the invention js provi de an antl-aglng
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screenlng nmet hod and an anti-a |ng agent
ased on these findin

Anobjectoftheinventionistoprovideanovel transformed
cell useful in constructing a screening system for anti-aging
agents, a screening system capable of using the same and an
anti-aging agent.

More specifically, anobjectoftheinventionis toprovide
a novel transformed cell in which a gene coding for

(a) a protein capable of phosphorylating p38 protein,
or

{(b) P38 protein, amutant of p38 protein, a kinase domain
of p38 protein, a kinase domain of p38 protein mutant or a fusion
protein containing them

! is transformed into a normal cell.

Also, another object of the invention is to provide a
method for screening a compound, which comprises

(1) astep for allowing a normal senescent cell or a normal
cell introduced with a gene capable of inducing cellular
senescence to contact with a substance to be tested, and

(2) a step for analyzing an aging index in the cell.

In addition, still another object of the invention is

to provide an anti-aging agent which comprises a compound



whi ch conprises a p38 protein inhibitor, as an active ingredients. Brief
Description of the Drawings Fig. 1 is a photom crograph which i36<'%lanuary2006
substitute for a drawi ng, showi ng the presence or absence of

R-gal actosi dase activity in a juvenile cell and a senescent cell of human
normal fibroblast W-38. Fig. 2 is a photograph which is a substitute fora
drawi ng, showing a result of western blotting of each of the cell |ysates
shown in Fig. 1 using an anti-p38 antibody. Fig. 3 is a graph show ng cell

growth curves of, g,j pyenile, . aell. and,a aneseent %ggénei-yymgnﬁgggggr

fi brobl ast presence or absence o0 protern

SB203580. .Fig. 4 is a graph ow _ng t.he.ratio.of S pha l; . in a juvenile
cel | andwillscglné:s(%réorﬁl%ef’lgo?%?u%ﬁ normal ¥ lrtoQoﬁ"as Q %ﬁ %gltflﬁet he presence
or absence of Btgsfprot ein inhibitor, SB203580. Fig. 5 is a graph show ng
cel | growt rceﬁng\#él “the transformed cell of the present invention in the
absence [graph (a)] or presence [graph (b)] of a p38 protein inhibitor,
SB203580. . 6 is a graph showing the ratio of S phase cell in the

transforned cell of the present inyenti.on, by FACS analysis. 6 16 January
2006 Fi gBAe5s Dfspﬁﬂ%ﬁﬁ‘g?oﬁfa[ﬁﬁemﬁir@ﬁ’lin@sa substitute for a drawing,

showi ng the presence or absence of | 3-gal act osi dase

Fig. 1 is a photomicroéraph which is a substitute for
a drawing, showing the presence or absence of B-galactosidase
activity in a juvenile cell and a senescent cell of human normal
fibroblast WI-38.

Fig. 2 is a photographwhich is a substitute for a drawing,
showing a result of western blotting of each of the cell lysates
shown in Fig. 1 using an anti-p38 antibody.

Fig. 3 is a graph showing cell growth curves of a juvenile
cell and a senescent cell of human normal fibroblast WI-38 in
the presence or absence of a p38 protein inhibitor, SB203580.

Fig. 4 is a graph showing the ratio of S phase cell in
a jJuvenile cell and a senescent cell of human normal fibroblast
WI-38 in the presence or absence of a p38 protein inhibitor,
5B203580.

Fig. 5 is a graph showing cell growth curve of the
transformed cell of the present invention in the absence [graph
(a)] or presence [graph (b)] of a p38 protein inhibitor,
SB203580.

Fig. 6 is a graph showing the ratio of S phase cell in

the transformedcell of the present invention, by FACS analysis.



activity in the transfornmed cell of the present invention. Fig. 8 is a graph
showing a result of the determ nation of O0-gal actosi dase acti viqgyal
transforned cell of the present invention. Fig. 9 is a phot ongEhJa\hH?%k?%Pg
substitute for a drawing, showing a result of western blotting of the
transforned cell of the present invention. Fig. 10 is a photom crograph
which is a substitute for a draw ng, show ng norphol ogi cal changes of the
transfornmed cell of the present invention by varied concentration of added

tanmoxi fen. Fig..11 is.a graph,shaw ng vari ation per day jin.th rowh ratio
of the transfgl?lrr%d zeFF gf pgﬁgo&lé:sre TaRR &I TR by 9a¥}léatlct 1nt(%laen Ffation of
added tanoxifen. Fig. 12 is a graph show n% variatiaon_per _day in the growh

d
rati o of2tHeW IRAsfOINEHRE dilte FE 1IN EdeRLSERFENCIToR FALERECS ce or
absence of added tanoxi fen and_PD98059. Fig. 13 is a graph showing a result
éfi%ft ﬁget Pamarst Tgp

of the qh@htViaYi R o EFaghi HeEBRF das ot ot med et F16f -t he
present invention in the presence or absence_of added aannxiten and
PD98059. Fig. ELJAg'rsB&@@aﬁﬁ%ﬁhﬁawiaa{fneéHlﬁePfdégei SERETGFGHIP  rati o
of the transformed cell of the present invention in the presence or absence
of addedof afrosafestasddepro3B8oLlvitYeinahar raneéormgd Bk af gEhph
showing a result of the quantitation

present invention.

Fig. 9 1s a photograph which is substitute for a drawing,
showing a result of western blotting of the transformed cell
of the present invention.

Fig. 10 is a photomicrograph which is a substitute for
a drawing, showing morphological changes of the transformed
cell of the present invention by varied concentration of added
tamoxifen.

Fig. 11 is a graph showing variation per day in the growth
ratio of the transformed cell of the present invention by varied
concentration of added tamoxifen.

Fig. 12 is a graph showing variation per day in the growth
ratio of the transformed cell of the present invention in the
presence or absence of added tamoxifen and PD98059.

Fig. 13 is a graph showing a result of the quantitation
of B-galactosidase in the transformed cell of the present
invention in the presence or absence of added tamoxifen and

PD98059.

Fig. 14 is a graph showing variation per day in the growth
ratio of the transformed cell of the present invention in the

presence or absence of added tamoxifen and SB203580.



of (3-galactosidase in the transfornmed cell of the present invention in the
presence or absence of added tanoxifen and SB203580. Best Nbde1%Q@n@§9@Mb@g
Qut the Invention The present invention is described bel ow in detai
transforned cell of the present invention can be obtained by |ntrodUC|ng a
gene coding for (a) a protein capable of phosphorylating p38 protein, or
(b) p38 protein, a nutant of p38 protein, a kinase domain of p38 protein, a
ki nase domain of p38 proteinnutant, or a fusion protein containing p38

protein, a ”“%?5'? g% P38, %}:Oérﬁnsh@iﬁlﬁ]?aasq:m %f’ 3%3%011%{3&3%&1:

ki nase donain 0 rotei ant 0 a nor nal trans ornation
The term "p38 rot used here ns_an, en ne of, a nonaoner
conpri si g g Qééél unt ¢ Pea%6aPS§§ﬁ&i§ SSioIRLurAF REFGREE

whi chi soneof the serine/threonine kinas nd i el.q h P

ki nase s&ﬁ‘&e“%atrﬁnl ﬁ%%&iﬁ/iprfge%%?cei Rtr ac%?ilgf:‘ar s?éﬁ%ﬁ trdg%’s uc‘fitlognyp\

host ceIIBQQ g can be used forpreparingthe transfornedcell of thepresent

|nvent|oﬁ 45l | as the kinds of animal, and tissue fromwhich it is

derived and the nunber of cell divisions (nanely, whether it is a young

ceII or senescent cell) , is not particularly limted wth the proviso that
January 2006 whi ch cel | ul ar

is a eII ich sses. p38 and
senescen 8 Eaﬁp ﬁ%ﬁﬁc ﬁﬁtPBEU ﬁg EV SECftied gene that can be used
in the present invention (by

The present invention is described below in detail.

The transformed cell of the present invention can be
obtained by introducing a gene coding for (a) a protein capable
of phosphorylating p38 protein, or (b) p38 protein, a mutant
of p38 protein, a kinase domain of p38 protein, a kinase domain
ofp38 proteinmutant, ora fusionproteincontaining p38protein,
a mutant of p38 protein, a kinase domain of p38 protein or a
kinase domain of p38 protein mutant, into a normal cell for
transformation.

The term “p38 protein” as used herein means an enzyme

' of a monomer comprising a catalytic subunit of about 38,000

inmolecularweight, whichisoneof theserine/threonine kinases
and which belongs to the MAP kinase super family carrying out
intracellular signal transduction. The host cell which can be
used forpreparingthetransformedcellof thepresent invention,
as well as the kinds of animal, and tissue from which it is
derived and the number of cell divisions (namely, whether it
is a young cell or senescent cell), is not particularly limited

with the proviso that it is a cell which expresses p38 and from



further allowi ng an appropriate ligand to performthe reaction, if

necessary). As the host cell, for exanple, a nmamal -derived celhaugnumy2006-
desirable, and a mammal -derived norrmal cell is nore desirable. Exanples of
t he manmal -derived normal cell include nornmal cells (e.g., a normm

fibroblast, a normal keratinocyte, a normal mammary gl and epithelial cell,
a normal vascul ar endothelial cell and the |ike) derived from human,

nonkey, nDuse rat or hanster. Also as the aforenentioned host cell, it is
desirabl e urman- derived norma nnre desirable to

us
use & huwaﬁ ﬁofﬁiﬂ%aﬁr oso?%%?ceﬁ%nﬁf‘%sg& lPﬁélCﬁﬁiné’ﬁ’ At S5 FEFon as
i ncl ude, SATCC CCL- g ATCC, CCL- %K MBC- ( TCC,
CCL- 186)SpﬁF% eghgepérﬁlaﬁoFﬁEI elFedmdin 3 REFFEH déPW&Qﬁ%ﬁ% t hout
canceratln% nanel a cell havin finjte li SQ ther a cell is a
young cefFHEbPe %‘%b%ﬂtarb@PPregﬁlaGE k%?%‘%sté’dp fBPr@\Ifgﬁ%F&aW%\nunit
"PD'. The term"PD' as used herein is the abbreviation of population
doubllngéfaﬁﬁcﬁ§§&réQ a unit which shows the nunber of cell divisions so
far carried out by the cell. In this connection, S|nce t he nunber of cel
di vi si ons of e%%htfé%lk}os?sc%ﬂe]wer%ﬂq AT e et mapails sdet INRA dgel bat®e in an
individual  cell in a cell grqup. For exanpl t he case of human
fibrobl adeSireRé eyoding %éﬂamﬁénﬂli‘ﬁﬁ%é’ﬁ@ai E%EIl ¥ M@ 4056 1PER bt ef er abl v

9 16 January 2006 a cell of 30 to 45 PD), and the, senescent cell neans a
cel | Examples of the mammal-derived ndrmal cell include normal cells

(e.g., a normal fibroblast, a normal keratinocyte, a normal
mammary gland epithelial cell, a normal vascular endothelial
cell and the like) derived from human, monkey, mouse, rat or
hamster. Also as the aforementioned host cell, it is desirable
to use a human-derived normal cell, and it is more desirable
to use a human normal fibroblast. Examples of the human normal
fibroblast include, WI-38 (ATCC, CCL-75), MRC-5 (ATCC, CCL-171),
MBC-5 or IMR-S90 (ATCC, CCL-186).

Also, the term “normal cell” means a cell under a state
without cancerating, namely a cell having a finite life span.

Whether a cell is a young cell or a senescent cell can
be expressed, for example, by a unit “PD”.

The term “PD” as used herein is the abbreviation of
population doublings and used as a unit which shows the number
of cell divisions so far carried out by the cell. In this
connection, since the number of cell divisions of each cell
is generally different, PD is an average value in an individual
cellinacellgroup. Forexample, inthecaseofhuman fibroblast,

the young cell generally means a cell of O to 50 PD (preferably



of 60 to 80 PD (preferably a cell of 60 to 65 PD). As the host cell, both of
the young cell and senescent cell can be used, but it is desiraglgntifyysesa
young cell capable of carrying out cell division (that is, a cell which is
not reaching the replication life span and keeping the ability to actively
performcell division) . This is because the senescent phenotype which can
be rapidly obtained by the gene introduction shown belowis greatly
different fromthe phenotype before the gene introduction and can therefore

be cast ¢ ghgt! pguansd. e it Lodicil n, gens Al checan ba et Iy
L G3o6boR0 3b o By AEDE, W) S1Eaa BUEe (g gipt el capabl e o
of p38. prot b niSathbraSaTUBRALn BP CBSE FOPerRURk SR 1oPR ARITRESH of o n
contai ni n hem (to be referred, to as "p38 protein or a derjvative. thereof"
her ef naf FEH} CFhEDIBERr QY 1 ot RASE (EHD1S TROLS B PPEDRAT yIARIGEE w ¢ h
e ProvigocLhal L can phasphoryl ale pi probe . bl Ler, Sxaples, (21)
phosphoryLal s ho8,Brotein Ln.the, 038 WAEK patiue:. (o8], o MG, gtel

activelyperformcell division). This isbecause the senescent

phenotype which canbe rapidlyobtained by the gene introduction

shown below is greatly different from the phenotype before the

gene introduction and can therefore be easily distinguished.

The introduction gene which can be used in preparing the
transformed cell of the present invention is not particularly
limited, so long as it is a gene which can encode

(a) a protein capable of phosphorylating p38 protein (to
be referred to as “p38 protein kinase” hereinafter), or

(b) P38 protein, a mutant of p38 protein, a kinase domain
of p38 protein, a kinase domain of p38 protein mutant or a fusion
protein containing them (to be referred to as “p38 protein or
a derivative thereof” hereinafter).

The p38 protein kinase (a) is not particularly limited
with the proviso that it can phosphorylate p38 protein, but
for example,

(al) MKK6 protein or MKK3 protein which is known as a

MAPK that directly phosphorylates p38 protein in the p38 MAPK

pathway;

(a2) an MKK6 protein mutant or an MKK3 protein mutant

10



which is a natural or artificial nutant of the MKK6 protein or MK3 protein
(al) and in which the activity to phosphorylate p38 protein is1g@59&§nggb
or enhanced; (a3) respective kinase donmain of the MKK6 protein or MK3
protein (al) or respective kinase domain of the MKK6 protein nutant or MKK3
protein nutant (a2); (a4) respective fusion protein of the MKK6 protein or
MKK3 protein (al) with a receptor l|igand binding donain or respective
fusion protein of the MKK6 protein mutant or MKK3 protein nutant (a2) with

a receptor.ljgand_binding.,daonmain; .qr. (a respective_f usi protei n of
Fespecti UBLRMAASe" ROMMEA Lof ot Re TS b TRE Wi B SRBEh PR
receptor |i d__bi ndi ngd i nor. respective fusionproteinof respective
i nase  ABRATT BFCLRTVKKS) 16t dih RUEANTE G ANRRS PF 0P AOMBCARE M th  a
recept or %gand bi,ndi.ng damai n can be cited. In this description, the term
"phospho?é aPEStH38 1y gedinta e disel fRrePneieans that it directly
phosphorylates the p38 protein itself. Exanples of the aforenentioned MKK6
protein or MKK&3hrGSHer (a9 KNinAsrue ONRks Cg?&?ﬁ MEEP RKRSE bRA M der i ved
from a manmal (e.g., human, nonkey, nouse, rat or hanster%, and it, is
desirabI%r?Behge(ﬁghaﬂroFeﬁB%EEl K&lﬁﬁéﬁe?ﬁmSFnNR§3t5?0M5 R, PIPESLD nore
desirable to use hunman or nouse MKK6 Er tfin and it is particularly

o]

desi r abl BUtdbs8Thlifar RS bt e Eor@% bxanpl e, the region consisting of

the am no acid residues of 11
(aE) respective fusion protein of the MKK6 protein or

MKK3 protein (al) with a receptor ligand binding domain or
respective fusion protein of the MKK6 protein mutant or MKK3
protein mutant (a2) with a receptor ligand binding domain; or

(a5) respective fusion protein of respective kinase
domainof the MKK6 protein or MKK3 proteinwith a receptor ligand
bindingdomainor respective fusionproteinof respective kinase
domain of the MKK6 protein mutant or MKK3 protein mutant with
a receptor ligand binding domain
can be cited.

