;" #$%3eCCC<<=@ AC6NCTCU Novel transforned cell, nmethod for screening
anti-agi ng agent, and anti-aging agent Technical Field This i 0N
relates to a novel transforned cell, a method for scree;ﬂ“"\@%ﬂﬁﬁﬁlm‘gagi ng
agent and an anti--aging agent . Background of the Inve r
senescence i s conditions under which a cell that should origisne#ly carry
out cell growh cannot performcell division in response to growh
stinmulation. A senescent cell is characterized by its | | eus
and a cel lul ar senescence-specific p-gal actosi dase (senﬂWﬁmWWMNNMWMEiated

~i - gal act osi dase~ SA-(3-gal act ospdagelpaebhvity. In additiop.a.
nor phol ogi cal changes, the cellul ar senescent cell (senescent cell) shows

characteristic changes in the gene expression patterns and the |ike. There
are many causes which trigger cellular senescence. For exanple, human
normal fRbEvebasdnd Sodnéd bl 1M She BESE 1Rl ¥ Hsath Ad 2hire -sigddigesgon: cel I ul ar
senescence. It is known that cellular senescence 1s induced when this is
exposed §adi eAtZi-aginhadegkhen or cultured under a high oxygen partial
pressure. 1 Al'so, in recent years, it has been reported that cellul ar
senescence is rapidly induced after about 1 week when an activated oncognic
RAS i s expressed by force in human normal fibroblast. However, the cellular
senescentechnstalh@deughl y studied is a cellular senescence by the
replicative life span (tel onere-dependent) in which a normal cell reaches
an aging cell after a finite nunber of cell divisions. . Since the cellular
senescence generated by these different causes finally shows the sane
phenot ype, it Thisoirsvertrtoh thataté¢s otecur sndyel hersanto médard Hr, nechani sm
but its details are not clear. The cellul ar senescence based on the
replicatihgkhpdfor 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-B-galactosidase) activity. Inadditionto
morphological changes, the cellular senescent cell (senescent
cell) shows characteristic‘changes 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 cellular senescence. It is known that
cellular senescence is induced when this is exposed to ionizing

radiation or cultured under a high oxygen partial pressure.



span i s a phenonenon in, which a normal cell becones senescent cell after a
certain nunber of cell divisions which vary depending on the kind of the
cell. In the case of the nost frequently used human normal fibroblast, a
fetal cell shows an aging phenotype after about 60 to so tines of cel

di vision. This phenonenon was reported by Hayflick in 1962 . However, it
has been unclear for a long tine that intracellular mechani smof the
recordi ng of the number of cell divisions. In recent years, it has been
shown that DNA replication of the chronosonmal terminal telonere is not

conpl et eadiee,t Art he wRrtCada0e ," and HAP LA QBN &Hat he, L el onere
| ength is shortened from about 50 to 200 base pairs per cel Ivision, and

that a celehelsalensrndscengadly iiRdueRd WrenRt s ughar LeRingH&aches its
threshold 2 value. I-lowever, it is not clear that in what nmanner the

cel | ul ar agenesceacenesgHie Rysthe LN DGO URIORRI BulBAGH HrARd wWhet her
or not its nolecular nechanismis identical to cellular senescence caused
by ot her fe¢ausedas®n the other hand, MAPK (M togen-activated protein kinase)
pathway is a cascade ofi protein kinases which exist in the cytoplasm and
are activated hyweherj niveacel 1 ul &r s seemcaosdd thab roighlly s8rgi Lher eby
phosphoryl ate and activate downstreaminactive protein Kindses. The final
target kimaseckRRKlplosphesykatesbgndnacticyatestavepagitid Ggamanscription
factor, and the cell responds to stimuli through the induction of the

expr essi 6hedpmargrdapenfiegenesnbyhtde 4 ranseyli peilanréaehek. adhegLpgt ream
ki nase whi ch phosphoryl ates the final target kinase MAPK is call ed MAPKK

( MAPK2K) celdngftkee apfinésm kimbse wifi cklphdiphedyhates the af orenenti oned
MAPKKi s cal | ed MAPKKK (MAPK3K) . Two or rnore of theMAPKpat hway are
present, and M\PKGe MAPKKC edhbu MWPKie e ecknoang ase eacdd dby t hease The cl assi cal
MAPK pat hway whi ch was di scovered and anal yzed earliest in the history
conpri seS1RAETRBL- EARSeandinaligspbads tbenaambypbeneaypkl utiar isti mul i,
such as grommg faﬁtq{ and the like and is activated via Ras . PD98059 is
known asCRPSpPEETPACERHhESi 2oFL6F Dekhe@rne aodertd arapechankshe -
N-ternina# kingseiﬁand p38 prftein are known as the MAPK which is induced
by cyt okt he BF-EhnSr 2he&choki SIfaktor (TNF) and the like that induce stress
and apoptosis t.he MAPKK andMARPKKK of JNK and p38 protein 3 are

Al so,
not single, but™q V\%e T & TS IR Srie 5565 (S8 tihFe MPRAGAE L ®BAGEB0 |
k I i.fically inhibit f ti f th 38
orot ei n SBaf TP UWBHLHILENRPRE L nkBRat: Hit b Sieu st
i nfl i i | Ln-=1, .= | euki n; 6, i nt ki n-8 TNF
ind Choror oy FYLOL BRCeHELE SRABLE los LT GH L s b 3 e, (W
97/ 3388 epedi sl SN endfkine dnventi ol nvent ehy hskhe Presednvention

have conduct ed
frequently used human normal fibroblast, a fetal cell shows
an aging phenotype after about 60 to 80 times of cell division.
This phenomenon was reported by Hayflick in 1962. However, it
has been unclear for a long time that intracellular mechanismn
of the recording of the number of cell divisions. In recent
years, it 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 inducedwhen this shorteningreachesits threshold



i ntensi ve studi es on the cause of generating cellular senescence and found
that the p38 MAPIi pathway takes a direct role in the cellular senescence
.induced by two or nore causes, Though the p38 MAPK pat hway has been known
as a MA PK pat hway whi ch i nduces stress or apoptosis as described in the
above, its relationship with cellular senescence has been conpletely
unknown. In addition, the inventors of the present invention, have al so
found based on this finding that when a gene coding for a protein which can
activate p3B protein by its phosphorylation is introduced into a young

cel |, celbhuhar SEANRSESALECAHINBE N@Rirdtyat AHUERE: hink 8 tafeor £NBNt 4 Pned
juvenile cell. The novel senescent cell obtained in this nmanner can be

prepar edsehkBBnaeskeiclirgebyodhel shiol® eini ngoBFatieIBReet N caghat Whal
senescent cell obtained via scores of tinmes of natural division, and is

mar kedl ywHeehelk d ne@nsts wellicad 1arsre@em Nén 45 1 Sest R T @b @1t iuBg ng
agents. In addition, the inventors of the present invention have al so and

new y fogsflekhahca kaowed By bithetr tanse3§ protein shows anti-aging
activity upon the aforenentioned novel senescent cell and natural senescent

cell. The inveniiohei sthasedand, tMeBR (MNEbHE6-aA0i0RE€etpobtéhe i nvention
is to provide a novel transformed cell useful in constructing a screening
syst em f binant) - pgthgaggént 8, cassaedeedrt ngr sysixenk Depsdd eviof chusdnigst he sane
and an 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 specifie transcription
factor, and the cell responds to stimuli through the induction
of theexpressionofagroupof genesbythe 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
(MAPK3K) . Twoormoreof the MAPKpathway are 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 R;f—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



anti-aging agent. Mre specifically, an object of the inventionis to
provide a novel transformed cell in which a gene coding for (a) a protein
capabl e of phosphorylating p38 protein, or (b) p38 protein, a nutant of p38
protein a kinase domain of p38 protein, a kinase donain of p38 protein
mutant yr a fusion protein containing themis transfornmed into a nornal
cell. Also, another object of the invention is to provide a nethod for
screeni ng a conpound, which conprises (1) a step for allow ng a nornal
senescent cell or a normal cell introduced with a gene capabl e of inducing

cel lul ar ;3eneseaNGay o, eaRt Agd W hra wéﬁgﬁ% tRsBectestked xahgn(2) a
step for analyzing an aging index in the cell. In addition, “still another

obj ect of the gpyentioniksxhewhr Q¥ Qecéﬁpéﬁhﬂ R4k BY §9§e&f%h§hjyconprl ses a
conmpound 5
inhibits the function of the p38 protein, and it is known that
this compound inhibits production of inflammatory cytokines
interleukin—l,_interleukin—G, interleukin-8 or TNF and

therefore isuseful atherapeuticagentof inflammatorydiseases

(WO 97/33883).

Disclosure of the Invention

Inventors of the present invention have conducted
intensive studies on the cause of 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
1s 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



obt ai ned by the above screening nethod and an anti-agi ng agent which
conprises a p38 protein inhibitor, as an active ingredients. Brief
Description of the Drawings Fig. 1 is a photom crograph which is a
substitute for a drawi ng, showi ng the presence or absence of

~i -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 for a
drawi ng, showing a result of Wstern blotting of each of the cell |ysates
shown in Fig. 1 using an anti-p38 antibody. Fig. 3 is a graph showi ng cell.

growt h cyMeendfrd jdimenid firkeldgaiis a senescent cell of human nor el
fibroblast W-38 in the presence or absence of a p38 protein inhibitor,

SB203580. Fi g. 1A d&d o+ gbaphtihowBatbbe dRkthe ©f e SePhase etlilori Rade] Uvenile
cell and a senescent cell of human nornal fibroblast W-38 in the presence
or absenga sef aadp3@wanotRIUhd Mhial E0knoWR2QAR88itor for p38 protein
shows anti-aging activity upon the a2forementioned novel
senescent cell and natural senescent cell. The invention is
based on these findings.
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, anobject of the invention is toprovide
a novel transformed cell in which 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 of p38 proteinmutant or a fusion
protein qontaining 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) a step forallowing a normal senescent cell or anormal
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




Fig. 5is a graph showing cell gromh curve of the transfornmed 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 transformed cell of the present invention, by FRCS
analysis . 6 Fig. 7 is a photom crograph which is a substitute for a
drawi ng, showi ng the presence or absence of (3-gal actosidase activity in
the transforned cell of the present invention. Fig. 8 is a graph showing a
result of the determ nation of ~3-gal actosidase activity in the transforned

cel I of e RRILAY W aohv@Ns cFbfnidg inethdNahad @R tWhiaehnigSagulsti tute
for a drawing, showng a result of western blotting of the transfornmed cel

of the presem JddmanldedN-a Hib phbdesinm RGN, OHARM WiitGhd s a
substitute for

ingredients.
Brief Description of the Drawings

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

Fig. 2 is a photograph which is a substitute for a drawing,
showing a result of westernblotting 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 juvenile cell and a senescent cell of human normal fibroblast
WI-38 in the presence or absence of a p38 protein inhibitor,
5B203580.

Fig. S is a graph showing cell growth curve of the
tr.ansformed 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 $§ phase cell in

the transformed cell of the present invention, by FACS analysis.



a drawi ng, show ng norphol ogi cal changes of the transforned cell of the

present invention by varied concentration of added taliloxi.fen. Fig. 11 is

a graph showi ng variation per day in the gromh ratio of the transforned
cell of the present invention by varied concentration of added tanoxifen.
Fig. 12 is a graph show ng variation per day in the growmh ratio of the
transforned cell of the present invention in the presence or absence O
added tanoxi fen and PD99059. Fig. 13 is a graph showing a result of the
guantitation of ~-gal actosidase in the transforned cell of the present

i nvention in thegpPreseace OhoebResssyLiprddetck appxa f enyande PRO8ESY. Fi g.
14 is a graph show ng variation per day in the gromh ratio of the

t 33231‘ g;ﬁnggfﬁﬁﬁ%ﬁ;sﬁﬁgoﬁg%gngrhegﬁe&i&n A BECFEHLEa OF o fhssiICe Of

activity in the transformed cell of the present invention.

Fig. 8 is a graph showing a result of the determination
of B-galactosidase activity in the transformed cell of the
present invention.

Fig. 9 is 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
ratioof the transformed cell of the present invention by varied
éoncentration 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 PD28059.

Fig. 13 1s a graph showing a result of the quantitation
of Bf-galactosidase in the transformed cell of the present
invention in the presence or absence of added tamoxifen and
PDS8059.

