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FIELD OF THE INVENTION

10' The present invention relates generally to the field of genetics, genomics and
molecular biology. More particularly, the invention relates to methods and materialé used to
isolate, detect and sequence a high bone mass gene and corresponding wild-type gene, and
mutants thereof that may be involved .with modﬁlat'mg lipid levels. The present inventioh
also relates to the high bone mass gene, the corresponding wild-type gene, and mutants

15 the.reof. The genes identified in the present invention are implicated in the ontology and
physiology of atherosclerqsis, arteriosclerosis and associated diseases and conditions related
thereto. The invention also provides nucleic acids, proteins, cloning vectors, expression
vectors, transformed hosts, methods of developing pharmaceutical compositions, methods of
identifying molecules -involved in arteriosclerosis and associated conditions, and methods of

20 treating or preventing diseases associated with abnormal lipid levels. In preferred

embodiments, the present invention is directed to methods for treating, diagnosing,



atherosclerosis is the major cause of heart disease and stroke. It is

w dely appreciated that cholesterol plays an inportant role in

at herogenesis. Normally, nost chol esterol serves as a structural el enent

in the walywe opéssel | s, whereas nuch of the rest is in tregfRaishi/idiecough t he

bl ood or functions as the starting material for the synthesis of bile acids

inthe liver, steroid 10 hornones in endocrine cells and vitamn D in skin.

The transport of cholesterol and other 1ipids through the circulatory

systemis facilitated by their packaging into |lipoprotein carriers. These

spherical particles conprise protein and phosphqlipid shells surrounding a

core of PHYERtNg angd sorpeping fﬁbmqmahﬁld@h%%@élrlipﬁ‘?'éi&O‘(thE grnditions, igeduding £ i ed

chol esterol ,and triglycerides, R sk, for atherosclerosis increases with

i ncr easi ﬁﬁe%ﬁlé@ﬁ‘ﬁr"gf Vrascudt dissiiedBhEIG | i poprotein (LDL) 15 chol esterol,

whereas risk is inversely proportional to the |levels of high density

| i poprotein (HDL) cholesterol. The receptor-nedi ated control of plasna LDL

| evel s h 8 | ] - % ﬁ’ ecent studi es have now provi ded new

i nsi ghts: OT T STt | uci dation of LDL netabolismbegan in

1974 by M chagl .Brown, and Joseph | dst.ejn. Ln pLi the.liver

synt he%/i zes a&ﬁdéogﬁ?cgg}' Hllsfaﬁgﬁﬁg? %W%Def %erlﬂhﬁr&}haépﬁétf‘féta% ﬁnfipoprot ein, VLDL)

that is ; i ng. Ci Lon.. i i at i { haprotein
%&@%o%l&r%gs ﬁ%ﬁé &%ﬁ? Hu%éllﬁe%@ &g}&; h&eﬁ %E?d& & &9%? S’AS rbofatkd B

(I'DL) an en to e maj orl recep xpressed in the
body are r St j 3 . t i her
ti sgues (3 ﬂ%lg%t?%ré@élaﬁ?rﬁ gs uetsr'ol)lé ’}é‘% Blre gbgéﬁ%gngb 9&8%3%%%?%&% t e%s i ndi ng,

the receptfh; 'éi&ﬂén%?&x@wﬁﬁm&ﬁs,%e}egéﬁﬁ&adfiﬂﬁ%gst@ydig%séf@}cﬁu% ty! @ coat ed

pits and vesicles, and the entire LDL particle is | ysosones,

wher ei n ibfood-of filfiElidhb/a9 &R Ytartitfe hAdSiPl kol thests SHbHR 2SRRI RELRY, sRpgy ML i C

hydr ol ysis, rel easing chol esterol for subsequent cellular netabolism This

whol e1@ambirfdiRs iH¥ndk@ind EIRAY vitemmad treltin, 'R brt GEelicMstebl andistt 0si s. "
Chol esterol -nedi ated feedback regul ation of both the levels of LDL
r ecept or gipild throedhl thé cifculatdi9 kptdne {sGheiitaes Y tHaE phckai@k [ht6 Hpspréteit @hridtsar
chol esterol honeostasis. Genetic defects in the 5 LDL receptor . in humans
resul t s iThedessphdrical particiscoimplisgireteinl asdplqspholipidssheldsssucoamding acorzefd by
el evated plasma LDL chol esterol and premature atherosclerosis and heart
at t acks. nErteal lihidpintinding snéstarifict €' figel) ot entdrifiad clrfldstaroland trighycendes. Bisksma LDL
chol esterol is that LDL enters the

for atherosclerosis increases with increasing concentrations of low density lipoprotein (LDL)

15 cholesterol, whereas risk is inversely proportional to the levels of high density lipoprotein
(HDL) cholesterol. The receptor-mediated control of plasma LDL levels has been well-
defined, and recent studies have now provided new insights into HDL metabolism. .

The elucidation of LDL metabolism began in 1974 by Michael Brown and Joseph
Goldstein. In brief, the liver synthesizes a precursor lipoprotein (very low density

20 lipoprotein, VLDL) that is converted during circulation to intermediate density lipoprotein
(IDL) and then to LDL. The majority of the LDL receptofs expressed in the body are on the
surfaces of ﬁver cells, althoﬁgh- virtually all other tissues ("peripheral tissues") express soxﬁe
LDL receptors. After binding, the receptor-lipoprotein complex is internalized by the cells

via coated pits and vesicles, and the entire LDL particle is delivered to lysosomes, wherein it



artery wall, is chemcally nodified, and then is recognized by a speci al
class of receptors called macrophage scavenger receptors, that nediate the
cel lular accurul ation of the LDL 10 cholesterol in the artery, eventually

| eadi ng t owblige3sef mati on of an atherosclerotic |esion. Ther®iiQEsss

| i poprotein classes include intestinally derived chyl om crons that

transport dietary fats and chol esterol, hepatic-derived VLDL, |IDL and LDL
that can be atherogenic, and hepatic- and intestinally-derived HDL that
are anti at herogenic. Apoprotein B (ApoB) is necessary for the secretion of
chyl om crons (Apo B48) and VLDL, IDL and LDL (Apo 15 B 100). Plasma |evels

of VLDL tig mgdsy@mwg&r@matdﬂiﬁfdrym%lmg kNol&¥erb1abembfiquaR €EIRlid-ON in  LPL
lipolytic activity. Plasnma |evels of LDL chol esterol are determ ned nainly

by the smatatelisonThis whpk-RrtidOuptiliedpativas mmlem'eedaﬁforﬁﬁawednehhbcg&i@h VLDL
are converted to LDL and by LDL receptor-nedi ated cl earance egul ati on of
HDL chol édolesetolimedited fesibacknpgdaticarud bothshealbfebcdfadIbreceddre anddellant hesi s of
its Apo proteins, rates of esterfication of free cholesterol to 20

chol est erchdleserpbriotypthei¥\iclp kwsued ellokr thoiegleyod Bometatasisc (Fehétioalefects @i the and
CETP-nedi ated transfer of cholesterol esters fromHDL, and cl earance from
pl asme® ofLDiptecéptqriiniburasms respls infamilial hypercholesteroleliip aplisaseichateterivepoyt i s
associated with low |l evels of triglycerides and LDL chol esterol and high

| evel s ofelempied Ellqm’ebpbrcml%tmbandlprmmta@lmsctlcransmheaﬂsttaikmofr)ml -3 W
01/92891 PCT/ USO / 16946 rotein | evel s can change in ways that

predis poé‘épqth‘?ﬂS\fP’tfaﬁ Fl%letF’émb?teﬁg?té sEexspyPlasma hPL chplesteiobischas LY entersibe

G nsberg, Endogr] ng %‘ North Am, 27: 503-19 (1998)). Several
| i popr ot &FFFYEel5C ?@‘ci"\igﬁfnﬁ‘@ﬁia \?B‘IW’@H‘%TFFW%‘P}&% serip} dasg of BR®BIOT hese
receptors ude, scavenger recepLors; receptor-rel ated

pr ot ei n/ %‘@é&%&wwﬁngﬂ FEERS at‘E?ﬂii}te CISE! m@@éﬁ%ﬂmmﬂvﬂﬂldrecept or.

of these rece rs are

h f. th | |
\e/\:;for esse8 830&% : Oabgaglet@'r g‘feilﬁaap%gﬁicgl%?m? @ qQumation Af 3y afheroselerg ‘E) %8Bre nostly
d h h RP
Fobe n e 30 maor Rekploteh heet el el SRR Lam 1o ey BlBonott o
At her osc hﬁefa?? fa‘fs anill%ﬁolgéf&m, hepahé%&mged(\;ﬁ%)[bL and LDL that can be atherogenic,

and hepatic- and intestinally-derived HDL that are antiatherogenic. Apoprotein B (ApoB) is

necessary for the secretion of chylomicrons (Apo B48) and VLDL, IDL and LDL (Apo
15 BI100). Plasma levels of VLDL triglycerides are determined mainly by rates of secretion in
LPL lipolytic activity. Plasma levels of LDL cholesterol are determined mainly by the |
secretion of Apo B100 into plasma, the efficacy with whmp VLDL are converted to LDL and
by LDL receptor-mpdiated clearance. Regulation of HDL cholesterol levels is complex and
is affected by rates of synthesis of its Apo prpteins, rates of esterfication of free cholesterol to
20 cholesterol ester by LCAT, levels of triglyceride-rich lipoproteins and CETP-mediated
transfer of cholesterol esters from HDL, and clearance from plasma of HDL lipids and Apo
proteins.
Normal lipoprotein transport is associated with low levels of triglycerides and LDL

cholesterol and high levels of HDL cholesterol. When lipoprotein transport is abnormal,



10 A maj or breakthrough in the pharnmacol ogi c treatnent of

hyperchol esterol em a has been the devel opnent of the "statin" class of

3- hydr oxy- 3- net hyl gl ut aryl - CoA reductase (1 MG CoA reductase) inhibitory
drugs. 3- HwdroaxyseB- met hyl gl utaryl - CoA reductase is the peat/esiaaesgol |ing
enzynme in chol esterol biosynthesis, and its inhibition in the |iver
stimulates LDL receptor expression. As a consequence, both plasma LDL
chol esterol levels and the risk 15 for atherosclerosis decrease. The

di scovery and anal ysis of the LDL receptor system has had a profound

i npact on cell, biology, physiology, and nedicine, HD_ is thought to renove
unest er i HPg¥oteiy evebrce%@haeﬁ%mev&.‘/éﬁ@i Piedignose FgiKignasi tp ADPTosclerosis &itbs | aft er

whi ch t of th h | ] ted t | | CE) b
onzymes. SeREREO (o msheb e A er g ek S EedEy o 1O ety
delivered dirgctly.to the |iver and 20 st noiqﬁ%EPi% t%@gu via a
sel ective upt 2REHURIRFRIG SFFEPPH P e‘?‘@i‘?ﬁt‘%?‘? MBIC PSS $REE type |
t L i t f d th . tei

For atdr FeeBma S Sabeae RoTunar Bt A F R A el Do o rot

d L bol i Kri ! . (S, j X 7- 4080,
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genctic. gBbRk Sl BONE IS MBBE LGN L S

L eop: " il _ te gene:
sui tabl e gar% éréﬁge{s%'ﬁHﬁcxrogl?a{ggﬁ%J%C@mﬁﬁg%oﬂé‘n&ﬁﬂ@'dﬂhb%k pibone mass

W thin tﬁl range, m nati on of genes and gene

| oci  assgehadigthsWptd Y iR @RGtARRSCIE Bells (BilRnEPA AL, AMLHBELIEDsPABY Sips: Wi t h
osteoporosis. The vitamn D receptor locus (VDR) (Mrrison et al., Nature,
367: 284- 287-g(ig»9H) ), PTH gene (Howard et al., J. din. Endocrinol. Mtab.,
80: 2800- 2805 (1995); Johnson et al., J. Bone Mner. Res., 8:11-17 (1995);
Gong g8 al ., A majBviekidragh in RRPharmbbolSAE BedtihORDY hyponcholdirrodaihia hgen
receptor gene (Hosoi et A J. Bone Mner. Res., 10:5170 (1995); Morrison
et al., bednthedevdlopmeftdf &7 stall®Wlyss ofBhipirdxygdnethyigistiryl-Coprreductasat | y i n
this work. These studies are difficult because bone nmass (the phenotype) is
a conti GEMGCod nainttaseh inhibdtorypdrigsy SHydroxya3-methyiglutaryl-CoAfrednetiesiis the
environnental factors such as nutrition, co-norbid disease, age, physical
acti vi t y rateemhtrotling endyarctio cholesidreldbiosyhthesis, pprbitsoinhibitiogyn the liver stimulates

LDL receptor expression. As a consequence, both plasma LDL cholesterol levels and the risk

15 for atherosclerosis decrease. The discovery and analysis of the LDL receptor system has had
a profbund impact on cell biology, physiology, and medicine.

