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THE | NVENT] el d of the Invention The present invention relates to
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compound. On the other hand, there are many restrictions as
a medical drug in terms of physical properties and
administration due to its proteinic characteristics.
Considering these points, a small molecular organic compound

35 having the equal activity to that of said BMP protein, if

any, will become a very promising medical drug. The
substance obtained by the exploring method provided by the
present invention has the activity to induce the expression
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25 substance capabl e of nore accurate regulation of the human BMP-4
"expr'ession by transfecting two pronoters (pronoter 1 and pronoter 2)
separately or sinultaneously in the reconbi nant expression vector into the
host cells. SUMVARY OF THE | NVENTI ON 30 The present |1@v%rytloggrp@@\6|2des a b
upstream regi on DNA containing a promoter of human BMP-4. By using 5
upstreamregi on gene containing the humad BMP- 4 pronoter and an ani nal

_celtl [ n: r oduGeehawi BRIPA 41, e%?%d@%c% g"éﬁé‘@:{:\% Vﬁﬁb@énégﬁﬂl Qil‘ldhélis.sbeﬁﬁs

| Nt egra e in an a rqQpr.iate re r ene nol ecul ar wel
corrpgunds i ﬁmﬁegglt&t%étyoﬁst "5@ grh %’ZFy t he Qﬁp?eggﬂfnuéﬁfﬂﬂrn&n
BI\/:D-4 f:anab@lé)claltdlbﬁd \Mohhtfh%g Q{di’i’tﬁéaﬁ atm@:p@rie[]aacépurty (NEReEhQW.

nol ecul ar ;\we ou an ry Ves ave §

SRR " g S I L RET iR LD F R T
cartil aﬁgeBMlﬁ’r-éuglauslae empeeasuobmaxftm iBMApbasiare Usethisasase,
preventive ak E‘E%gp%ﬂte' %ﬁgg%%ts% forofg{&rﬁérﬁ%mﬁnlﬂ &Qge}gggigﬁﬁes, remedi es

for osteonetasta5| eut I C an preventlve ag
ost eohypepﬁrt§§hatpeBRﬂ-Els1@ESCP2h|aT|p@¢mterwqumFu gble te datect

exon-intr @ReSthHEbYES off o8- {nkh p ARSI &R £ 8ghREN OBMBLIBAL BVPr4 9888 and
arestriction gnz yne map FI . 2 IS a reconbi nant expr ess| on vect or
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2 of 5 t i.en. qf not n,€2.3 kb
(base No. P Sriue pe uiipd Ao naide QD Reolfa PEETY BhelekBabANGEL B 1)
from Xhol the BYFLneoBMEx4npPZosRGET |ha$|tgeem)ahmadhs@l%@dtéBQQChﬁ@ Xhol

and Bgld | B[‘L@%h&'sCtAQBaenZ’?éﬂE 3blig,0f, PAS-bas C. 1§w>,4bu§ Aol @eab1 8ant
expressi on _vector the r onot er Qg t he pronoter 2 of

cont ai n|
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i nvention rel ates 0ose nucC eot € Se( uence IS represented g
base sequéfice?Ng?- fr@ﬁﬁlm€§96¥?45| rfosEthawlqrbrmrﬁ%tmu@ﬁ%lﬂﬁeét Yig

that encodne arbdenf bafenfRHBhAGRNQNIIC JUBwvid- Ardh ONBhEs $6G:68s 86 a 35
Upatr cam FOGEOREeRBBREERGE PRE SHEAREH BAEHF GUHE SRAE R CCaRt T ROeRt  on
rel ates tolanhnethodppaicptépar pmgctthﬂ:d]\]Az.shoI/m im Sk ¢ e dOto lobtathea
Sequens® L1BkkAHcBY capable of more accurate regulation of the human
BMP-4 expression by transfecting two promoters (promoter 1
and promoter 2) separately or simultaneously in the
recombinant expression vector into the host cells.
SUMMARY OF THE INVENTION
30 The present invention provides a 5' upstream region DNA
containing a promoter of human BMP-4. By using 5' upstream
region gene containing the human BMP-4 promoter and an animal
cell introduced with a recombinant expression vector which
has been integrated in an appropriate reporter gene, the low
35 molecular weight compounds which regulate positively or
negatively the expression of human BMP-4 can be explored with
reference to a reporter activity. The low molecular weight
compounds and their derivatives have morphogenetic activity