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.



fig, 15 is a graph showing a result of the quantitation of ~3-gal actosi dase
in the transfornmed cell of the present invention in the presence or absence
of added tanoxifen and SB203580. Best Modde for Carrying Qut the Invention
The present invention is described belowin detail. The transforned 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

nmut ant of p38 protein, a kinase domain of p38 protein, a kinase donain of
p38 protein nmutant, or a fusion protein containing p38 protein, a mutant of
p38 protein, apiki nqe:r;elgomfhﬂ{ é?ﬁﬁll@fgobet@s@]lt%i"ﬂ]ﬁé’s%j_tlg(i@xffﬁlt%tqforp38
protein nutant Into a normal” cell for transformation he term"p38

prot ein" B“&%%‘g&?ﬁo%aggafﬁ Bilc CORYIPE Ofn du NODPTTRS £ COUPTESE DR 8 catal ytic

subuni t o about I nnol ecul arweil ght, which is one of” the

serine/ threept Nen kinases wrekaid € hbelkngsd @ # heidddP thimdase esupard fam |y
carrying out intracellular signal transduction. The host cell which can be
used forsprepasong the transforned cell of the present invention, as well
as the kinds of animal, and tissue fromwhich it is derived and the nunber
of cell divisions (namely, whether it is a young cell or senescent cell) ,
is not particularly limted with the proviso that it is a cell which
expresseBepBedd fsont8rryihgcoutethel Fvernescence can be induced by

i ntroducing a specified gene that can be used in the present invention (by
further allow ng an appropriate ligand to performthe reaction, if

necessary) . As the host cell, for exanple, a mammal -derived cell is
desirabl e, andrtse namssdnideirwed or med deeddr dikse drdyesl ade siiny aiﬂ@ilExanpl es of
t he manmal -derived normal cell include normal cells (e. , a norma

fibrobl ast, a T rmanafeunedoabl &f erqmmryf@m gean g ial cell,
a nor nal vasculax endothelial cell and the |ike) derived from human,

nonkey, Pltstned v HRERAABEERY 3APeBe LPAINT APEr e AtRPINRIheaPaddle | it is
desirabl e to use a human-derived nor nal eII and it is nore deS|rabIe to

use a huREPROTRRE X ¥ bt opg R38 PE)@&FI?&I%SOSf (P heP B8RPt hal® USRS ast
| ud --38 ATCC 75 MRC-5 (A 171 VMBC- ZMR- 90
RO ecﬁiﬁﬁaﬂeyr EaFSy 2 Kibosk: dPRAcR A P gg%m%%% Q%me&?&gma State

Wi t hout c n a.finitelire sp ether a

el |
cell is & §§rat i B anﬁeﬁefsacEHf»l%PF ganbce%%aoﬁfgg’s%a TP G tiip o
a unit mmt gf 3¢ B, 5, VS sdetelnobs. e abreati an o pobul ot on
use e nu

doubl i ngs ang S aunit i Ch dIV|S|ons SO
far car r}l:fH Quty of? n;i ﬁ‘h? o S ?x%‘i»mta*le cayroed, of cell
di vi si ons of - eac |1 era erent pD 1.s an average “Value in

an |nd|vtpg§§f@§$£ti@ng ceII group . For exanple in the case of human
fibroblast, the young cell generally neans a cell of 0 to 50 PD (preferably

9 The term “p38 protein” as used herein means an enzyme
of a monomer comprising a catalytic subunit of about 38,000
inmolecularweight, whichisoneoftheserine/threoninekinases
and which belongs to the MAP kinase super family carrying out
intracellular signal transduction. The host cell which can be
used forpreparing the transformedcell of 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 provisc that it is a cell which expresses p38 and from



a cell of 30 to 45 PD), and the senescent cell neans a cell of 60 to e0 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 desirable to use a 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_east | ¥idics! idaguhahed o cHhe daid ot kan gene hheh 50 IR disef 0

pr epari ng the {ransferma cel t e presen |nve tiron’i’s no articularly
I ted, bl f
phosphor STar T ag el BEorarh 075 pE bErL AL sRRCBa8-haL PuBefL iR fREC© ©

of p38 prarens 3 wwaid Rty F g I8hp e SRR RRPR B e Bk BR0F e

contai ni ng BQ%@%@%nge referred to as p38 protein or a derivative thereof”
herei nafter) 8 protein kinase (a) is not particularly limted with

the proviso th ho r b I (al)
MKK6 protein o%gh}(l}(%qﬁkot?g% %H\Ah:f%:s aéﬁa@ovma aggn%gﬁ I?A%\Pgetr ﬁg{edglérgggt 1‘?5

phosphor ykatesnnag @:ﬁ@taemandnﬂltaer%@d%%aqa&amyls &na%)e @@s%}@r otein
mut ant or an MKK3 protein nutant to ch a natural or artificial

mut ant  of:xbie 1MEKEE RRE tneinin0r- MKSydU 9&%31@1)1 2R hle Wl 1t AE PO Vi LY
to phosphorylate p38 protein is naintained or enhanced (a3) respective

ki nase dosagn,ot hbembKKEiprebekBtor aMBBnRL Ok &t &t {Addy e, respestive Kinase
domain of the MKK6 protein nutant or MKK3 protein nmutant (a2) (ad)

r espect i memfuasiyogl pnateptioélthe MKK6 pr abenaloxaMiBaprai@thdpldiwith a
receptor |igand binding domain or respective fusion protein of the MK6

prot ei n galanandr thKK3L Jpg otds mi ved afiton( &2inawi, t loakegcepbose) | gandHi ndi ng
domai n; or (ab5) respective fusion protein of respective ki nase domai n of

t he MKKehpmatern cklavKKS fhroafomement ianeddepttorellilgaitd ilidwk ingalsiosrai n or
respective fusionprotein of respective kinase donmain of the MKK6 protein
nut ant oFOMKKS privimsinrdenired wiatmal ceddpt end| igahe merelides dorelie can be
cited. In this description, the term"phosphoryl ates p38 protein” as used
herei n nmeAME S RapWUpRn &Prréetll {ibresppofy| Zragplies pBEhsy huwan nqwe ) |

Exanples of tgf afore nti oned_ MKK6 protein or MK3
ropladr el ude, WI-38 (ATCC, CCL-75) , MRC-5 (ATCC, CCL-171),

MBC-5 or IMR-90 (ATCC, CCL-186)..

Also, the term “normal cell” means a cell under a state
without cancerating, namely a cell having a finite 1ife 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, inthe caseof human fibroblast,

the young cell generally means a cell of 0 to 50 PD (preferably



protein (al ) include MKK6 protein or MKK3 protein derived froma manmal. (e
, 9. , human, nonkey, nouse, rat or hanster) , and it is desirable to use
human or nouse MKK6 protein or MKK3 protein, it is nore desirable to use
human or nouse MKK6 protein and it is particularly desirable to use human
MKK6 protein. For exanple, the region consisting of the amno acid residues
of 11 fromthe 53rd to 314th positions is the kinase domain in the case
of the human MKK6 protein, and the region consisting of the am no acid
residues of fromthe 35th to 269th positions is the kinase domain in the

case of thehuman: MK praf eip). %”E'rﬁ%s gfnetslag{l@f g%ggﬁqé%ggeg %ﬁ protein

mut ant or MKK3 protein nutant (‘a2) include a natura e nut ant "of the

MKK6 pr ot g or: MES mo;ﬁ&epam ant- O ENs¥ esh d igﬂ)ci ally introducing

By
a nmutation through a known genetic engl neering teéml que ‘('e. g.,

site-specific mu ageNEsks; &Y PC. b to £ AGad. i , ; - 6,
J.984) and the like. Mire icl | ust ré;?:)v%Fy, ayc?ons?:t ICIQE@I 3@%3??%‘7%& mut ant
i n whi chdda senigeuakal ut29¥tis BEsh bhgNe( 7 neayy t the
211t h position (Thru211) in thel human I\/KKg %gfggngggggrég}r}egtg#gg}g

subst i t ubadwalry yoingf A RQild diGieich) (EMak. 1601 b. <Bi @l wnid§: 1424451255,
1996) can be exenplified. Exanples of the respective kinase domain (a3) of

MKK6  pr otreiawh MK nRr 069l De @t i 8n MUt Bdlts pheRRaf ké ol pida 12 an@@tyl%g protein
fragment conprising a sequence consisting of the amno acid residues of

from t he atdridrdloy BdEbrneeilli @sisfonhe PurBn MEEa RE QI éREEEELADI Y @
human MKK6 protein fragnment consisting of a sequence consisting of the

ani no acptenesiygeeshdéh icaamd hep 3L d o a3 kbld b PORE tgedtSi hfr s BEchUsRN MKK6
protein) , and a human MKK3 protein fragnent conprising a sequence

consi sti sgovh bhéouni smgraeitd yr@st deresn 0ff foroth & hh ShitydeOba £626he posi t i ons
in the human MKK3 protein (preferably a human MKK3 protein fragnment

consi sti H§"6f L1atseduerdéencondisan arefcns be ¢2siluodistiesyuissedf from
the 35th to 269th positions in the human MKK3 protein). The receptor in the
respective fustBf etedurien gsne wWairkkepbetesed dn MEBapioyeie or a
mutant thereof with a receptor |igand binding domain, or respective fusion
protein Eﬁ@?sgPrF’@QpEEH\fég%Pﬁaﬁéeﬁéﬁﬁi D RN WgKBO Brratd e wka NKK3
protein gr. anutant thereof with a receptor_|igand binding domain is not
parti cul 4Py S $84 1089 BSngtadsi @ 9&ng WBAEPt 6APWRRERLeWhen t he

af orenenti oned, f usi on grot ein is ex%ressed in a host cell, can activate

anot her const it 0 i RopBretR2te PRPFOSPRRY ht 3T 1% PAE. PEOte i Rel kKo
t ei t el “ th f i Ki d i f
Phe Maoosr bronntel o B8 KEBbet e dhe el hur ERERa P GUghoEhe |
ti ti f 1 i bi i i dto t , t
[ gand. bindi ng aoterng s Exanbl ohubRng bf Pattefordin, BiREna % BRI T boept or
(e.0., a57eEld paBRCLArakond se aRhalioro PYATH Syt dfiEnbiaRRYPL NdINg domai n of

a human estrogen receptor is a region consisting o e am no acl él resi dues

. of fromphet@Bandohva HIBhH RS t(itoNBe Of o e JW RN 28SE £ 9 «f‘spﬁp :
Exanpl es of the p38 prot e'?n or a derieva?i ve (b) ,ai nc}lgudgﬂ:(({) p?g_r pr ot ein;

(b2 ) a p3Bepioheimenthantophi RErksnarpatyral or artificial nutant of the
p38 protein (bl) and in which phosphorylation ability of p38 protein (that

is, activity dfhe3Bfrotetieint &ipheephalyiatiot R rdQWASEAIMALALRIYN) 1S
mai ntai ned or enforced; 13
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



(b3) kinase domain of the p38 protein (bl) or kinase domain of the p38
protein nmutant (b2); (b4) respective fusion protein of the p38 protein (bl)
or p38 protein nmutant (b2) with a receptor |igandbindi ng domain; and (b5)
respective fusion protein of respective kinase domain (b3 ) of the p38
protein or p38 protein mutant with a receptor |igand binding donain.
Exanpl es of the aforenentioned p38 protein (bl) include p38 protein derived
froma mamual (e.g., human, nonkey, nouse, rat or hanster) , and it is
desirable to use human p38 protein. For exanple, the region consisting of

the am ng, ok di & esiduies of d¥ apd e 24 D e 388dY RIR M Proddig Ki nase

domain-in the case of the human p38 protel n Exanpl es of the"aforenentioned

P38 protgi ﬂmatﬁfatébﬁ)(a{m_cgﬂeeirawﬂ%w?xe%lclt%kﬁtwcﬁ%o%{pﬁl%gl%%% prot ein,

a nutant prepared by artificially introducing a mitation a known

genetic @rwigiest Ny | SRR UL kE€d Or efhhRc8RECi fic nutagenesis) and the
| i ke. Exanpl'es of the respective kinase donain (b3) of p38 protein or a p38

protein nut ant(_émckegﬁeathym% Rk # LRGRAE G EQQ%E%H 59 Mk 2
sequence conprising the amno acid residues of fromthe 24th to 388th

posi ti onsrdteimedMNut RI§pRIcali®ien kipaekenahh yn o Huirmn MX3& RRfiin fragnent
consi sting a sequence consisting of the amno acid residues of fromthe

24t h t o 388t posiMKKBSpraté e fwantpdg2protein). 7.4  In the respective
fusion protein (b4 ) of the p38 protein or a p38 protein nutant with a
receptor |iganc4i ndisygectdng Eusiion gaRatdin @ ff ¢HieO MKEE0 beiot e(ib o xof
respective kinase domain of the p38 protein or a p38 protein nutant with a
r ecept oMKRK 3y aruch e i (gl dombt i, a t hecah e enbhgandash neept ddmpartbeul arly
limted, so long as it is a receptor which, when the aforenentioned fusion
pr ot ei n HesspexrEes eflid v phradte igeldf, thenMEES i yedive ihenpBhiproat eiKK3or a p38
protein nmutant or respective kinase domain thereof, as another constituting
conponemraife imanfiaitort 20 oveth,a thercmpgiont hé gastivindiomg afortanien v exept or
(that is, bindin% of aligand to the receptor |igand binding domain) .
Exanpl es of tHéYed@srachive Jowipnstrdialy edeprespaadige kimasst r ogen
recept o;iq. The net hod fox introduci 1{n(% an introduction gene into a host cell
in prep&Hght A HeHEKe PRed el o ¥EESHRF preidenit th aveerepkeF 4 igend
particularly limted and can be carried out using a conventionally known
Gene 11 FHOEUIGT GROAER RO S TBRATo R EBF L PRE TS AIBAS BREPEST KEBIIgERe
transfer, net.hod 4 ncl met.hod whi.ch .uses etrovirus (Prqgs. .Natl. Acad.
Sci. USROMGHH QJfl. Z‘éelljlgg%g Gt A e Ho 8 T %%IW%%H@%@%’ ¥eths used,
aDEAE- - dext . (Nucl.ei cAcidsRes., 11: 1295-1308, 1983), a cal cium
phospha%eiglﬁﬁ‘ié%%ﬁ%%%qgtbﬁonn&%e ho%“?%roSogy, 52: 456-957, 1973) ,

anmet hod b ¢y usgs.f commerci al ly avail abl e transfection reagent (e.g.,
FUGENETMb Transfecti on Reagent; manufactured by Roche Di agnostics), an

el eetroporati oa ¢EYBObesckip84br84%he ‘tern?82hodRh o8 aliche p 345
protein” as used herein means that it directly phosphorylates
the p§8 protein itself.