In this description, the term “phosphorylates p38
protein” as used herein means that it directly phosphorylates
the p38 protein itself.

Examples of the aforementioned MKK6 protein or MKK3
protein (al) include MKK6 protein or MKK3 protein derived from
a mammal (e.g., human, monkey, mouse, rat or hamster), and it
is desirable to use human or mouse MKK6 protein or MKK3 protein,
it is more desirable to use human or mouse MKK6 protein and

it is particularly desirable to use human MKK6 protein. For

example, the region consisting of the amino acid residues of

11



16 January 2006 fromthe 53rd to 314th positions is the kinase domain in the
case of the human MKK6 protein, and the region consisting of tthgmdpng@éd
resi dues of fromthe 35th to 269th positions is the kinase domain in the
case of the human MKK3 protein. Exanples of the aforenmenti oned MKK6 protein
mutant or MKK3 protein nutant (a2) include a natural allele mutant of the
MKK6 protein or MKK3 protein, a nmutant prepared by artificially introducing
a nmutation through a known genetic engineering technique (e.g.,

Site- Spe%:rléigf:%?ggggsit%; t’iﬁ)rll?% loy'éthtli'orépﬁ% t C(—:i 'kilﬂ%e %]o a5i6r§%'r§6t6r§ 1984)

and the Il Fastrativ a constitutive active type nutant in
211th poSPEEoht( TRE BE1R™ HKReCRGIA NKRB pFoCors CAPS CFESReai Uy
o S B L0 B BRI s Bl AR
protei h Fagient-Camp AT, Soquinces Sorst st AghOPrniin R et
e ol e e LT Sosk ony B bephuren, WS ot

h the. hURgR NKRE<Grorel TR it b HOmbHSRKKS BEOF6tn iagRert CoHr bl ng.

sequence consisting of, the amino acid residues of fromthe 35th to 269th
posi ti on§PEnMERE BT VKIGE p}\fln%%gi Hr?gﬁéﬁer AP 2 HuRr e RKKES BY ot ei n

fragment a%?:ri] iisctiiaqq.yOfin rsoe ”gfr?g a(l:orgg §1t:|l(r)]g Eg%o%g&ln% known genetic
engineering technique (e.g., site-specific mutagenesis; Proc.
Natl. Acad. Sci. USA, 8l: 5662-5666, 1984) and the like. More
illustratively, a constitutive active type mutant in which the
serine at the 207th position (Ser 207) and threonine at the
211th position (Thr 211) in the human MKK6 protein are
respectivelysubstitutedwithglutamicacid (Glu; E) (Mol. Cell.
Biol., 16: 1247-1255, 1996) can be exemplified.

Examples of the respective kinase domain (a3) of MKK®6
protein, MKK3 protein or a mutant thereof include a human MKK6
protein fragment comprising a sequence consisting of the amino
acid residues of from the 53rd to 314th positions in the human
MKK6 protein (preferably a human MKK6 protein fragment
consisting of a sequence consisting of the amino acid residues
of from the 53rd to 314th positions in the human MKK6 protein),
and a human MKK3 protein fragment comprising a sequence
consisting of the amino acid residues of from the 35th to 269th

positions in the human MKK3 protein (preferably a human MKK3

protein fragment consisting of a sequence consisting the amino

12



12 16 January 2006 acid residues of fromthe 35th to 269th positions in the
human MKK3 protein). The receptor in the respective fusion proﬁgbgnggﬁbogg
the MKK6 protein or MKK3 protein or a nmutant thereof with a receptor [igand
bi ndi ng domain, or respective fusion protein (a4) of respective kinase
domain of the MKK6 protein or MKK3 protein or a nutant thereof with a
receptor |igand binding domain is not particularly limted, so long as it
is a receptor which, when the aforenentioned fusion protein is expressed in

B ot oi n Feit) TS ERECRRKGE b LB or SRR pr bt Bl P9 BERGtaHt AR EraiT or
respectlve ki nase donaln of the MKK6 protein or MKK3 protein or a nutant

t her eof )M{K? oBgR tere) actlvatlon of the receptor (that is, binding of a
|igand to the receptor and _bi ndi ng donai n) les of .the recep or

i ncl ude a steroh@ ?%@869 ing the I %XﬁﬁF?%bngtBF?teéﬁd (Bdy) &xanpl e,
the |igand binding domain of a human estrogen receptor is a _redgiqn
con5|stlEbedﬁKKﬁepéﬁFﬁdnaéﬂdN&@%?dﬂ%% D f3lon tHet2B8onERese8d5iH thpasi ti ons
of the human estrogen receptor. ampl es of the p38 protein or a derivative
(b) , |nEPG@EtOEbF}gaﬁSBblBPépélﬁom€B?? Qrpéésﬁﬁéﬁéﬁﬁ AUEARN RECHE IS a
natural or artificial nutant of the p38 protein %gg% and i.n which

phosphor y#4t | IQEPPFF9V6fkﬁgésﬁrépgﬁﬁn(PﬁthﬁsM Prrte 16F 9338t dtein to

phosphoryl ate its downstream protein) is maintai ned or
proteuuoramutantthereofw1thareceptorllgandblndlngdomaln

is not particularly limited, so long as it is a receptor which,
when the aforementioned fusion protein is expressed in a host
cell, canactivate another constituting component of the fusion
protein (e.g., the MKK6 protein or MKK3 protein or a mutant
thereof, or respective kinase domain of the MKK6 protein or
MKK3 protein or a mutant thereof) through the activation of
the receptor (that is, bindingof aligand to the receptor ligand
binding domain). Examples of the receptor include a steroid
receptor (e.g., an estrogen receptor), and for example, the
ligand binding domain of a human estrogen receptor is a region
consisting of the amino acid residues of from the 282nd to 595th
positions of the human estrogen receptor.

Examples of the p38 protein or a derivative (b}, include

(bl) p38.protein;

(b2) a p38 protein mutant which is a natural or artificial
mutant of the p38 protein (bl) and in which phosphorylation
ability of p38 protein (that is, activity of p38 protein to
phosphorylate its downstream protein) is maintained or

enforced;

13



enforced; 13 16 January 2006 (b3) kinase domain of the p38 protein (bl) or
ki nase domain of the p38 protein mutant (b2); (b4) respective fdSiaAlary 2006
protein of the p38 protein (bl) or p38 protein mutant (b2) with a recéptor
| i gand bi ndi ng domai n; and (b5) respective fusion protein of respective

ki nase domain (b3) of the p38 protein or p38 protein nutant with a receptor
| i gand bi ndi ng donai n. Exanpl es of the aforenentioned p38 protein (bl)
include p38 protein derived froma manmal (e.g., human, nonkey, nouse, rat

h t , d.it s desirahl 38 tein. F le, th
ogrom cosiof 1 8¢ SRR ol B G (P e oac < S
Exanplesogf%Pﬁepééoﬁ@ﬁgﬁ?}%nﬁﬂtﬁ§§ 6E§9éin mut ant (b2) iﬁcluge a nat ural

allele mutant of the p38 protein, .a nutant . prepared artificial

"t roduci g a AoE bt FEACERTOTSh DA et 1 G ok TG 1 eEhnl Bhe (e g,
site-speci fic nutagenesis) and the |ike. Exanplﬁs of the respective kinase
domai n (BEP3FFPHIBELPHE A Mt dPZd PRE! frigt e Mt tittase i dend Mk p3s
protein fragment consisting of a sequence conprising the amno acid

resi dues2Bfl fromthe 24th to 388th positions in the human p38 protein

(preferablg a human p38 protein fragnment consisting. . ,
(b5) respectlive fusion protelin of respective kinase domain (b3)

of the p38 protein or p38 protein mutant with a receptor ligand
binding domain.

Examples of the aforementioned p38 protein (bl) include
p38 protein derived from a mammal (e.g., human, monkey, mouse,
rat or hamster), and it is desirable to use human p38 protein.
For example, the region consisting of the amino acid residues
of from the 24th to 388th positions is the kinase domain in
the case of the human p38 protein.

Examples of the aforementioned p38 protein mutant (b2)
include a natural allele mutant of the p38 protein, a mutant
prepared by artificially introducing amutation through a known
genetic engineering technique (e.g., site-specific
mutagenesis) and the like.

Examples of the respective kinase domain (b3) of p38
protein or a p38 protein mutant include a human p38 protein
fragment consisting of a sequence comprising the amino acid
residues of from the 24th to 388th positions in the human p38
protein (preferably a human p38 protein fragment consisting

a sequence consisting of the amino acid residues of from the

24th to 388th positions in the human p38 protein).
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a sequence consisting of the amno acid residues of fromthe 24th to 388th
positions in the human p38 protein). 14 16 January 2006 In the ﬁg%@ﬁ&&&%@OG
fusion protein (b4) of the p38 protein or a p38 protein nutant with a
receptor ligand binding domain, or respective fusion protein (b5) of
respective kinase domain of the p38 protein or a p38 protein nutant with a
receptor 1 igand binding domain, the aforenentioned receptor is not
particularly limted, so long as it is a receptor which, when the

af orenenti oned_fusion protejin is.expressed i.n st .cel |, n ctivate the
p38 protein orlﬁ%égéﬁégﬁ%ﬁ LrRie R O 9%%‘%%1?5@9 ?ang%Eﬁ%ﬁﬁr et eof , as
anot her constituting conponent of _the fusion pr.otei .t hrough the,

activati & o Ther Sl ths? TR FOF 04 Sty (s Heept or

| i gand bi ndi ng domai n) _.  Exanples of the receptor inclyde a steroid
receptorCﬁé?%g,e%ElVESFFﬁgﬁﬁ-gg%ESﬁBr5?E#H§?ﬁ@ﬂﬂﬁf§%ﬁe:kﬁq%ﬁﬁm39%f%ﬁ
i ntroduction gene into a host cell in preparing the transforned cell of the

present SifndEPPREPTILAbE Pard TUPAPIEE 1N A telt Rafyeerte Filddard  using
a conventional ly known %ene transduction nethod. Exanples of the
convent | GHEALR IGHIIR. Gerd & 2 ENSPBRIAEPREE T TR tfe 1§ Rt REd TWRi'dR Uses a
retrovirus (Proc. Nati. Acad., Sci. USA, 92: 9146-1950, 1995) , a nethod in
whi ch anlddéfsdir §& INERS LDEAE- 8eXeFSR tREt Wod Pvudihs® Wefds Res., 11:
1295-1308, 1983), a cal cium phosphat e- DNA copreci pitation method

(Virol Oggx,foggmeggg_oggeﬂ fii.l@??)n, PEREERGIIAI TP IRTIES %%@%Faﬁe]r%n can

activate the p38 protein or a p38 protein mutant or respective
kinase domain thereof, as another constituting component of
the fusionprotein, through the activation of the receptor (that
is, binding of a 1igand to the receptor ligand binding domain) .
Examples of the receptor include a steroid receptor {(e.g., an
estrogen receptor).

The method for introducing an introduction gene into a
host cell in preparing the transformed cell of the present
invention i1s not particularly limited and can be carried out
using a conventionally known gene transduction method.
Examples of the conventionally known gene transfer method
include a method which uses a retrovirus (Proc. Natl. Acad.
Sci. USA, 92: 9146-1950, 1995), amethod in which an adenovirus
isused, aDEAE-dextranmethod (NucleicAcidsRes., 11:1295-1308,
1983), a calcium phosphate-DNA coprecipitation method
(Virology, 52: 456-457, 1973), amethodwhichusesacommercially
available transfection reagent (e.g., FuGENETM6 Transfection
Reagent; manufactured by Roche Diagnostics), an

electroporation (EMBOJ., 1: 841-845, 1982) and the like.
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avail abl e transfection reagent (e.g., FUGENETMs Transfecti on Reagent;
manuf act ured by Roche Diagnostics), an electroporation (EMBQJ. ,16Lan84d2845
1982) and the like. 15 16 January 2006 Since a gene coding for (a) a protein
capabl e of phosphoryl ating p38 protein, the kinase donmain thereof or a
fusion protein containing them or (b) p38 protein, the kinase donain
thereof or a fusion protein containing themis introduced into the
transforned cell of the present invention, cellular senescence is rapidly

i nduced and itg.ability to caré% oyt cell division is |lost, whereas it kept
the ability to°¢8Ffy 2 J"TetT9ui¥i §Pbn actively before the af orementioned
gene introduction. In thi,s connection en ene .caodin aor_a_fusion
protein wth éaﬁeéeBFSFQ¥?lﬁﬁR§%ietﬂ£ %ﬂ?FBsagyi8ﬁﬁﬁﬁué%qtpg%tﬁé%essary
for the induction of cellular senescence to allow the aforenentioned

recept or Hi%AAB2ES ?%%%%nﬁﬂH%r?ﬂ ??éthﬁﬁﬂﬁdpr%E?Fp EAERIEHBI FRFES or ned
cell of the present invention can be prepared within a markedly short
period of%ine in conparison with a natural senescent cell obtained via
scores of tinmes or _nore of natural division, it is vergﬁuseful in,

constructing aP3cPeénPhE teysterhforKdifte &5 et 5° Thet st rEe®mifAg net hod

for the anti-aging agent of the
protein containing them

isintroducedintothetran;formedcellofthepresentinvention,
cellular senescence is rapidly induced and its ability to carry
out cell division is lost, whereas it kept the ability to carry
out cell division actively before the aforementioned gene
introduction. |

Inthis connection, when a genecoding for a fusion protein
with a receptor is used as the introduction gene, it is necessary
for the induction of cellular senescence to allow the
aforementioned receptor ligand to react upon the transformed
cell.

Since the transformed cell of the present invention can
be preparedwithin amarkedly short periodof time in comparison
with a natural senescent cell obtained via scores of times or
more of natural division, it 1s very useful in constructing
a screening system for anti-aging agents.