15 Cctober 2002 4 conducting the steps of:. (1) digestion of a human

‘pl acenta genomic DNA with a EcoRl restriction enzynme, (2) isolation by
agarose gel electrophoresis, 5 (3) cloning of the isolated DNA fragment
digested with EcoRl into a | anbda phage vector 7~DASHl |y digated oot h the
same enzyne, (4) packaging of said vector, into the phage, (5) establ i shnment
of genomic DNA library by infecting 10 EScherichia coli with the phage, (6)

screeni ngabyl BERibard ng?)acxubel oni i lkEka@e aaﬁhaemﬂlyegé Othra'h@hptlﬁlém d
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expres @S\t@@hmpelr@l@@ngt ructed by locating a suitable region of 5

upstream 'B@\QE@nD@%Ch@@TEW@EBWE‘l whgch is represented by SEQ I D NO
1 of the Sequence Listing front of a reporter gene. The reporter gene

such as |ucifefade ér lé3a@a|ea<@trky§+rtrer@ EREUGHSYR h @xprieds? nguRI /AN on

behal f of rdgian ofi guRah mMEduUCty en-@%dl&cé Ofe86rideiof | @hhphe fRdp! he
reconbi nati on gégre si,on vector | S not eC| al l restrict ﬁ%&# oallowto
t

use a pl asnid &Srte FECOMARR N by |‘Fﬁfe§ﬁ’fo GL3- basi c
as a pref ecakénéxgmhe. phomorea of q@.‘B hapi;’crqamlri@ghqsxh/&ﬂi]l&ar(l&Z kb) ,
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expressi on vect drs=cont onot ef erase
reporter §oR@s. iThEEQr DeMO.i Averft itdre Mg@e@ethmxmahefr@no%r nation

expr essi op e¥REhaANS tol ot RECATS A Ay 'niroﬁygelﬁ@@rree&orelmetwﬁépress' on
vector to 35 mammalian cells, preferably hurran osteobl ast-1ike cells, such

as Sa0s- 23R8 FEOLWFERTEIGtIOD0RRZY e S fePt cRF}3-R33BFy transfected with
t he rer®nbi nanFigxpBessi an reech®ihadite esqiwéﬁbxbyvetsudhg epms%smet)ance

mar ker . 13 ciber 02 .5 The rese jnvention rel ates a_net hod for
expl ori ng“a 6(%@ el gﬁgdpﬁ?ﬂ‘& cﬂ 7 actBT 5" by UL R’ fﬁé P& onbi nant
expr essi oBMPedt genehar Ehteeprrpembtkgr inteyiadn of2 03 kihe fhase |Nmgtfrar a part
of DNA shawg1i B SEQ4EDsNAwnl i@f 4} 1D NO. 1 of the Sequence Listings,
from Xhol to BglII of exon 2 shown in Fig. 1) was inserted to
20 the XhoI and BglII restriction enzyme site of pGL3-basic.

Fig. 4 is a recombinant expression vector (pMSS119)
containing the promoter 1 and the promoter 2 of 5' upstream
region of human BMP-4 gene. The promoter 1 and the promoter
2 region (base No. from 1 to 5645 shown in SEQ ID NO. 1 of

25 the Sequence Listings, from 5' terminal to BglII of exon 2
shown in Fig. 1) were inserted to the Nhel and BglII
restriction enzyme site of pGL3-basic.

Fig. 5 is a result of measuring a human BMP-4 promoter
activity (transiently expression).

30 DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention relates to a DNA whose nucleotide
sequence is represented by the base sequence No. from 1 to
6774 in SEQ ID NO. 1 of the Sequence Listing that encodes a
human bone morphogenetic protein-4 promoter region, or a

35 fragment thereof. SEQ ID NO. 1 of the Sequence Listing shows
the 5' upstream region sequence of the human BMP-4 gene.