HDL is thought to remove unesterified, or "free" cliql_ester;)l (FC) from peripheral
tissues, after which most of the cholesterol is converted to cholesteryl ester (CE) by enzymes
in the plasma. Subsequently, HDL cholesterol is efficiently delivered directly to the liver and

20 steroidogenic tissues via a selective uptake pathway and the HDL receptor, SR-BI (class B
type I scavenger receptor) or, in some species, transferred to other lypoproteins for additional
transport in metabolism. For additional discussion on HDL and LDL metabolism see

Krieger, Proc. Natl. Acad. Sci. USA, 95:4077-4080, 1998.



design requires | arge nunbers of subjects. In particular, the results of
VDR studies to date have been confusing and contradictory (Garnero et al.,
J. Bone Mner. Res., 10:1283-1288 15 (1995); Eisman et al., J. Bone. Mner.
Res., 10: 138901283 (1995); Peacock, J. Bone Mner. Res. pctQsdiz@ds1297
(1995)). Furthernore, the work thus far has not shed nuch light on the
mechani snm(s) whereby the genetic influences mght exert their effect on
bone mass. Wiile it is well known that peak bone mass is |argely detern ned
by genetic rather than environnental factors, studies to determ ne the

gene loci (angedhily TREGeYintehit B8RAECShettbobirtik? YedkO0hd iiasd ha8 Revelbpb@Re NBSS

are difficult and “expensive. Study designs which utilize the power of

| i nkage afaleuirdsteSpdosis. STHR-ibRiekt HAE fRiidel Rilaily b BinldidatciieResOriitesuily nOT €
informative than sinple association studies, although the latter do have
val ue. Hgy®@M¥BFphisHR A tektOol A8k n withudhifoni il bornethadg vititetheBsrmabiatgd)anper ed
by two najor problens. The first problemis the phenotype, as discussed
briefly aloeuseBomeafimsion s gereOmid genolosi asspetunddi with lowebone aiass ingied -5 WO
01/92891 PCT/US01/16946 establishing a discrete phenotype is difficult.
Each amatags €ahd i patieftowithatupceoss tThewjtathin D recéptockosdVPR) §domisen egenes,
many of which may be different fromsite to site. The second problemis
the age ab)Mane[367c84t23¢ (1I9a))oPVH @enciHowhel df nhp). &ini Erafogrinhhaetelan be
identified as having |ow bone nmass, there is a high g‘robabi lity that their
parents @0:2802805r(k985¢Tohusbn ebalpdi Bume déiner Besi,$iid -1 (1P9DeCargcttabell and

t heref ore unavail able for study, and younger generations may not have even
reached Weaka@ne’ienaé@,S%?aﬂlPWlemﬂethfr esgneandesapion genp{Elepai gl ¢f» Ji8anegenet i ¢
anal ysis. Regardl ess, |linkage analysis can be used to find ete{?e | ocation of
a gene cadisermBesa 105d7@(i90A): Morgsongt alorVatuyadod 384-283 (1994 bpyediedrrd m¥bw edge
of the biochem cal nature of the 10 djsorder, i.e., a nput t%%’rp rotein that
's bol? e pEminently ugus werk. dhessrstidies drs it beaiss boge HessHhaien £i onal

approaches depend on assunptions congernif di sease cess that m ght
: npl : cat EQW%M“%F‘HE%IPP §°‘|‘a‘_° EE‘ﬁ&P@bﬁ%‘l‘{gg‘?%B%@\?BEﬂ%’%? g“ﬁtgmgs@%t}e%si c .

ocal i zati on. approach._.usin i nka nal ysis.c e ysed.tQq fi in e
gener al %F@ﬁﬂs%?fﬁ?rg}dedd?eﬁﬁ’ ?%e’ PW‘ﬂcgﬁacﬁﬁg" é%# oe%?r%cemrgs'e%%of %]} ﬁ%é:ao'[fg%‘dand t hen
to gr adu%leéi &891%%%:%@ Eun%e%?opsﬁlbjte&?. InG3HtR0iat, The results of VDR studies to date

have been confusing and contradictory (Gamero et al., J. Bone Miner. Res., 10:1283-1288

15 (1995); Eisman et al., J. Bone. Miner. Res., 10:1289-1293 (1995); Peacock, J. Bone Miner.
Res., 10:1294-1297 (1995)). Fuﬂﬁemore, the work thus far has not shed much light on the
mechanism(s) whereby the genetic influences might exert t_hgir effect on bone mass.

While it is well known that peak bone mass is largely deternﬁﬁed by genetic rather
than environmental factors, studies to determine the gene loci (and ultimately the genes)

20 linked to variation in bone mass are difficult and expensive. Study designs which utilize the
power of linkage analysis, e.g., sibl-pair or extended family, are generally more informative
than simple association studies, although the latter do have value. However, genetic linkage

studies involving bone mass are hampered By two major problems. The first problem is the

phenotype, as discussed briefly above. Bone mass is a continuous, quantitative trait, and



15 order to determne the location of the specific nutated gene as
precisely as possible. After the gene itself is discovered wthin the
candi date region, the nmessenger RNA and the protein are identified and,

al ong wi thwéedh, ' are checked for nutations. The genetpceusog@ddszat i on
approach has practical inplications since the |location of the disease can
be used for prenatal diagnosis even before the altered gene that causes the
di sease 20 is found. Linkage analysis can enable famlies, even many of

t hose that do not have a sick child, to know whether they are carriers of a

ﬂLf223Fa%‘?%%%%f%g?d%s%é%?f@%%ﬁgﬁ%@ﬂ RSl st i i ienl mie e?”g?ﬂgnh
bone }Séﬁﬁe@%%@%f%%%% e R B B R Rl 1B 8R8% o r amce
L RSl heape B OMAI O R Bh0h) Gkt ATRTAI B crifie s

Li nkage a@ahys BwitonfRES Bi'[ex% i??.@%ﬂ?&b%iﬁ&ﬁ&t 'E!féhlr?;af‘en%for b&@ﬁﬁxkﬂx@&&@f of .

chr onosones omparentsd to o pring. rong I0osis, the two parental

homol 0gu&sioPginkrafiGhsiti1 B dbdiGlelt andthRfcRREInaSBRBIAbE Syl Sndiiighirer cells.

Wiile théey are lined up and paired, the two honol ogues exchange pi eces of

t he chr orges@sRas maf nétha®y 8Vth rédhddgilak Bdne Hisass) thaRit@theiiPhendt§sipgrRARALHON. "

The resulting chronosones are chineric, that is, they contain parts that

ori gi nat eof gefidticta@bifpsis.par ent al honol ogues. The cl oser together two sequences
are on the chronosone, the less likely that a reconbination event wl |
occur bet weenRegmdiessalirkagdhgnatyBiseacboged 1o findikeldcitivaywf 2 gereroausidga a | i nkage
anal ysis experinent, two positions on the chronosones are followed from
one generhatetitary t'disdrite” meidoes notdefuire ahylnowtieigh bt bivckentital hetarerdfitheat i on
between them In a study of an inherited disease, one of the chronosonal
posi t ildnglisosienirk @ hubaped: freteii tha dsteligexddo camse the dispwlenddes oatueedopart, i . e.
the inheritance of the chronosonmal region can be determned by exam ning
whet her tknewn.nBiaditigual appipaghesdepend annasamptions eaneerning thediseassprovess.thdkhe ot her
15 position is marked by a DNA sequence that shows natural variation in the
popul at i GReRtFERLicatepimOPRPTRtGE} 2 8 AEdifatrds be aYplusiedd T8 BeRstF LWiseiFatiosed on t he
copy of the "parker" sequence that th ossess. In every fam.ly, the

i nher i t aifERFO USHg gP%lY%?%é’F usedd 3%% g"ﬁ? ¢ general chromosomal regiont in

which the defective gene is located and then to gradually reduce the size of the region in

15 order to determine the location of the specific mutated gene as precisely as possible. After
the gene itself is discovered within the candidate region, the messenger RNA and the protein
are identified and, along with the DNA, are checked for mq_’ga_tions.

The genetic localization approach has practical implications since the location of the
disease can be used for prenatal diagnosis even before the altered gene that causes the disease

20 isfound. Linkage analysis can enable families, even many of those that do not have a sick
child, to know whether they are carriers of a disease gene and to evaluate the condition of an
unborn child through molecular diagnosis. The transmission of a disease within families,

then, can be used to find the defective gene. As used herein, reference to "high bone mass"



conpared to the inheritance of the disease state. If, within a famly
carrying an autosonmal dom nant di sorder such as hi gh bone nass, every
affected individual carries the sane formof 20 the marker and all the
unaf f ect ed wanoliioegdual s carry at | east one different formpefridsheicomr ker ,
there is a great probability that the di sease gene and the nmarker are

| ocated close to each other. In this way, . chronosones may be
systematically checked with known nmarkers and conpared to the disease
state. The data obtained fromthe different farrilies i s combi ned, and

?E? %?ﬁgf RS 3 ﬁé#@%%@ B B9 ??3%%}1 i e T %E‘”f%ﬁs%“ty of
i ot ance BRI GRGH: TG DREGIUPET Lo B u‘%{lgsggéﬁ%ﬁﬁ%%%%?wfsﬁg disease |5 very
close to the g-&lr&lfeearna%y\é\@ id posﬁbl@% a 15¢ o?tﬁgﬁ?‘uré of Mrﬁﬁfcgﬁf éhti’&‘ﬁoéoﬁneé s far away

on t hat chron% Irely ferent chronosone. 5 Linkage

anal ysis ﬁl tof A frs% @%%afge Qne?rls tﬁgﬁb@ﬁéerailhwﬁ@%%ﬁé ghigditey at a

gi ven ocus a t| ng % co-1nheritance of a particular

di seasg }%@% Phchod B3 g@ftéfr%us RYRRAney BT PRI HRIwH Q¥mebEeR the two

of them erite he r econbi nati on regquency can be used as a

measur e HERELE & Gh:%ﬁr%&-‘nﬁfe bt WeRHt taRd 9&BRigAREr" oA"reERRHMNORAL | ON
frequencg%;(%}%ge %lsteqﬁl val ent tso 1 map unit, or 1 centiMrgan (cM, which

is 10 r O%Elrééuﬁﬂgbmhﬁﬁémés%é@m&d(ma@fs tﬁl&\)wconﬂiﬂ parts@ladbiiginath fipmitekitds up to
frequenci es of about 20%or 20 W The entire human genone is 3,300 cM

| ong. | n pared@r hémolbiRe. The ¢lodenRgethelitseaamenge are onithduhromesbiie thé fsks a nar ker

| ocus, the whol e human genonme can be searched with roughly 330 informative
mar ker | Qikelysiaaeetoaibirapipt eventreilidcyur batwebh thetg andiths moBotletely linked they . | 15