The screening method for the anti-aging agent of the
present invention includes

(1) a step forallowing a normal senescent cell or a normal
cell introduced with a gene capable of inducing cellular

senescence to contact with a substance to be tested, and
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present invention includes (1) a step for allowing a normal senescent cel

or a normal cell introduced with a gene capable of inducing celigubafiary 20
senescence to contact with a substance to be tested, and 16 16 January 208%
(2) a step for analyzing an aging index in the cell. Al though the cel

whi ch can be used in the screening nethod of the present invention is not
particularly limted, so long as it is a cell capable of expressing p38,
exanpl es include a nornmal senescent cell, the aforenentioned transfornmed
cell and a trfgsforngd C?|| prepared by transforniag a.nonaI ce with a
gene coding fof4{c§ ACPPofB8FnPGsi%a GHed* a2 Hed ubRE Féam of- 5 Nrbkk: pr ot ei n
of the p38 pathway, nmut ant _ of the protein sitioned at the upstream of
the MAPKK pr ot} RAGROE f® 881 pATHHAY CoRME KPRAsE tHBMATESH: R RSS! n
positioned at the upstream of the MAPKK praotein of the p38 pathway, or a
fusi on p?&tieie REGHRE il aHehRD ofS DT RAFTCRILR WA i et s dats 49 p3s
MAPK pat hway or a fusion protein thereof. The introduction gene whjch can
be used #8rlthdspRepatat FBRALE e UABVAS FrHhSF T medXBPLES( APy d) is
not particul arl limted, so long as it is a gene which can encode (c) a
protein %o%@ﬁm%%éﬂa%ﬁs@%%£Uﬁ%%¥eahb%faQQR@@?ﬂﬁbPB?éiﬁraéﬁfpﬁgmﬁ§§ﬁ&dthmay, a
mut ant of the protein positioned at the upstream of the MAPKK protein of
the p38 ﬁagmaqqﬁoq@%@ll prepared by transforming a normal cell

with a gene coding for

(c) aproteinpositionedat theupstreamof a MAPKK protein
of the p38 pathway, a mutant of the protein positioned at the
upstream of the MAPKK protein of the p38 pathway, the kinase
domain of the protein positioned at the upstream of the MAPKK
protein of the p38 pathway, or a fusionprotein containing them,
or

(d) a protein which activates the p38 MAPK pathway or
a fusion protein thereof.

The introductiongene which canbeused for thepreparation
of the above transformed cells (c) and (d) is not particularly
limited, so long as it is a gene which can encode
(c) a protein positioned at the upstream of a MAPKK protein
of the p38 pathway, a mutant of the protein positioned at the
upstream of the MAPKK protein of the p38 pathway, the kinase
domain of the protein positioned at the upstream of the MAPKK
protein of the p38 pathway, or a fusionprotein containing them,
or
(d) a protein which can activate the p38 MAPK pathway.

The protein positioned at the upstream of a MAPKK protein

17



domain of the protein positioned at the upstream of the MAPKK protein of
the p38 pathway, or a fusion protein containing them - or (d) a1gggﬁ@d’r§)2006
whi ch can activate the p38 MAPK pathway. The protein positioned at the
upstream of a MAPKK protein 17 16 January 2006 of the p38 pathway is not
particularly limted, so long as it is a protein included in the p38 MAPK
pat hway, which can directly or indirectly phosphorylate the MAPKK protein
of the p38 pathway, and its exanples include proteins such as MAP3K, for

exanpl e, K K, ,ASK1, TAKL, and ,MIK1, | dition, the KK_protein of
the p38 %&‘%ﬁ%ﬁt 3 sl%tnéjrtotpea}rnt%lil%ﬂrg%glglp lo‘%?/(liatge% b %gp?%t{e?ns such
as MWK3, ., MWK6 and MWK4. Accordi.n present invention, t.he protein

whi ch aé?ia\/%fcégellﬁe”b%@%ékngﬁ%ﬁ;& %Sﬁ&a %glratkf’c"dpéf CER éltreea‘?tf%o | ong
as it is a.prgtein which dpes not belo t he p38 _MAPK path but
activat eSTf lﬁ%%&b&%ﬁ?ﬁ%y} STttt b b T ﬂél%ﬁpg@@ﬁ%%' whi ch
activates the p38 MAPK pat h MAPKKK. ki nases s PAK1 and , a
protein EBﬂtJa?gé?i’“‘?IP'Pf?lg W%@i‘iﬁ%é?ro PRS pR RS %@j‘?{t s’é’t%é‘r}@d‘fp d fusion
proteins thereof, of _which Raf ang a f#si on protein containing Raf can be
cited asMLfreMELKed ASkanmpl Bl Ald PO UgR L hey are not particularly Iinited,

exanpl es of the substance to be_tested whi.ch can be ed in the screening
ot hod of ¢ he B cAnE te Rbent B PRERUSEOLGHT PE: Eh Py Sa VBRI Huay

means a protein which phosphorylates p38 proteins such as MMK3,
MMK6 and MMK4.

According to the present invention, the protein which
activates the p38 MAPK pathway is not particularly limited,
so long as it is a protein which does not belong to the p38
MAPK pathway but activates the p38MAPKpathway, and its examples
include a cytokine which activates the p38 MAPK pathway, MAPKKK
kinases such as PAK]1 and GCK, aproteincontainedin theclassical
MAPK pathway, mutants thereof and fusion proteins thereof, of
which Raf and a fusion protein containing Raf can be cited as
preferred examples.

Although they are not particularly limited, examples of
the substance to be tested which can be used in the screening
method of the present invention include commercially available
compounds, varilous conventionally known compounds, a group of
compounds obtained by the combinatorial chemistry techniques
(Tetrahedron, 51: 8135-8173, 1995), culture supernatants of
microorganisms, natural components derived from plants and

marine organisms, animal tissueextracts, or compounds obtained

by chemically or biologically modifying a compound selected
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conmpounds, various conventionally known conmpounds, a group of conpounds
obt ai ned by the conbinatorial chem stry techniques (Tetrahedrcnyﬁighkny2006
8135-8173, 1995) , culture supernatants of microorganisns, natur
conponents derived fromplants and narine organisnms, aninmal tissue
extracts, or conpounds obtained by chemically or biologically nodifying a
conpound sel ected 18 16 January 2006 by the screening nethod of the present
invention. According to the screening nmethod of the present invention, the
met hod for allow ng a normal senescent cell or a normal . cell introduced
with a géde t&&béﬁ?%e%ﬁlﬁﬁdﬂéFﬁﬁdcéﬁ|HQ% p%%%%%%eh%%e?BlEBntact with a
substance to be tested is not particularly |limted. However, for exanple,
it can be carAQQQrQ&ﬂgE9t%ﬁ%ﬁ%ﬁe?ﬁéngd%%ﬁ%ﬁﬁ@fﬂH“%@r?§§P§d“¥%eatéQPtured
medi um of the aforenentioned cell, by replacing a general medium (nanely a
medi um whiheh T’IgdE tof o & omt h@‘ﬂilﬂﬁeasn@ﬁ“édcéetn@s&eﬁtesqeé]d]) ORy @ hnQTIMédi um t o
whi ch the substance to be tested was added in advance, or by adding the
af or enmentieddedi et ddeced whlhum gesewsiadrl e efibbednesngochs litekaed was
added in advance. In this connection, when a gene coding for a fusion
prot ei n sietrte seenreeepboconsagsedisd rheubsiwies riagogehested ilss neekssary
to induce cellular senescence prior to contacting with a substance to be
tested, yrdliowiaglyherftrdmeHoveved r §ogpevanpl e garid cag: hetcapoiethe
transformed cell. Accordingto the screening nethod of thepresent invention,
whet her omntnbty ahediafptdeeatbstiedcsulbst brcéesbebetoestail tiased medium

of theaforementionedcell, byreplacingageneral medium (namely

a medium which does not contain the substance to be tested)

with a medium to which the substance to be tested was added

in advance, or by adding the aforementioned cell to a medium

to which the substance to be tested was added in advance. 1In

this connection, when a gene coding for a fusion protein with

a receptor is used as the transferring gene, it is necessary

to induce cellular senescence prior to contacﬁing with a

substance to be tested, by allowing the aforementioned receptor

ligand to act upon the transformed cell.

According to the screeningmethodof thepresent invention,

whether or not the aforementioned substance to be tested has

an anti-aging activity can be judged by allowing a normal

senescent cell or a normal cell introduced with a gene capable

of inducing cellular senescence to contact with a substance

to be tested and then observing change in an aging index in

the aforementioned cell. In that case, it is desirable to

jointly use, as a control, a normal senescent cell or a normal

cell introduced with a gene capable of inducing cellular
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an anti-aging activity can be judged by allow ng a normal senescent cell or
a normal cell introduced with a gene capable of inducing Ce"”H%ﬂbnua 2006
senescence to contact with a substance to be tested and then obserV|n3
change in an aging index in the aforenentioned cell. In that case, it is
desirable to jointly use, as a control, a normal senescent cell or a nornal
cell introduced with a gene capabl e of inducing cellular 19 16 January 2006
senescence, which is not contacted with the substance to be tested, because
change in the agi ng i ndex becones nore clear. .The term "anti-aging activity"”
as used KREMEST s‘ﬁhlc%n%§-%%Fl%?%Faﬁﬁﬁagwélpi&i F%Qﬁf%q%gtEgnpe
"cellular senescence" neans a c¢ellul ar senescence due to the span of life
of divi sitéstefanbeFaasestagiecen te AR i duen X tHeCEpah AL e 15+ 825F cel |
di vision. The aforenmentioned "anti-cellular aging activity" includes, for
exanpl e, (1) aTBel Ferar "pafli-eéatling acdderidriat ioh ¥ad Viase WhithansegBner at es
the ability to performcell division in a senescent cell_ which |ost the
cel | diviesitdmcadillukar ambng23chivéllul andsdhesdeside dedhyihgracti vity which
delays lowering rate of the cell division ability. As the "aging index"

whi ch canebe ssiesera/edippnishe atrlaehng eneddrtcodueheo gifes épan afehifon, it
is not particularly limted so long as it is an index which shows the
presenceodr dapderies, nemalhe agefree off ael} WrwWserdse die shangberadpl es

i ncl ude cel |
life of cell division.

The aforementioned “anti-cellular aging activity”
includes, for example,

(1) a cellular replicative regeneration activity which
regenerates the ability to performcell division in a senescent
cell which lost the cell division ability, and

(2) acellular senescence delaying activity which delays
lowering rate of the cell division ability.

As the “aging index” which canbe observedby the screening
method of the present invention, it is not particularly limited
so long as it is an index which shows the presence or absence,
or the degree of cellular senescence, and examples include cell
growth rate, a morphological change of cytoplasm, a change of
an enzyme activity specific for cellular senescence, ratio of
S phase cell and the like.

Specifically, incasethat thecell growthrateisanalyzed
as the aging index, it can be judged that the aforementioned
substance to be tested has the anti-aging activity when the

cell growthrateafter contactingwith the substance tobe tested

becomes quick in comparison with a control (a aging cell which
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grow h rate, a norphol ogi cal change of cytoplasm a change of an enzyne
activity specific for cellular senescence, ratio of S phase cel

| i ke. Specifically, incase that the cell growthrate is analyzed1bJ§H&?{z%o6
aging index, it can be judged that the aforenmenti oned substance to be
tested has the anti-aging activity when the cell gromh rate after
contacting with the substance to be tested becones quick in conparison with
a control (a aging cell which 20 16 January 2006 is not contacted with the
substance to be tested In the case where a norphol ogi cal, change of

cyt opl asmS " Tara 2% %% WHEhaﬁﬁﬁg Pﬁ&é@HQﬁrﬁﬁa?%e %?F%B?asn1of a
senescent cell generally takes a flat norphol ogy, it can be judged that

t he aforenentl6ﬁe§h§u§ﬂﬁﬁuﬂPQ%@b%1?%%@@ﬂlﬁgécﬁgeC&ﬁﬂgﬁa@ﬁan%RR}%FWy when
the flat cytoplasm becones thin after its contact wth the substance to be
tested. Wheinal ¢heRge Bte adling Hrdeensdeent tRpEYItrrd asiyyhe SeReForRy is
anal yzed as the aging index, (3-gal actosidase can be cited as the cellular
senescenc&ldpeentira yiee g ﬂ thetcmgEPiRéPs Y hé tacenvih eyl wigadcehat ar
senescence-specific enzyne (e 3-gal act osi dase) is reduced when contacted
with a sithst afes epe e qesd eajikmt@@%aw o WG tted havitholantd seatsgent
cell un-contacted with the substance to be tested) , it can be judged that
the af or @fditiidedhsobsrarddat cytheleesteacrmsstiel amtfitaagt hg GRRFIFEY. In-

the case where the ratio of the S phase cell is analyzed
with the substance to be tested.

When a change of cellular senescent specific enzyme
activity is analyzed as the aging index, Pf-galactosidase can
be cited as the cellular senescence-specific enzyme.

In the case where the activity of a cellular
senescence-specific enzyme (e.g., f-galactosidase) is reduced
when contacted with a substance to be tested in comparison with
a control {(a senescent cell un-contacted with the substance
tobe tested), it canbe judged that the aforementioned substance
to be tested has the anti-aging activity.

In the case where the ratio of the S phase cell is analyzed
as the aging index, since the ratio of S phase cell is generally
high in the group of cells having active cell growth, when the
ratio of S phase cell after contacting with the substance to
be tested becomes high in comparison with a control (a senescent
cell un-contacted with the substance to be tested), it can be
judged that the aforementioned substance to be tested has the
anti-aging activity.

Since a substance obtained by the screening method of

the present invention has the anti-aging activity, namely a
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as the aging index, since the ratio of S phase cell is generally highin
the group of cells having active cell growh, when the ratio °H6§aﬂﬁﬂ§%006
cell after contacting with the substance to be tested beconmes high I'n
conparison with a control (a senescent cell un-contacted with the substance
to be tested) , it can be judged that the aforenenti oned substance to be
tested has the anti-aging activity. Since a substance obtained by the
screeni ng nethod of the present invention has the anti-aging activity,

I 21.16_J 200 | ul 2p) i Ve i i; Vi
andof Cent i Ar SebhedetRse T A AG hn: FOR YT et SRR puPe BENIRE et ve
ingredient of a repli%gtLve re.q:en.erati%gu g cel |l ul ar

cel l,ul ar_, ent _.or a
senescen%%n%l%?%?ﬁ%gdﬁgéﬁtl.ngl\/t?rce et £ icalts, Ut ubst g%c?e SR Sied by the
i thod of th toi tion. h f | e, _p38 t
St bi t OTGOLEL TR EyO bre AP ] OF (3PN bt FH Be 1 SR BEF PGS SORELLETcE of gnal
transductiﬁgufglecule whi ch canst.itutes the cellular senescence signal

transductf 5seaReS SENGd G\ ARt he p38 protein. The anti-aging
agent of the present inventi cont ai ns 38 protein inhibitor as the
active ingredi'éth® SEFTH %cﬁgﬂﬁ0uﬁb§ EPQSEﬁ%ﬁﬁ égyT%én%§8g§r%b§in i nhi bitor,
and its exanpl es inctudg tge B%razole &Efgoun s described in WD 95/31451
the pyriFFH eI ROPOLRAS 9ésEFRbBISSAMADEY el ther examp.le,

ni trogen-cont ai ni ng, heterocyclic derivati ves descri bed, , L
d a p38 protein inhgb¥%ory actlv? y or an activity to inhibit

a cellular senescence signal transduction molecule which
constitutes the cellular senescence signal transduction
cascade at a down stream of the p38 protein.