Examples of the aforementioned MKK6é 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
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Since a gene coding for (a) a protein capable of phosphoryl ating p38
protein, the kinase domain thereof or a fusion protein containing them or
(b) p38 protein, the kinase domain thereof or a fusion protein containing
themis introduced into the transforned cell of the present invention,
cellular senescence is rapidly induced and its ability to carry out cel
division is lost, whereas it kept the ability to carry out cell division
actively before the aforenentioned gene introduction. In this connection,
when a gene coding for a fusion protein with a receptor is used as the

i ntroducti G 9EN&34d +icS 30QeespaLY+iBhst Ne inductian ofoneal Yhatygenescence
to all ow the aforenentioned receptor Iigand to react upon the transforned

cell. Sidws tdye ttHeaa%fm%nﬁfiK%eiak?eéiﬁheam e@&?@trégll\e@{lt:!o%i%%@nteeo@[ epar ed

within a markedly short period of tine in conparison with a natura

senescenin& el imptal Ned- o @nsEP1 RS Qlont ithRS WL HRLE 2@brRabyLal sdhyi sion, it
is very useful in constructing a screening systemfox anti-agi ng agents.

The screanigie netrhok fndihe antihadiRe agerheohutBe RKRSEPLoLBYRNtI ON
includes ( 1) a step for allowing a nornal senescent cell or a normal.

cel | intrpduc@d:a\ﬁipill‘ésacﬁfe'tﬂ?xecéli@@eﬁle@lfciioﬁ@'eﬂCMRg(GCglrbHEQh mAegaeepee to
contact with a substance to be tested, and 16 (2) a step for analyzing an

agi ng i MiKS iprdteircetdtar t houghidiedeelal naftuelaicanibeeusgdahn bhe
screeni ng nethod of the present invention is not particularly limted, so
| ong as tite IMKK6 qetdt eiapadt MKK3 exfsesivi Nt pBSareX yrdws dddwde a nor nal
senescent cell, the aforenentioned transforned cell and a transfornmed cel
pr epar eca iyl fircairest oy niimigr el uoirmpla eedtla tdionh thrged eolhognf @enétlca protein
positioned at the upstreamof a MAPKK protein of the p38 pathway, a nutant
of the mptigieeyiosy techedgae tdey upstreampetifihe vARKCnmitsei Aro€.t he p38
pat hway, the kinase domain of the protein positioned at the upstream of the
MAPKK pritei-nAcgiad: hBcp3d it Blay 6 62— a6 E6isi 1ot 9r endi the drtkai.niMgreéhem or
(d) a protein which activates the p38 MAPK pathway or a fusion protein
t her eof ,1llustrat1vely, 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 MKK6é protein are

respectivelysubstitutedwith glutamicacid (Glu; E) (Mol. Cell.

Biol., 16: 1247-1255, 1996) can be exemplified.

Examples of the respective kinase domain (a3) of MKKG6

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



The introduction gene which can be used for the preparation of the above
transforned cells (c) and (d) is not particularly limted, 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 nutant 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 pat hway,
or a fusion protein containing them or (d) a protein which can activate
the p38 MAPK pat hway. The protein positioned at the upstream of a MAPKK
protein 4cid r&tilhespss Maheay 315tHals pabihcybait Yohi Mid ede SOmhRNY as it
is a protein included in the p38 MAPK pat hway, which can directly or
i ndi rect Mrkphpspheryate the MAPKK protein of the p38 pathway, and its
exanpl es include proteins such as MAP3K, for exanple, MK, MELK, ASK1,
TAKL, and MIKlThénreddptbenint hee MAPKKBE DV €i fu sl oh Ner H881 YAPKs pad hvay
means a protein which phosphoryl ates p38 proteins such as MWK3, MW6 and
MWK4. AcchedMRE6t proheipr eseMKKBNBEBLe®n, obthe RuEhsENtMBLeHragitNases the
p38 MAPK pathway is not particularly limted, so long as it is a protein
whi ch doescaptolrel bggnticbiheing8ddvbia palrhwagbelc taeis ¥akesnt e SBn VAPK
pat hway, and its exanples include a cytokine which activates the p38 MAPK
pat hway, (MAPKKK késpsesigeckinss®Akdmaird (3K hea MBKG proteont & nerk3 n t he
cl assi cal MAPK pat hway, nutants thereof and fusion proteins thereof, of
whi ch Raprahdia dwsmotapreothes re cdwi tih @i nge &af o c at ghrddiined nasdgiefer r ed
exanpl es. Al though they are not particularly limted, exanples of the
subst ancéstipthearddiced aslivchinahele ssédnores he $sreencrgtoetitatcinf t he
present invention include commercially avail abl e conpounds, vari ous
convent | BRaR| §h & i eftripolonied fasgioauprotednnps Kb axsteal neda yogthe
conbi natorjal chem stry techni ques (Tetrahedron, 51: 8135-8173, 1995),
cul ture SBper FRAMAFEIBR RAOINIYanrBaEl thhi ng sompensotert shdefusdeh f r om
ani mal tissue extracts, or conpounds obtained

pl ants and Far,i n? or gan%:sms
by chem REPFGBr (Bt 8 ogFBSI ¥¥KRoBFPHRIY oF dMe PP ERI R @R R TB1taTHy t he
screeni n\g%met hgd of the grfsent Lhvention. Accordi ngm%}?e screeni ng net hod
of the pregeht 1 nVEnt FORSCEAEENELRBTS f IOMAHR o NP e TR St Seiigs Tt cel |
or a nor cell.introduced 'tg ene_capabl e of inducing cellular
senescenl‘grlgljﬁti ogﬁ%)%?g}étoﬁ ?hmgw%lﬁ sﬁé%’é O%h HruEh P qigivation of
: thereceptor(thatis,bindingofaligandtothereceptorligand
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 proteinmutant 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;
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particularly limted. However, for exanple, it can be carried out by adding
t he substance to be tested to a cultured nedium of the aforenentioned cell,
by replacing a general nmedium (nanely a nedi um whi ch does not contain the
substance to be tested) with a mediumto which the substance to be tested
was added in advance, or by adding the aforenentioned cell to a nediumto
whi ch the substance to be tested was added in advance. In 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
contacting W t hpa) SUhsdangemh On RE t1eshed pridyt cahl oy NEridie Afonenent i oned
receptor ligand to act upon the transfornmed cell. According to the

screeni ngfnehlkogh 36 drlva: Aresetantvi@ai;on, whet her or not the

af orenenti oned substance to be tested has an anti-aging activity can be
judged by all oybay 2eBpefBlveepestentpaeldimlom ther BB gebteint (loduced with
a gene capabl e of inducing cellular senescence to contact with a substance
to be testradapdot bR mMrsaItViPY) GhaRgEréFepioRyl BEndrdeding ddain;

af orenentioned cell. In that case, it is desirable to jointly use, as a
control . and normal senescent cell or a normal cell introduced with a gene
capabl e of inducing cellular 19 senescence, which is not contacted with

t he subst(ange d¢spbdet iestfed ichereaisei iIchangespar ttive Rghage idatax nb@sdnes nore
clear. The term"anti-aging activity" as used herein neans an anti-cellul ar
agi ng acbifvity p3ndroheinesmp3Gebt atain sertesdenuteh areanepioteel 1 qhad
senescence due to the span of life of division, nanely arrest of cel

growt h dbéndéngheogwdm.of |ife of cell division. The aforenentioned
"anti-cellular aging activity" includes, for exanple, (1) a cellular
replicative r e@%ﬁ@?gﬁﬁwf &g eifoyemanthonedantt ared etime (bb) | inglude perform
cell division in a senescent cell which |ost the cell division ability, and
(2) a cePPfirFokehe desriceeHEral agag@aily{ ¢ yd whitetinadel B95KEYwarIURe r at e of
the cell division ability. As the "aging_i ndex" which can be observed by
the screBAFMYE MAOE O R bFe’s%ﬁ’tesilﬁ\?gﬁtei bR, U Hudemop3pRactsdar |y
limted go | on a? it ﬂs an . ndex_which sho t he presencg or absence, or
the degre8Fof*® B SrP SR EEh E-RS AR lBQaﬁ%ﬁ%ﬁ? PACFQdBCLRI e BitSh rate, a

hol o0 h ¢ ity e
for el | oFab-gin S8 aabn Yoy PaBEH elafaliielr Ot PRt Te it el 1y,
in case Eﬂgtchgg %%IEhgrgwkgnrigﬁb??oﬁggkyzed as the aging index, it can be

j udged that t aforenentioned”s ance to be tested has the anti-aging

activity when ihgnsebl o MMl JRiedkabnganpas! %PSF&‘S(E i suliediance o
qguick 1n conparison with a" contro a aging cell” which 20
i's not conptaghedavwhibuthe subsianas drk BE t8e{ 9% 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 38 protein).
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In the case where a norphol ogi cal change of cytoplasmis anal yzed as the
agi ng i ndex, since the cytoplasnof a senescent cell generally takes a flat
nor phol ogy, it can be judged that the aforenenti oned substance to be tested
has the anti-aging activity when the flat cytoplasm becones thin after its
contact with the substance to be tested. Wen a change of cellular
senescent specific enzyne activity is analyzed as the aging index,

(3-gal actosi dase can be cited as the cellular senescence-specific enzyne.
In the case where the activity of a cellular senescence-specific enzyme

(e.g., (i-galaatrpshdaseipéstiedunad shprogenhaced od thepS81Rsarse to be
tested in conparison with a control (a senescent cell un-contacted with the

subst anceot @ pBstmsdieshn mitdarcanibh 4 udges tidial i fhed af eI idoaRed,

substance to be tested has the anti-aging activity. ' In the case where the
rati o of ¢heeSpalaserelisiba pratyred(lss) Yferaghagtindaxinsdie@mizhae ratio
of S phase cell is generally high in the group of cells having active cel

growt h, whkenhehe3&§ prbaedh & phedepeett iaferantont els ta negcaptbr tigasdbst ance
to be tested becones high in conparison with a control (a senescent cel

un- cont adtiiing Homhéns ulist aficeehen beohed redkptoirti Last barjtudgedrikat the

af orenenti oned substance to be tested has the anti--aging activity. Since a
subst ancel obitt@dedsdyleohe ssrien nge netbedtof wieckpy egesnt thwenti on has t he
anti-aging activity, nanely a 21. cellular replicative regeneration
activity el omerstcated|fas ioenpsecbate dekapiregsadtiviat posttecd sl usehul as
the active ingredient of a cellular replicative regenerating agent or a

cel | ul ar aend&atehEledep 8\RFrf SigePr. @ Wi Pepdeiini matayt wthoesplstanee
obt ai ned by the screening nmethod of the present invention has, for exanple,
a p38 prdtidiass wiama ity riheRaq v 3F Gmodm et conisty tug inghicempoaensl bdl ar
senescenc kgnal transductjon nol ecul e which constitutes the cellul ar

senescen ﬁéPnEFﬁ$ﬁhﬂn?%HOEQ%5&&?%&1%FG%VhO§¢P@ﬂﬁ@ﬁpt%@(bbatproteln
The antl-a g gent 6 i t invention_contains p38 protein

i nhi bitor- ?Hg §8tTvE 1hYT Ig‘élq‘t?ng e\?ﬁ?ﬁﬁ@%éﬁ%ﬁﬁﬁ@”ﬂ@ﬂ(ﬁ@%ﬁlaé the p38
protein i it Q ifs_ex l.es | | ude_t he, pyrazol e conpounds

descri beﬂé %('}EC{ Bgag%ﬁﬂec??ﬁn‘g %@ EB%Bhﬁorse‘"cfé%tﬁli H& Gn WD
97/33883%§gq‘é§5rye contalnlng het erocyclic derivatives described in
WO 9B/ 27098 t he conve tionally known p38 protein inhibitors, exanples

i ncl ude VX- 745y 0 i
12?[2-?4-fluorop%§ﬁ§? odv%gz(%%%ﬁsgggﬁﬁgﬁv?f.troqﬁcgﬁgp %ene into a

dazol - 5- yelstpyaidi ney biga?aaq 3o R 88354, ¢ RER %9%%%’%@
SC- XX906, HEP-689 (585%5 99) and L~-Z 16402. Wth regard to 8 protein
i nhi bi t oindentiendlsi weti pgredtantrof, 1H\i a8l iga0idis ageph ok Hhsuﬁ”esent

invention, preferred is a conpound represented by formula (1)

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, a DEAE-dextranmethod (NucleicAcidsRes., 11:1295-1308,
1983), a calcium phosphate-DNA coprecipitation method
(Virology,§g:456—457,1973),amethodwhichusesacommercially
available transfection reagent (e.g., FPuGENETM6 Transfection