Am J. Hum GCenet., 32:314-331 (1980)). The reliability of |inkage results
i s estigbldrsad lhkagela‘&allygs axpetiniest twof positiand ot the shrombiroess areTthBowask nost
commonly used for the analysis of linkage in humans is the LOD score

met hod ( Mne gereration dgthe Gektrio dBemiine the equenay7of rapubgstion hawagn thepr Ioh et al .
Am J. Hum GCenet., 38:868-883 4%&1?‘5386)) whi ch was incorporated, into the
conput er sprdy@f amiDDF@EDdb%SQOPP ofifie clrompgpmal ppsiiqns is pakebby B diseape gg3c | oD

Scores
or its normal counterpart, i.e., the inheritance of the chromosomal region can be determined

—ad

by examining whether the individual displays symptoms of the disorder or not. The other

15 position is marked by a DNA sequence that shows natural variation in the population such
that the two homologues can be distinguished based on the copy of the "marker" sequence
that they possess. In every farnily, the inheritance of the genetic marker sequence is
compared to the inheritance of the disease state. If, within a family carrying an aut‘osomal
dominant disorder such as hlgh bone mass, every affected individual carries the same form of

20 the marker and all the unaffected individuals carry at least one different form of the marker,
there is a great probability that the disease gene and the marker are located close tq each
other. In this wéy, chromosomes may be systematically checked with known markers and
compared to the disease state. The data obtained from the different families is combined, and

analyzéd together by a computer using statistical methods. The result is information



20 are the logarithmof the ratio of the likelihood that two |oci are
linked at a given distance to that they are not |inked (>50 cM apart). The
advant age of using logarithmc values is that they can be sumred anong
fam i es wwdoidigpisane di sease. This becones necessary gipeefsoriigsic
relatively small size of human famlies. -8 WO 01/92891 PCTI USOLl/ 16946 By
convention, a total LOD score greater than.+ 3.0 (that is, odds of |inkage
at the specified reconbination frequency being 1000 tines greater than odds
of no linkage) is considered to be significant evidence for |inkage at

that part mwaﬁ%%{éxgﬁgafﬁahiggﬁ%éggg%%e&mi ge&ﬁk%ﬂi@r LS §RERe Afowigss than -

2.0 (that T1s, of bei ng O times greater than 5 odds of
l'i nkage ab;deRer aRGAREDs HERVel BBEE ACYOsitve r& QI 8Andat-Adhd: thelisediciONGy EBEABNCE

that the two |oci under consideration are not |linked at that particul ar

r econbi nateqRarksrORHBNE Nogatilt tedult iiBGRR A it ifTS hwdy AHKBYRhARDNES ST baXE been
performed on the basis of two-point data, which is the relationship

bet ween t bgirgllyIfateit cHidvgREoBaNSI deration and a particul ar genetic marker.
However, as a result of the rapid advances in nmapping the human genone over

the lasg few 1Dinkesys Mmalysiedh fepfomadibyaniing atpmevbereot the hffectdrfuilyeat a given

met hodol ogy, it has becone feasible to carry out |inkage anal yses using
mul ti - poi afaridtaicaus Md dvaluptirignthe aniahgtitire pf opartenla disshssstateamigothe marker ysi s of

| i nkage between the di sease and several |inked genetic nmarkers, when the

r econbi naprabe, thérsbadetermimngigow bitenrthe teeoraf thesn frm oovinheisit Theowstombingiignysis s
advant ageous for two reasons. First, the informativeness of the 15

pedi gr ee iftsquengntdnbeused sasnepsurEaf the genstig distangrchetvieen sve ggng lefobint  of
potential information, dependent on the nunber of parents heterqzygous for
t he nar kefecpmbinatiopifrequengy af & is equivalgnt toct wap paikiioy | gepiMorgan (EMe vhigh By
However, few markers are suffici entlrﬁ*p | ynor phi c. as tg be infogmati-ve in

Al t hifb e rougaisAivalent to T00R kb of BNA. risdeltonship Hoklsap i eareRsiss af Aot oLs | .

t hen the Erpbabi lity of an individual being heterozygous for at |east one
of the marRérer3&eMo greatly increased. Second, an indication of the

Do O ML REeR e, AERS BTRAS N B i TP, SELSEMASE, T
I sol ation ggrfle %tl%.n”gl-llo M gf £ lgarikgr IMS,CtHe M}gle %h:%ﬁ:?ie%o&% U lgees%iugﬁ’e%'wih?t hrop et
| roughly 330 informative marker loci spaced at approximately 10 ¢cM intervals (Botstein et al., '
15 Am. J. Hum. Genet., 32:314-331 (1980)). The reliability of linkage results is established by
using a number of statistical methods. The method most commonly used for the analysis of
linkag_e in humans is the LOD score method (Morton, Pro§,_Clin. Biol. Res., 147:245-265
(1984), Morton et al., Am. J. Hum. Genet., 38:868-883 (1986)) which was incorporated into
the computer program LIPED by Ott, Am. J. Hum. Genet., 28:528-529 (1976). LOD scores
20 arethe logérithm of the ratio of the likelihood that two loci are linked at a given distance to
‘that they are not linked (>50 cM apart). The advantage of using logarithmic values is that
they can be summed among families with the same disease. This becomes necessary given

the relatively small size of human families,



al., Proc. Natl. Acad. Sci. USA, 81:3443-3446 (1984) have witten the nost
w dely used conputer package, LINKAGE, for multi-point analysis. -9 WO
01/92891 PCT/ US01/ 16946 There is a need in the art for identifying the
gene associvder2siit h a hi gh bone mass phenotype. The pre®emtusomeesnti on i s
directed to this, as well as other, inportant ends. SUMVARY OF THE

| NVENTI ON The present invention describes the Znmaxl gene and the HBM gene
on chronosonme 5 11g13.3 by genetic |inkage and nutation anal ysis. The use
of additional genetic markers |linked to the genes has aided this

O o aposed Y Bt SRR e el b o R0 Sl Parand e

Cl oni t hod I, Bacterial Artificial Ch h bled th

| nvent or SPEAA e HOR Bea ERFOIRIREOIADO 815 8775t B ot 870 BRkREPLS accel er at e

th I, f . th t el ] t 10 I di 1.i th

| nvent | ofoTUREd e P e raRmeg A kAes 7B PENT e RBo PR R PR B ERYes ¢ ne
i -t o: i | hi ti t it .in th |

That o durt L SoRER R B (LR ofF hta BEGBL A8 (Bt g dfr 688 | o a

I I T t .1 1y i d { i .1 he Z I M ,

uni oh Sarrogstt GREF ¢ BRI Al R st I i g SRR BE BT DTE

level s ang; ?&E'e?%%s?&ﬁ!ﬁo&%e%%?ﬁrﬁgp it faRicd]aP f‘e@éﬁ inffR! ﬁQ:cg.Y[éﬁtIlp' ds,

i ncl udi ng, for exanpl'e, atherosclerosi's, arteriosclerosis and associ ated

condi ti 0gentifdhadt BHALS iyl 1bIEHIBYCABRRAMRNE 1848 whcBboint dafal Ghitfiey | de and

VLDL | evels an I ghe I'n other words, t BM gene is a

SUppr essQhe RfatidhddG RaFles HRdisord R h&dr icOSEdepftion bitd APHtiass Qehctc aghrepndi ti ons.
This in vivo observation is a strong evidence that treatnent of norma

i ndi vi dugkswedkd, Bs 4 RenHEVIORPA a@Vandé) i mRpBinB theMHurdah eV Vet RS ILOfew W | |

aneliorate atherosclerosis, arteriosclerosis and conditions related
theretio. y¥heamdeoncositaht ilnpatiems indokhlpulee methddslagye i hasbdcb@e feasibletent  of
| i pid-medi ated diseases, particularly arteriosclerosis and conditions
rel ated tcagy etitdinkbge anelysaamkiag muiti-paintdata. Iulti-point analysis provide a

simultaneous analysis of linkage between the disease aqd several linked genetic markers,
when the recomBination distance among the markers is known.
Multi-point analysis is advantageous for two reasons. First, the informativeness of the
15 pedigree is usually increased. Each pedigree has a certain amount of potential information,
dependent on the number of parents heterozygous for the marker loci and the number of
affected individuals in the family. However, few markers are sufficiently polymorphic as to
be informative in all those individuals. If multiple markers are considered simultaneously,
then the probability of an iﬁdividual being heterozygous for at least one of the markers is
20 greatly increased. Second, an indication of the position of the disease gene among the
markers may be determined. This allows identification of flanking markers, and thus
eventually allows isolation of a small region in which the disease gene resides. Lathrop et
. al., Proc. Natl. Acad. Sci. US4, 81:3443-3446 (1984) have written the most widely used

computer package, LINKAGE, for multi-point analysis.



predi sposed to elevated lipid levels (i.e., diabetes, hyperchol esterem a
and ot-her genetic di seases, obesity, male gender, and individuals who
snoke) may be identified and/or treated by neans of the invention.

Mor eover, tweoneshods and conpositions of the invention wdrlusbgiesds use in
the treatnment or prevention of diabetic atherosclerotic disease,

neur ovascul ar condi ti ons caused by plaque build-up (e.g., stroke),

cardi ovascul ar di sease, poor circulation due to plaque buil d-up and
associ ated poor would healing. In various enbodi nents, the present

hosts of HBM abiFr e ¥ oh R e e el R e miScted 1o
(s of i PERERT ThYCRET IR TP Br P
cxampl o, e peci PR nr s iRk b Bl SOk BB AT 0oy

for bone devel opnent disorders. In preferred enbodi nents, the present
invention is directed to nethods for treating, diagnosing, preventing and

screeni “gsmﬂﬁiﬁﬁéw‘ﬁﬁ gi}@ﬁqqul ngly, in a first aspect of the present

i nvention ere s provided a nethod .of identifying a nolecule involved in
lipid regul-atign GO ihwinion 1GeMdstid Me? bR £8 MeBNFendblGRohSsonR!  t hat
i nhibits binding of a nolecule to, HBMor Zmaxl. In a“second aspect of the
presents i NYQARL W heh&iRIBkhSE B0 it AR aBa1fdd. A ubOss dadRiBhd] fokhdi ndarkdds Ot €i n
involved in lipid regulation conprising identifying a protein that has an
expr essi ofinked\te thetgdids had sidsti this isedvery. B puding 1sdkagosialyeio BRd hittafign hi@ysigrax|
gene when conpared to a second host conprising the HBMgene. In a third
aspect of pérenspredispoded tolHd hisociated diserders may &F radilly Rlenifiddo dClértiig methods
identification of a candidate nolecule involved in lipid regulation

conpr i si ngsing Bictérthé Attiffcjal Chromasaechave edabled thu inekntdroto focustdaabe | nhi bits

bi nding of a nolecule to the nucleic acid sequence of SEQID NO 1 or a
Zmax| nuctlbmosmedegiompf 115l 313 and fpaicyelontp thessequehcing afthe autpsonial d¢rBinant
identifying a nolecule that binds to, or that inhibits binding of a

nmol eculle gene. imedditinncthe inyesitinddentifige the Emaf! SEGandIhREGBM genenehdimtifienpar i ng

the extent of binding, or the extent of inhibhitiron of binding, of the
the guanine-to-thymine polymorphism mutation at position 582 in the Zmax/! gene that

produces the HBM gene and the HBM phenotype as well as altered lipid levels.
The present invention identifies the Zmax! gene and the HBM gene, which can be
used to determine if people are predisposed to abnormal lipid levels and, therefore,

15 susceptible to diseases mediated by lipids, including, for example, atherosclerosis,
arteriosclerosis and associated conditions. Individuals Wlﬂ;l the HBM gene have lower iDL,
triglyceride and VLDL levels and higher HDL levels. In other words, the HBM gene is a
suppressor of atherosclerosis, arteriosclerosis and associated conditions. This ir vivo
observation is a strong evidence that treatment of normal individuals with the HBM gene or

20 protein, or fragments thereof, will ameliorate atherosclerosis, arteriosclerosis and conditions
related thereto.