The anti~aging agent of the present invention contains
a p38 protein inhibitor as the active ingredient.

Various compounds are known as the p38 protein inhibitor,
and its examples include the pyrazole compounds described in
WO 95/31451, the pyrimidine compounds described in WO 97/33883
andthenitrogen-containingheterocyclicderivativesdescribed
in WO 98/27098.

As the conventionally known p38 protein inhibitors,
examples include VX-745, VX-954, VX-702, SB203580
“4-(4~(4~fluorophenyl)-2-[4-{methylsulfinyl)phenyl]-1H-imi
dazol-5-yl]-pyridine”, SB220025, RWJ-68354, RPR-68354,
RPR-200765A, SC-XXS906, HEP-68% (SB235699) and LL~Z-16402.

With regard to the p38 protein inhibitor as the active

ingredient of the anti-aging agent of the present invention,

preferred is a compound represented by formula (1)
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in WD 98/27098. As the conventionally known p38 protein inhibitors,

exanpl es i nclude VX-745, VX-954, VX-702, SB203580

"4-[4- (4-T1 vor ophenyl ) - 2- [ 4- (met hyl sul f1 nyl ) phenyl - 1§ *:mi 0 January 2006
dazol -5-yl]-pyridine", SB220025, RW- 68354, RPR-68354, RPR-200765A,

SC- XX906, HEP- 689 (SB235699) and LL-Z-16402. Wth regard to the p38 protein
inhibitor as the active ingredient of the anti-aging agent of the present
invention, preferred is a conpound represented by forrmula (1) 22 16 January
2006 R2 R N />RR,(I) R4 N (wherein R is a pyridyl group which is
optionally substityted w th one or two substituents independently sel ected

fromthe dﬁ sisting of an al kyl group having from1l to 4 carbon
atons, a hal og T atsn] gn al koxy group having from1l to 4 carbon atons, an
al kyl thio grouplhayyng tof)1 to 4 carbon atons, an anino group and a nono-
or di-al kyl € nber of carbon atons of each alkyl noiety = 1 to 6)

anm no grou69 R2 is a hydrogen atomor an al kyl group having from1l to 10
carbon atons; R3 is a phenyl group which is optionally substituted with one

(0, et subetl fents, Lndepentient L, splected L1omAhg, o oup,  conaiali na o

-(Csz”ﬁigﬁlgge%> Q%E?EJ%é%%EM@L%Q igdependently selected from the
group consisting of an alkyl group having from 1 to 4 carbon
atoms, a halogen atom, an alkoxy group having from 1 to 4 carbon
atoms, an alkylthio group having from 1 to 4 carbon atoms, an
amino group and a mono~ or di-alkyl (the number of carbon atoms
of each alkyl moiety = 1 to 6)amino group; R; is a hydrogen
atom or an alkyl group having from 1 to 10 carbon atoms; Rj
is a phenyl group which is optionally substituted with one to
three substituents independently selected from the group
consisting of a halogen atom, an alkyl group having from 1 to
5 carbon atoms and - (CHz),Y; R4 is a phenyl group which is
optionally substituted with one or two halogen atoms; Y is
-S(0)mRs or ~NRgR7; Rg 1s a hydrogen atom or an alkyl group having
from 1 to 10 carbon atoms, Rs is a hydrogen atom, a benzyl g.roup
or an alkyl group having from 1 to 10 carbon atoms, or Rg and
R; together with the nitrogen atom to which they are bound may
form a six-membered heterocyclic ring which optionally has an
oxygen atom; Rs 1s an alkyl éroup having from 1 to 10 carbon
atoms; m is 0, 1 or 2; and n is 0 or 1].

In addition, with regard to the p38 protein inhibitor

as the active ingredient of the anti~-aging agent of the present
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optionally substituted with one or two hal ogen atons; Yis -S (0) nR5 or
-NR6R7; R6 is a hydrogen atomor an al kyl group having from1l tg J;Qué}?r Bes
atons, R7 is a hydrogen atom a benzyl group or an alkyl group having T2rom
| to 10 carbon atonms, or R6 and R7 together with the nitrogen atomto which
they are bound may form a six-nenbered heterocyclic ring which optionally
has an oxygen atom R5 is an alkyl group having from1l to 10 carbon atons;
mis O, 1 or 2, and nis O or 1]. In addition, with regard to the p38

protein jnhibjtor as the acti i ngredient of the anti-aging ent, of the
D esent PA7ARE Dahud GOPB0E R B AP S B oRAC RO RHeL afldr SHBREFbed
f or mul anél), wherein Rl js a hjnsubsti ut ed 4-2%2ri,d%ﬂ Igr up, R2 is a
hydr ogerfat 8nft™ LF&S‘il}éSElEHEﬁgl gr8ap Y IbEF PHBL R Wit A -E%ﬁ)’ﬁ,eﬁsa@?ﬂerei n m
is 1 or_2, and R5 is an al kyl groug having from1 to 4 carbon atons) and
R4 is a PpnésylP §OGHY s AR it EeS W tREadhYE68er°dConis s(WppEREPaR! 5 a
conpound wherein the substituent groups in R3 and R4 are bound at
respect i ¥OTpar 2PdSist1DRS 4K imbrE PR at e L rog Lo uRBTRAS 8EATR is a
phenyl group substituted with -SORS5 (wherein R5 is an al kyl group having
from 1 tad Rarifor? Ryl FRAURASHBSEIFRERA "didup dibse9ent @80H €1 a
fluorine atom a chlorine atomor an iodine atomis still nore preferable;
and a donprml Wper 8i AORBONE da WHIREIRA DR drivtips Wbt FRaREdIRPUR S- SOCH and R4
is a phenyl group substituted with fluorine atom (nanely SB203580) is
parti cul &d §« prefeadbt et &SR8 q Ul & PREPPeSLitv e YeheRer stk iyt agakt eand a
cel [ ul ar

a compound wherein R3 is a phenyl group substituted with -SORjg

(wherein Rs is an alkyl group having from 1 to 4 carbon atoms)

and Ry 1s a phenyl group substituted with a fluorine atom, a

chlorine atom or an iodine atom is still more preferable; and

a compound wherein R; is a phenyl group substituted with —SOCH;

and Ry is a phenyl group substituted with fluorine atom (namely

SB203580) is particularly preferable.

A cellular replicative regenerating agent and a cellular
senescence delaying agent are included in the anti-aging agent
of the invention.
Examples of the cellular replicative regenerating agent

include a wound treating agent which accelerates restoration

of a wounded part; a preventing and/or treating agent for

arteriosclerosis (particularly arteriosclerosis obliterans)

wherein fallout and/or damage of vascular endothelial cells

and the like could become the cause; a growth enhancer for tissue

culture in regenerative treatment; a liver function recovering

agent for hepatic cirrhosis and the like; an anemia improving

agent for senile anemia and the like; an immunity recovering

24



senescence del aying agent are included in the anti-aging agent of the
invention. Exanples of the cellular replicative regenerating agegyanidifboeks
a wound treating agent which accelerates restoration of a wounded part; a
preventing and/or treating agent for arteriosclerosis (particularly
arteriosclerosis obliterans) wherein fallout and/or damage of vascul ar
endothelial cells and the like could becone the cause; a growh enhancer
for tissue <culture in regenerative treatnent; a liver function recovering

agent for he agic cirrhosiss and the. like; an _agnem a.i.nprovin agent for
Genil e aRERTh ERG EREI TN TN  FecB0a TG 24 6 Farbare 98006 agent
for senile.%nnﬂnode iciency and the |ike; pucoiﬁgi epithﬁliun1function
recover i iyt BgRAL YRS UBE THY ﬁFEOin%ﬁ%ﬁi?SP?r YR TR RS LI AAPTHERSE and
the like, and a trichogenous agent, _a hair tonic and . the |ike. Exanples of
the cel | #75F "SLREECENER gt 357 RG ARERte Tke IR At Tty SR ARE e
preventing agent; a liver function reduction preventing agent for hepatic
cirrhosi 8 RadCt AENEkEND dheandn%: preventing agent for the aged and the
like; an immunity reduction preventing agent for the_aged and the like; a
mucosal  epi t Hef{ AL BEneEi bRCr Gt G prelRitEngeagehe oY & %%t oni c
inflannatorg %astrointestinal di sease and the Iike;_and_an al opeci a
prevent i MRCHGERIED § TG OSEHiSE S PRE ST RITRE SR 2 dgi YR AYSRT IS t he
i nvention can be pregared_ as aIPh%;naceutiqal conposi tion in accqrdance
with a g@ﬁ%gaploripr venting agent for hepatic clirrhosis and the like;
an anemia preventing agent for the agedand the like; an immunity
reduction preventing agent for the aged and the like; a mucosal
epithelium function reduction preventing agent for a chronic
inflammatory gastrointestinal disease and the like; and an
alopecia preventing agent, a hair tonic and the like.

The anti-aging agent of the invention can be prepared
as a pharmaceutical composition in accordance with a general
method using an appropriate pharmaceutical carrier. As the
carrier, various carriers widely used in general drugs, such
as an excipient, a binder, a disintegrator, a lubricant, a
coloring agent, a taste masking agent, a flavoring agent, a
surfactant and the like, can be used.

Dosage form of the anti-aging agent of the present
invention is not particularly limited and can be optionally
selected in response to the treating purpose. Examples include
parenteral preparations such as injections, suppositories and
external preparations (ointments, adhesive preparations and

the like):; aerosols and the like; and oral preparations such

as tablets, powders, fine granules, granules, capsules,
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met hod using an appropriate pharmaceutical carrier. As the carrier, various
carriers widely used in general drugs, such as an excipient, a1gbggﬁﬁy2g06
disintegrator, a lubricant, a coloring agent, a taste masking agent, a
flavoring agent, a surfactant and the |like, can be used. Dosage form of the
anti-aging agent of the present invention is not particularly limted and
can be optionally selected in response to the treating purpose. Exanples

i nclude parenteral preparations such as injections, suppositories and

ext er nal pre@arations.f i nt pent s gdhesiverpr%parq§ions and_ _the like) ;

aer 0sol s S8AG R8T Kt g%ﬁ DFRPEBP&RAPat ST ESuH Y &S P DL @RS powders, fine
granul es, gran Les, capsul es, 25,16 January 2006 sol utions pilgs,

suspensi ons, sy ﬁpégﬁﬁé %ﬁ?ﬁ%.va?h%uﬁféf&ﬁénﬁ@@né@\ﬁﬁq%u%n Pugs can be

made i nto_pharmaceutical preparations by general nethods. Exanpl es of
carri er s PUAFBRCEAHT e PArf Fﬂ?ﬁgb8¥§In%ﬁﬁi(ﬂ?ﬁQﬂé%aiions such as

Labl et s, powdels, phile, S5R0ULSS AN Qranuleo Lncl e on Xl pl ent () potose,
cryotalins cellulose, anydrous dibasi s calelumphosphat . gl gini g acid o
gel 2t n seLutign: poluviml, olconol o LAY etfer pol il
CelIulosghlggﬁbgwigfﬂgggg; ggg}cr?b%glcium carbonate, kaolin,
crystalline cellulose, anhydrous dibasic calcium phosphate,
alginic acid or the like); a binder (simple syrup, glucose
solution, starch solution, gelatinsolution; polyvinyl alcohol,
polyvinyl ether, polyvinyl pyrrolidone,
carboxymethylcellulose, shellac, methyl cellulose, ethyl
cellulose, sodium alginate, gum Arabic,
hydroxypropylmethylcellulose, hydroxypropylcellulose, water
and/or ethanol solution thereof or the like); a disintegrator
(starch, alginic acid, crosslinked polyvinyl pyrrolidone,
crosslinked carboxymethylcellulose sodium,
carboxymethylcellulose calcium, starch sodiumglycolate or the
like); areleasecontrollingagent (ahigher fattyacid, ahigher
aliphatic alcohol, cacao butter, a hydrogenated oil, a
water-soluble polymer, a gastric polymer, an enteric polymer
or the like); an absorption enhancing agent {(a surfactant such
as a quaternary ammonium salt, sodium lauryl sulfate or
sorbitan monooleate); an adsorbing agent (starch, lactose,

kaolin, bentonite, silicic acid anhydride, hydrous silicon

dioxide, magnesiumaluminometasilicate, colloidalsilicicacid
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hydr oxypr opyl net hyl cel | ul ose, hydroxypropyl cel | ul ose, water and/or ethanol
solution thereof or the like) ; a disintegrator (starch, alginHPJ?ﬁ&9y2oos
crosslinked polyvinyl pyrrolidone, crosslinked carboxymnethyl cel e

sodi um car boxynet hyl cel | ul ose cal cium starch sodium glycol ate or the
like) ; a release controlling agent (a higher fatty acid, a higher

al i phatic al cohol, cacao butter, a hydrogenated oil, a water-sol uble
polymer, a gastric polyner, an enteric polymer or the like) ; an absorption

enhancin ent, ( urfacgtan uch uat er na mroni_yum_sal.t sodrum
Cauryl SOFTate bt EeLdr Bl fan MEROAEAt o) P LR BRhG' agent ceLeditn o

| act ose, aolin, ntoni.te, ,silicic anhydrid hydrous silicon

di oxi de, S hﬁb%bglﬁﬁf ruﬁP&aﬁ&R%ﬁﬁ?%a?gycecrP6|g&ﬁ gl#ﬁ%lC acid 26 16 January
2006 or the like); and a lubricant (purified t a stearat a silicic
aci d, pol yet hyi rﬁ@%??%%FYort?qugﬁaﬁan 1€ o %sé?§° g5BP&FL can be nade

i nto gener al coatlng treatid tabl ets such as s%g%%k ﬁed tablets gelatln
coat ed t&DPEtRI-GRSEFFPE ELBRALEGSt ABFRIIS i O &B1%at g€

wat er-sol ubl e fil mcoated tabl ets. psulgs can be re areﬁﬁfg i.xing with
vari ous €aRr§ersb Hﬁrsrtédq ROBfhE ebfd erri’ﬁ g GOR 2§&StS n

capsul es or soft capsul es. ui d re tlons may be wat er-sol ubl e or
orl-solu%ﬁé”ag%§p§ﬂiﬁeﬁ§ §&Wh Ghed €$B§§ or elixirs, and these can be

prepared in accordance wth a conventronal known thod.using )
Capsules can be prepared by mixing with various Carriers

exemplified in the above and filling in hard gelatin capsules
or soft capsules.