Reagent; manufactured by Roche Diagnostics), an

electroporation (EMBOJ., 1: 841-845, 1982) and the like.
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22 12 N ~N 4 [wherein RL is a pyridyl group which is optionally
substituted with one or two substituents independently selected fromthe
group consisting of an al kyl group having from1l to 4 carbon atons, a

hal ogen atom an al koxy group having fromZ to 4 carbon atons, an al kylthio
group having from1l to 9 carbon atons, an am no group and a nono- or

di -al kyl (the nunber of carbon atons of each alkyl noiety ~ 1 to 6)am no
group; R2 is a hydrogen atomor an al kyl group having from1 to 10 carbon
atons; R3 is a phenyl group which is optionally substituted with one to
three substituerhsel RdgRaRARBHINgSEbect ed from the group consisting of a
hal ogen atom an al kyl group having from1 to S carbon atoms and -(CH2)"Y;

R~ is a phenyl (gyodppwbtelini 8aphblenak! ¥hsyhabiyuLEdn M bBs OpLoLELA
hal ogen atons; Y is P S (0 )nnﬂggor - Fy FF |s?a hy%?g%enogt%n1érwgn al kyl

group havinegkf neEE lidra k0 there @k%us%nlﬁr@tmwﬁ%@m&%@ tﬁei@?nzyl
group or an al kyl group having from1 tv 10 carbon atons, or R6 R~
togethero# th the nitrogen, atorn to which they axe bound may fornla

si x- menbered heterocyclic ring which optionally has an oxygen atom RS is
an al kyl group (bavpBRg proteint otHé katdon b their2od, or arfdsiend n is O
or 1] . In addition, with regard to the p38 protein inhibitor as the active
i ngr edi eptrodfeithecartaiirdgignghagent of t he present 23 invention, a
conpound of the aforenentioned fornula (1) wherein R is an unsubstituted 4
pyridyl gmsouprRAided dnhy thederarstfimnddce bl af themdesgmiuinsetsionut ed with
-S(0)",RS (wherein mis 1 or 2, and R5 is an al kyl group having from1 to 4
carbon acerd ) lamds Rde$ sercplienyap gdbyp reivvsd and dd swibhl Bt halcogenrat om i s
preferable; a co und wherein the substituent groups in R3 and R~ are
bound at Ofl@sfp%bl rg?ié’lfﬁeilml pEst 2§ onyhiey emsr &t Jrasitethblahi ld o posadr wher ei n
R3 is a phenyl group substituted with -SORS (wherein RS is an alkyl group
havi ng f P8 Eetlg Aiyispen &F@ﬁ#eﬂYamerQ $he pHemgmegtdopesulgsniet uted with
a fluorine aton1 a chlorine atomor an iodine atomis still nore

pr ef er abl-8: r&ﬂ&c§188npound wherein R3 is a phenyl group substituted with

- SOCH3 d R h bsti tut ed t |

SB203580) isap;m %e%écﬁ%e%*{i#& WHED 2 SRS APt far s Foar TR &L i ng
t | t ded

ST o Bk LUEBELRAUREEIES (T Eék%%ﬁﬁége?f»nﬁgkzwézﬁEf»%eq'%spwaét. ve

regener agj,ng thae %dhegagqe ot Ve%li&%ltaf e%tea%%c%ag)@_t whigh aceelerates

restoration of a woun preventin trea I'ng agent for

art er i 0SgkLaRks thBALH Eé'!: Xrai%?éﬁuﬁ’stq %fe%%tsupﬁy LR aietely fal | out

and/ or damage of vascul ar othe I's "and econe the
cause; acgnowt h enhancer for tissue culture in regenerative treatnent; a
| iver function recovering agent for hepatic cirrhosis and the |ike; an

anem a i nprovi fgnegeiie teansSERirkeARLNT & Athd Beekike; i @feh FIBRIdah
recovering 29 agent for senile imudeficiency and the |like: a nucosal

epi t hel i benfnepeticaahwi ehbner nagkadentshoartt pecivdbifct ind | AN son
gastrointestinal disease and the like: and a trichogenous agent, a hair
toni ¢ andithea|ndmiral 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 for allowing anormal 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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Exanpl es of the cellular senescence del ayi ng agent include an
arteriosclerosis preventing agent: a liver function reduction preventing
agent for hepatic cirrhosis and the |ike; an anem a preventing agent for
the aged and the like; an imunity reduction preventing agent for the aged
and the like; a mucosal epitheliumfunction reduction preventing agent for
a chronic inflammtory gastrointestinal disease and the |ike; and an

al opeci a preventing agent, a hair tonic and the |like. The anti-agi ng agent
of the invention can be prepared as a pharmaceutical composition in
accordance witipp gesiesRl ot iog psing &0 SPHPPIAREL pharnacestical
carrier. As the carrier, various carriers wdely used in general drugs.

such as an exciptiehligh 8hbidedarwh aclicsinb€gsadan tide bUbeksany ne gy ori ng
agent, a taste masking agent, a flavoring agent, a surfactant and the |iKke,

can be usedshdesagerfoinvehtiba aotiongang i2eear19f 1ihetpEESSHtLdMyvention
is not particularly limted and can be optionally selected in response to

the treassngtpls poseel Excapuiebe i S| dicler P8 01 @930, RLepIAdd ansc i as

i njections, suppositories and external preparations (ointnents, adhesive
pr epar at & afsret sdidddet) ceddr,0shksafndetnbetitked arh Of bmdd eedriat i ons
such as tablets, powders, fine granules, granules, capsules, 25

sol uti onsndp ldransfusmerscodd, psypapsd oy termisSoans ngTaen & a4 Erryltl oned
various drugs can be nade into pharmaceutical preparations by general

met hods. wEklanpl gsnef cedingefsrwhi ch can be used in formng oral solid
preparations such as tablets, powders, fine granules and granul es include
an exci pi ent ({dcedrerednpostticueld at B op s teeaybdcodRPKEraredtgincal ci um
carbonate, kaolin, crystalline cellul ose, anhydrous dibasic cal cium
phosphat @f Hr@inﬁ%pa@¥luawv gHeutane)of thiengoptesnpr el sienpd aft ddsse
solution, starch solution, gelatin solution;polyvinyl alcohol, polyvinyl
et her, pPOPSUFBFR Dy MIGKE ragtisdmy et BYe el maldwawhdhadkingsehy|
cellulosg, et hyl cellul ose, sodi um al gi nate, gum Arabi c,

hydr oxy pTIp et hyFfcePEAF 848, PASLE BRYPR Ay (thel MRFBseam@E drhaMESK et hanol
sol ution thgreof or. th IiKﬁ% . a disintegrator (starch, alginic acid,
crossl i nked-por ?\?i%pggrﬁao "iohe 0T ¢t SUEE PRI teAMTRy ret RiTP e dhei ose

sodi um carboxynet hyl cel | ul ose cal cium starchsodi umglycolate or the Iike)
~ a release controlling agent (a higher fatty acid, a higher aliphatic

al cohol , cacao, ut_t : nat i, I 3 I I r, a
gastric ponne?S 5%%%ﬁFg??%q%§%§32¥§%?£¥%g ?P%g%%? gﬁggggggﬁggaﬁqgnhancing
agent (& sHi AGH atoSULD @SeAeQbiat ernary amoni um sal t, sodium lauryl

sul fate or sorbitian nonool eate); an adsorbi ng agent (starch, |actose,
kaolin, bentoMchin®:ddidel @ yenaMid d pOYdEAUSSEL BRApEL LR

magnesi um al um nonet asi |l i cate, col |l oidal silicicacid 26 or the I'ike); and a
| ubri cardf (pw bboed tedres forsd € Healles (8) Srld qQd¢ Asidbt pakrathykeng gl ycol
or 'the like). If necessary, tablets can be nmade into general

coati ng-kimicaddd dableis sucht ass sugaen€ oatiach tedH adrsco@el atin coat ed
tablets, gastric coated tablets, enteric coated tablets or water-sol uble
film coat®d & ghiceitsin Capsidliesishmtheher eypertecany ofi xi MRPKIKE brogeiaus
carriers exenplified in the above and filling in hard gelatin capsul es or
soft capsultée p38 pathway, a mutant of the protein positioned at the

upstream of the MAPKK p.rotein' 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
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iquid preparations may be water-sol uble or oil-sol uble suspensions,
solutions, syrups or elixirs, and these can be prepared in accordance with
a conventional known nethod using general additive agents. Wien forned into
a shape of suppositories, polyethylene glycol, cacao butter, lanolin, a

hi gher al cohol, an ester of a higher alcohol, gelatin, hard fat or the |ike
can be used as the carrier by adding an appropriate absorption enhancing
agent thereto. When forned into a formof injections, exanples of useful
carriers include a diluent (water, ethyl alcohol, Mcrogol, propylene
glycol obfthRelpk®)pativfHigdhystpag 28ehr 0y Bufftasd, ageNtohei 451 Lr aci d,
acetic acid, 'phosphoric acid, lactic acid or a salt thereof; sulfuric
acid, sodsWwphydeoxiide 1vddden khkey3 s MARE pa tShali, | Wizl g cageditr SOy um
pyrosul fite, ethyl enediam netetraacetic acid; thioglycolic acid, thiolactic
aci d or thendikectly phesisthd it phate thé MAPKEGRS teSiotd £1Ghd 36 pddovd we,

gl ucose, mannitol or glycerol can be contained in the pharnaceuti cal

prepar at and, it eampimmntinslilkecpeotelas pichpars MgPAK, | 8Ot Gduamsld ut i on,
and a general solubilization assisting agent, a soothing agent, a |ocal
anest het MCKor MEBE, | REKlgamRr&lsoabd Md#ed. Wien prepared into a form of

oi ntnments such as pastes, creans or gels, generally used bases, stabilizing
agent s, noi st eim reddigeidrs, fire ¥APKK pretedn thethekel &MARK qrededvas
occasi on demands, and they can be m xed and made into a pharnmaceuti cal

pr epar atmeanbya arobavenhiortapheshhdryEraepl#38 ptothénasefad abaadss,i ncl ude
white petrol atum polyethylene, paraffin, glycerin, a cellulose derivative,
pol yet hy¥M¥Ke ghdcH¥MK4a di met hyl pol ysil oxane, a carboxyvinyl polyner,
bentonite and the like. As the preservatives, parahydroxybenzoate ester and
the |ike can fRFCENEHMY LDelhe RS uiremnt van pridiamatd s athel ¢y oduced,
the aforenentioned ointpents, creans, gels, pastes or the |ike can be

coat ed oRChIYGBREFaFReURPRIYARY RARWRRN T oMl Rfetiictrlass y HemsitiRsbr t |

cotton; staple; woven or nonwoven fabric made of chemical fibers; and film

such as $9ft OBFnYF Thi bF | YT pot iRy Ehet At Ut Ritfarke At mifgh
ot par (ISR SHV AR Y S8 ERPaEaR 55 Rat I BARHS DA R SE AR ISP o
parent ot ALl f E908R35e P KRIEL Bl LTS (SRR OES! bl o, o
Synpt oy 28 s« Okulh& PBAk £Ahu ook, a proteincontainedintheclassical
MAPK pathway, mutants thereof and fusion proteins thereof, of
which ﬁaf 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
methodcﬂfthepresentinvgntionincludecommerciallyavailable
compounds, variocus conventicnally 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 tissue extracts, or compounds obtained

by chemically or bioclogically modifying a compound selected
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Clinical dose of the active ingredient of the anti-aging agent of the
present invention can be optionally selected in response, for exanple, to
the adm ni strati on nethod, age and sex of each patient, formof the disease
and other conditions, but it can be adm nistered generally at a dose of
from1l to 2, 000 ng per day per adult or dividing the daily dose into
several doses. Exanples The present invention is explained in detail based
on reference exanpl es and exanpl es; however, they do not limt the scope of
the present invention. Reference Exanple 1 (1) CQulturing of cell In this

ref erenc ye)f s%re Qnellli'lw oqfort e%tEl q eth%% ( pur chased from
ban i %

JCRB cel con t1on was na e d| erences in varlous agi ng

o eat T 3?&.“’5?%&‘%?#? t%é%%??%%h%ﬁg*he Sstaded LSRN
61 timesqf ﬁ\%ltglgsl }f‘o%‘ Qﬂlo hhsne?@%ws EQﬁeQEQBE@Q&Eﬁfdacﬂafﬁafere

cul tured using et al cal erum ) - cont al ni ng

(Dul becceegnodinhi-edfag & itnmedigitle apdhkeids %Fkta—uf‘c%tgurderiqél carri ed

out at a ratio of 1:4. In that case, one scab-culturing was I ned 29 as

2 PD. AceandisR@ntQ tth $ont 8! hidh %r%%E%QaEQeQQoPQéWQ%s%%%d1%5rﬁh? young
cell, and a cell of 60 PD as the senescent cel (2) Detection of cellular

senescengar%ﬁ@@llfalzq y-Bigatagt oMARR sga%s&m&@%@%ﬁ %@ carried
(3-gal actosi dase) activity The cellular senescence-specifi

~i - gal acbasi Bgsedachi Uiy s\ma&wwdbbytw&mwc@it&@alm@al@& -
(Pxoc. Nat.1 . Acad. Sci. USA, 92: 9363-9363, 1995). Specifically, young

and senesgéle £8btemohtidecuarn, e e 1dd Hpbbase Wi mdd il endespgcti vel y
washed with PHS and then fixed using 0.5a gl utaral dehyde aqueous sol uti on.
After the fhedatimowhithedoekl nonecensadkethei subssancei by ol tésoad] prepar ed
by dissolving 1 ng/m of X-gal

(5- br onowdtbhkhomed3umndol yhi¢B- ghtastlostaase) to Soampdd tf & pod s sasd dienal
ferrocyanide, 5 mol//L potassium feriocyanide and 1 mmwl//Z magnesi um

chl ori deipnagHasphat er by fatdih s dlhiene feRRSentH csed) cklanto ah newadnt o r eact

at 37C for 5 hours or nore.
to which the substance to be tested was added in advance. In

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 contacting with a
substance to be tested, by allowing the aforementioned receptor
ligand to act upon the transformed cell.