Moreover, such treatment will be indicated in the treatment of lipid-mediated

-diseases, particularly arteriosclerosis and conditions related thereto. For example, persons

-10-



nol ecul e to each nucl eic acid sequence, wherein the nol ecule that binds, or
inhibits binding, nore or less to the nucleic acid sequence of SEQ | D NO
2 or the nucleic acid sequence of SEQID NO | or a Zmaxl nucleic acid
conprising a polynorphismof Table 4 is the candidate nolecule. In a fourth
aspect of the present invention there is provided a nethod for testing a
substance as a therapeutic agent for nodulating lipid | evels conprising
adm nistering a nucleic acid conprising SEQID NO 2 or a nucleic acid
sequence wi th an HBM pol ynorphi smto a subject, and assessing whether

| i pi d | evel gredisresefuiel glerated divid] lavely Gi-¢-f dipbeiss Juparchelesterdrua prdeathan teehey dltabesn
there is provided a nethod for testing a substance as a therapeutic agent
for nodul at et mplE genderyaid dndivisivpp VBe siepkeldmiyrie ddeatifien gndéier reasaddiyrin@engditiesi ng
SEQ ID NO 4 or a Zmaxl protein conprising a polynorphismof Table 4 to a
subj ect, anévensier doraqyer. thetreatheds and cqiprgsitiony ef the iayeatiqrpilh Paefaer in thy trgatgeny erh
aspect of the present invention there is provided a nmethod of

phar maceut i egrentiqaef dipbspmasisrosqlesetic disesss: POWVIseUHT ernfitiers stuesd by plagre fuildsp (e,
conprising identifying a nolecule that binds to the amno acid sequence of
SEQ I D NO 4rake), sarieyaspytgixdisesse. groen fircelaiop dps fongjeate poldyRonp ASsitedfroaraitud 4. | n
a seventh aspect of the present invention there is provided a nethod of
phar maceut i 8efing- devel opnent for treatment of |ipid-nediated disorders
conprising: (A) constructing a first host that contains the Zmaxl gene or
protein; (B) colsertyeemiedimsnts e pisyntirysation i direcied ioinuleicsacdh @rofami/ Ve ausk
protein; (C analyzing a difference between the first host and the second
host; and (rsfosdtestsf HBMand@nadul e t hat, when added to the first host,
causes the first host to exhibit a characteristic feature of the second
host. In an ei ght'\Adiipspyethe presertfiweion Seliected tn applicptipns efiiesrabovesmBedinanged a use
of an effective ampunt of an am no acid sequence conprising SEQ ID NO 4
for the nangfhtiPisrion grludngronaapie senethsipry, phagrreatiqahdsvleppies 4“89’%$I‘§St'icn a host
wherein the nedi canent is capable of being adm nistered to a somatic cel
or to a ger RSP Aer badp |devsiorgent giserdat flp @rsfangd embadiments.i e grerrBdin4nE Bi sor der.
- 1l1a- In a ninth aspect of the present invention there is provided a use
of an ef f ectirpied Rsthads fyfreating. diggmeungePraentips auleiesning f 6%§9Pre¥sng SEQ I D NO 2

or a Zmaxl nucleic acid conprising a ] ] _ _
Accordingly, in a first aspect of the present invention there is provided a method of

identifying a molecule involved in lipid regulation comprising identifying a molecule that binds to, or
that inhibits binding of a molecule to, HBM or Zmax]1.

In a second aspect of the present invention there is provided a method for identifying a
protein involved in lipid regulation comprising identifying a protein that has an expression level that
is different in a first host comprising the Zmax1 gene when compared to a second host comprising
the HBM gene.

In a third aspect of the present invention there is provided a method for identification of a
candidate molecule involved in lipid regulation comprising:

(A) identifying a molecule that binds to, or that inhibits binding of a molecule to the
nucleic acid sequence of SEQ ID NO: 1 or a Zmax]1 nucleic acid corhprising a polymorphism of
Table 4;
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pol ynor phi sm of Table 4 for the manufacture of a nedicanent for treating or
preventing a |ipid- nediated disorder in an animal, wherein the nedi canent
is capable of being transferred into a somatic cell or a germline cell of
an animal suffering froma |ipid-nmediated disorder. In a tenth aspect of
the present inve@i on tifetifying8 moleonld e dinds to.e thaf intdlyits @inflieg ofi avaoleante tonthe of an
am no acid sequence conprising SEQ ID NO 4 for the manufacture of a

medi canent fwleictarid sdqhenge GISEQPD &etandig arteri oscl erosis or an
arteriosclerosis-associated condition. In an eleventh aspect of the present
i nvention there (3 prowvodpaling thgsetemfof dindief, foe ¢ieiewtent axfihibition of biadinglobthal e
that binds to a nucleic acid sequence conprising SEQID NGO 2 or a Znaxl
nucl ei ¢ acmdleadEtpedck heicaciy sdqyenos, phérsinthe inolEaldd that Sinflppr itHildts bimdiug, actere of a
medi cament for treating or preventing a |lipid-nmediated disorder. In a

twel ft h aspkestto b niche apidegpeatce dIPEQTDINGN 2ohbe mucle® apid saghahedof SSHIEI® ND: 1am
effective anount of an antibody for the manufacture of a medi canent for
treating orapnavendléingidxonprping-apelgnapigsn ofi sk d&rthe camiiereaiokectlhe ant i body i s
to the am no acid sequence conprising SEQID NO 4. In a thirteenth aspect
of the present ilnudntthespedt hEtheprwntgrventiodddreas previdedd nfethpd fbr @ejing 8 substance
screening for a genetic predisposition to arteriosclerosis or an

art er i oscl emseshespadis agsnidbrauodgtirgilipiddevels compmising pinthistep ahetkicicid oprg@ising
conprising screening a sanple froma patient with a nucl eoti de sequence
derived fr o%RQ HeNGehom mckic acidiuenge weh en HBMppolyequpbiig ¢o @fubjdBMnd|aspesing
fourteenth aspect of the present invention there is provided a diagnostic
assay for dietherlipidlevely aee ppdeldiesposition for a |ipid-nmedi ated di sorder
conprising an antibody to the HBM protein and an antibody to the Zmax 1
protein. In a filhuadéhadpecsipbciresait invirgiopthers eprovidademeth@iforttésangn substapeeyi ded a
net hod of expressing the HBM protein in tissue conprising constructing an
expr essi on ¥tengenticagapforgnaiglatingpipgneel comjraing adhninisteriing agrgeie senmining BEQi ssue
operably linked to SEQID NO 2 and the tissue in which the HBM protein is
expressed i ¥ HO| # pi dZmexgjuirettin ggmmeing a pelymorpkbrh of ihably 4/ toch subjeéti guddissessing
nmetabolism -11b In a sixteenth aspect of the present invention there is
provi ded a wkstheplipidipvedsfafegradiipied-ampunt of an HBM protein or a Zmax |
protein conprising a polynorphismof Table 4 for the manufacture of a

medi cament for niodudixth pspget|of Fiedbr¢seny anventiop theresig ipfayided a method of pharmaceutical

development for treating lipid-mediated disorders comprising identifying a molecule that binds to the
amino acid sequence of SEQ ID NO: 4 or to a Zmax! protein comprising a polymorphism of Table 4.
In a seventh aspect of the present invention there is provided a method of pharmaceutical

development for treatment of liptd-mediated disorders comprising:

(A) constructing a first host that contains the Zmax1 gene or protein;

(B) constructing a second host that contains the HBM gene or protein;

O analyzing a difference between the first host and the second host; and

(D) identifying a molecule that, when added to the first host, causes the first host to

exhibit a characteristic feature of the second host.

In an eighth aspect of the present invention there is provided a use of an effective amount of
an amino acid sequence comprising SEQ ID NO: 4 for the manufacture of a medicament for
regulating lipid levels in a host wherein the medicament is capable of being administered to a
somatic cell or to a germ-line cell of a host suffering from a lipid-mediated disorder.
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In a seventeenth aspect of the present invention there is provided a use of
an effective anount of an agent which regulates HBM or Zmax1l activity for
t he manufacture of a nedicament for nodulating lipid levels in a subject.
In an ei ghteenth aspect of the present invention there is provided a
conposition for treating a |ipid-nediated condition conprising an agent
that nodul ates lipid |levels by regulating Zmaxl or HBM activity and a

| i popr ot ei n nodid adinth gspag efthe preselt idverpioa themdepidvida bk bye o acdfttabhownapfd er. I n
a nineteenth aspect of the present invention there is provided a use of an
ef fecti ve anmadintacid Gequelve @apposd SEQNIDACNSDI iong Ematlheuckicghdi®embprismgpect of
the present invention for the manufacture of a nedicanent for treating a
subj ect subblgmorpigsnh pDTabk 4 fopitte-rmadiatre df € endicdnicanfor raatisg drweatitieg h lipigpect of
the present invention there is provided a use of an effective ambunt of an
agent whi cmetiegdidiatréd itBiMatimalZwhettin athe nadicagents cageble hof ibeiggl lratsfegedainto a

| i poprotein for the manufacture of a nedi canent for conbi nation therapy of
a subj ect seridtierdlinga geroinecdlliof arcknimgdl udifexixd frooh Sipaiseedaredddordirt | on. These and
ot her aspects of the present invention are described in nore detail bel ow
BRI EF DESCRI PTI G\ tok¢h dspiEct 61l the fiREsGhnt Friveygion thére dsrprbovided & twowf dnteffeqiiecdanguatef af t he

i ndividuals used in the genetic |linkage studies. Under each individual is
an | D nunbeminotatié seuencodompfidng SHO IDalO:BMDY, thamehutabtereaf b akdicapaitlfe tfeging bhe
critical markers on chronosone 11. Solid synmbols represent "affected”

i ndi vi dual prevéyingroiesosclemntiaornh ageriodleraais-@ssodiadabddgoned” i ndi vi dual s. DNA from
37 individual s was genotyped. Question marks denote unknown genotypes or

i ndi vi dual s who Invereievert aspendithgredent Eiversion thére dpalovaiad el egiof tn ¢ffegivBAGHEBT S
content physical map of the HBMregion in | | g13.3 STS nmarkers derived

f r om genes of EGdBgulttharbdsiatos] ducleie $cid s@anehont@eesienTHE ID HAd2 BACZmax] hacldD
01/92891 PCT/ US01/ 16946 endsequences are denoted above the | ong horizontal
i ne. For nedkensisinpatpolmerphisie>€kble A forGRBmerdvbicsmne anuxdagdng fantreatingor been
used. Locus nanes (DI 1S#####) are listed in parentheses after the primary
nanme if avardvelbhes lifBFSedidalrdiseaier. f r om BAC endsequences are listed with the
BAC nane first followed by L or Rfor the left and right end of the clone,

In a twelfth aspect of the present invention there is provided a use of an effective amount of
an antibody for the manufacture of a medicament for treating or preventing a lipid-mediated disorder,
wherein the antibody is to the amino acid sequence comprising SEQ ID NO: 4.