Liquid preparations may be water-soluble or oil-soluble
suspensions, solutions, syrups or elixirs, and these can be
prepared in accordance with a conventional known method using
general additive agents.

When formed into a shape of.suppositories, polyethylene
glycol, cacao butter, lanolin, a higher alcohol, an ester of
a higher alcohol, gelatin, hard fat or the like can be used
as the carrier by adding an appropriate absorption enhancing
agent thereto.

When formed into a formof injections, examples of useful
carriers include a diluent (water, ethyl alcohol, Macrogol,
propylene glycol or the like); a pH adjusting agent or buffer
agent (citric acid, acetic acid, phosphoric acid, lactic acid
or a salt thereof; sulfuric acid, sodium hydroxide or the like) ;
and a stabilizing agent (sodium pyrosulfite,
ethylenediaminetetraacetic acid, thioglycolic acid,

thiolactic acidor the like). In addition, inthis case, sodium
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general additive agents. Wen fornmed into a shape of suppositories,

pol yet hyl ene glycol, cacao butter, lanolin, a higher alcohol, a@J§§Eﬁ§2@56
a higher al cohol, gelatin, hard fat or the like can be used as the carrier
by addi ng an appropriate absorption enhancing agent thereto. \Wen forned
into a formof injections, exanples of useful carriers include a diluent
(wat er, ethyl alcohol, Mcrogol, propylene glycol or the like) ; a pH

adj usting agent or buffer agent (citric acid, acetic acid, phosphoric acid,
| actic aci hereof; .sulfuric fCi i um hydroxi de or the |ike)

[t t D d d
o i for San BlukeSEs omnn ot g Tt Doseh e AP e IR S b

acid, thjoglycolic acid, .thiolactic acid or the like) ._ln addition, in
this cas@?gs%tb'?{llﬁf‘ﬁ?uféc\?&nﬁérefaml%1 ot i HYIUEBSeSUREAATEN ¢ ofoﬁl ycer ol
can be contained in the pharmaceutical preparation, in an amunt sufficient
for prepafPPgtan ?%o%%?ﬂ:g“é%l ete }Oandaadg%ri%&?%ﬁfr%bl%fPP%étlizélqtl%si sting
agent, a soothing agent, a local anesthetic or the |ike can also he added.
Waen pr ep3F Bt HRT02dePbr nfof CBFRLRENRY S8 Gch2asOpast 8EeS thrdaifs F et s,
generallf,used bases, stabiljzing agents, noistening agents, preservatives
or the |1¥e af@npRéRGedasddSasi on demands, and they can be nixed and made
into a pharmaceutical preparation by a conventional nethod. Exanples of

the useful badB¥% iRYERRIGHi tREPetr bPERURT QU yBERGFefECh as pastes,

creams or gels, generally used bases, stabilizing agents,
moistening agents, preservatives or the like are blended as
occasion demands, and they can be mixed and made into a
pharmaceutical preparationby a conventional method. Examples
of the useful bases include white petrolatum, polyethylene,
paraffin, glycerin, a cellulose derivative, polyethylene
glycol, a dimethyl polysiloxane, a carboxyvinyl polymer,
bentonite and the like. As the preservatives,
parahydroxybenzoate ester and the 1like can for example be used.

When adhesive preparations are produced, the
aforementioned ointments, creams, gels, pastes or the like can
be coated on a general support by a conventional method. As
the support, cotton; staple; woven or nonwoven fabric made of
chemical fibers; and film such as soft vinyl chloride,
polyethylene and polyurethane.

Although administration method of the anti-aging agent
of the present invention is not particularly limited, it can
be optionally administered orally or parenterally in response,
for example, to the dosage form of the preparation, age, sex

or other conditions of each patient or the degree of symptoms
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paraffin, glycerin, a cellulose derivative, polyethylene glycol, a dinethyl
pol ysi | oxane, a carboxyvinyl polynmer, bentonite and the I|ike. Qngﬁwav 006
preservatives, parahydroxybenzoate ester and the like can for exanple g
used. When adhesi ve preparations are produced, the aforenentioned

oi ntments, creans, gels, pastes or the |like can be coated on a general
support by a conventional nethod. As the support, cotton; staple; woven or
nonwoven fabric made of chemcal fibers; and filmsuch as soft vinyl
chlorldebfp%kgeg %]e@e:and pol yuret hane. Al though admi nistration nethod of
the anti-agi'ng age of the present invention is not particularly limted,

example, L0 Lt 9%%"%!%& RIS °r‘é‘l‘)f%¥a°<.55§ 5%3%”@' 5 Moter o

condi tions o% CF atient or, the g ree of .sy t i% 2006 of
Che pat | BRESCCH Fnr BB PHBSE™ St L PHENAR VST GPuaPentrd the® RS G agen
of the present inventiaon can be op h onaII selected in onse or
exanpl e, F£8PPREad Oﬁlgﬁﬁgplgh frét b& a&@ néﬁ&ragéfnopeg péV?%ﬁ¥1 f or m of
t he di sease apd ot her con ions, _but can be a nl |stere%i]é enerally at a
dose of PFBRH {aFD ?atol(ﬁ)"qﬁg foem agytlﬁ%r Yot e st &I hgop 1R/ dose

into sever | doses | es The present i ven |on is expl ned | det ai
based on g lt can be a%ll;rrpnelstere genera E dose O% %Ir Q:

2,000mgperdayperadultordividing thedailydose into several

doses.
Examples

The present invention is explained in detail based on
reference examples and examples; however, they do not limit
the scope of the present invention.

Reference Example 1
(1) Culturing of cell

Inthis referenceexample, usingahumannormal fibroblast
WI-38 (purchased from JCRB cell bank), confirmation was made
on the differences in various aging indexes between active
proliferating young cell which carried out 42 times of cell
division after collection of the cell and its senescent cell
after 61 times of cell division.

Inthis case, theaforementionedcellswereculturedusing
10%fetalcalfserum(FCS)—containingDMEM(Dulbecco’smodified
Eagle’s medium), and their sub-culturing was carried out at

a ratio of 1:4. In that case, one sub-culturing was defined

29



reference exanpl es and exanpl es; however, they do not limt the scope of
the present invention. Reference Exanple 1 (1) Culturing of ceHI~b§ ??5%06
reference exanple, using a human normal fibroblast W-38 (purchase

JCRB cel |l bank), confirmation was nmade on the differences in various aging
i ndexes between active proliferating young cell which carried out 42 tines
of cell division after collection of the cell and its senescent cell after
61 tines of cell division In this case, the aforenentioned cells were

cultured.usi g, 1a%tetal £aLloserum (ECY sopnigl iy naphEM oMU bacegss

nmodi fi ed gle's and t hef 1* STo-calturi ing was carrred Ut

e 2 PD. *AckH h?%éf”?éc%ﬂfs LS L 100 e 9 Lo 20 40 dgpyry 200

young ceI and a cell of 60 PD as the senescent cell (2) Det ecti on of
cel | ul ar ($&mad@mieer’ e PRl U 2gat 2t e BSPRGSE SPESdiestbnEel assas k@R

(3-gal actosi dase) activity The cellu] ar senescence speci fic f3-gal actosi dase
activity(Aaseacescred WPt srthr bictpaifage) aRcipiid Natl. Acad. Sci.
USA, 92: 9363-9363, 1995). Specifically, young and senescent cells of the
human nor mal Fi®r 6BLASE 2w Si?@exﬁé?eé‘cr%sfpfe%ﬂ%Fyﬁ\/\asnéét@nstlﬁia% and then

fixed usin 5% gl ut ar al deh queou soI tion. Afte the fixation, the
cells vve?%gsiﬁé dg??l de t&h é @b?ﬂ‘ﬁ Dimei'et al. (Proc. Natl:'

Acad. Sci. USA, 92: 9363-9363, 19995).

Specifically, young and senescent cells of the human
normal fibroblast WI-38 were respectively washed with PBS and
then fixed using 0.5% glutaraldehyde aqueous solution. After
the fixation, the cells were soaked in a staining solution
[prepared by dissolving 1 mg/ml of X-gal
(5-bromo-4-chloro-3-indolyl-B-galactosidase), 5 mmol//L
potassium ferrocyanide, 5 mmol//L potassium feriocyanide and
lmmol//Lmagnesiumchloride in phosphate buffered saline (PBS;
pH 6.0)] and allowed to react at 37°C for 5 hours or more.

Photomicrographs of the respective stained cells are
shown in Fig. 1. In Fig. 1, the photograph (a) is a result of
a young cell (42 times of division), and the photograph (b)
is a result of a senescent cell (61 times of division). Each
cell is stained blue in reality when it has the B-galactosidase
activity, but it is shown in black in the monochrome photograph
shown in Fig. 1.

As shown in Fig. 1, in the senescent cell [photograph
(b)], the cytoplasm was flat in comparison with the young cell

(photograph (a)], and the B-galactosidase activity was
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[ prepared by dissolving 1 ng/m of X-gal

(5- brono- 4-chl oro-3-indolyl-(3-gal actosidase), 5 nmmol//L potas
ferrocyanide, S mmol//L potassium feriocyanide and | nmmol//L nggggg$M%$006
chloride in phosphate buffered saline (PBS;, pH 6.0)] and allowed to react
at 37C for 5 hours or nore. Photom crographs of the respective stained cells
are shown in Fig. 1. In Fig. 1, the photograph (a) is a result of a young
cell (42 times of division), and the photograph (b) is a result of a
senescent ce|ll (61 tines of division) . Each cell is stained blue in
reality wWhen it<has the f3- galact05|dase activity, but it is shomn in black
in the nonochrone photograph shown in Fi own in Fig , In the
senescenttxﬂ?“fbﬁ@@B@P&pﬁf @@OﬁphOQY%P%%@o%FégﬁtRéspﬁﬁaPQQ¥%kﬁparlson
with the youn% cell [photograph (a)], and the 0-gal act osi dase act|V|ty was
30 16 January 2006 ot FHRRNCe (FaTGohe i r e iR SPLPRBSPREFYFARER Stfate of
p38 proteln In this reference exanple, the phosphorylated state of p38
protein Ph ﬁﬁﬁﬁ@eh%dl%eﬁ%%ﬁén%n@e$¢%e%Feﬂﬁecﬁ&ﬁﬁnoﬁoFHﬁIhumﬁﬁrBBFﬁ@ﬂ-VV 38
was confirmed a Western blotting respectively using an antibody capable
of det ecﬂfh@?ktbétﬁt P38 38pidtseiGP relrid atdthera dfe s bedy é’gﬁéﬁill@%f speC| fically

detecting a phosphorylation type p38 protein (nanely active type p
pr ot ei n)CefRefet 1 Bpbyi BF ERPI3D Afdirkp B¢ adeidst orft dediercs ipg t:ﬁéaﬁuﬁétﬁ

protein and another antibody capable of specifically detecting
a phosphorylation type p38 protein (namely active type p38
protein) alone.

Specifically, young and senescent cells of the human
normal fibroblast WI-38 (about 5 x 10° cells) cultured in the
same manner as in Reference Example 1(1) were respectively
dissolved in 0.1 ml of a buffer solution for dissolution [lysis
buffer; 150 mmol//L sodium chloride, 0.5% NP-40, 50 mmol//L
Tris-HCl (pH 7.5), 3 mmol//L EDTA, 3 mmol//L EGTA, 3 mmol//L
glycerophosphate, 0.1 p//L NaszVO4, 1 png/ml leupeptin and 1
mmol//L phenylmethanesulfonyl fluoride (PMSF)].

Subsequently, each extraction sample corresponding to
30 ug as the amount of protein was separated by an SDS
polyacrylamide gel electrophoresis in the usual way and then
transferred on a membrane (Immobilon-P membrane; manufactured
by Millipore). After subjecting the membrane to a blocking
treatment using a commercially available blocking agent (Block
Ace; manufactured. by Dainippon Pharmaceutical), a primary

antibody reactionandasecondaryantibodyreactionwerecarried

out in order.
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normal fibroblast W-38 (about 5 x 106 cells) cultured in the sanme manner
as in Reference Exanple 1(1) were respectively dissolved in 0.1g ghnly 8006
buffer solution for dissolution [lysis buffer; 150 mmol//L sodi um chloride,
0.5% NP-40, 50 mml //L Tris-HC1 (pH 7.5), 3 mmol//L EDTA, 3 mmvol //L EGTA, 3
mol / /L gl ycerophosphate, 0.1 //L Na3VO4, 1 g/m |leupeptin and 1 mol//L
phenyl met hanesul fonyl fluoride (PMSF)]. Subsequently, each extraction sanple
corresponding to 30 g as the amount of protein was separated by an SDS

pol yacryl am d |, .el ect rophoresi.s..in the al nd,then. transferred on
B menbr ane (1 THOBT Gh-9 Hremt Al Hadiiaciin od by MY | [ PoreS 2CALEES

subj ectin e nmenbrane to a, bl ockin trea nt _ usi .a commer cj.al |

oval | abl 7 BEBCIA G " SaBRE Eh boR TSRS hF ddrind BET o B R BRGRLES S

Phar rraceu%\liecal), a primar ﬁnti body reaction and a, secondar an%}i haody
react i or® et c%?‘??glaceoﬁ PRSGIGE O T3PPSR 3t bep6 +Rdt Ai $20Rdd " a
rabbit anti-p38 anti body (manufactured _byNEB; an anti body which reacts with
al | p38 PrbtePheSPREEAVdRESS Rt 13 hxdentrapriapsencd S PHdsphdtyl ati on)
and a rabbit anti-phosphoryl ated p38 anti bod)é (manuf act ured by NEB; an

ant i body? ki RACY &4t wieRs tphyd fhdr P sl ear K38TEF0P &P P IRt &SI oL S eact

w th un-phosphoryl ated p38 protein) were used as the primary_ antibodies,
and a hdtSer&dShWpéfoRaREeSPAREIYd@ tethPP ST RBBF € 1 Rg G'ahe i bR (& act ur ed

by Amersham was used as the secondary antjbody. Detectionof the peroxidase
acti vi tyPrimary antibodies, and a horseradish gerox1dase—labeled

anti-rabbit IgG antibody (manufactured by Amersham) was used
as the secondaryantibody. Detectionof theperoxidaseactivity
was carried out using commercially available detection kit
(manufactured by ECL; Amersham) and X-ray film (manufactured
by Amersham) .

The results are shown in Fig. 2. In this connection, a
result of an anisomycin-treated young cell (42 PD) is also shown
as apositive control. Itisknownthatp38proteinisactivated
(phosphorylated) when a cell is treated with anisomycin.
Anisomycin treatment of the cell was carried out prior to its
lysis with the lysis buffer by culturing it for 30 minutes in
DMEM containing 30 pmol//L anisomycin and 10% FCS.

In Fig. 2, lane 1 shows a result of the young cell (42
PD), lane 2 shows a result of the senescent cell (61 PD), and
lane 3 shows a result of the positive control (namely, the young
cell treated with anisomycin).