Accordingto the screeningmethod of the present 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 a2 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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Phot om crographs of the respective stained cells are showmn in Fig. 1. In
Fig. 1, the photograph (a) is a result of a young cell (42 tines of

di vision), 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
~i - gal act osi dase activity, but it is showm in black in the nonochrone
phot ograph shown in Fig. 1. As shown in Fig. 1, in the senescent cel

[ phot ograph (b) ] , the cytoplasmwas flat in conparison with the young
cell [photograph (a)], and the ~3-gal actosi dase activity was 30

confirmegdenkdkefenrf,i iHachORsOhophespbaEYLat RULtEt ahe OibPBShdy Ative In this
reference exanple, the phosphorylated state of p38 protein in young and

senescentegebls Wéchiigehtimigdam hefl 4108 afdebedBmeasnseafd rdmd by a
Western blotting respectively using an anti body capabl e of detecting total
p38 protein anthangéhgr aiti-hoghh ¢ arahilhe of sReasbichblyifetle&std nth a
phosphoryl ati on type p38 protein (nanely active type p38 protein) alone.
Speci fi cah‘csz,—cwumga@ndgs@@e&@@abi%gl,I snaf thietBraancaong®hyfi brobl ast

W -38 (about 5 x 106 cells) cultured in the same manner as in Reference
Exanpl e dédpsuenecrespess avedyldissalered dehd® dusdltootha Jpsf e siofaiti on for
di ssolution (lysis buffer; 150 mmol//L sodi um chl oride, 0.5a NP-40, 50
mol / /L dfidsvH€ichpHhams)y Srrest /di ENIAgrawdbbieLtEQe shamdd / L

gl ycer ophosphate, 0.1 ~.//L Na3V04, 1 ~g/m |eupeptin and 1 nmmol//L

phenyl nel héeesfil tedyl dfivdediode (PMSF)]. Subsequently, each extraction
sanpl e corresponding to 30 ~g as the anount of protein was separated by an
SDS pol yacryl ahizleafetentrtienpior @st s-¢all hbansagl ngwaycaind tyren
transferred vn a nenbrane (I mobil on-P nmenbrane; manufactured by

M1 IliporEpcliagesy $abj eseMRgerhe nmenbrane to a bl ocking treatnent using a
commerci al ly avaij |l abl e bl ocki ng_agent (Bl ock Ace; manufactured, by

Dai ni ppon Phar ek eutGsddivlara repildapf 1 X6t rpeaper abien crr il by sddetidar y
anti body react ion were carried out in order, 31 In this case, a rabbit
ant i - p38° ATP BB S E et PRE LF 8 DYREECTRIF At PHBUFLIARIIEh SeR@SSSHT h al |

38 t ei d th , b f ph h | ati on d
B rabbi Sah | TBROEpPOr T BPEICESE GTEBo8y PhAndruct BFed by NEB an antibody
whi ch t i3\ _ph h | ated p38 in_but d t, ith
Un- phosphor y1 atdd *pa8 Br ot iy SePe CHaen. B PRE S BT A6 and a
hor ser adj Sh. PEL ngﬁée?EaPﬁEege Etaiggggg%dégglg?glbody (manuf actured by

Aner sham was dged as e secondary an ctionof theperoxidase
activity was hEoh Qut | £ QY ' Gl I iQn ki
(manuf act ur edgﬁlfga;ﬁéﬁegrgﬁgg a%@?{%&éﬂyb?io?ﬁ%(r %ﬁu agjt?%(rgggje%;?l t ﬁ"far sham .

The resuyldhdd @ sShRMbridsdritdindent Dok Nii% EORRACHL LRI c@ & LBV n@f a0
ani sonyci n-treated .young cell ( 42 PEﬁ is al so shown as a positive control

It is dnQwnd hat i p38s pirotadexi ¢hach | sradad thrhgsebenyt alredbseher,a cell is
treated with ani sonycin. Anisonycin treatnent of the cell was carried out

prior tor thelgsisesidihcebiul ¥8iseneisideeicd)yandlexanples indDid8Qeniinut es in
DMEM-cont ai ning 30 ~nol //L ani sonycin and 10$ FCS. In Fig. 2, lane 1 shows
a resul tvwiwitheatoung nekphd3gPbi] dlaameg@ csthewsoaleesul 4 fardde oFenescent
cell (61 PD), and lane 3 shows a result of the positive control (nanely,

t he yourRp edidymer astdy iwivt frani Sbmfdmyrellular 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 growthrate after contactingwith the substance tobe tested

becomes quick in comparison with a control (a aging cell which
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As shown in Fig. 2, difference in the expression of total p38 protein was
not found anong the three types of cells . On the other hand, the active

type p38 protein was less in the 32 young cell, increased in the
ani sonycin-treated young cell and nore significantly increased in the
senescent cell. Accordingly, it was shown that the p38 protein is activated

by the cellul ar senescence of human normal fibroblast caused by its
replicative life span. Exanple 1 (1) Effect of p38 protein inhibitor in
human normal fibroblast In the exanple, effect of a p38 protein inhibitor

SB203580 & f di d
sonescent. 5alT (B Ty Ggd o (T A2 SOLARER0 BEEED D brobl ast W -3
used in Referenge gf%a%s% bhePRES bl g@lhlo% Er&%ls%'ﬁ%nﬁéog?dﬂgﬁﬁgﬁ?% B s

fol |l owi ng Exanple was repeate exc pt that a“young

of divisi n9§é: I it hS n
normal fi %P%%?gg%ém%%38 cg ggglde&ﬁ]%eﬂégﬁggkayglﬁérl%lsﬁ@g ?%Fgﬁgggéxggrm le 1
(1) V\Brecéllsle‘ééﬂé?aqqq/ Qfakfeféeatfﬁé‘@fnf?ﬁ'ﬂ?%l%%'ﬂ Ihéaﬁf?o%”jt\ﬁig%roetﬁﬁﬁvm in
Fig. 3. In Fig. 3, the polygonal line ais céll growh curve of the young

cell in the Hm@oﬁe@%@%%n%ete%agmeélm RrieSapehilaghowt h curve
of the young cell in the absence of SB203580, the polygonal liné c’is cell

growt h cuas Wit dﬁ%ﬁeﬁeﬂ?@(ﬂ@t &t dp 14k B%c@fn%%etﬂ?ﬁu g&t@@%@@ﬁéen%aétt he
pol ygonal 1|ine is cell growth curve of the senescent cell in the absence

of 5H20358G:h Hhie Syt andSB o ie sty Means that it was treat ed with 1.0
unol // L of SB203580. Also, the ratio of S phase cells in each treated group
33 was det er mheed byHaRGR aTaldsiinliam RER@EIIC & paidilF ilchenRvaeedur e
described in the followng Exanple 2 (3-a) , and the results shown in Fi.g.
4. The sydwlvi'ty isabiagyzédreanshéhaging wased,r Paadanitbls it@skxaah// L of
SB203580. In addition, cellnorphol ogy and(3-gal act osi daseactivity in each
treat ed dreowdtwet easantal gy zesll 1wl ac cormiegoen g -t p e dvef oy eoexjoree. descri bed in
Ref erence Exanple 1(2). The young cell grew well (doubling time = about 2
days) regardl es® &het lsassr eberce the algfendd Yo fSB2@®3801lags shown in Fig. 3
(polygonal line a and polygonal line b) , and its S phase cell was about
20~ as sisenesSaerrier specihic 8B2P3880(e 1+ Bagedastnesdase) dal reduends| ow y
(doublln%qtlrre = about 6 days) (cf. polygonal line din Fig. 3) , its S

phase cell&Rascrbagtesdyith 2 ﬁlgsta@}ce ta e degted !-Hﬂqn&’talr\?éod’a‘r’athxe not
shown, it shovved a m)rphol 0 a characteristic of a cellula
senescenfe SR STASE &&ﬁé boscepFactes w&§/{’oﬁh§sﬁ\1b5tance

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 contrel (a senescent
cell un-contacted with the substance to be tested), it can be
Jjudged 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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On the other hand, the S8203580-treated senescent cell showed accel erated
growmh in conparison with the untreated case (cf. polygonal line ¢ in Fig.
3) , the S phase cell shown, by 72 hours of bronodeoxyuri.dine (BrdU)

| abel ing was significantly increased to about 25b (cf. Fig. 4), and it
showed a norphol ogically characteristic in that the cellular
senescence-specific ~i-gal act osi dase-positive degree was | ow and the fl at
cytopl asm becane thin, thus resenbling the young cell. Based on these
results, it was shown that the SB203580 as a compound having p38 protein

i nhi bi t opy¥1aGt by t¥pPacht abé Yrafener £5ieH L tGelit yeadyBroh @ xrllax eachi ng
its replicative |life span. Exanple 2 (1) Preparation of transforned cell of

the presgshekB¥gBbi @a1bRihheaexanpks, tkeikr agskanmed eakl askitBe present
i nvention was prepared I n accordance with the procedure described as

fol | ows, ihyrent eAdUSENY e IMUmBY igend veodiegankettting hysnn HMKKD
protein, or an MKKGEE gene coding for a constitutive active type nutant of
the MKKG6cELDuberr ebaesednte dslik@gEapeat-ei n hereinafter), into a young
cell of the human nornmal fibroblast W-38 by a gene introduction nethod

whi ch uses a rnedrevipesificalhys thanechsvancs hebbhGiéd Ppyotieén i s an MAPK
ki nase ( MAPKK) whi ch phosphoryl ates and activates p38 protein. R so, the
MKK6EE psoteening mehbbdnt fothe her d&&Ht piwtenini om whs chf ceerdxeengalte ,t he 207t h
position (Ser 207) and threonine at the 211th (Thr 211 ) are respectively
subst it ueed3 @i phogeubambilhttdryGrotiBlty Mt . arCadtiBitoy [tg ikBiiklira7- 1255,
1996) . The MKK6 gene was obtained by anplifying a DNA fragnent of about 1
kbp by aaPCRlislhodseheshensessagpkasitirdnp8RotikKKoldcuBrowhiChem , 271:
13675-13679, 1996) as the tenplate and a conbination of a forward primer
consistiﬁgnétlthéenu§h@o€ﬁ&éggéqu§nnescepcesehuedlbyrSEQﬁuctmDnl and a
reverse primer consisting of the nucl eotide sequence represented by SEQ I ~
NO: 2. | nc@hfa3deast, 2t HeWaf 6EERBNt PEnEBePER8WaBOERARed out by 35

i ncubati ng at QQCféggninules), repeating a cycle of 94C (30 seconds), 52C
(30 seconds) amif RIS S ofi fEe BRESeReniATeREISP iSrétitisng at 72C
(10 m nutes

. R t he, MKK6EE bt ai ned by . nodi fyi th
aforenen?iB%gdpﬁﬁﬁgiﬂeﬁghgg}ﬁﬁragggﬁggfgcgﬁﬁghgggfﬁélggELn?bsg ine _
Chr o) har " WS 2RHERL AR SRR DRRE o bt SRR Sl 0e "

bt ai d | i n- i st t
oo ol P SeDR RN MR e IR BT r 28T WS LIRS WALLABE A 581 ot &N
1996). T i -0 : i i i d
aen)y he i 4 S A LGS0 CPT B & b 97) RRRY e

9146- 9150ng £889)i trdtdt~ dortta ith RAFKEHE PSc G | c BXreghk i k@4 L8 1Rl S/ 10 cm
dish (J. Virol 38: 895-905, 1981)" ] was transfected with 6 ~g of a .

retroviris WhAcepptagr, ng each gene (or the retrovirus vector pMXpuro as a
control). After 48 hours, the culture supernatant was recovered and used as
a virus sol utizon.ths ddrevdrarigetaliel | knowaunss € edtot{etith RRhfhic sy, cel I s/ 10
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-XX906, HEP~689 (SB235699) and LL-2Z-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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cmdi sh) of the human normal fibroblast W-38 was cultured for 8 hours in
the virus supernatant to which polybrene (final concentration =8 ~g/m )
had been added. The virus supernatant was once renoved, and then fresh