In a thirteenth aspect of the present invention there is provided a method for diagnostic
screening for a genetic predisposition to arteriosclerosis or an arteriosclerosis associated condition or
a lipid-mediated disorder comprising screening a sample from a patient with a nucleotide sequence
derived from the genomic or cDNA nucleic acid sequence of HBM.

In a fourteenth aspect of the present invention there is provided a diagnostic assay for
determining a predisposition for a lipid-mediated disorder comprising an antibody to the HBM
protein and an antibody to the Zmax1 protein.

In a fifteenth aspect of the present invention there is provided a method of expressing the
HBM protein in tissue comprising constructing an expression vector comprising a promoter that
directs expression in tissue operably linked to SEQ ID NO: 2 and the tissue in which the HBM

protein is expressed is a lipid regulating cell or a cell involved in lipid metabolism.
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5 respectively. The two large arrows indicate the genetic markers that
define the HBMcritical region. The horizontal |ines below the STSs

i ndi cate BAC clones identified by PCR-based screening of a nine-fold
coverage BAC library. Open circles indicate that the marker did not

anplify the corresponding BAC |library address during library screening.

Cl one nanmes use the follow ng convention: B for BAC, the plate, row and
colum address, followed by -H 10 indicating the HBM project (i.e.,
B36F16-H). Figs. 3A-3F show the genom c structure of Zmaxl with flanking

i ntron sequencesin a siRteams pspeck ofthd presentiinvientiop thetsyis prhddadradise ofi aneffectigTa@ountn exon
1. The site of the polynorphismin the HBMgene is in exon 3 and is

r epr esent edoflay HBNeprofeio erd Zmpe b pro@in'compprising la polymprghismy ef Table ¢ s thejmangfacture ofi n t he
HBM gene. The 3' untranslated region of the nRNA is underlined within exon
15 23 ( exonamedigmept FDmydrialing ligis ismelin a8PBEct D NO: 41; exon 3, SEQ I D NO 42;
exon 4, SEQ ID NGO 43; exon 5, SEQ ID NG 44; exon 6, SEQ I D NO 45; exon 7,
SEQ | D NO 46; exlore @yentegmDaippyt NOthe7present gpvetion YRET jsproyided @; usexben ¢fecthQEQ 1D
NGO 49; exon 11, SEQ ID NO 50; exon 12, SEQ ID NO 51; exon 13, SEQ ID

NO 52; exonamagnt oSEQpmwiCh BRulatesdtiM pZmBEaytivityfoNte Banufastursrof 4 redigment|fe

NO 55; exon 17, SEQ I D NO 56; exon 18, SEQ ID NGO 57; 20 exon 19, SEQ ID

NO 58; exonmo@latigHpid Ipyelym £59biegixon 21, SEQ I D NO 60; exon 22, SEQ ID

NO 61; and exon 23; SEQ ID NGO 62). Fig. 4 shows the donmain organi zati on of
Zmax! , i ncl udi ngintemeighisamb agnge ebthepreseptanvertion thereds prenided a gernneeinensipt treginga,  t he
bi nding site for LDL and calcium the cysteine-rich growh factor repeats,
t he transnehdit-aedatedegpndition qopgrijinteas| agpEYRt mediiaes lpid lgvelly ©pulating Zgpxl or
phosphoryl ation site and the internalization domain. Fig. 4 also shows the
site of theHBMlagteiitn endradiporaptpin modiiating agentrveth agharmpcsutically deecriaidpsapiant ei n. The
signal peptide is located at amno acids 1-22, the extracellular domain is
| ocated at ami nolradingisentizasgeggs thetpfpaent inyeatamtberdis arpeidekyre af anjeffedtipeamaset at

am no acids 1386-1413, and the cytoplasmc domain 5 is |ocated at am no
aci ds 1414-afghezommsiion gecaripguy the eightrerthaspect P themreserttinvertion for thsanapritedeft | gs
B527D12 and B20OE21 in relation to the HBM gene.

a medicament for treating a subject suffering from a lipid-mediated condition.

In a twentieth aspect of the present invention there is provided a use of an effective amount
of an agent which regulated HBM or Zmax! and an agent which regulates a lipoprotein for the
manufacture of a medicament for combination therapy of a subject suffering from a lipid-mediated
disease or condition.

These and other aspects of the present invention are described in more detail below.
BRIEF DESCRIPTION OF THE FIGURES

Figs. 1A and 1B show the pedigree of the individuals used in the genetic linkage studies. Under
each individual is an ID number, the z-score for spinal BMD, and the allele calls for the critical markers
on chromosome 11. Solid symbols represent "affected” individuals. Symbols containing "N" are
"unaffected" individuals. DNA from 37 individuals was genotyped. Question marks denote unknown
genotypes or individuals who were not genotyped.

Figs. 2A and 2B depict the BAC/STS content physical map of the HBM region in 11g13.3 STS

markers derived from genes, ESTs, microsatellites, random sequences, and BAC
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Figs. 6A-6J show the nucl eoti de and am no aci d sequences of the wild-type
gene, Zmax 1. The location for the base pair substitution at nucleotide
582, a guanine to 10 thymne, is underlined. This allelic variant is the
HBM gene. Theoild@ddigene encodes for a protein with an anipeoussidsss
substitution of glycine to-valine at position 171. The 5 untranslated
region (UTR) consists of bases 1 to 70, and the 3' UTIR consists of bases
4916-5120. Figs. 7A and 7B show northern bl ot anal yses show ng the
expression of Zmaxl in 15 various tissues. Fig. 8 shows a PCR product
analysis. Fig. 9 shows allele specific oligonucleotide detection of the
Zmax 1 exendseguencesaae dematedmbgye the tyng heripongBing, S\WF TRECEIhat aTerese)dR) i zat i on

senseandCRtbemheerprabbs o et an e QSR RLEAfS,

us g sermeminmeafs unmeegabeal il il B bttt
o NI A L L
oy 52t P EEH b e PSS BRRHERR AL I T
?ﬁ]; |OlrJI ] th i ﬁ;go?gﬁﬂegﬁrgwtgﬁ&eg g@ﬂxéhe%feﬁ el-?cg oﬁ aé Bﬁﬁefs{cgq ten g _e]y? Eﬂgtﬂﬁ S odes
(170U 115 k5 0TSSR by SROLEBED bl B

i nterveni Bfonf) gﬁ;ﬁ&%ﬁg@ﬂgﬂh@lﬁﬂﬁd&é@s Sy KiREHY saletHiNg. ' CBhOREnes aged can

i ncl ude 5
the following convention: B for BAC, the plate, row and column address, followed by -H

10 indicating the HBM project (i.e., B36F16-H).
Figs. 3A-3F show the genomic structure of Zmax1 with flanking intron sequences.
Translation is initiated by the underlined "ATG" in exon 1. The site of the polymorphism in
the HBM gene is in exon 3 and is represented by the underlined "G," whereby this nucleotide
is'a"T" in the HBM gene. The 3' untranslated region of the mRNA is underlined within exon
15 23 (exon 1, SEQ ID NO:40; exon 2, SEQ ID NO:41; exon 3, SEQ ID NO:42; exon 4, SEQ
ID NO:43; exon 5, SEQ ID NO:44; exon 6, SEQ ID NO:45; exon 7, SEQ ID NO:46; exon 8,
SEQ ID NO:47; exon 9, SEQ ID NO:48; exon 10, SEQ ID____NO:49; exon 11, SEQ ID NO:50;
exon 12, SEQ ID NO:51; exon 13, SEQ ]D'NO:SZ; exon 14, SEQ ID NO:53; exon 15, SEQ
ID NO:54; exon 16, SEQ ID NO:55; exon 17, SEQ ID NO:56; exon 18, SEQ ID NO:57;
20 exon 19,SEQID NO:SS; exon 20, SEQ ID NO:59; exon 21, SEQ ID NO:60; exon 22, SEQ
ID NO:61; and exon 23; SEQ ID NO:62).
Fig. 4 shows the domain organization of Zmax1, including the YWTD spacers, the
extracellular attachment site, the binding site for LDL and calcium, the cysteine-rich groth

factor repeats, the transmembrane region, the ideal PEST region with the CK-II
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"Gene sequence" refers to a DNA nol ecul e, including both a DNA nol ecul e
whi ch contains a non-transcribed or non-transl ated sequence. The termis
al so intended to include 10 any conbi nati on of gene(s), gene fragment(s),
non-transcri bed sequence(s) or non-translated sequence(s) which are

pr esentphasphobatidiBteldNd thdin@shdIRatidh1@orh &id U FiE e15al 9 sHoke the Sfeedtithd nvent i on
may be derived froma variety of sources including DNA, cDNA, synthetic
DNA,  s)ydied toGralfi¥é\cifing€ eEbboaid Rthe HBV @adteinSURR sighaliptpiide s 168tedA/MPr | S
genom ¢ DNA whi ch may or may not include naturally occurring 15 introns.

Mor eoV @miné H&ls 920K Cx PNAIITRY dBRait &ldaRd at BmaRSRedsatsl DIBsWHeh pr onot er
regi ons or poly (A} sequences. The sequences, genom c DNA or cDNA nay be

obt ai neghnkmemBrivie Wgri@N & RLath@XSamin&RABIALT 36NN 1 aRd B S¥dplAati€domain
and-Purified fromsuitable cells by neans well known inthe art.

Al t e5 ngf 1oaled at AHIND £/ 18¢4/18p5.ated froma cell and used to produce cDNA
by reverse transcription or other neans. 20 "cDNA" refers to conpl enentary

or copy DNA g5 oglueRé Jf JcABha ey AtRARIFAEEBRY conbigs BS2TI9TL &d BWdEIgpendent

DNA pol ynmerase (reverse transcriptase). Thus, a "cDNA clone" neans a

dupl ex ;DNAGRHGRE EpAPPRIcement ary to an RNA nol ecul e of interest, carried
in a cloning vector or PCR anplified. This termincludes genes from which

the int ervemﬂEmAs.eﬂg&W% RANEHASENY LRIBUER: seqdéhc R ARé %21%%%pe gene, _
PCT/ USA / 1694 "Reconbl nant DNA" neans a nol egul e that has been reconbi ned

by In vihha SBld 5L (SRNEbALe RideBUHHiGoPVAMRRIHENSS, 2 dradRLRY” refers to

t he use o% in vitro reconbination techniques to Insert a particular gene

or h it - 4 l.n 1y

o oft"SyBl, UGG R Rrleh b AL RIS BRNREIEY | )
fragnment 1 Ql jﬂp% . f lec: 71 | knt roduci n

t hegco%p%gtlegrg&ltgk&hﬁn l ec%‘%?(gsgt{]s? gﬂigﬂtﬁgéiﬁén\gﬁﬁulglﬁn%ip ?ﬁluib?%}faﬁﬁeﬁ gpl i cate, gnd

f I ' . L: i ent
o1 Sel\Rfhdted RG] QPR BYLAA drEs 1S, BRNG SrOTRAPRIGS br blies  ect pi en

host cells. . ers to ection I nant DNA

ol ecul 565384 ai ni ng

Figs. 7A and 7B show northern blot analyses showing the expression of Zmax1 in

15 wvarious tissues.
Fig. 8 shows a PCR product analysis.
Fig. 9 shows allele specific oligonucleotide detection of the Zmax1 exon 3
mutation.
Figs. 10A and 10B show the cellular localization of mouse Zmax1 by in situ
20 hybridization at 100X magnification using sense and antisense probes.
Figs. 11A and 11B show the cellular localization of mouse Zmax1 by in situ
hybridization at 400X magnification using sense and antisense probes.
Figs. 12A and 12B show the cellular localization of mouse Zmax1 by in situ
hybridization of osteoblasts in the endosteum at 400X magnification using sense and
25 antisense probes.