As shown in Fig. 2, difference in the expression of total

p38 protein was not found among the three types of cells. On

the other hand, the active type p38 protein was less in the
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was carried out using conmmercially available detection kit (manufactured by
ECL; Anershan) and X-ray film (manufactured by Amersham. The HG%HH&§éQb§6
shown in Fig. 2. In this connection, a result of an anisonycin-treate

young cell (42 PD) is also showmn as a positive control . It is known that
p38 protein is activated (phosphorylated) when a cell is treated with

ani sonycin. Anisonycin treatnent of the cell was carried out prior to its
lysis with the lysis buffer by culturing it for 30 mnutes in DVEM
containing 30 nol {/L _ani sonyci.n and 1096FCS..IQtFi%. éi | ane 1 fgoms a
result of“tHE g TSNS ISF 1Py e Hh T L hbhs CASFESH YO BRIttt st cent
cell (61 PD%, and, _|.ane shows a result of the positive control (nanely,
the youngCreePrIPtEdfrad it H M SHTHLi 1) . FA8 SABRASSAFiS LY, difference in
t he expression, of total 38 protein was not found ampng.the three types of
cel I's. CRCCPReiBIhEY Hénﬂgstﬁ o4t G T Y 38 ot bRt was PESLViatathe 32 16
January 2006 young cell, increased in the ani sonycin-treated young cell and
nore si gRYiRAMS YL heF e3RRUSFANEReCEcheRRBNECEBRE . T1REERAESHg R USaY was
shown that the p38 protein is activated by the cellular senescence of human
normal fPYrbbFastPiaGeéd vepyl ik $RFicative life span. Exanple 1 (1) Effect
of p38 protein inhibitor in human normal fibroblast |In the exanple, effect
of a p38 protein inhibitor SB203580

Example 1
(1) Effect of p38 protein inhibitor in human normal fibroblast

In the example, effect of ap38 protein inhibitor SB203580
was compared using the same young cell (42 times of division)
and senescent cell (61 times of division) of the human normal
fibroblast WI-38 used in Reference Example 1. Specifically,
the same procedure of the following Example 2 (2) was repeated,
except that a young cell (42 times of division) and a senescent
cell (61 timesof division) of the human normal fibroblast WI-38
cultured in the same manner in Reference Example 1 (1) were used
instead of the transformed céll.

The results are shown in Fig. 3. In Fig. 3, the polygonal
line a 1s cell growth curve of the young cell in the presence
of SB203580, the polygonal line b is cell growth curve of the
young cell in the absence of $SB203580, the polygonal line ¢
is cell growth curve of the senescent cell in the presence of
SB203580 and the polygonal line d is cell growth curve of the

senescent cell in the absence of SB203580. The symbol “+SB”

in Fig. 3 means that it was treated with 10 pumol//L of SB203580.

Also, the ratio of S phase cells in each treated group
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was conpared using the sanme young cell (42 times of division) and senescent
cell (61 times of division) of the human normal fibroblast W -38 jusefly bbos
Ref erence Exanple 1. Specifically, the sane procedure of the follow ng
Exanple 2 (2) was repeated, except that a young cell (42 tines of division)
and a senescent cell (61 tinmes of division) of the human nornal fibrobl ast
W-38 cultured in the sanme manner in Reference Exanple 1 (1) were used

i nstead of the transforned cell. The results are shown in Fig. 3. In Fig. 3,

th I | . lin ' w_h f th |l in t

of * SB203980 1R DI HBNAT 1T LG e bt OGN AP YB R ¢ RECSRRING. col I i

the ab f 5B203580, _ t I | i [ wt f th

encacertiogePFOPR Then BriAl R bY LBROSB0° EAb: CHES pOFyGORAI CFITIE . s col |
rowm h curve of the__senescent cell in, the absence of 53203580. The synbol

9+SB" i ?L:n\lélfjg(J.' e 'rreaﬁé Fﬁégo{it "\X/és“f‘lr%h‘i edt \}Hécsar?sl Redt /L wGrs §ﬁ?3'5%%y Al so,

the ratio of S phase cells in each treated group 33 16 January 2006 was

det er ni nEdthyl EAEBOANAL ¢f iSB3432R%ordance with the procedure described in
the follow ng Exanple 2 (3-a)_, and the results shown in Fig. 4. The synbol
"+" in Fig. 4 heafdithen.ige §QQ9ﬁﬁ%99Y%@@ﬁ‘ﬂ@lﬁﬂmﬁﬂyqiﬁ%ﬁcéBZUSHBO. In
addi tion, cell porphol ogy and 0O-gal actosjdase activity in each treated group
vere anat§zedCPntieasrFadcO R TPt he® Nt ¥EBAULE BESOHBEFS M ReltefBfRce

Exanple 1(2). The young cell grew well (doubling tinme = about 2 days
P pgo%edure éesc%ibed f% Referenée Examp?e 1(2). ys)

The young cell grew well (doubling time = about 2 days)
regardless of the presence or absence of SB203580 as shown in
Fig. 3 (polygonal line a and polygonal line b), and its S phase
cell was about 20% as shown in Fig. 4. The SB203580-untreated
senescent cell grew slowly (doubling time = about 6 days) (cf.
polygonal line d in Fig. 3), its S phase cell was about 5% (cf.
Fig. 4). Although illustrative data are not shown,'it showed
a morphologically characteristic of a cellular
senescence-specific f~galactosidase-positive flat cytoplasm.
On the other hand, the SB203580-treated senescent cell showed

\ accelerated growth in comparison with the untreated case (cf.
polygonal line ¢ in Fig. 3), the S phase cell shown by 72 hours
of bromodeoxyuridine (BrdU) 1labeling was significantly
increased to about 25% (cf. Fig. 4), and it showed a

morphologically characteristic in that the cellular

senescence-specific B-galactosidase-positive degree was low
and the flat cytoplasm became thin, thus resembling the young
cell. Based on these results, it was shown that the SB203580

as a compound having p38 protein inhibitory activity partially
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regardl ess of the presence or absence of 5B203580 as shown in Fig. 3

(pol ygonal line a and polygonal line b) , and its S phase cell1g@§m§999906
20% as shown in Fig. 4. The SB203580-untreated senescent cell grew slowy

(doubling time = about 6 days) (cf. polygonal line din Fig. 3) , its S
phase cell was about 5% (cf. Fig. 4). Although illustrative data are not
shown, it showed a norphologically characteristic of a cellular senescence-
speci fic 3-gal act osi dase-positive flat cytoplasm On the other hand, the
SB203580-treat ed senescent  cell. sho accelerated growh _in_conparison

W th CherlHEREEP et Lo BE PR O Fofyaondl FERELET, heF: BeS) Ce il & Hihee cel |
shown by 72 hours of bronodeoxyuridine (BrdU) |abeling was significantly

i ncreasedPfd-about 25% (cf. Fig. 4), and it showed a norphol ogically
characteristic in that the cellular senescence-specific

(3-gal actosi dase-positive degree was |low and the flat cytopl asm becane
thin, thus resenbling the young cell. Based on these results, it was shown
that theEXBPD3888 as a conpound having p38 protein inhibitory activity
partially 34 16 January 2006 restarts cell growth of a cell reaching its
replicative PrerasphhonmRAnprendferrepr egatapf o 8fPEpaRsfotAEGEEIAN of the
present invention In the exanple, the transfornmed cell of the present

i nvention was bt epla® e8XpRPABcordEndE AT TP IR FF Dt edaf e tREe ST IRAL as

foll ows, by introducing a hunman MKK6 gene codi ng
inVention was Pprepared in accordance with the procedure

described as follows, by introducing a human MKK6 gene coding
for the human MKK6 protein, or an MKKG6EE gene coding for a
constitutive active type mutant of the MKK6 (to be referred
to as MKK6EE protein hereinafter), into a young cell of the
human normal fibroblast WI-38 by a gene introduction method
which uses a retrovirus.

In this connection, the MKK6 protein is an MAPK kinase
(MAPKK) which phosphorylates and activates p38 protein. Also,
the MKK6EE protein is a mutant of the MKK6 protein in which
serine at the 207th position (Ser 207) and threonine at the
211th (Thr 211) are respectively substituted with glutamic acid
(Glu; E) (Mol. Cell. Biol., 16: 1247-1255, 1996).

The MKK6 gene was obtained by amplifying a DNA fragment
of about 1 kbp by a PCR method which uses a plasmid pSRa-MKK6
(J. Biol. Chem., 271: 13675-13679, 1996) as the template and
a combination of a forward primer consisting of the nucleotide
sequence represented by SEQ ID NO:1 and a reverse primer

consisting of the nucleotide sequence represented by SEQ ID

NO:2. In this case, the aforementioned PCR was carried out by
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for the human MKK6 protein, or an MKKGEE gene coding for a constitutive
active type nutant of the MKK6 (to be referred to as MKGEEE pr§ @idyary 2006
hereinafter), into a young cell of the human normal fibroblast W-38 by a
gene introduction nmethod which uses a retrovirus. In this connection, the
MKK6 protein is an MAPK ki nase (MAPKK) whi ch phosphoryl ates and acti vates
p38 protein. Also, the MKKGEE protein is a nmutant of the MKK6 protein in
which serine at the 207th position (Ser 207) and threonine at the 211th
(Thr 211) are respectively substituted with glutamc acjd Gu; B (Ml.
Cel | . Bibtcubabingoay-19%5 (35 ggg)utehe Nk afehed viasc bt ainedP by dddl i fyi ng
a DNA fragnent of about 1 kbp by a PCR nethod which uses a plasmd

pSRa- MKK&ecqds Bi 0b2°Chedd , s@7and$8678d13879, (hovbypuhbe)t hé témplsat@cand a
conbi nation of a forward priner consisting of the nucleotide sequence

r epr esentleeh By r$EQ ¥ DnNObla tamdy atr evdr <éOpnimetrestonsilstd ng hof MKESEE

nucl eoti de sequence represented by SEQID NO 2. In this case, the

af or emerd ¢ ede PCRP hasnedr byemoddtf YOy BE 6 a¥ameirgn RDoBe dndkiBat igsgeat 94C
(5 mnutes) , repeating a cycle of 94C (30 seconds) , 52C (30 seconds) and
72C (1 migne)a 1Bnd hes englinedehngi harhpinneubat #agoadanze widhritiugt es)

Al so, the MKKG6EE gene was obtai ned by nodi fying the aforenenti oned MKK6
gene usim@v@ngéﬂeﬁﬂcm@hgbﬁeemamglVe%ﬁheq@@e¢hfé§d@uﬂageeewﬂﬁh(ﬁh@c-
conventional nethod, nanely site-specific nmutagenesis (Proc. Natl. Acad.
Sci. USAyagl: 5662-5666, 19g4) 8l: 5662-5666, 1984).

Each of the thus obtained MKK6 gene and MKK6EE gene was
subcloned into a puromycin-resistant gene-containing
retrovirus vector pMXpuro (Exp. Hematol., 24: 324-329, 1996).

The gene introduction by retrovirus was carried out in
accordancewithaconventionallyknownmethod (Proc. Natl. Acad.
Sci. USA, 92: 9146-9150, 1995). That is, a packaging cell NX
cell {4 x 10° cells/10 cm dish (J. Virol., 38: 895-905, 1981)]

was transfected with 6 pug of a retrovirus DNA containing each
gene (or the retrovirus vector pMXpuro as a control). After
48 hours, the culture supernatant was recovered and used as
a virus solution.

As the target cell, young cell (42 PD; 5 x 10° cells/10
cm dish) of the human normal fibroblast WI-38 was cultured for
8 hours in the virus supernatant to which polybrene (final
concentration =8 ug/ml) had been added. The virus supernatant
was once removed, and then fresh virus supernatant [containing
polybrene (final concentration = 8 pg/ml)] was again added,
followed by the culturing for 8 hours. Each of the

infection-treated cells was cultured for 3 days in DMEM
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Each of the thus obtai ned MKK6 gene and MKKG6EE gene was subcloned into a
puronyci n-resi stant gene-containing retrovirus vector pMXpuro ﬁﬁﬂ%umyzooe
Hemat ol ., 24: 324-329, 1996). The gene introduction by retrovirus was
carried out in accordance with a conventionally knownnethod (Proc. Natl.
Acad. Sci. USA, 92: 9146-9150, 1995) . That is, a packaging cell NX cel

[4 x 10E cells/10 cmdish (J. Virol., 38: 895-905, 1981)] was transfected
with 6 g of a retrovirus DNA contai ning each gene (or the retrovirus vector
pMXpuro as a control) . After 4% hours, the culture supernatant was

r ecover 6P USEd RS OBYGiRud 2sol WG/ ‘As the target cell, young cell (42
PD;, 5 x 105 cells/ 10, cmdish) of the, human pormal_ fi brobl ast - 38 was

cul tured for 98 HauALhF2Y ﬁéftzﬁfr%%r ﬁb@gﬁé{qéﬂ}f‘etl@%ﬁtc Orb’ol%ilﬁr%ﬁgl(lf“i nal
concentration = 8 g/m) had been added. The virus supernatant _was once

r enoved "2 8" eRER S FeIAIRH o3 g tarant® ‘FHB%FBI’YM gL £ pbE §Br ENES 1 i nal
concentration = 8 g/mM)] was again added, followed by the culturing for 8
hours. E&HRd Ry At BREERE R CEPY'S - wald ChitSuFeder of N8 Bagsuftn DVEM
36 16 January 2006 containing puronycin (2.5 g/m). On the 4th day after

car ryi nGXsiEndfe 14T 61 bhcdt petnddram dads dé%éﬁ]@e&hteo qy\?ﬁ%%b%?a¥ﬁ?ng 2. 5%
di net hyl sul foxide (DMSO) ., followed by the culturing for 6 days. In this
case, tﬁédﬁﬁérun?héxéﬁé%éévﬁa%uﬁﬁﬁFi%3 %%%lév%¥§lﬂgytgﬁﬁﬁn6 {REScUREuri ng

for 6 days. The relative nunber of cells during these 6 days was
measured every other day using a commercially available kit

[Cell Counting Kit (WST-1 assay), manufactured. by DOJINDO] .
The WST-1 assay is a method to know indirectly degree
of cell growth ability with the use of the colorimetric
determination of the activity of dehydration reactions wherein
intracellular lactate dehydrogenase and the like are related.
Measurement and calculation of the relative cell number
were specifically carried out by the following method. That
is, 1,000 cells per eachwell of a 96 well plate were precultured
for 24 hours. After adding the WST-1 reagent to the culture
medium, the coloring reaction was carried out for 4 hours in
a CO, incubatecr. After the reaction, measurement was carried
outusing a plate reader (measuringwavelength =450nm). These
were measured on three samples on each of the measuring days
(on the 0th, 2nd, 4th and 6th days) during the growth period,
and the average values were used as the data of respective
measuring days. Therelativenumberof cells ofmeasuredvalues
on respective measuring days was calculated by defining the

average of measured values on the 0th day as 1. The results

are shown in Fig. 5(a).
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measured every other day using a commercially available kit [Cell Counting
Kit (WsT-1 assay), nmanufactured. by DQJINDQ . The WBT-1 assay i 363afRir2dod 0
know indirectly degree of cell growh ability with the use of the
colorinmetric determnation of the activity of dehydration reactions wherein
intracellular | actate dehydrogenase and the |ike are related. Measurenent
and calculation of the relative cell nunber were specifically carried out
by the followi ng nethod. That 1is, 1, 000 cells per each well of a 96 well

plate were preﬁa“'ﬁjﬁ%.e% f9fe %%hh;&%{)iﬁaf/éfetrerca?qu?i@lg; %lﬁ}t% ¥‘§rl %nff%%gﬁ%&l to the

culture medium t coloring re on was carrie hours i1n a CQZ

| noubat of AL LIS (836 0N, TERPNAIPAL WASCAILIAY, Ut Bng. Pl ate

reader (fmeasuring wav These ™ Mere asuf ed on ree

Sameles i Pact o Lbe MR 08 498 (614 8 Ol a2 4110 B, deve)

on 1 oS petTH b IR g a4 B A bl G od VB et By nd PRE oot heE of
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et e s 15, 380 e QORI M S0n LI FL 0 2y LD, sybOL

B&Egggtd%ﬂégg%%%%aﬁ%ggeiégggggﬂfﬁéc Bgl SSréP%ﬁoﬁéifﬁ%fEéfggé%eﬁﬁ the
{control) .