Vi rus supernatant [containing polybrene (final concentration = 8 ~g/nl)]
was agai n added, followed by the culturing for 8 hours. Each of the
infection-treated cells was cultured for 3 days in DVEM 36 cont ai ni ng
puromycin (2.5 ~.g/m). On the 4th day after carrying cut the infection,

t he nedi um was changed to DMEM cont ai ni ng 2. 5a di net hyl sul f oxi de (DVBO)
foll onwed by the cullReur | ng for 6 days . In this case, the nmedi um exchange
was carriedgout every day during the culturing for 6 days. The relative
nunber of ce ing these 6 days was neasured every other day using a
comercially avai I%&-@-th t 1§Oe| | Counting Kit (WhT-1 assay), manufactured.
by DQJI NDO The\Wb¥4~ 1 assag/ is a nethod to know indirectly degree of cell
grow h abi Ig witth the use of the colorinmetric deternination of the
activity of dehydration reactionswherein intracellular |lactate
dehydrogenase and the like are rel ated. Measurenent and cal cul ati on of the
rel ati vel[wieétehmrryet s wepgrsdedi reap lwhicar ik ethtoibndyl ¥ heisalitawedg nmet hod.
That is, 1, 000 cells per each well of a 96 well plate were precultured for
24 hour swititere additmy shbsWSTFuehtiseagdependenbiy cee len pedrefiiamnmthiehe
coloring reaction was carried out for 4 hours in a CO2 incubator. After the
r eact i ongrommsermHestivg o T an idkyugrespngaripbafeomehder 4 meadoni ng

wavel ength = 450 nn) . These were neasured on three sanpl'es on each of the
measur i Rty s & balegenGtiem2an, 2 Yidxmadosp hatsysy fdom h§otheagbont h
period, and the average values were used as the data of respective

neasur i it eBFs an ?H&ya&hd{q FEoNprbaring ten 4 65p Aecritbed alsinses ann
respective, neasuring days was cal cul ated by defining the average of

measur e PRH1D & O gﬁ@ DEPIPIy 08sAh T alPRe. (tdwupusbgrec s AP Im aErgs 5(a). 37

In Fig. 5, the 4th day after carrying out the infectign treatnment was used
as the "t he%%%/"a. @?he%zi’g“a“g,%l?h AYRHI195RP? (FrditCateBYERRESPt s a
result of.the IMKK6 ne--introduced cell of. the esent invention, the
symbol . S ?%ﬁ%a%l:ksﬁt L e e’ls’iﬂnf loftotﬂg({l\‘/-lﬁ{gf@gfé:ﬁéﬂsl"n oduced
cell of i At i ' ] ol..vVi.iLnhdi gat that, it is a
result o gﬁgﬁ%@?&#?ﬁ%ﬂ%@%%@& gfﬁ% p%?%?t%\#%ﬁggi%eﬁb(%‘@eaocel I
(controlphrdfs Shown il 9. 124 &&ld r;g/‘{p%.g - expressing
cell (W) %f_the present ?nb_en?%%r_rll %lﬁdh?he 6%‘5%(‘%& etgﬂs.ble cell (EE) of
the pres@itsisvany ion awﬁé@ogbgnaééxgiratﬂ xlkgﬂugﬁguﬁnné@ﬁlétﬂoq@&b tbN
conparison with the control cell ( infecfed"™wth the vector alone. In
addi ti orf darlddie ataes aind he(cipl)lY( ER) i0f 4 e yEseffod WiildHon £Xpr essi ng
t he MKKGEE gene, its growh was conpletely stopped before the cell becane
conf | uermtpt i(2)al I5f fsadistoftyp38d priotleiona rhi Hiwcohadiogdre dtraansst or med cel | of
the present invention In the exanple, effect of the p38 protein inhibitor
5B203580 P )tnfle orwoNBgbci Rs L 6fa hiidrogensftomed ageal kpl dricepphasing
invention obtained in Exanple 2(1) was confirned. Specifically, the
retrovi rFEem Af et fifora Fhentaiaits d8sd dedneraatbr, 22 bepzaddaromt uri ng of
the cells obtained by the treatnent described-above were repeated, except

that th&XmBdi GhkXasoFepPataBing FAeMIc bRt AP nFREPAD LR/ /AT BB2aIBS 80

. \’ .
(manuf a%tvu‘éggétl?gr %igcqua)thoenngggogteg agta m %fot Sﬂigﬁr{%éygar%u}oomg may

form a six-membered heterocyclic ring which optienally has an
oxygen atom; Rs is an alkyl group 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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38 infection treatnent. The results are shown in Fig. 5(b). The synbol
"~-SB" in Fig. 5 (b) indicates that it is a result of the case of adding
SB203580 to the nedium In this connection, the synmbol "-SB" in Fig. 5(a)
indicates that it is a result of the case where SH203580 was not added to
the nmedium Wth regard to the growh inhibitory effect by the MKK6 gene or
MKK6EE gene shown in Fig. 5(a), it was inhibited by the p38 protein

i nhi bitor SH203580 as shown in Fig. 5(b). zn addition, although
illustrative data were not shown, the SB203580 al so showed the anti-agi ng

act i vi ty; HR@Rra-8eNes6apbustlds (S ke ntth%n@a%ﬂ@imh g ablpst W - 38
cultured in the sane manner as in Reference Exanple 1(1). 23) Confirmation

of vari ofs 1359'aﬂguh§'95§€§thﬂe8h@ %X@f@;ﬁprg@%pceh L 1 atlli'§d958§ﬁr5tdn(‘vent' on

(3-a) Ratio of S phase cel anal’ysi § Using the"two species of the

transforg‘ﬁdweil ﬁn#lh%ﬁﬁﬂbéﬁ%é&ﬁuaﬂﬂ -BN®)SRECI e A i@ Oy rol cell

wher ei n e vector one was introduced, obtained by repeating the sane

procedur ¢ &f 2Exa0BIrg 24 b alR91rddd @ RhvEnBhassy aetd des EeATd#dmRs by a

fl uorescence-activated cell sorter l“(%)FAGS) analysis. As the cells, cells

after a gubt HfiNg Peshotly Df ghodiaySubsiaimbhbied Reitaeld shdfogdhird i 6 ¢lays” in
Fig. 5, were used. Specifically, each of the cells after a culturing period

of 6 daypre@arabbpechedofpoliabevhagein DNVEMsUBSLITUEADL ﬁraupl iR R,
~.unvl //Lbronodeoxyuridine (BrdU) for 4 hours . Next, e cells were fixed

wi th 70~artBarole wacthd aea@wﬁwe@m-/;idsﬁ&ongwydm@@hlﬁezﬁem@,f or 30

m nut es. Subsequently, they were neutralized with 0.1 nol//L sodium borate
and t henaatdmpeuhd ovhreaacitn Rixt s Bl PEehabedesu@rtibBricHu tant whaty-SORs

(manuf actured by BECTON DICK INS ON) for 1 hour. After conpletion of the
reacti on(whhgetnl Rs leear aklshkdrnaugh haviaghi nom bufioed ¢@PBSow@itaisii ng 0. 5b
Tween 20 and I b bovine serumal bum n (BSA) ] and suspended in a PBS

sol uti on2B8nkaiis mgrheayd/ giroRppoPbtistatnbddel il 3 . L Ther e ewn wer e

anal yzed by a two di nmensional flow cytonmetry. The results are shown .in
Fig. 6. i%i/ﬁﬁo?tm‘%/é%ﬁ G lPﬁlFFgat‘G(l s istdildaresetmeeierable s andsul t of

t he vectg/hé{ﬁept ro r(ius vect or, %gm) al one-introduced cell (control), the
symbol " und, waegelg ]f‘b)lsl ? ANV IFAEP Siucbsi%l%-‘?eé%h’llttho”rs@% MKK6
gene-introduyced ce of .t he present .inve tIO nd the synbol "MKKSEE" in
Fig. 6 (3% d’r%é‘t@ge’f‘ﬁﬁtgﬂlpﬁ §“§ tFé§HItF o‘fl?rlhgﬁﬁﬁﬁééﬁ ﬁgﬂ% MAedduced cel |
of the vention, .Ea rdi na Fig. 6 shows the degree of BrdU
st ai ni ngé,ggsggsbg T3REFEigY g%&é’ Pﬁg%aéﬁgé‘é of Pl staining.
A cellular replicative regenerating agent and a cellular
sSenescence 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 énd/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
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As shown in Fig. 6, the ratio of S phase cell in the MKKG6-expressing cell
(MKK6WI) of the present invention and the MKKGEE-expressing cell (MKGEE)
of the present invention was significantly reduced in conparison with the
control cell (Vector) infected with the vector alone. (3-b) Cellular
senescence-specific ~i-gal actosi dase activity The procedure described in
Ref erence Exanple 1(2) was repeated, except that the two species of the
transforned cell 40 of the present invention and one species of a control
cell wherein the vector alone was introduced, obtained by repeating the
same procafifitt Ar B@mle Zuldnodeft@ldsc@fdd theuling; ng mesd el of 6 days
in each case, nanely the cells of "on the 6th day" in Fig. 5 were used.
The resulds el SROWInEH1i6hGecovetia syddot £oVaciFoni dihkJankb@drindi cat es
that it is a result of the vector (retrowrus vect or pMXpur o)

al one- i nigaacuesith tedtindrons ot antdth sy RO} anlKKEVICH d derd @ a@eﬁ@)
indicates that it is a result of the MKK6 gene-introduced cell he
present ian\enily aroniadchdderisy mhike ' MKKGEE" in Fig. 7 (c) indi cat es that it
is aresult of theMKK6EE gene-introduced cell of the present invention. As
shown in Fig, FxanmpdedKKG- ehpr esdilng acelslenebkka\dE) deflavitgpegeamrt i nvention
and t heMKK6EE- expressing cel | (MKKG6EE) of the present invention showed a
flat nor ghalloagie andgrivdaitosslamrs,s pheventéhbwgantseadsomnceuspedohi C
(i-gal actosi dase activity was considerably increased. Next, the procedure
descri bededudRdgfaar pmereEtangl agdni Zprvespa epeatiedhoexsemtd tthat 11 ke; t wo
species of the transforned cell of the present invention and one species of
a cont r oancEhémph@rsvientiagegent falkdihe aasdiandridiutéle ; @it Aimediby
repeating the sane procedure of Exanple 2(1), (cells after a culturing
period ofesiugdyior preggphisgserspiozsidoe @medemré@heelilse) angucheal wo
species of the transforned cell of the present invention and one species of
a cont r ofPddhe L dunctien setyE tapBner siEen g Geredd fosheatheenby
repeatin ge sa rocedure of Exampl e 91 @@G*) (cel |s after a

cul turi ng qw%%éﬂl%@m theatddkecePns aflere used.

Then 200_cel ls vvereotlonall s | ect .un amcr cope .from each of
mdependg(rit eﬁ:rlgepsra rétslnt?e g"t?p1 g:r?@ltchéntdat @rlké‘e gal act osi dase

posi tive cell s, ﬂ@saﬁﬂcé %?’ ngog@t Eﬂghw‘? A rrber ér)%slfﬁt%r%?%rgﬂom in

] 3-gal act osi daSepositiv arne &t er

Fig. 8 Lg E' a?maEQﬁﬁXg&%oﬁtﬁ%si?ﬁéﬁafr?%ctc%‘}td ﬁ_@](,lrgs%l%%??;lthe

vect or ( retrovirus vector uro one-1 ntroduce con t he

synbol " Mt hbRdLGALRS atnh%tpﬁrbp'ﬂa%er %%‘éllrtma%feuttﬁ%gwggrg?t'% n.lgé oduced cel |

of the present invention, and'the sy Icates t I's a result

of the N&K@EEegeneahabﬁ@désgglegbIwmew%ﬁ@&%ngehaysmta% A'éSJch' n the
"SB" colum shown on the abscissa of Fig. 8, the synb "+ |nd| cates that

it is a assuht eglcitien$B2@3n30dercatedicahtegrandxt, h@ S.)dBSQQlcan‘t'; kndi cat es
that it is a result of the SB203580-untreated cells.
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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As shown in Fig. 8, the increase of the cellular senescence-specific

(3-gal actosi dase positived cells is inhibited by S$203580. (3-c)