The present invention relates to a method for preparing
the DNA shown in SEQ ID NO. 1 of the Sequence Listing by



5 Sequence Listing into a reporter gene. It relates to the nethod for
"exploring a bone-rel ated substance wherein the bone-rel ated substance is
ost eogenesi s i nduci ng substance or a bone-rel ated substance wherein a
bone-rel ated substance is osteogenesis inhibiting sulstangg;A bawys

nol ecul ar wei ght 10 conpound whi ch inducgs or inhibits the expression of
human BMP-4 can be obtained by isolating the pronpoter which regul ates the
expr essi opontuche ngernshe Brepanretting it to a suitable reporter gene and by

introducing th e tr ure- to.,a | tab | ke,

expl oring systgrlng %ﬁg%%ﬂ%&bgﬁa ngu %%cﬂgecgeu%q(ﬁ%éex%%sm ona%f human

BVP-4 i n ElreRdxplestimigtsiost emaymes on the pronoter to increase or decrease

the expression bgvels gf,t; I Sidpl e and easy
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used for aceRinedtion SRR HhRLhaBEa anmound didd@y e hihe
t hroughput screening (Nature, Vol 384, Suppl., p. 14-16, 1996) and
expl ori ng®aR€affivY8 ubst ance from natural 25 substances. The substance
whi ch i ncreaseg49r pdedda@dses odn sadid Wdatdrs isgar afted ghade,eating the cel |
with a substan far ,an.appropriate tine .perdpd t hereafte asuring
the reporter agsi)vietsfab%ﬁgggll?@§t§ c@e&qnﬁ%ed&%elﬁ%ya%gnb?elg% ea‘%%“%%e
expr ess) oA sioyhewdrdbiimy atilrieetilth drhea Badeanscription factor or indirectly
on the human BIY%)4s@r%@H?1§ R %gg@ rggul ating a signal transduction
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system Therefore, these conpounds 'are effective as a therapeutic agent for
ost eocarti | agi Hdus SHiPsd@Heeg dartcerd mtastigsi%eat®bone, or

ost eohyper pl asite 22 aERQ dSwRSHIICR R Hdradibh tihe fyesent dinvesy i01g has
bone or carti hage g\l@;{?pho enetic activity and i effecﬁ%];/e as_an agent for
t her apeut FERaRE pPr&feiVE ONES RARNSTF e 3581 d APt RSPt g_fy
(fractlltr ea pxtedfeaaild tdxampueh as j oi nt 15 October 2002 6 osteoarthritis
and hip joint eQarthri.ti, rt.hro it al{did age such as
damage of neni g@&s%%;egggﬁeﬁgﬁegﬁ&g’fn %éeﬁleaeae?lsd %gﬁ%%aég}f_em%ga}dc#it caused by
i njury an@XPEess igins sesttioon chisgee tregsiorad rrictinre i e ahithke Fukl on and

5 vertebr abngahalore YHMYH DIaNGHARYEN o ons tid age ANdhonseslisgases
such as dysoteogenesi s and achondropl asia), or dental fields (bone
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ri dge 2ongkpuelsisdvh vt S HeORYH MictdY a9y Blocd hithg Wb Switfod t he
present 10 iInvention can be used far bone graft in gﬁf%_hfti ¢ surgery.. These
t her apeut irggf‘roé‘atorfgpr:‘t s Y5 &AM AT & h‘%}eaﬂ}“g%ar? e fqee"f%swrglfc 1S
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£ al
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carti | ageBngpdpprtasiisdasexapreEshpwiss M aHREHF WKhI St otk Behadsd refi vel y
expl aizgedaby i9fa 1t B JRIdtoW MthEXAHEE &S . asThend oyl BBewpties are to
20 be consi der in.all respects as illustrative and not. restrictive.
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Sout heyg i dirgf M unden @ sshandand € ond tian Msddigh B for30 CDNA