As shown in Fig. 5(a), cell growth rates of the
MKKé6-expressing cell (WT) of the present invention and the
MKK6EE-expressing cell (EE) of the present invention were
significantly reduced on the 4th day, in comparison with the
control cell (V) infected with the vector alone. 1In addition,
in the case of the cell (EE) of the present invention expressing
the MKK6EE gene, its growth was completely stopped before the
cell became confluent.

(2) Effect of p38 protein inhibitor on the transformed cell
of the present invention

In the example, effect of the p38 protein inhibitor
SB203580 on the two speciesof the transformedcell of the present
invention obtained in Example 2{1) was confirmed.

Specifically, the retrovirus infection treatment

described in Example 2 (1) and culturing of the cells obtained

by the treatment described-above were repeated, except that

the medium was replaced by DMEM containing 10 umol//L SB203580

(manufactured. by Sigma) on the 4th day after carrying out the

38



invention, and the synbol "V' indicates that it is a result of the vector
(retrovirus vector pMXpuro) alone-introduced cell (control). S I

Fig. 5(a), cell gromh rates of the MKK6-expressing cell (VW)AgPJ?ﬁ@QVZBOS
present invention and the MKK6EE-expressing cell (EE) of the present
invention were significantly reduced on the 4th day, in conmparison with the
control cell (V) infected with the vector alone. In addition, in the case
of the cell (EE) of the present invention expressing the MKKGEE gene, its

grovth vas cSOUPLAL ol stanned belore e, celd Besae, qoptiuenty, (2) Erfect

38 protern rnhibitor on the trans orne esen |nvent|on

I'n the exanpl &, eff ect f+EBejﬁ§§%8; Plﬂyyéé Jth?%%ﬂ?%%Qa%%§

speci es of the tT anetorned cel esent i nvention obtaine
descri bea” %ﬂ@%‘éﬂ%‘ﬁ%‘faﬁ%%ﬁ‘?@é'fbﬁ%t it rr%te{ GRS Fﬁéﬁ%tc@%rhéeat e
repl acedt By DUERPCoRCAtn: i 109l 1 SEYDSSH0°S (Hanr AGt bPed. 6y S gme) on
RS SN ey, gt o cying o U o%ar%ﬁné e ER
st 5 el e ot S e o0 4 (et o
result gene or MKK6EE gene shown in Fig. 5(a), it was inhibited by
the p38 protein inhibitor SB203580 as shown in Fig. 5(b).
In addition, although illustrative data were not shown,
the SB203580also showed theanti-agingactivityupona senescent
cell (61 PD) of the human normal fibroblast WI-38 cultured in
the same manner as in Reference Example 1(1).
(3) Confirmation of various aging indexes in the transformed
cell of the present invention
(3—a) Ratio of S phase cell by FACS analysis
Usingthetwo speciesof thetransformedcellof thepresent
invention and one species of a control cell wherein the vector
alone was introduced, obtained by repeating the same procedure
of Example 2(1), the ratio of S phase cell was confirmed by
a fluorescence-activated cell sorter (FACS) analysis. As the
cells, cells after a culturing period of 6 days, namely the
cells of “during 6 days” in Fig. 5, were used.

Specifically, each of the cells after a culturing period

of 6 days was subjected to labeling in DMEM medium containing

10umol//Lbromodeoxyuridine (BrdU) for 4 hours. Next, thecells

were fixed with 70% ethanol and treated with 2 mol//L
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of the case where SB203580 was not added to the nmedium Wth regard to the
growh inhibitory effect by the MKK6 gene or MKKGEE gene shown4gn ﬁﬂ9y2006
5(a), it was inhibited by the p38 protein inhibitor 33203580 as sﬁomm In
Fig. 5(b). In addition, although illustrative data were not shown, the
SB20358 0 al so showed the anti-aging activity upon a senescent ceII (61 PD)
of the human normal fibroblast W-38 cultured in the sane manner as in

Ref erence Exanple 1(1). (3) Cbnfirnation of various aging indexes in the

f - Rat i h Il b
Fkégsaﬁéﬁgf%%m@ct RS gt R §§ua??%%%¥%%§lxe| ﬁ*%ya?*%efc%r eseﬁt

t d I |1, wh
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t f S ph I d by fl - ted t
(EAc CratgLra e BT GRS E&%—w&arﬁ%ﬁ%ﬁ??ﬁ@%ﬁt% o xs v
nanely the cells of_ "dur days" in Fig. 5, were used. Specifically,
each of PReT@&PLCKINGN ), f@%?kﬁppﬁg ﬁ%??%ﬂCQﬂp%?Qk@%oﬁdg“%68?559éﬁhto

| abel ing in DVEM WEdIUﬁ]COﬂtaInH%ga 10 nDI//LbronDdeox%urldlne BrdU) for 4
hours . ReXtGethe WeFPsWamdre MLl nitar 70v8 ethan®f ahdStFearediiith 2
nmol // L 39 16 Januaey 2006_hydrochloric acid for 30 nlnutes Subsequent | vy,

they wer®@->hewsetiPedn th kbo‘ilﬁﬁlﬁiu%cﬁq}}ﬂ%r Jan@ CheHSREFG\WREH t o

react with FI TC- | abel ed anti-BrdU anti body (manufactured by
in a PBS solution containing 5 pg/ml ProPidium Iodide (PI).

The samples were analyzed by a two dimensional flow cytometry.
The results are shown in Fig. 6.

The symbol “Vector” in Fig. 6(a) indicates that it is
a result of the vector (retrovirus vector pMXpuro)
alone-introduced cell (control), the symbol “MKK6WT” in Fig.
6 (b) indicates that it is a result of the MKK6 gene-introduced
cell of the present invention, and the symbol “MKK6EE” in Fig.
6(c) indicates that it is aresult of the MKK6EE gene-introduced
cell of the present invention. Each ordinate in Fig. 6 shows
the degree of BrdU staining, and each abscissa shows the degree
of PI staining.

As shown in Fig. 6, the ratio of S phase cell in the
MKK6-expressing cell (MKK6WT) of the present invention and the
MKK6EE-expressing cell {(MKK6EE) of the present invention was
significantly reduced in comparison with the control cell

(Vector) infected with the vector alone.

(3-b) Cellular senescence-specific B-galactosidase activity
The procedure described in Reference Example 1(2) was

repeated, except that the two species of the transformed cell
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BECTON DI CKINSON) for | hour. After conpletion of the reaction, the cells
were washed with a washing buffer [PBS containing 0.5% Tween 2Q6388ugty2006
bovi ne serum al bumin (BSA) | and suspended in a PBS solution containing 5
g/m ProPidiumlodide (PlI). The sanples were analyzed by a two di nensi onal
flow cytonetry. The results are shown in Fig. 6. The synbol "Vector" in
Fig. 6(a) indicates that it is a result of the vector (retrovirus vector
pMXpuro) al one-introduced cell (control), the synbol "MKK6W™" in Fig. 6

(b) indicates that it .is a result of the MK6 ne-introduc cell. of the
b bsent Phvdw i basehhd Trn thihon Hnaaet T ER o § Corh e O RaMRR T hat 1t
is aresult of the K6EE gene-i ntroduyce cell ;of the present.  invention.
Each or dFASIET P EAGOTE RO’ L1 PIdu dogr 6 6T T 4B Yst BP ARG ands GHite

absci ssa sho t he degree _of Pl stainjng. shown in Fig. 6, the ratio of
A Dhace. BEPECRRERNET MKRECASL? hAT nhEebE F AR oht Wt AR A S i ent | on
and the _MKKGEE: expressing cell KGEE) of the present inventjon was
significgn?PysréHug%BhiﬁaéGWpSFWég§ ' hCFHéSCSSFrGP' 9 %t?v Yor ) nf ect ed
with the_vector alone. (3-b) Cellular senescence-specific (3-gal actosidase
act i vi ty F1¥he>pr #6&GuMS SfbscrBed SSH Ret hce BXanplef102) 'was repeat ed,
except that the two species of the transfornmed cell 40 16 January 2006 of

the present inveftFER ahd JFE Shecilds ok a Cont r BRAEERECRNEREth 1T He vect or

al one was i ntroduced, obtained bY repeati ng the sane
a result of the vector (retrovirus vector pMXpuro)

alone-introduced cell (control), the symbol “MKK6WT” in Fig.
7(b) indicates that it is a result of the MKK6 gene-introduced
cell of the present invention, and the symbol “MKK6EE” in Fig.
7(c) indicates that it is a result of the MKK6EE gene-introduced
cell of the present invention.

As shown in Fig. 7, the MKKé-expressing cell (MKK6WT)
of thepresent invention andtheMKK6EE-expressingcell (MKKG6EE)
of the present invention showed a flat morphology and, what
is more, their cellular senescence-specific B-galactosidase
activity was considerably increased.

Next, the procedure described in Reference Example 1(2)
was repeated, except that the two species of the transformed
cell of the present invention and one species of a control cell
wherein the vector alone was introduced, obtained by repeating
the same procedure of Example 2(1l), (cells after a culturing
period of 6 days in each case; SB203580-untreated cells) and
the two species of the transformed cell of the present invention

and one species of a control cell wherein the vector alone was

introduced, obtained by repeating the same procedure of Example
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procedure of Exanple 2(1), (cells after a culturing period of 6 days in
each case, nanely the cells of "on the 6th day" in Fig. 5 vverqgggﬁlgia Ebﬁﬁ
results are shown in Fig. 7. The synbol "Vector" in Fig. 7(a) indicates that
it is aresult of the vector (retrovirus vector pMXpuro) al one-introduced
cell (control), the synmbol "MKK6W™ in Fig. 7 (b) indicates that it is a
result of the MKK6 gene-introduced cell of the present invention, and the
synbol "MKKGEE" in Fig 7 (c) i ndicates that it is a result of the VKK6EE

gene-int pce r t_jnventi Qwn |n g, t he
MKKG- expérgsm ngcef % C%l 1{]}{1& regrgleocf |nven |on *&n ?1’ Case’

VKKGEE- ¢ g. cel MKKGEE), of the [ tion, showed a fl at

nor phol o%@é(g%%é (51\/\/}:13’;1?&keé1 r%rggs) t Hei TS ce $u1 a&p‘ ng\sbgdgn%eeﬁs?)e%?FFc

0- galact05|dase acti S conS|derab i ncreased edure
desor | bet 1 1F Rt b e Eah et 3 I RS Pasht 88 Sash e RHER SERE Hno

speci es of the transfornmed cell of the present |nve3%|on and one species of

a cont r ofNERE ISAHG PR Tt RECHeST BHPal TR CREs T RREPoRbidEE @ bbt P Aéd a5y
repeatin t he sarre rocedur e _of 2(1 (cel after a culturing
bertod o5 HayS PRIbACHS Cace: B0 AT Ut L8 Gl e VARG T (e t o
species of the transforned cell of the present inventjon and one speC|es of

a cont r dt-¢EtaCchhet @7 Ae RS MekY DL edilone Wad i e AthisdiReY; Jhtear ped Loy

repeating the sane cedure of Exanple 41 16 January 2006 2(2), (cells
after afg{l?t%?‘?'ﬁﬁ bg ?68 of ‘6 days in each case;

In Fig. 8, the symbol “W” indicates that it is a result
of the vector (retrovirus vector pMXpuro) alone—-introducedcell
(control), the symbol “WT” indicates that it is a result of
the MKK6 gene-introduced cell of the present invention, and
the symbol “EE” indicates that it is a result of the MKK6EE
gene—-introduced cell of the present invention. Also, in the
“SB” column shown on the abscissa of Fig. 8, the symbol “+”
indicates that it is a result of the SB203580-treated cells,
and the symbol “-” indicates that it is a result of the
SB203580-untreated cells.

As shown in Fig. 8, the increase of the cellular
senescence-specific B-galactosidase positive cells is
inhibited by SB203580.

(3-c) Phosphorylated state of p38 protein

The procedure described in Reference Example 1(3)} was
repeated, except that the two species of the transformed cell
of thepresent invention andone speciesofacontrolcell wherein

the vector alone was introduced, obtained by repeating the same

procedure of Example 2(1), (cells after a culturing period of
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SB203560-treated cells) were used. Then 200 cells were optionally sel ected
under a mcroscope fromeach of independent three sanples per Q%Qﬂng&ﬁ%ﬂos
and the ratio of 0-gal actosidase positive cells was cal cul ated by counting
t he nunber of 0-gal actosi dase positive cells contained therein. The results
are shown in Fig. S. In Fig. 8, the synbol "V' indicates that it is a result
of the vector (retrovirus vector pMXpuro) alone-introduced cell (control),
the synbol "W indicates that it is a result of the MKK6 gene-introduced

el T YO e e O
i cat b TRAE Rt RERA L PEEUE oY R e ?ae%téera%aesa?%”g%'gnlobq% symbol
oo SRR MRS Pl B 22%%2@“? LS ELbBa, A Show
éﬁogngf OSI€g§st ggh%%%g %ﬂ%@%ﬂgl #%g du Sgé gaéﬁﬁquF%Qngence
Exanple % %? ﬁﬁ%ﬁd gxce n% éﬂ§ﬁ5 |es ftghe Efan formed
cel | edéit 11187 A" oA cPe EH? B &oﬁf% Bl ein
(R vector_ghene ves L codiceq. obi g e by repeat g {1 sare . procedir

antibodies. Inthisconnection, thepléproteinandp2l protein

are knownproteinsas proteinscharacteristicof senescent cells.

Also, actin is a protein which is known to have no difference

in its expression quantity between young cells and senescent

cells. The results are shown in Fig. 9.