Phosphoryl ated state of p38 protein The procedure described in Reference
Exanple J.(3) was repeated, except that the two species of the transforned
cell of the present invention and one species of a control cell wherein the
vector al one was introduced, obtained by repeating the sanme procedure of
Exanmple 2 (1) , (cells after a culturing period of 92 6 days in each
case) were used, and that an anti-MKK6 anti body (se-1992; nmanufactured by
Santa Crgglut@snant biple, aBLikbedyibse, 966G rupanuhackruedibnsSanta Cruz), an
anti-p2l anti body (sc-817; manufactured by Santa Cruz), an anti-p53

anti body (sc-263¢ sbotéachtiefedyvSandasCardys apsh ave afdéde achts anti body
(manuf actured by Boehri nger-Mannheim were used as the primary anti bodies .
In this clhaneateonictheppibapratens dydgedkrplometRodse known proteins as
proteins characteristic of senescent cells . Also, actin is a protein which
i's known to haeamolels fd £ renmel dus iWhsl @ X prags Beons gdai | forpigvestalyoung
cells and senescent cells. The results are shown in Fig. 9. In Fig. 9, the
synbol "sotkd drepastEsondatichtas $ab lredsyl powllet bip flewt grahtidbs®Ad US
vector pMXpuro ) alone-introduced cel | (control), the synbol "MK6EWT"

i ndi cat egraimatest inhsladeeanl exofipibrtNKKGtgene- sntrodacedoddhin of the
present invention, and the synbol "MKKGEE" indicates that it is a result of
t he MKK6EELgehéei nglodased stkkcbf thécpneseatrbonzeati kAaolAs,shown in Fig.
9, a large anmobunt of the MKK6 protein was expressed in the MKK6 or MKKGEE
gene- i nt¢odiveabl okl cehlebapar | SORYRFPhst GEbaoht rad Lein Imhasghratssed anount
of the total p38 protein did_not vary anmong the three species of cells,

expr esseL &Hpbft 261 dt A8 BBei biékeypeapBSngest éFBLGNEYFBRNt BYucASLeased in
t he MKK6 gene-introduced cell and markedly increased_in the MKKGEE

gene- i ntTOHEEE cSH2NGR $ohphE PR oF ekiRth It $rel Wit oPo LyRinddialiasholexpr essed
amount of each o tEe senescent cell-specific pl6é protein and p21 protein

i ncreasdP AWV InYh ¢ BeﬁKKB°iYVNRK%EEY§EHé4?HP?oduced cell . It was found

young eSO RREN L Er AR BREor Sp8b13F0L BERRY B! 8185t GbEVAI reacy

reporte n rmal _fibroblast rapid shows a cel |l ul ar senescence
phenotygggggﬁ%ﬂig?o?ggﬁﬂgxﬁigggggﬁ’O§UECBF3%¥EU Ras (Cell, 88: 1593-602,

7.997) hdr 3B ' ess,, kS| ' he. cl assi cal MAPK,
nanel y I?l{1a31H MeK- Efﬁﬁ%%gﬁ%ég% ﬁu%g&am@? e%?#j g%%lééslaj(l%}eonsees’ Iﬁléil\slt A 12:

3008- 304tha AOR AN B oh2nePRE 0Nl OB ; SMilheuss Al his, Zhu
et al. have reported a systemfor inducing cellular senescen eaby

acti vat i (igzaRedh W 4 hg 851 € 0gend pr c +e8BXi hRAd ($81PeikRY pyrrs 1 2894e 3007, 1998)

. This is a result of fusing an estrogen receptor gene with a sequence
codi ng faoroddielkkexdsea rivgk pie thy Bcél val ede Raddpene. (1) Zn accordance with
t he af orenenti oned net hod, :
carboxymethylcellulose calcium, starch sodiumglycolate or the
like); areleasecontrolling agent (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 2 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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i nduction of cellular senescence was tested by carrying out gene transfer
into the W-38 cell and thereby constructing a system which can i nduce
cellul ar senescence by the adm nistration of tanoxifen. The results are
shown in Fig. 10 and Fig. 11. By the adm nistration of 1 nMor nore of
tanoxi fen, termnation of cell growh and increase of cellular
senescence-speci fic ~i-gal act osi dase positive cell were observed, thereby
confirmng that the cellular senescence was i nduced. Fig. ZO shows the 94
changes in the norphol ogy of cells by varied adm nistration concentration

of tanmoxickernhedikiky) ;apddFhgiuddi shAWS (Bukekathopship befyegp,concgntration
of adm nistered tanoxifen (4-HT) and the relative nunber of cells wherein

the initisalieuebeciaf gehbsthyideki BagR3 Lr €2k hJisLi.ke?.the system
constructed in (1), activation of Raf "was induced by 10 nM of tanoxifen,

~and by sinul t aneonetysadeynot2B1EsMgh FOORISE {Mek hehépiior) and
S8203580 (p38 inhibitor), their effects on the Raf-induced cellul ar

senesceneeaiidyctiren twast SBEt ¥ efhchlbe é@%&h} atle® €ARYOLEN Fhtid?, Fi Q.
13, Fig. 14 and Fig. 15. Fig. J.2 shows the ratio of cell growh in

respect i veatellsasifdey, paduetcarofed RabaetiyatigtkRal codBeRithbiless
tanoxifen is shown by a synbol "4-HT", and the 25 ), LM PD98059- adm ni st ered

system i srskewmrrbgodubyrbdllih+pbatedzgabldtshows the ratio of
~3-gal act osi dase positive cell in respective cells after induction of the
activated Raf.CapsElgs ck3 bégmwepdmed by shoimy by th syabohs "<aHB'srand t he
25 NM PD98059- admi ni stered systemis shown by a synbol "+". Fig. 14 shows
the ratiexempédfiedrionthd aboyspandi el thid Snahted gelblict h arapefulide
activated Raf. In Fig. 14, tanmoxifen is shown by a synmbol "4-HT", and the
25 NM S82b3580tagAPAPSEEred systemis shown by a synbol "+SB". Fig. 15
shows the ratio of ~i-gal actosidase positive cell in respective cells after
i nduction of tiedyed Pr&PadaRdfonsTnagike waterramublenct oidhaeiublea synbol
"4-HT", and the,25 ~.M 45 =~ 5B203580- admi ni stered systemis shown by a
synbol "SUSPERBBEBY pRPRELPYSi nAYBRPBACF Hel ekrs manbrirhsisealan dreowt h and

increase_of _cel lLul ar senescence- Recific . )
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 form of 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 acid or the like). In addition, in this case, sodium
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~i - gal act osi dase positive cell induced by the activat~.on of Raf . However,
5B203580 inhibited the term nation of cell growh and increase of cellular
senescence-speci fic p-gal act osi dase positive cell induced by the activation
of Raf, nore strongly than the PD9B059. It was clarified by this
information that both of the classical M~. PK and a stress--induci ng MAPK
p38 are concerned in the cellular senescence i nduced 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

constructhngrife, sg&ﬁeage? RYshens 0f of hgl peesent cdmvantdBiba aul accor di ng
to the screening nethod of the present 1nvention, a substance effective as

an anti - ggkngh 2888t GANCRE SEEEEPEREIoAN 26did | Oibudt GAMPWIkSe! et ed by
t he screening nethod of the present invention is useful as an anti-aging

agent . @dfepafklagnid.idbtsdneiIBA £l bnidnaWéedr 21 gRylaciadix fod (a) a
protein capabl e of phosphorylating p38 protein, or (b) p38 protein, a

nut ant ofsPBStPhet ehdnt P ki dWseh GafMaigerdf, R38opa0t ShdstRekivase tdamai n of
p38 protein nmutant or a fusion protein containing themis transformed into

a normal 1¢rél card. afspebBOAgler.screening a conpound, which conprises ( 1)
a step for allowing a nornmal senescent cell or a normal cell introduced

with a gene capedt edpd nslicint eeltbwhab fsepesnents $uclk s aistdd,h a
substance to be tested, and

creams or dels, 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 preparationbya 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 like 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 tthe degree of symptoms
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(2) a step for analyzing an aging index of the cell. 3. The screening

nmet hod according to claim2, wherein the step for anal yzing an agi ng i ndex
of the cell is a step in which an aging index of the cell is analyzed by
conparing with a control cell which is not contacted with a substance to be
tested. 4 . The screening nethod according to claim2 or 3, wherein the
aging index is a change in the ratio of S phase cell, an change in the

nor phol ogy of the cell, a change in the cellular senescence-specific enzyne
activity or a change in the grow ng 97 ability. 5. The screening nethod
accordi ng# . @Y O, pf claims 2 to 4, wherein the normal cell introduced
with a gene capable of 1 nducing cellular senescence is the transforned cel

according to c!cqiimiﬂcaqrdasgr@@%&@f&@@i&flilng&re%a%rn%dopx_hter9H§-ngiiﬂg a
(c at the

normal . cell with a gene coding for a proteln positione

upstreamfers: MEPKKPpRLEERLOInyBRL P38 Pk @@bpﬂo’ﬂé%@@t se&eE*E%dpmt te'hg

positioned at the upstream of the MAPKK protein of the p38 pathway,

ki nase dem@igbrfe ! e Plebiph chOosht £ 08 ethRln { 16 ADSI eaPhel, t BgMARKK
protein of the p38 pathway, or a fusion protein containing thém or (d) a

protein wWhixchrasséNdaasi dhg FIEmMPKRAENBRY seraid fotsie@NcHi @l £iAnkher eof . 6

. An anti-aging agent which conprises a conmpound obtained by the screening

met hod oy tor@rofbeC lainih i3 e el generally at a dose of from 1 to
2,000mg per dayper adult ordividing the daily dose 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 reference example, using ahumannormal 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, the aforementioned cellswere culturedusing
10% fetal calf serum (FCS) -~containing DMEM (Dulbecco’ s modified
Fagle’s medium), and their sub-culturing was carried out at

a ratio of 1:4. In that case, one sub-culturing was defined
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7. The anti-aging agent according to claim®6, wherein the conpound obtai ned
by the screening nethod of any one of clains 2 to 5 is a conpound haring
the activity to inhibit a p38 protein or a nolecule positioned at the
downstream of the p38 protein in the p38 MAPK pathway. 8. The anti-agi ng
agent according to claim7, wherein 98 the inhibitor is a p38 protein
inhibitor. 9. An anti-aging pharmaceutical. conposition which conprises, as
an active ingredient, a conmpound obtained by the screening nethod of any
one of claims 2 to 5 which is an inhibitor of a pas protein or a nolecule

posi tionad atpr.headewngth Agam afh ithea P38 Prat ek-8mi 31 thes 93D MABK Pt hway. 49
A A59. AHO. A& L. A9L. ALL. AB5L. Al 9. AL. AL. AHO. A9. Al & A&9. A99. A&l L. AHO. AHL. A9s.

AHO. A's. AHORA. P59 98 i A A& AL 1AGE Le AHED ARl tA&! Sehbbcehdlcdtl. ASY. AnO.
AL A . AHI. A& 9. A" L7 A59. A9 . Al 9. AB5&. AHI. AJAVS 6, #(

| eH) xsni d27]5ed éad 54 ¢a] 6al ol £RleRltet Rl m@%ﬂ@ﬁsﬁ s# gad €2 ca] cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] cRa! H&' 6n&+l 2 snid_Z]caJca]ca]ca
] ca] ca] cakeakeakedkcakeakaalel qaa]g%a]a%%]o%ah%%@ah%%h%a};?a] ca] ca] ca] ca] ca] ca
] ca] ca] ca] caI 20KG6 v
Olilstity? "thasekUld)sa] saheatenteakpateajcapcghtalead £ajsal cal caj cal cal
caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal " #( #b####, SkSy $ISVRBB/OBEr &
{&&&)" . " aCElyl8Ylwas get@eioesit ¢ thkced tlidd ajfcajca] ea] £h] d#kos] aedtr] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal OR2W2261777788G. (
; | =p=223d? GERCCCUBDBEF2¢t:0j98 6BVeS&Bc alle@s¢a] cal ca] ca] ca] caV] ca] caV] caV] ca
\/] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! FFG HHHI
| & JKLLLM NNX@%RRR&S@SSSSSSS@TﬁQ'yBD#eSFWEa?I;H] cal ta] cf] tla¢ clavthen] ca] c”a] ¢
aV] ca] caV] ca] ca! cal 1 al cal cag caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ITSTw
T}TT UDUWN@X q_)k] A5 /YW wege respectively washed with PBS and
d<dFdGdMINd™d{ vgl gb] X] ] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] café 8]10%3] (}h‘-]lé% CaPlagtiafehitapkife Aquanusy sakulkdan: edhE®y j | m&m-mm
’\oXp’\ppq v% gv =viwxxy} xsni d Z% ] ca] ca].ca] ca] ca] ca] ca] ca]Lca] ca] ca] ca] ca
] ca] ca] c ]§ BafcaPEaPRa) EEFc&F&&FcHF 5] éa]a&‘&}icé}lca] S&piateg] EatyPYpRV{ y{{{a9:

;] ]:L] o EB%%%% %J] g&] gg ])&%]l%%] (ia]n a]“(ia]o%a](c%]a(ia] ca] ca] ca] ca]ca]ca]ca]ca]c
i k] 2;} Eilﬁi%{r}ﬁféa%E*a]%ar?;awé]h&] B}%S]%%}%S]éa]sei S] Ca%°$%"3] “@pTON
cal cal cal 8T 65T Ca) Eay Ca Ko LA e R R BT TR e ca
] caV] ca] P%\l&iﬂ/f}'@] zﬁa]ﬁ@& £6h CR1GRLCR) fﬁbﬁ%]s%]a%%]&?ﬂf@ﬂé@]agﬂﬁé] (ﬁs]scal cajcajc

aJ ca] cajcal!”