(Science 242, 1528-1534, 1988) as a probe. As the result, it was found that

di gest i on SHPIESE 1108 (AT CORfAe D b iR 1R T RGeS iR used

yi el ded all¥A flerag®etepor@ferCyent Kb CIHY Frddunt hinvangest dwebmdedP- 4

gene. The%hé% to the recombination expression vectors. It is
necessary to introduce the recombinant expression vector to

35 mammalian cells, preferably human osteoblast-like cells, such
as Sa0S-2 cells, with a liposome. The animal cells stably
transfected with the recombinant expression vectors are

selected by using a resistance marker.



human pl acenta genonme DNA was digested by the restriction ' 35 enzyne EcoRl
' and’ separated by agarose gel electrophoresis to extract a DNA fragnent of
ca. 7 kb fromthe agarose gel. The DNA fragnent obtained was cloned to a

| ambda phage vector DASH || (Stratagene Ltd.) digested By .bLHE M 8§b5i ctl on
enzynme 15 Cctober 2002 7 EcoRI. The vector was in v?tro pacﬁage

G gapack TIl XL Extract (Stratagene Ltd.¥, infected to Escherichia coh
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| bar aki - ken 305- 8566 Japan, Mar ch 8 W th depository nunber FERM
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8MP- 4 genE%ﬁgl sC(?&uéﬁc@b%‘Pl@ea:%s\‘t e artelé'igoﬁh(ﬁp prﬂ?ﬁ@? I\/g”hzf-L ene obt ai ned
was det er mieged alhe sAraes learp rietsarirac icef. Bihet e;ermes AlyF comnedA iBerjuender a
accordi ng fr er, (R 4.
5463- 54675{1%&%;%ﬁe”$%28‘}§%ue ggt ht?? gﬁ)allfze S%Iscr éb%% g&&%{%

of the Se&@eﬁcéulér@hlﬁgmali_lm#plcélé- Gmgtarh?ctam@xmlosrlr@cmt@m S5 essr on

vect or; 530 s%%tt@n@enghtﬂ&% hgrn B Ach‘ér YRR ARG 31 Weinder e repai ter
gene As Sh%)e in_Fi 1, hurman BMP-4 has two pronoters hefore axon 1

Upronot er D STRLEFLEE SYGTSR MG HE SUAMCHER 6% HOTHeGAR diF
st ruct ur e defc rmaaisze tB¥Pe4prEzeiom Ha;g;lomﬁ&rmorrte@:drt@g: tgemepr onoter 1 (from

5 term nal Lo ol desshihed il e Fida -85 D3Rl Jag ddie upstream

restriction enzyme’sit reporter gene o
| uci f er as@ctdpitvemakest @n |p@E3-cudiion( a)fprtrtmj@tln@fd Ry sMggeEe 15 Oct ober
2002 &d-tdosdApigsing Xbal restriction enzyne site derived fromthe pud 8

vector existing in the 5 termnal to construct a reconbinant expression
vector pMBS1167The angprl frild tramsdwstes migh saigdyveréorsa G@dc i nant

expressi OnseRLifr a method for screening a chemical compound library
by high throughput screening (Nature, Vol. 384, Suppl., p.
14-16, 1996) and exploring an active substance from natural

25 substances. The substance which increases or decreases an
activity is searched by treating the cell with a substance
for an appropriate time period and thereafter measuring the
reporter activity. The substance obtained hereby can
regulate the expression by working directly on a

30 transcription factor or indirectly on the human BMP-4
promoter through regulating a signal transduction system.
Therefore, these compounds are effective as a therapeutic
agent for osteocartilaginous diseases, cancer metastasis to
bone, or osteohyperplasia.