In Fig. 9, the symbol “mock” indicates that it is a result

of the vector (retrovirus vector pMXpuro) alone-introducedcell

{control), the symbol “MKK6WT” indicates that it is a result

of the MKK6 gene-introduced cell of the present invention, and

the symbol “MKK6EE” indicates that it is a result of the MKKGEE

gene-introduced cell of the present invention.

As shown in Fig. 9, a large amount of the MKK6 protein

was expressed in the MKKé or MKK6EE gene-introduced cell in

comparison with the control. While expressed amount of the

total p38 proteindid not vary among the three species of cells,

expressed amount of the active type p38 protein significantly

increased in the MKK®é gene-introduced cell and markedly

increased in the MKK6EE gene-introduced cell in comparison with

the control. In addition, expressed amount of each of the

senescent cell-specific plé protein and p2l protein increased
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6 days in each case) were used, and that an anti-MK6 antibody (sc-1992;
manuf actured by Santa Cruz), an anti-pl6 antibody (sc-468; many

Santa Cruz), an anti-p2l1 antibody (sc-817; manufactured by Santgggéﬁgfgogi
anti-p53 antibody (sc-2 63; manufactured by Santa Cruz) and an anti-actin
anti body (manufactured by Boehringer-Mannhein) were used as the primary
anti bodies. In this connection, the pl6 protein and p2l protein are known
proteins as proteins characteristic of senescent cells. Also, actinis a
prot ei n whi G @ NoWRloaYe N0 didi SINCE cch | U5y GXPL a38Ion, Quant i Ly
bet ween young cell's and senescent ~cells. € résults are shown in Fig. 9.
In Fig. 9 he. synbol, . " 1.ndi,cat that, it is.a I of the vector
(ret rovi?%stthveesc d:resp‘}\}bgpsur& ta Sgel?‘ﬁnatetfg lrj%esgececlel 15(3(51:%% rcttgll)y Tlnt uecesdyrrbol
"IMKK6W™, i ndi cates that it ] result . of th 6_gene-.i ntroduced cel |l of
the presEht | HoRhgi 612 14nkY THE Sbol E WPLKORER P bl caces that it is a
result of the MKKGEE gene-introduced cell of the present invention. As
shown in Fig. 9, a large amount of the MKK6 protein was expressed in the
VKK6 oré¥§K6 ggne-introduced cell in conparison with the control. Wile
expr ess ADuRt of the total p38 protein did not vary anong the three
speci es of cel

, d t t.h ti t 38, i
significantly f?ﬁﬁ?%é@égggﬁyt%ggb%&éggéﬁgﬁ?ﬁﬁ?%%ﬁé@%gﬁaﬁl§éE%%%§%%gﬂly
i d i h K6EE -introd d Il i i it th
cont rof TR dbH EROHS BxpraLiad o R S a1 L He: Rénbitenproed
cell-speci 115 018 PIPLELN ANd PRI PIOLEY N dd1C1£858H023 1997) . 1t was

shown that thisprocessis inducedviatheclassical MAPK, namely

Raf-Mek~Erk, which is in the downstream of Ras (Genes Dev.,
12: 3008-3019, 1998, Genes Dev., 12: 2997-3007, 1998). By the
use of this, Zhu et al. have reported a system for inducing
cellular senescencebyactivatingRafwithestrogenor tamoxifen
(Genes Dev., 12: 2997-3007, 1998). This is a result of fusing
an estrogen receptor gene with a sequence coding for the kinase
region of activated Raf gene.

(1) In accordance with the aforementioned method,
induction of cellular senescence was tested by carrying out
gene transfer into the WI-38 cell and thereby constructing a
system which can induce cellular senescence by the
administration of tamoxifen.

The results are shown in Fig. 10 and Fig. 11. By the

administration of 1 nM or more of tamoxifen, termination of

cell growth and increase of cellular senescence-specific

f-galactosidasepositivecellwereobserved, therebyconfirming

that the cellular senescence was induced. Fig. 10 shows the
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16 January 2006 in the MKK6 or MKKGEE gene-introduced cell. It was found
based on these results that cellular senescence is directly inguggelan B
young cells by the activation of p38 protein. Exanple 3 It was al ready
reported that human normal fibroblast rapidly shows a cellular senescence
phenotype by the forced expression of activated Ras (Cell, 88: 1593-602,
1997). It was shown that this process is induced via the classical MAPK,
nanely Raf-Mk-Erk, which is in the downstream of Ras (CGenes Dev., 12:

3008'30%%a£§§§’i§bgﬁg £§¥Pg%%%g¥2%%7b%9q;’h%g%%hﬁedaééﬂfhiyé?a?&okhiS’ Zhu

et al. have teported a sys rnducin el'l'ul"ar” senescence b

activating Raf, w estr.ogen or. nox; f (Gepes. Dev. ., 12: 2997-3007,
To08) . AR At PR SRR A e ¢ A FilEpt s SBBHS R a

i) f t.he ki i f i vat ed. Raf (1) .
Sgggfggﬁg%O !ﬁ Tﬁ%pé?%F%%Qﬁﬁﬁgﬁéﬁghggﬁga?qg%E%%%fﬁb%?%Fg§2$§%¥éaIggnescence
t est i t f intq the W-238 |1, and.th b
Const ructd i a Say ot 8 SRt 2h LR nHTRGZe ClelTRier MO Rore by R o
adm ni st ration o% ta xif.en.d he results are shown in Fig. 10 and Fig. 11.
By the UM% T atfohSof S19RMGF et e bf tanoxifen, termination of cel

051 11 ve cel | it & bt ST PO 1 T gt ™t ot (et LER PG o

senesce %%“%?%ifﬁﬁﬁégh gﬁgﬂj%gd%HPW%ﬂg¥iég%, and by simultaneously
adding 25 uM of PD98059 (Mek inhibitor) and SB203580 (p38
inhibitor), their effects on the Raf-induced cellular
senescence induction was observed. The results are shown in
Fig. 12, Fig. 13, Fig. 14 and Fig. 15.

Fig. 12 shows the ratio of cell growth in respective cells
after induction of the activated Raf. In Fig. 12, tamoxifen
is shown by a symbol “4-HT”, and the 25 uM PD98059-administered
system is shown by a symbol “+PD”.

Fig. 13 shows the ratio of B-galactosidase positive cell
in respective cells after induction of the activated Raf. 1In
Fig. 13, tamoxifen is shown by a symbol “4-HT”, and the 25 uM
PD98059-administered system is shown by a symbol “+7.

Fig. 14 shows the ratioof cell growth in respective cells
after induction of the activated Raf. In Fig. 14, tamoxifen
is shown by a symbol “4-HT”, and the 25 uM SB203580-administered
system is shown by a symbol “+SB”.

Fig. 15 shows the ratio of f-galactosidase positive cell

in respective cells after induction of the activated Raf. In

Fig. 15, tamoxifen is shown by a symbol “4-HT”, and the 25 uM

45



16 January 2006 changes in the norphol ogy of cells by varied adm nistration
concentration of tamoxifen (4-HT), and Fig. 11 shows a relatlomgbémﬁﬁpgmﬁpn
concentration of adm nistered tanoxifen (4-HT) and the relative nunber
cells wherein the initial nunber of cells is defined as 1. (2) Using the
system constructed in (1) , activation of Raf was induced by 10 nM of

t anoxi fen, and by sinultaneously adding 25 M of PD98059 (Mek inhibitor) and
SB203580 (pad inhibitor), their effects on the Raf-induced cellular

senescengg,haduLLAN YA QS vk Jhe: LesHLLS e shoupdn »Fg. 120 Fig.

13, F and Fi he ratio-o growt h |n
respective cel e ti on gf it c a

tamoxifen is é 8§E% EaEQq q&l &E lnﬁaﬁdEé% Eggmﬁﬁéﬁéég58 aéﬁlnlstered
systemi s_shown nbol " 13 _shows the rati.o

p- galact%goﬁg ea8§5| Ve cé?l %ggp%ctg$eeéeﬁ af %Cﬁf.éhctlon of the
activated Ra n

) f h mbol " 4- dth
B Y S - ] g{’rg)r(?:q UL %‘Wﬁ lvgtwﬁ.gfr Rad shove
th t f || | | fte d f.th
L vat o Ry e s Y58y A IRReR S B o kRt i Mg ¢ he

25ESB203580- adnlnlster stemis shown by a " +SB" 15 shows
t he ratleSFef§egala g&%ﬁ§%§iﬁﬁﬁﬁ?%%p%eFPeCFﬁngBpgéﬁﬁﬁ§Q§ﬂ$%S%fter
deﬁﬁilog%ng%gezgg gucggknfeke ac 1vatlogqﬁ¥bf%n h%r%hgwgoﬁélysynbm

than the PD98059. It was clarified by this information that
both of the classical MAPK and a stress-inducing MAPK p38 are
concerned in the cellular senescence induced by the activation

of Raf, but the concern of p38 is particularly large.

Industrial Applicability

The transformed cell of the present invention is a cell
useful for constructing the screening system of the present
invention, and, according to the screeningmethod of the present
invention, a substance effective as an anti-aging agent can
be screened. In addition, a compound selectedby the screening

method of the present invention isuseful as ananti-agingagent.
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45 16 January 2006 SB203580-adm ni stered systemis shown by a synbol "+".
PDO8059 partially inhibited the term nation of cell growth and i18capase 2006
cel lul ar senescence-specific (3-gal actosidase positive cell induced by the
activation of Raf. However, SB203580 inhibited the term nation of cel
grow h and increase of cellular senescence-specific (3-gaiactosidase
positive cell induced by the activatigiaief Raf, nore strongly than the
PDO8059. It was clarified by this information that both of the classical
MAPK and a stress-inducing MAPK p38 are. concerned in the cellular
senescence induced by the activation of Raf, but the concern of p38 is

particularly langea kRdustbiralARRIICARBI WhtivhThRe daransdRrimfl £&t! of the
present invention is a cell useful for constructing the screening system of

the present inygntiLop,. 8R4 BgpALALNErt BnbBBHEELEaRIAY FBished e e
present invention, a substance effective as an anti-aging agent can be
screened. J,n addition, a-conpound selected by the screening nethod of the

present invention is useful as an anti-aging agent. 46 16 January 2006 Cl aim

1. Atransforne ' Heh 2 AeNE Cod Qb tedh 2 PE AL D L£apal] e of
phosphorylatingqgggiiﬁ ?gﬁgfgbrg(b) p38 p#ﬂ%%?n, a nutgnt 6%k338 prgiein, a

kKinase don® f3g protein, a kinase domain of p38 protein mutant or a fusion
protein containing them

is transformed into a normal cell.

2. A method for screening a compound, which comprises

(1) a step for allowing a normal cell introduced with
a gene capable of inducing cellular senescence to contact with
a substance to be tested, and

(2) a step for analyzing an aging index of the cell by

the activation of p38.

3. The screening method according to claim 2, wherein
the step for analyzing an aging index of the cell is a step
in which an aging index of the cell is analyzed by comparing
with a control cell which is not contacted with a substance

to be tested.

4. The screening method according to claim 2 or 3, wherein

the aging index is a change in the ratio of S phase cell, an

change in the morphology of the cell, a change in the cellular
senescence-specific enzyme activity or a change in the growing
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of p38 protein, a kinase domain of p38 protein nutant or a fusion protein
containing themis transforned into a normal cell. 2. A method fiérJasgarg@0061g
a conpound, which conmprises (1) a step for allowi ng a nornal cel

introduced with a gene capabl e of inducing cellular senescence to contact
with a substance to be tested, and (2) a step for analyzing an aging index
of the cell by the activation of p38. 3. The screening nethod according to
claim2, wherein the step for analyzing an aging index of the cell is a
step in m@lih an aging index of the cell is analyzed by conparing wth a
control c&“Wr¥ch i's not contacted with a substance to be tested. 4. The
screeni ng nethod according to claim2 or 3, wherein the aging index is a
change in the ratio of S phase cell, an change in the norphol ogy of the
cell, a change %nﬁfhe cellular se qéﬁence-s eci%ic enz§ne a tixit% or a
change in the growhy %9r%%95%%d%.§b 06 ABi Vi) % AP¥hB S Péefir- AgM et hod
according.to y gne of Ehains 2 to]éi. erﬁin t.he, normal cell iggroduced
Wth a gefe-eapabPETedr FRAKIHY b&all APtEaRbEeantL & BRES FaReParMed cel |
according to.claim1l1 or ransfornmed cell., prepared b trapnsformng a
normal cePf %P?HCénae551383FﬁgS@&FSGEPC§ dFoFEFnt5@§%EQ§ &®%he upstream

of a MAPKK protein .
acgordﬁng to claim 1 or a transformed cell prepared by

transforming a normal cell with a gene coding for

(c) aproteinpositionedat theupstreamof aMAPKK protein
of the p38 pathway, a mutant of the protein positioned at the
upstream of the MAPKK protein of the p38 pathway, the kinase
domain of the protein positioned at the upstream of the MAPKK
protein of the p38 pathway, or a fusionprotein containing them,
or

(d) a protein which activates the p38 MAPK pathway or

a fusion protein thereof.

6.Ananti-aging agent which comprises a compound obtained

; by the screening method of any one of claims 2 to 5.

7. The anti-aging agent according to claim 6, wherein
the compound obtained by the screening method of any one of
claims 2 to 5 is a compound having the activity to inhibit a
p38 protein or a molecule positioned at the downstream of the

p38 protein in the p38 MAPK pathway.
8. The anti-aging agent according to claim 7, wherein
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of the p38 pathway, a nutant of the protein positioned at the upstream of
the MAPKK protein of the p38 pathway, the kinase domain of the1gggﬁ&5?2006
positioned at the upstream of the MAPKK protein of the p38 pathway, of a
fusion protein containing them or (d) a protein which activates the p38
MAPK pat hway or a fusion protein thereof. 6. Ananti-aging agent which
conpri ses a conpound obtai ned by the screening nethod of any one of clains 2
to S. 7. The anti-aging agent according to claim®6, wherein the conpound
obt ai ned t he.screeni.ng nethod of any one.of clainms 2 to 5 is a conpound
havi ng tﬁggapr%gfgofolﬁnﬁ 6F?§aPr 3 l%r Pg?%lGPra nol ecul e positioned at
the downstream of the p38 protein in the p38 MAPK pat hway. 8. The
anti-agi ng agent according to claim7, wherein 48 16 January 2006 the
inhibitor is a p38 protein inhibitor. 9. An anti-aging pharnmaceuti cal
conposi tion whi P cdpt 884 NaPhat RIS Wel Fhyr €8TRREL CaC8omiduiY obt ai ned
by the screening nethod of any one of clains 2 to 5 which is an inhibitor
of a p38CPFREEFRSorda AToRECUHVE pBIFErdREF af TIRPABRA? ahiedfPY Hd %38

protein in the p38 MAPK pat hway. 49 16 January 2006 1/1 SEQUENCE LI STI NG
screeningmethod of anyoneof claims 2 to S5whichis aninhibitor

of a p38 protein or a molecule positioned at the downstream

of the p38 protein in the p38 MAPK pathway.
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