Ox~yt oj epﬁ% cg] ca]iﬁa] ga}ga}aga]._/fa]: ghgahcakg%c% qﬁ(snl ] ca] ca] caj

caV] ca] caV] ca] caV] ca] ca] ca] ca ca cali ca] caJ ca] ca

] ca] ca] ca] ca] werdeid e £alon] €8] €d Cod $3d S8 €a] §@dﬁee]&adec1@]§aell€@] ca] ca] ca
] ca] ca] ca] ca!. & eh! "0lemn %OT5;

r{val gb] 3} ¢wm]ioaliis] ca].calw &lica] ¢a] tht gatjcied eadmin] @3] c8] £ajen]ioalaa] cal ca] ¢

aJ ca] ca] caV] ca]caV] ca]ca]ca]ca]calcal QN ([ ~+dHJ } xsnid_Z]]]ca] ca] ca]ca]ca]c
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10% o0& (9ebl0ow ska{nediinein(Ye0RiSIVWhed () 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 f-galactosidase activity was
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(3) Confirmation of phosphorylated state of p38 protein
In this reference example, the phosphorylated state of
p38 protein in young and senescent cells of the human normal
fibroblast WI-38 was confirmed by a Western blotting
respectively using an antibody capable of detecting total p38
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(l) 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 u//L NasV0Os, 1 ug/ml leupeptin and 1
mmol//L phenylmethanesulfonyl fluoride (PMSF)].
Subsequently, each extraction sample corresponding to
30 pg 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 reaction and a secondary antibody reactionwerecarried

out in order,
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anti-phosphorylated p38 antibody (manufactured by NEB; an
antibody which reacts with phosphorylated p38 protein but does
not react with un-phosphorylated p3'8 protein) were used as the
primary antibodies, and a horseradish peroxidase~labeled
anti-rabbit IgG antibody (manufactured by Amersham) was used
as the secondaryantibody. Detectionof theperoxidaseactivity
was carried out using commexrcially 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 youngcell (42 PD) is also shown
as apositivecontrol. It isknown thatp38proteinisactivated
(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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more significantly increased in the senescent cell.

Accordingly, it was shown that the p38 protein is activated

by the cellular senescence of human normal fibroblast caused

by its replicative life span.

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 samé 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 times of division) of the human r.ormal fibroblast WI-38
cultured in the same manner in Reference Example 1 (1) were used
instead of the transformed cell.

The results are shown in Fig. 3. In Fig. 3, the polygonal
line a is 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 c
is cell growth curve of the senescent cell in the pPresence 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 treatedwith 10 umol//L of SB203580.

Also, the ratio of S phase cells in each treated group

33



1 Ls! 109H& () - 17778'9: G (; dE= 10HF=1""!110% o0& ()-3'99!'10%& ()- @
991 10% 0' 0&' ()-@99! 10% 0' 0& () - @®9! 10% o0& ()- @ 10H 10H(; 6;
;] =mEn=0=p=}"SH=0H 10' 0 10' 0 10' 03=10% 0& ()-y/''10% o0& ()- !V
110% & ()-3Mi T "110% 0" o0& ()-3 " 110% O () - 3p=b>>@\CCC} " ?4=0H 10M
=109V&' ()-''10%V& ()-s!'4!'109%& ()-!10%v& ()-!+&9 10%x& ()- &9 .
10%VE&' () - CCCCG*Hf Hl dE=OH 10MB3! 10% & () -!s&M 10%\ & ()-) ! x&M 10%\ & ()-)!
&M 10%\& ()-)&M 10% & ()-) 10M 10M [1#I $1% & 11J~\=0H
IOM 9T 10% & ()-m "9110% " & ()-m " 91 10% " & ()-m 10\ 10\...1.0\ =1(())%&:)(')I-; .
(0% & (rPdEttMhbhbany Phts MBIASIABE Clor s ERA HA% 6 2820401 E O -1 0
0
described in the following Example 2 (3-a), and the results shown

in Fig. 4. The symbol “+” in Fig. 4 means that it was treated
with 10 pmol//L of SB203580.

Inaddition, cellmorphology and B—galaétosidase activity
in each treated group were analyzed in accordance with the
procedure described in Reference Example 1(2).

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 zbout 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) labeling was significantly
increased to about 25% (cf. Fig. 4), and it showed a
morphologically characteristic in that the cellular
senescence-specific f-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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restarts cell growth of a cell reaching its replicative life

span.

Example 2
(1) Preparation of transformed cell of the present invention

In the example, the transformed cell of the present
invention was prepared in accordance with the procedure
described as follows, by introducing a human MKK6 gene coding
for the human MKK6 protein, or an MKK6EE gene coding for a
constitutive active type mutant of the MKK6é (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) énd threonine at the
211th (Thr 211) are respectively substitutedwith 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: 13675-13673, 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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seconds) 52°C (30 seconds) and 72°C {1 minute) 15 tfimes and

then finally incubating at 72°C (10 minutes). Also, the MKKGEE

gene was obtained by modifying the aforementioned MKK6 gene

using a genetic engineering technique in accordance with the

conventional method, namely site-specific mutagenesis (Proc.

Natl. Acad. Sci. USA, _8_1;: 56625666, 1984) .,

Each of the thus obtained MKK6 gene and MKKG6EE gene was
subcloned into a puromycin-resistant gene-containing
retrovirus vector pMXpuro (Exp. Hematol., 24: 324-329, 1996).

The-geﬁe introduction by retrovirus was carried out in
accordancewithaconventionally knownmethod (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 Mg of a retrovirus DNA containing each
gene (or the retrovirus vector pMXpurec 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 (fiﬁal concentration = 8 pug/ml)] was again added,

followed by the culturing for B hours. Each of the

infection-treated cells was cultured for 3 days in DMEM
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containing puromycin (2.5 pg/ml).

On the 4th day after carrying cut the infection, the medium
was changed to DMEM containing 2.5% dimethyl sulfoxide (DMSO),
followed by the culturing for 6 days. In this case, the medium
exchange was carried out every day during the culturing for
© days. The relative number 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 COz; incubator. After the reaction, measurement was carried
out using a plate reader (measuringwavelength=450nm). These
were measured on three samples on each of the measuring days
(on the Oth, 2nd, 4th and 6éth days) during the growth period,
and the average values were used as the data of respective
measuringdays. Therelative number of cells ofmeasuredvalues

on respective measuring days was calculated by defining the

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

are shown in Fig. 5(a).
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In Fig. 5, the 4th day after carrying out the infection
treatment was used as the “0thday”. Also, inFig. 5, the symbol
“WT” indicates that it is a result of the MKKé gene-introduced
cell of the present invention, the symbol “EE” indicates that
it is a result of the MKK6EE gene~introduced cell of the present
invention, and the symbol “W” indicates that it is a result
of the vector (retrovirus vector pMXpuro) alone~-introducedcell
(control) . |
As shown in Fig. 5(a), cell growth rates of the
MKKé6-expressing cell (WT) of the present invention and the
MKKE6EE~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. In 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 onthe two species of 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 pmol//L SB203580

(manufactured. by Sigma) on the 4th day after carrying out the
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infection treatment. The results are shown in Fig. 5(b).
The symbol “+SB” in Fig. 5(b) indicates that it is a result
of thecaseofaddingSB203580 to themedium. Inthisconnection,
the symbol “-S5B” in Fig. 5(a) indicates that it i1s a result
of the case where SB203580 was not added to the medium.
With regard to the growth inhibitory effect by the MKK6
gene of 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 SB203580alsoshowedtheanti~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 thetransformedcell 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 (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
10pmol//Lbromodeoxyuridine (BrdU) for 4hours. Next, thecells

were fixed with 70% ethanol and treated with 2 mol//L
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hydrochloric acid for 30 minutes. Subsequently, they were

neutralized with 0.1 mol//L sodium borate and then allowed to
react with FITC-labeled anti-BrdU antibody (manufactured by
BECTON DICKINSON) for1lhour. After completionof the reaction,
the cells were washed with a washing buffer [PBS containing
0.5% Tween 20 and 1% bovine serum albumin (BSA)] and suspended
in a PBS solution containing 5 pug/ml ProPidium Iodide (PI).
The samples were analyzed by a two dimensional flow cytometry.
The results are shown in Fig. 6.

The symbol “VWector” in Fig. 6(a) indicates that it is
a result of the vector (retrovirus vector pMXpuro)
alone-introduced cell (control), the symbol “MKKéWT” in Fig.
€(b) indicates that it is a result of the MKK6 gene-introduced
cell of the present invention, and the symbol “MKK6EE” in Fig.
©(c) indicates that it is a result 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
MKKGEE-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 f-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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of thepresent invention andone speciesofa controi cellwherein
the vector alone was introduced, ocbtained by repeating the same
procedure of Example 2 (1), (cells after a culturing period of
6 days in each case, namely the cells of “on the 6th day” in
Fig. 5) were used. The results are shown in Fig. 7.
The symbol “Wector” in Fig. 7(a) indicates that it is
a result of the wector (retrovirus vector pMXpuro)
alone-introduced cell (control), the symbol “MKKEWT” 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 MKK6-expressing cell (MKKG6WT)
of thepresent invention and theMKK6EE-expressingcell (MKKGEE)
of the present invention showed a flat morphology and, what
is more, their cellular senescence-specific P-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(1), (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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2(2), (cells after a culturing period of 6 days in each case;
SB203580-treated cells) were used. Then 200 cells were
optionally selected under a microscope fromeach of independent
three samples per each group, and the ratio of B-galactosidase
positive cells was calculated by counting the humber of
B-galactosidasepositive cells contained therein. Theresults
are shown in Fig. B.

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 MKKGEE
gene—~introduced cell of the present invention. Alsoc, 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 ™“-” indicétes that it is a result of the
SB203580~untreated cells.

As shown in Fig. 8, the increase of the cellular
senescence-specific P-galactosidase pecsitive 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 transformea cell
of thepresent invention andone speciesof a controlcellwherein

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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6 days in each case) were used, and that an anti-MKK6é antibody
(sc-1992; manufactured by Santa Cruz), an anti-plé antibody
(sc-468; manufactured by Santa Cruz), an anti-p2l antibody

(sc~817; manufactured by Santa Cruz), an anti-p53 antibody

(sc~263; manufactured by Santa Cruz) and an anti-actin antibody
(manufactured by Boehringer-Mannheim) were used as the primary
antibodies. Inthisconnection, thepléproteinandp2l protein
are knownproteins asproteins characteristicof senescentcells.
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. 8, 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 MKK6EEE
gene-introduced cell of the present invention.

As shown in Fig. 9, a large amount of the MKK6 protein
was expressed in the MKK6 or MKK6EE gene-introduced cell in
comparison with the control. While expressed amount of the
total p38 protein did not vary among the three species of cells,
expressed amount of the active type p38 protein significantly
increased in the MKK6 gene-introduced cell and markedly
increased in the MKK6EE gene—-introduced cell in comparisonwith
the control. In addition, expressed amount of each of the

senescent cell-specific pl6 protein and p21 prxotein increased
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in the MKK6 or MKK6EE gene-introduced cell. It was found based

on these results that cellular senescence is directly induced

into young cells by the activation of p38 protein.

Example 3

It was already 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 viathe classical MAPK, namely
Raf-Mek-Erk, which is in the downstream of Ras (Genes Dev.,
12: 3008-3019, 1998, Genes Dev., 12: 2987-3007, 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
B—galactosidasepositivecellwereobserved,therebyconfirming

that the cellular senescence was induced. Fig. 10 shows the

44



105 105 105 =1096& ()-+ 109®& ()-z}~SH= 1 10\! 10" 10" 10"Y

=109 & ()-&L3! 109 & ()-!9L! 109 "& ()-L! 10% & ()-!OL! 109& ()-.}"?4= 1 1
101 3=109& ()- + 109& ()-z!Osf 109& ()-Z sf 109 ()-Z 'n L !109%& ()-

CLUT10% ()- AYgHE 11
10) 1 10944& () -! & 109& ()-! & 109%HH& () - & 10%& () - 99! 10%4& () -

10 10Y~ = 1

changes in the morphology of cells by varied administration

concentration of tamoxifen (4-HT), and Fig. 11 shows a

relationship between concentration of administered tamoxifen

(4-HT) and the relative number of cells wherein the initial

number of cells is defined as 1.

(2) Using the system constructed in (1), activation of

Raf was induced by 10 nM of tamoxifen, and by simultaneously

adding 25 puM of PD98B059 (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 f~galactosidase positive cell

in respective cells after induction of the activated Raf. In

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 ratio of 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 B-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
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SB203580~administered system is shown by a symbol “+7.

PD98052 partially inhibited the termination of cell

growth and increase of cellular senescence-specific
B-galactosidase positive cell inducedbythe activation of Raf.
However, SB203580 inhibited the termination of cell growth and
increase of cellular senescence-specific B-galactosidase
positive cell induced by the activation of Raf, more strongly
than the PDS8059. 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 pfesent
invention, a substance effective as an anti-aging agent can
be screened. In addition, a compound selectedby the screening

method of the present invention is useful as an anti-agingagent.
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Claim

1. A transformed cell in which 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, a2 kinase domain of p38 proteinmutant 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 senescent cell or anormal
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.

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 contreol 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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ability.

5. The screening method according to any one of claims
2 to 4, wherein the normal cell introduced with a gene capable
of inducing cellular senescence is the transformed cell
according to claim 1 or a transformed cell 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 fusion protein containing themn,
or

(d) a2 protein which activates the p38 MAPK pathway or

a fusion protein thereof.

6.Anénti—agingagentwhichcomprisesacompoundobtained

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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the inhibitor is a p38 protein inhibitor.

9. An anti-aging pharmaceutical composition which
comprises, as an active ingredient, a compound obtained by the
screening method of any one of claims 2 to 5which is an inhibitor
of a p38 protein or a molecule positioned at the downstream

of the p38 protein in the p38 MAPK pathway.
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