Fig. 13 shows antisense inhibition of Zmax1 expression in MC-3T3 cells.
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10 cDNA inserts which together conprise the entire genone of an organi sm
Such a cDNA |ibrary can be prepared by nethods known to one skilled in the
art and described by, for exanple, Cowell and Austin, "cDNA Library

Pr ot ocol s, WwoMiaebeds i n Mol ecul ar Bi ol ogy (1997). GenerabépusoRhévass first
isolated fromthe cells of an organi smfrom whose genone it is desired to
clone a particular gene. 15 "Cloning vehicle" refers to a plasmd or phage
DNA or other DNA sequence which is able to replicate in a host cell. The
cloning vehicle is characterized by one or nore endonucl ease recognition
sites at mhlch such DNA sequences may be cut in a determ nable fashion

wi t hout |1k D BES{RITITION GF JIEHLINYENTIQN: i on of the DNA, which may
contain a narker suitable for use in the identification of transforned

cel I's. 20 "Expraikindhe enssrstasring efihe sessificptineind clagny, thedgliwries dGMItARE| eot i des
that control or _regulate expression of structural genes when operably

i nked td“%ﬂ@@@“benes These |nclude for example, the lac systems, the

trp system ngjor operator and r regions af t phage | anbda, the
control regi onCERe" fefersdas Dot ?*P“%l ﬁ‘gﬁgﬂg%@e‘ﬁéé‘gplﬁﬁ %?SBHQ%ntrol t he

expr essi enes roka y or. eukar Expressi on contr ol
sequenéegﬂﬁgPﬁ q&§1 fgﬁa*rﬁgﬁi @ﬁ#@'hﬁ%@ﬁﬂlﬁ@ on whet her

t he vectar (% gg ned to exgress t he r%b]%: i nked gﬁp e 5"

pr okar y ot PLUdsS TEETYE0SOR-CAYEE FRIORY aﬁ%’y goiear it rERet ‘Ea‘nérhcé‘f &l ement s
such as en@gncgr el enments, term nation sequences, tissue-specificity

el ement s and/BF translatlonal initiation and termnation sites. 5

 Expresst on valbfd RquddlAefrd 8 ab Rlofeb e Gheii L B SIINA Holdofe dichOn! N9

vehi cl e but s capa expressing a g whi ch has been cl oned
into it, BhhEL ah[)ﬁ'ﬁ%fx&'hﬂ@& 6%nlﬂﬁﬁate@seaﬁ§ke 'ﬁiteceﬂ RNeH igeRRd tosinstael | y
pl aced under the control (1.e., operably linked to) an expression

contrqh S&g U&HBﬁaﬁonQ}%reﬁé(Qr gen'é %fa%hélt(fs}) nén-EMyCHEAURHGRCRHRRRbLIrslated

interacting with the specif repressor, thereby controlling the
transcri g@dl&ﬁc@)m%gp;esg@aﬁ(@)sm erm&leéuleref ers to a DNA sequence that

can be recogni zed by an RNA pol yner ase.

The sequences of the present invention may be derived from a variety of sources
including DNA, ¢cDNA, synthetic DNA, synthetic RNA or combinations thereof. Such
sequences may comprise genomic DNA which may or may not include naturally occurring

15 introns. Moreover, such genomic DNA may be obtained in association with promoter
regions or poly (A) sequences. The sequences, genomic DNA or cDNA may be obtained in
any of several ways. Genomic DNA can be extracted and purified from suitable cells by
means well known in the art. Alternatively, mRNA can be isolated from a cell and used to
produce cDNA by reverse ﬁ'anscﬁpﬁon or other means.

20 "cDNA" refers to complementary or copy DNA produced from an RNA template by
the action of RNA-dependent DNA polymerase (reverse transcriptase). Thus, a "¢cDNA
clone" means a duplexl DNA sequence complementary to an RNA molecule of interest,

carried in a cloning vector or PCR amplified. This term includes genes from which the

intervening sequences have been removed.
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The presence of such a sequence permts the RNA pol ynerase to bind and
initiate transcription of operably |linked gene sequences. "Pronoter
region” is intended to include the pronoter as well as other gene sequences
15 whi ch nawobestsecessary for the initiation of transcri ptdraso1/1ds presence
of a pronoter region is sufficient to cause the expression of an operably
| i nked gene sequence. "QOperably |linked" neans that the pronoter controls
the initiation of expression of the gene. A pronoter is operably linked to
a sequence of proximal DNA if upon introduction into a host cell the

pronot er deter nes t he pscriptiaq f .t r oxi ma uenge(s) 20
into one or &anTs]B]gg FIQARs aA“?)lF‘EB‘?ﬁ)tP%tH‘aF 868}5@03’5}“?\@}' f‘glcgi“g)DNA
seqguence |E) ronn&sg |s capabl e of initiating transcription of that
DNA sequerf P¥FEY° to all organisns without a true nucl eus,

true nuceue. @ﬁm a%ers RhhRAeios kT HEF Fecb R SRR 5Bk Pekitha e °
) HOSF " ncéme otfaﬁi\g% g&%ﬁ%e %Rg a 9%%0%%?’(1%&:@?&1_%12 Hlt%re]r t%%P%gﬁﬁlélg%%qe IdL:&t[gant ous

fungi, ani mal” ce s an organlsn1or

cell that IR XSS nl mal "
IS nmean tégﬁ? %@Fné: rttgg erfg%ﬂelgds fﬁ%&%ﬂer td...%llsﬂé. es | ﬁk(ygu ent 5
and birds,y, bb%orfﬂmql dlégci}oi" BErofhichid thd éJOLl%Dﬁﬁqnd”}EGﬁm Ho%rh%st il ﬁ{ @fn‘&ﬁ‘ﬁ

mammal s i nclu umans, primates, dents, canines I nes and
l'i vest ock.can RHREHIERAd fd?fseléctﬂ AR Ik ﬁﬁﬁn%ﬂie AYet Y& FRIH aBbnglstiBe S87Ent hat
possesses the bi ol ogi cal |V|ty of that gené. "Variant" refers to a
gene that yost sudstantial ly S|nllar in structure and biological 10 activity
or imrunol ogi cal characteristics to either the entire gene or to a fragnent
of the gene. PeoNAdReryheferdtba colivetigrsfaeconib®&AEDNA mleuldaicotainingi ty, they
are considered variant as that termis used herein even if the sequence of
am no doi ¢DNe'sinderesswhish togéthérdempriseahe entifegenbme 6fdn arganiin. rBich ecDNaci ds”
refers to nmethods such as pol ynerase chain reaction

library can be prepared by methods known to one skilled in the art and described by, for

example, Cowell and Austin, "cDNA Library Protocols," Methods in Molecular Biology
(1997). Generally, RNA is first isolated from the cells of an organism ﬁom whose genome it
is desired to clone a particular gene.

15 "Cloning vehicle" refers to a plasmid or phage DNA or other DNA sequence which is
able to replicate in a host cell. The cloning vehicle is-characterized by one or more
endonuclease recognition sites at which such DNA sequences may be cutin a determinable
fashion without loss of an essential biological function of the DNA, which may contain a
marker suitable for use in the identification of transformed cells.

20 "Expression control sequence"” refers to a sequence of nucleotides that control or
regulate expressioﬁ of structural genes when operably linked to those genes. These include,
for example, the lac systems, the trp system, major operator and promoter regions of the
phage lambda, the control region of fd coat protein and other sequences known to control the

expression of genes in prokaryotic or eukaryotic cells. Expression control sequences will
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(PCR), ligation anplification (or ligase chain reaction, LCR) and
anplification nethods 15 based on the use of Q beta replicase. These

nmet hods are well known in the art and described, for exanple, in U S

Pat ent Nos.wépfid891195 and 4, 683, 202. Reagents and har dwarpetiusni/160enduct i ng
PCR are commercially available. Prinmers useful for anplifying sequences
from the HBMregion are preferably conplenentary to, and hybridize
specifically to sequences in the HBMregion or in regions that flank a
target region therein. HBM sequences generated 20 by anplification nay be
sequenced directly. Alternatively, the anplified sequ%nceéyg% may, be cl oned
prior to ¥&YderradingqnKpeiher the yeetqrprdasigaed iQesrpressiths oReEbhOIKEt &FREI IR 4nd/ or
nonocl onal anti bodi es and fragnents thereof, and jmmunol ogi c bi ndi ng

equi val enP@ﬁ?rﬁ%?%ﬁfe,“ﬁ P?g e&ﬁ‘&&tﬁ S“‘%ﬁ' EBRHRETand

FHeHC oSN Th THY (o5t EoEEmtY

fragments thereof or to nucleic. acid s ences, fr t he. HBM or... Zmax|

regigon, _ §IomGS Gerremation S?Q&ﬂcﬁ%%ﬁ“f@%ﬁg%f?ﬁe ﬁlaﬂgff%trwgﬁﬂl\%ém P¢us or

a portion_thereof. The termantibody is used both to refer to a

honngeneof?%ﬁ%%ﬂﬁe%r entity, or a mxture such as a serum product nade up

of a urality.of different I I ities..Protein repar ed
pil CS%?’%Y%IIC?C g ﬁﬁttﬁgl(;ekﬁéle %P%&Iorgﬁxpﬂla% % atcgénéﬁ%%}'dé)&tp P

synthetically it a n eslizer and cou arrier nolecul e

20 1 AR SouAPUED Bl L U 100l PR ek S Rrbsbiaed T o
be made byphdj eft &IB&d'Eeﬁ@isW's&a'ﬂyth@edD&rﬂheﬂhQEclaﬁtx‘s}}[ of §.205RBbYy fidkel &Yfan

Monocl onal anti bodies Wil be SCreened by A and tested for specific

| munor eagidridsion cotdl BegiBiidepr ot ei n or fragments thereof. Harlow et al.,

Ant i bodi es:” A Laboratory Manual, Cold Spring Harbor Laboratory, Cold
Spring Har bor , "dypérdidr®8irs tolAIONA seilicnBOchpSisle ¥ interdnglMithigRispdcifin assays as
wel | as pharnmaceuticals. Antibodies can include antibody fragnents (e.g.,
scFv, kabrepldsad, therebécntrplliag theetahscriptihofdjaae: gbey) es, humani zed anti bodi es
and primatized antibodies. "HBM refers to high bone mass, but

pol ynor phi sns *Premetetrefdrsuwd & DNABSggee that vdnibe ecogrizel byaniRNA polyinesde.i n

| i pid nodul ation. 15 "HBM protein" refers to a protein that is identical to
a Zmax| piTbe picsenexefspeh @ segierice permits the RNA. polymerase to bind and initiate

transcription of operably linked gene sequences.
"Promoter region” is intended to include the promoter as well as other gene sequences
15 which may be necessary for the initiation of transcription. The presence of a promoter region
is sufficient to cause the expression of an operably linked gene sequence.

"Operably linked" means that the promoter controls the initiation of expression of the
gene. A prombter is operably linked to a sequence of proximal DNA if upon introduction
into a host cell the promotér determines the transcription of the proximal DNA sequence(s)

20 into one or more species of RNA. A promoter is operably linked to a DNA sequence if the
promoter is capable of initiating transcription of that DNA sequence.

"Prokaryote” refers to all organisms without a true nucleus, including bacteria.