35 The substance obtained by the present invention has bone
or cartilage morphogenetic activity and is effective as an
agent for therapeutic and preventive treatment in the fields
of orthopedic surgery (fracture, osteocarthritis such as joint



5 pMsSS118 (7.1 kb) was obtained by inserting a region (from Xhol to Bgll
"in exon 2 described in Fig. 1) containing the pronoter 2 into the
restriction enzynme sites, Xhol and Bglll, of pG.3-basic. This is shown in
Fig. 3. Furthernore, a region (from5' termnal to Bald lod8%0B 092
described in Fig. 10 1) containing both the pronoter 1 an&'the pronoter 2
was inserted into the restriction enzy sites, Nnhel and Bglll, of
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substances of various chenical compound libraries for 1 - 3 days, dissolved

with a cyfoF i+ HHent (a product of Pro Mega Ltd.), and rmeasured for
enzyne a@xample Yy ergdblytivh cof US| fepateeansapgiion (cf fruoducBMH-4#ro Mega
Ltd.). By %h processes, various substances inducing or 15 inhibiting the

expre55|o human BMP-4 can be expl ored.
A human placenta genomic DNA (a product of CloneTech)

25 was digested by using various kinds of restriction enzymes
(BamHI, BgllI, EcoRl, HindIII, Pstl, Sacl, Sall, Smal, SphI,
and Xbal), separated by agarose gel electrophoresis,
transferred to a nylon membrane, and subjected to the
Southern hybridization under a standard condition using BMP-4

30 cDNA (Science 242, 1528-1534, 1988) as a probe. As the
result, it was found that digestion by the restriction enzyme
EcoRI among restriction enzymes used yielded a DNA fragment
of ca. 7 kb containing the longest human BMP-4 gene. Then, a
human placenta genome DNA was digested by the restriction

35 enzyme EcoRI and separated by agarose gel electrophoresis to
extract a DNA fragment of ca. 7 kb from the agarose gel. The
DNA fragment obtained was cloned to a lambda phage vector
ADASH II (Stratagene Ltd.) digested by the restriction enzyme
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cloning 5 upstream human BMP-4 gene sequence corresponding to the exon 1
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[ePLeSent goRy . 8258CREAUEARE N0y I AMCE A B S aMLIILISERS RO 1

of 5 the quence st encodes a one nmor enet’ic proteln 4
pronot er Eggiramt ZStAansghod L.ed . pnepmﬁaq}&du&qjﬂ$@ﬂﬂmﬂﬁhlﬁ SEQJIBHQ} 1 of

the SequepggelyRhl mgtegqﬁbbﬁbn@ﬂdﬁ% LR g (gﬂe)né#ﬂagﬁﬁmml%

pl acent a genon1c restriction enzyne, (2) su%é?ctlng t he
ECOR - di g&88i pgPRREYUNESt B1dadresdnge Racde r offsitediadl '3 G

fragmerg g @ascrzets@n (3huehenicngcalad e desricd g Dvsrammnt dgsst ed 15
w th EcoRl into hage vector a, D SH Il treate mnth Eco
packagi nguBanaPi% \'/eE?B?l?nt ghlehg CHhAGE NI PYe ST SHithd rP?nScE%
library byDiNDeCEIEngSEQEEDCNOG GOHf\MHd1SduhqﬂHE¥Lléﬂldd» screeni ng by
PR el ol BB PR LB tion RS0l s SEenaR, A e grer o
corr espongng.t bot iéeddoAinaléyi o, uvgstream region (6.8 kb) of human
10 BMP-4 gene. In addition, the 5' upstream 6.8 kb fragment was
subcloned to a pUC1l8 vector (a product of Amersham Pharmacia
Biotech). The vector was named E. coli pKOT 312. The E.
coli pKOT 312 was deposited in National Institute of
Bioscience and Human-Technology, Agency of Industrial Science
15 and Technology, Ministry of International Trade and Industry
1-3, Higashi l-chome, Tsukuba-shi Ibaraki-ken 305-8566 Japan,
in March 30, 1998 with depository number FERM P-16736 and
transferred to the International Depository Authority under
Budapest Treaty on February 17, 1999 (Deposit No. FERM BP-
20 6650).
Example 2 Determination of DNA sequence of 5' upstream
region of human BEMP-4 gene
The sequence of 5' upstream region of human BMP-4 gene
obtained was determined by Amersham Pharmacia Biotech's ALF
25 DNA Sequencer according to the method of Sanger et al. (Proc.
Natl Acad. Sci. USA 74: 5463-5467, 1977). The sequence thus
analyzed is described in SEQ ID NO. 1 of the Sequence
Listing.
Example 3 Construction of a recombinant expression vector
30 containing the human BMP-4 promoter and a luciferase reporter
gene
As shown in Fig. 1, human BMP-4 has two promoters before
exon 1 (promoter 1) and after exon 2 (promoter 2) similar to
the promoter structure of mouse BMP-4. Then, a region
35 containing the promoter 1 (from 5' terminal to Xhol described
in the Fig. 1) was inserted into the upstream restriction
enzyme sites, Nhel and Xhol, of the reporter gene of a
luciferase reporter vector pGL3-basic (a product of Pro Mega
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]ca]caF@&hﬂﬂ&ﬁﬂ&ﬁﬂg@@hof efficiency of gene intrdoduction in equa
25 quantity. Then, cationic liposome lipofectamine (a product