"Eukaryote" refers to organisms and cells that have a true nucleus, including

mammalian cells.
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contains an alteration of glycine 171 to valine. An HBM protein is defined
for any organism that encodes a Zmaxl true honol ogue. For exanple, a nouse
HBM protein refers to the nouse Zmaxl protein having the glycine 170 to
val i ne subsyebtidzean. "HBM gene" refers to the genom ¢ DNAcageeiws found in
i ndi vi dual s showi ng the 20 HBM characteristic or phenotype, where the
sequence encodes the protein indicated by SEQ ID NO 4. The HBM gene and
the Zmaxl gene are allelic. The protein encoded by. the HBM gene has the
property of causing el evated bone mass and al so altering physiologic lipid
| evel s, while the protein encoded by the Zmaxl gene does not. The HBM gene
and the Zmax| "Hestdnelndes@rokaryotes and eykaryotery syeines yeast apd flampeniqus Bngingssi t i on
582, while the Zmaxl gene has a -18 WO 01/92891 PCT/ USQOLl/ 16946, guani ne at
posi ti on ®8H as plant aspenigeheelis o Ape fesa dnalydss puenganism grsel that &3, 10p Eeipignbof? as SEQ
ID NO 2. The HBM gene may al so be referred to as an "HBM pol ynor phi sm"

" Nor mal , " repliFatie expgrssion veliigde.f ect ed” and "Zmax! " all refer to the genonic

DNA sequence that .encodes the protein indicated,b EQ LD .NO 3. The Z I
gene hag as g%&ﬁ%@ﬂé{t‘s Bet to %ﬁ“@%‘?ﬁeﬁrﬁ S-7 %ﬁ“‘é%‘ﬁ?gia%%’?‘ihélgénmgﬁﬁcl rer? )é
aci d seguen hown. as D r 1., " mal ,~ “wild-tvpe,." "unaffected"
and " Zn"ggPn‘f@F‘isog‘fté%sgﬁni‘gggS“’éFﬁl\é%Wi 135§- PrF%%g‘ﬂ%#'a% 12‘3‘8‘ ence t hat
encodes proteins.that do not contribute.to el.evated bone mass. The Zmaxl

h[ﬁ :r ¥ Lvst
gene is CBW’PW? Sér?f% YRS A Hd INEFPL t he HBM gene is rare.

"SYW+EGF" ref to.a Jge j t i L R i sting
of five 10 yvit menanrel TBRFisbla ey Rk Sihe SR BBl B Bol B,
generallya&ﬁngﬁﬂEP y process involved in the change -of bone over tine,
i ncluding, Tor exanple, nornal devel opnent, changes that occur during

di sease st at esy fnp CRANYE sl Bt iOGHWanUY sRdllAH AdcrureBRABidIRYAl opment
di sorder” particularly refers to any disofders in bone devel opnent

i ncl udidg actfvaly of xafBhSQogicd SRR SerisHe to @Rk theClatite tand & tdlaFRgmenteif &ees and
changes that occur during aging. Bone devel opment may be progressive or
cyclical Féhen HroWiged RPN gehesiPoBRsd dinilamirtivitig g arbleohsideretbreitasent

i nclude, tor exanple, mneralization, formation of specific anatom cal

f eat ur es, tlanttridd aded Yeretrevabif tleseguence of amino acid residues is not identical.

" Amplification of nucleic acids" refers to methods such as polymerase chain reaction
(PCR), ligation amplification (or ligase chain reaction, LCR) and amplification methods
15 based on the use of Q-beta replicase. These methods are well known in the art and described, -
for example, in U.S. Patent Nos. 4,683,195 and 4,683,202. Reagents and hardware for
conducting PCR are commercially available. Primers useful for amplifying seque1'1ces from
the HBM region are preferably complementary to, and hybridize specifically to sequences in
the HBM region or in regions that flank a target region therein. HBM sequences generated
20 by amplification may be sequenced directly. Alternatively, the amplified sequence(s) may be
cloned prior to sequence analysis. |
"Antibodies" may refer to polyclonal and/or monoclonal antibodies and fragments
thereof, and immunologic binding equivalents thereof, that can bind to the HBM and Zmax1

proteins and fragments thereof or to nucleic acid sequences from the HBM or Zmax1 region,
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nunbers of various cell types. "Bone nodul ation” or "nodul ati on of bone
formation" refers to the ability to affect 20 any of the physi ol ogical

processes involved in bone renodeling, as will be appreciated by one
skilled in wboewsssdy, including, for exanple, bone resorptir@r@odie946
appositional bone growth, by, inter alia, osteoclastic and osteoblastic

activity, and may conprise sone or all of bone formation and devel opnent
as used herein. -19 WD 01/92891 PCTI US01/ 16946 "Nornmal bone density"
refers to a bone density within two standard deviations or a L score of O.

By "lipidr tion" "I| id nodul atjon" s neant e.ability to alter
b;y/ m)dgl atﬂaﬁgdaﬁhéoﬂékﬁ Mzwgva or@éw&sonthﬁm& ‘She tmp prtibe Qlé}?d{ﬁﬁﬂa'ept%’ WaEBhy t he
| evel s of .a id. Altered, 5 | evel s qf i ncl ude Iom1den5|t

| F penr ot eitha hpRbissots i isr enty & b GOk RS AR P ng ety

2P A A S ol e S
TSR SR BT e B
Uri ol yoer g andid Lpant ol eh 0, RLSE %Qme%ﬁfmgategibp d@fgrae@y%g P can al so

be said to no smof  vartou pretferably

ot udes o @Ay ol LRRROLELN M Bllens] 8% ﬁeswereok' popr ot ei ns

(LDL), interne ensit rotein ensity lipoprotein

( HDL) an%ﬂob%mcaﬁawm wﬂ}bpk&léengéﬂy BLEA Ana(iéste%o@%eélﬁpﬁﬂhe&&eaeﬁmsuch as

apol i poprotein A-1 A-1), apolipoprotein B apoliprotéein E

(APO E) angty %ﬂpﬁf &Eﬁlom&agxusﬁis B8rebf. AORIM &), Anliﬁo«ﬁa( MILPa@a)azo Wanual,
|

"1i pi d-medi at sease or condition"” is neant to include arteriosclerosis
and rel atGyld S Harbur 3 abdtiies), CoRl Sping FRFHo8 NY'Y1I988). IThestedftiBodies will be

at heroscl erosis, and conditions or Ilifestyles associated with el evated

| i pi d heveals&fulia agsays divadlas pharfiatdutitdls , AstiBolies Gmanduddtagbddy)fraghiesld (Ag, t hose
di scussed herein. 20 By "arteriosclerosis” is neant to include hypertrophy
of the medcRv, &als] F§abh)i, eici)rmivell as human antibodies, humanized antibodies and primatized

| antibodies.
"HBM" refers to high bone mass, but polymorphisms associated with HBM gene,
which can also be involved in lipid modulation.

15 "HBM protein" refers to a protein that is identical to a Zmax1 protein except that it
contains an alteration of glycine 171 to valine. An HBM protein is defined for any organism
that encodes a Zmax1 true homologue. For example, a mouse HBM protein refers to the
mouse Zmax] protein having the glycine 170 to valine substitution.

"HBM gene" refers to the genomic DNA sequence found in individuals showing the

20 HBM characteristic or phenotype, where the sequence encodes the protein indicated by SEQ
ID NO: 4. The HBM .gene and the Zmax1 gene are allelic. The protein encoded by.the HBM
gene has the property of causing elevated bone mass and also altering physiologic lipid
levels, while the protein encoded by the Zmax1 gene does not. The HBM gene and the ZmaxI

gene differ in that the HBM gene has a thymine at position 582, while the Zmax! gene has a
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fibrosis with hyaline degeneration which can result in ectasia, aneurysm

i ncreased systolic pressure, thronbus formati on and enbolism D sorders
associated with arteriosclerosis include, but are not limted to,

nonat her oms@u®:2ent eri oscl erosi s conditions such as: di abetr@sor1e®k! i tus,
chronic renal insufficiency, chronic vitam n D intoxication, pseudoxanthoma
-20 WD 01/92891 PCT/USO /16946 elasticum idiopathic arteri al

calcification in infancy, aortic valvular calcification in the elderly,
and Werner's syndrome. Additional disorders associated with

arteriosc| e{ng)n%' a}gno%ﬂ% @%hﬁle %%Me re%? b mprs sgé tﬂgﬁuv,[léi& Q&ﬁg Lﬁ%ﬁen% lsiilgr%nz&’SEQ

hypertens yper

h I I £ "
hg;gggl Lﬁéﬁﬁg}% o?g?}r{ke; engﬁﬁlg% 3‘/’?@? egrhg cho estégg'fLl g&féé?' storage
di sease, Syst efyfemkbubijsd- t?ﬁe)’“lﬁ q?e%“%n@'%ap?“ﬂ Eefar% &%%Ex?mmﬁe ALt e

"at heroscl erosi s" 15 nean p’)atc y 1 ntramur ni ng-o

that encrQAGREHaPEhchS u%}srstretﬁhmw@@:sy S 115 {0 @aqﬁszﬁw o bsoef'-
At heroscl erotic plaque consists t He accunul ation of pids, cells,

annect i 3/ € ghinfizepAdn Y. C?E@Zh&ggéeﬁé 8ifpriskd th@ﬂtibléi@ktﬁ&seﬁgeﬁcg ShdvA dsBHQY
conditions: stenosis, thronbosis, aneurysm or enbol us supervenes, as well

as angi n@ a®: wehhopaﬁl ¢ hﬁﬂd:%él"t"u&m@ctkd"&mdzﬁmvalsoéefex&mmc aygitest refers
to a purified protein, cell ‘extract, cell, animal, human or any other
conposi ti e geﬁonﬂahéqeéncb mam/mdbhes@mins tat clthﬁtﬁ eotitribuie ® dévafEdboty misst ant form
A "surrogate marker" refers to a diagnostic indication, synptom sign or

ot her f eafhe Emaxipetdiatcommon xethe hamaw papulation, widle the HB&dne islkaramn or ani nal
that is correlated with the HBM gene or el evated bone mass or both, but
that is easier"SYOVHeiGhIrefetstan ripabugtdogidtiy the Ruexd rdein) congigingepfivel a
surrogate nmarker is well accepted in diagnostic nedicine. The present

i nvent 1n YARE sperisfoliewedhy Frepette and Znmax|l protein in the forns
indicated by SEQ ID NOS: 1 and 3, respectively, and other closely related
variants, as weione é@elozme@h@e@mlb@éﬁts te Apopreershiavolvedindhaschgngenihone
necessary for its accurate expression. In a preferred enbodi nent, the
present i AVEHECORCIPngifPreeeRgle porgiel Jevglopmant, chianges giabes g SisE#Es  of t he

nucl ei [ n f SEQ.I 1.
ucterc agtatgs,sag Lh?mgce% tt(l)at ocScuerun?lgl\a!lgmg "Bone development disorder" particularly refers

to any disorders in bone development including, for example, changes that occur during

15 disease states and changes that occur during aging. Bone development may be progressive or
cyclical in nature. Aspects of bone that may change during development include, for
example, mineralization, formation of specific anatomical f:_atures, and relative or absolute
numbers of various cell types.