of Lifetech Oriental Co.) was mixed with said DNA solution to
add to human osteosarcoma cells HOS, MG63, and Sa0S-2 for
transfection. Fire fly luciferase activity and sea pansy
luciferase activity were measured by Pikka Gene Dual Kit (a
30 product of Toyo Ink Co.). The result is shown in Fig. 5.
The promoter activity was expressed as a ratio of fire fly
luciferase activity to sea pansy luciferase activity. From
the result, it has been known that the DNA of SEQ ID NO. 1 of
the Sequence Listing has a promoter activity.
35 Example 5§ Introduction of the human BMP-4 recombinant
expression vector to a human cell and stabilized expression
In order to express the human BMP-4 recombinant
expression vector stably, above-described vectors were mixed
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Lifetech Oriental Co.) to add to a human osteosarcoma cell
5 HOS for transfection. The cells to which the aimed gene has
been introduced were selected from a culture medium
containing puromycin (a product of Sigma Ltd.).
Example 6 Screening of active low molecular weight compound
Cells selected were inoculated in a 96-well plate,

10 treated with substances of various chemical compound
libraries for 1 - 3 days, dissolved with a cytolytic agent (a
product of Pro Mega Ltd.), and measured for enzyme activity
by employing a luciferase assay kit (a product of Pro Mega
Ltd.). By such processes, various substances inducing or

15 inhibiting the expression of human BMP-4 can be explored.
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. A method for preparing the DNA shown in SEQ ID NO. 1
of the Sequence Listing comprising the steps of:
(1) digesting a human placenta genomic DNA with a
10 EcoRI restriction enzyme,

(2) subjecting the EcoRI-digesting mixture to
agarose gel electrophoresis to 1solate a DNA fragment of
ca. 1 kb,

(3) cloning of the isolated DNA fragment digested

15 with EcoRI into a lambda phage vector ADASH II treated

with EcoRI,

(4) packaging of said vector into the phage,

(5) establishing a genomic DNA library by infecting
Escherichia coli with the phage,

20 (6) screening by PCR method by wusing PCR primers
whose nucleotide sequence are represented by the base
sequence shown in SEQ ID Nos. 2 and 3 of the Sequence
Listing corresponding to the exon 1 region, and

(7) subcloning the 6.8 kb of gene fragment located

25 5’/ upstream of human bone morphogenetic protein-4 gene to
a plasmid vector to isolate the DNA shown in SEQ ID No: 1.
3. A recombinant expression vector characterized in that
the human bone morphogenetic protein-4 promoter region
according to claim 1 1s integrated in an upstream of a

30 reporter gene.

4. A method for screening a bone-related substance that
regulates the expression level of human bone morphogenetic
protein-4 gene, comprising introducing the recombinant

expression vector of claim 3 into a mammal cell and then
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5. A method for screening a bone-related substance of

claim 4, wherein the Dbone-related substance

is

5 osteogenesis inducing substance that increases

D Erqps B

ul t

an

the

expression level of the reporter gene in the vector having

a promoter region of human bone morphogenetic protein-4

gene,
6. A method for screening a bone-related substance of
10 claim 4, wherein the bone-related substance is an
osteogenesis inhibiting substance that decreases the

exXpression level of the reporter gene in the vector having

a promoter region of human bone morphogenetic protein-4.
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