"Bone modulation" -or "modulation of bone formation” refers to the ability to affect

20 any of the physiological processes involved in bone remodeﬁng, as will be appreciated by one
skilled in the art, including, for example, bone resorption and appositional bone growth, by,
inter alia, osteoclastic and osteoblastic acﬁvity, and may éomprise some or all of bone

formation and development as used herein.
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The present invention al so enconpasses the HBM gene and HBM protein in the
forms indicated by SEQ ID NO 2 and 4, respectively, and other closely
related variants, as well as -21 WO 01/92891 PCTI USOL/ 16946 the adj acent
chr onosomalwo@@edns of the HBM gene necessary for its acegr@b®/1€%4pr essi on.
In a preferred enbodi nent, the present invention is directed to at | east
15 contiguous nucleotides of the nucleic acid sequence of SEQ ID NO 2.
More preferably, the present invention is directed to at |east 15
contiguous nucl eotides of the nucleic acid sequence of 5 SEQ ID NGO 2,
wherein one Qf the. 15 contiguous nucl eot.des..i ] | eoti de
582. The invé'#f’f%fﬁ bﬁ?es(genrqlﬁg %Fg’gsstf’ 8%9 ’ﬁee&h‘tlgﬁzlg%l? a%@%%&&gﬁégﬁgﬁﬁs tdringZmaxl
gene region, as well as the nucl eotide sequence of the HBM gene region.
Mor e parf‘i"?ﬁﬂf@rly, a preferred enbodi ment are the BAC cl ones contai ning
segnents of the,zZmaxl gene ;e@ig&o%g%ﬂ]S-Ilﬁteagapth@qgm%s%am;bﬁngﬁlmgf erred
Xﬁlg nug?leo | de

enbodi nent i equence of the BAC clones consisting of SEQ
ID NOS: B Ihe inv i&mﬁ% | Ldusd tRRDY B 18¥eld SR 1pic: | Rledrédie
sequenceﬁieé%%ce"_fr?'fl% %Réf’ pr o glgpr§tgirilcet%he Zmaxl| ygene eand tﬁr?é&_l—lBM gene, PCR
prinmers eQelé‘HPﬁﬂri]& gﬁiél'agvé‘}%dv GRS 11p8Hotei GV BensityTip@iteide(LDL),

pol ynor phi sns i maxl gene and the HBM gene, and 15 regul atory

el ement s gP@Bﬂ)t SERHI AL 8y celidds g®heregilation oru@tulation catdeami bes t he
further P%égFllﬂ%t 5 )

on of the’'chrompbsomal |ocation of the Zmaxl gene and HBM

gene on ghi QNS aBRedse in e ligiddeREbyReipegiewhich whemndisinistdped] 0538 cdnd

SNP_CONTI Q033-6, as well as the DNA sequences of the Zmax|l gene and the HBM
gene. ThedehikoNBMoRImiaICAtivioy By Yipicmetalaisiy) it heant theiphyselogital sytle geneti c
markers to the 20 mappi ng panel used to map the gene, and by the extension
of the pegigheeidhothé Rarioud erighpresides and lipomiotging proveesl. feasnigodledReBh i on was.
critical because the new individuals that have been genotyped harbor
critic@l careslsuteisaidito adelatrthemetabolismeafvatipustipidsegi on. To identify genes in
the region on 11 gl13.3, a set of BAC cl ones contai ni ng )t hi s, chr onosomnal

regi on was i déipid! pefirabinacBAe Yoy lpscdeasity Aingproteins ¢ aP¥ $B Y genomi ¢ DNA
SeaHene qi%oprgtr;i?ls a(ilﬁl?), ﬁlstergwdiate density lipoprotein (IDL), high density lipoprotein (HDL)
and triglycerides. Lipids can also include apolipoproteins, such as apolipoprotein A-1 (APO
A-1), apolipoprotein B (APO B), apoliprotein E (APO E) and lipoproteins such as lipoprotein
15 a(LIPOa).

By "lipid-mediated disease or condition" is meant to include arteriosclerosis and
related conditions, hypercholesteremia, hyperlipidemia, atl}_ggosclerosis, and conditions or
lifestyles associated with elevated lipid levels (e.g., diabetes mellitus, smoking and obesity)
such as those discussed herein.

20 By "arteriosclerosis" is meant to include hypertrophy of the media and subintimal
fibrosis with hyaline degeneration which can result in ectasia, aneurysm, increased systolic
pressure, thrombus formation and embolism. Disorders associated with arteriosclerosis

include, but are not limited to, nonatheromatous arteriosclerosis conditions such as: diabetes

mellitus, chronic renal insufficiency, chronic vitamin D intoxication, pseudoxanthoma

-20-



-22 WD 01/92891 PCT/ USOL/ 16946 reagent for identifying coding sequences by
direct cDNA sel ection. Genom c sequencing and direct cDNA selection were
used to characterize nore than 1.5 mllion base pairs of DNA from 11g13. 3.
The Znmax1l geme9ssm i dentified within this region and thepdBsgewsiswas t hen
di scovered after nutational analysis of affected and unaffected

i ndividuals. 5 Wien a gene has been genetically localized to a specific
chronmosomal region, the genes in this region can be characterized at the
nol ecul ar | evel by a series of steps that include: cloning of the entire

éﬁgir oot or PP laR ‘§%°n%£m§1¥§%8§§€%vﬁeﬁaﬂgfgesﬁcﬁ2 A SRR AR, of
Mot 11 caRy e anE“% $ioiR . [RICRA AR RSN Db 8FRGieend |
conpar at i Xtﬁer%rm NGL: Irlﬁz;bg{eﬁ) efhﬁﬁt e gloﬂ%lﬁ?ﬁﬁgrchﬂﬁgﬁr% cfﬁggf the HBM

ki ndred (nutation an ys ca napplng I's ac screeni ng
I|brarlesﬁﬁﬁhﬁgg@gmgméﬂgk @Qﬁﬁgated in E. coli or
S. cerevi seae using assays ceslgn d to a unlque nmol ecul ar

| andnarsk Shypgal Hﬁxp@ﬁfo%ﬁéﬁgﬁl Btﬁﬁbfmnpfchdlékfte%l‘%%fer stJagaagagakfstampiwﬁg cal 15
map of the HBM candi date regi on, | ibrary of human DNA cl’oned in Bacteri al

Art|f|C|a&ymghmgﬁgs@a@@nﬁﬁﬁﬁgﬁmﬂﬁas screened with a set of Sequence Tagged
Site (STS) markers that had been previously mapped to chronosone 11ql12-qgl3

by the effort sBpfatlidiescldasisn isaa@tputchiiftjefiral tBdi&ainglof tHekubidemathecul ar
| andmar ks in the human genone that can be assayed by 20 PCR " Through the

conbi ned efctoatlies onfthd diteribl lifen Gelvaneause ohsaaétiont Pahdrokdtieplagte tdisigsands  of
STSs on the twenty-two aut osones and two sex chronosones has been

det er m nedf th¢-mcuanlapas df lipids kells) apneatige 8ésheand glydosaminyslycanb. Hraqm dasset i ed t o
the genetic map because the markers wused for genetic mapping can al so be
used al9 Sthefollowrngxopditions: steapss, thyomRysiss anearysinner emboBBGuperienes; ys wilt &5 a

conbi nation_of STSs derived from genetic markers, genes, and random -23 WO
01/ 92891 mgpaaswell asthegonditions listed above. '

A "Zmax1 system" refers to a purified protein, cell extract, cell, animal, human or any
other composition of matter in which Zmax]1 is present in a normal or mutant form.
A "surrogate marker" refers to a diagnostic indication, symptom, sign or other feature
15 that can be observed in a cell, tissue, human or animal that is correlated with the HBM gene
or elevated bone mass or both, but that is easier to measure than bone density. The general
concept of a surrogate marker is well accepted in diagnostic medicine.
The present invention encompassas the ZmaxI gene and Zmax1 protein in the forms
indicated by SEQ ID NOS: 1 and 3, respectively, and other closely related variants, as well as
20 the adjacent chromosomal regions of Zmax1 necessary for its accurate expression. In a
preferred embodiment, the present invention is directed to at least 15 contiguous nucleotides
of the nucleic acid sequence of SEQ IDNO: 1.
The present invention also encompasses the HBM gene and HBM protein in the forms

indicated by SEQ ID NO: 2 and 4, .respectively, and other closely related variants, as well as
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DNA fragnments, a physical map conprised of overlapping clones representing
all of the DNA in a chronbosomal region of interest can be assenbl ed. BACs
are cloning vectors for large (80 kil obase to 200 kil obase) segnents of
human or otder92BNA t hat are propagated in E. coli. To cegstustgicos physi cal
map using BACs, a 5 library of BAC clones is screened so that individual

cl ones harboring the DNA sequence corresponding to a given STS or set of
STSs are identified. Throughout nost of the human genonme, the STS nmarkers
are spaced approximately 20 to 50 kil obases apart, so that an individual

BAC clone typically contains at |east two STS markers. In addition, the BAC
| i brari esthtRgpcsREFEOBe oM, Erglops ok the HBM &I RESFBREET HINACHBIE CERFEFSIAM AR human

enonme six 10 tine ver. Therefore,.an individugl SIS tvpically identifies
oo hand BStEABPOHEnt s Pesen BRMig s ATreted Fesst Voo miBBRC 1 brary wi th

ohysi cal MCERG R g Bl SRR SRR et mAERBEE 5B & mac
CPosery  EREBE RS SR LRl ARG Bkt SRR ISR TRP 1S

closely ti ause many o markers used to

HEGen €y "ot Used 1
R I e s SR

genonme that, result in the inability to identify BAC clones that are
overlapping'in a given location. Typically, the physical map is first

constructed framigyieibn Qo relzrS 1§ hRlouélddRle sBfRfke! &%ténfdx?geﬂe'}%%b'ﬂfhst he

publicly available literature and Wrld Wde Wb resources. e 20 initial

nmap consi gt adthe AEMES AL s&REREAT e B §QRirbSon. t iBte RftRURAP A pRéfeRedy gaps of
unknown nol ecul ar distance. To identify BAC clones that fill these gaps,

it i's necafsclinfertQretBY BACIlores ¥ontalSngBdgk R of 1R Pridh e g@iddegio B20DE2¢FDNes on
either side of the gap. This is done by sequencing the termnal 200 to 300

base pai r snd5270e2 BACS ptdféerddieABodifientda the natidotitir\sequefdernd theaBATRoassay to
anplify a sequence of 100 or nore base pairs. If the term nal sequences are
- 24 WO 01¢écnaiStrig JTCHQBEDNOB6948. denonstrated to be unique within the human
genone, then the new STS can be used to screen the BAC library to identify
addi ti onal BAGHhetiheentionalsafoncerhethpigk dithamuckeetidrogsquence foddentify DNA
probes for the Zmax1 gene and the HBM gene, PCR primers to amplify the Zmax! gene and
the HBM gene, nucleotide polymorphisms in the Zmax! gene and the HBM gene, and -
15 regulatory elements of the Zmax! gene and the HBM gene.
This invention describes the further localization of the chromosomal location of the
Zmax] gene and HBM gene on chromosome 11q13.3 between genetic markers D11S987 and
SNP_CONTIG033-6, as well as the DNA sequences of the Zmax] gene and the HBM gene.
The chromosomal location was refined by the addition of more genetic markers to the
20 mapping panel used to map the gene, and by the extension of the pedigree to include more
individuals. The pedigree extension was critical because the new individuals that have been
genotyped harbor critical recombination events that narrow the region. To identify genes in

the region on 11q13.3, a set of BAC clones containing this chromosomal region was

identified. The BAC clones served as a template for genomic DNA sequencing, and also as a
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physi cal map. To assenble a BAC contig that covers a region the size of the
HBM candi date region (2,000,000 or nore base pairs), it is often necessary
to devel op new STS narkers from 5 the ends of several clones. After

bui |l di ng awki6/asti g, this set of overl appi ng cl ones sewrceasagiessst enpl at e
for identifying the genes encoded in the chronosonmal region. CGene
identification can be acconplished by many net hods. Three nethods are
commonly used: (1) a set of BACs selected fromthe BAC contig to represent
the entire chronosonmal region can be sequenced, 10 and conput ati onal

BAC Cont  geesa b Henyuipeets Fedignt Y Ut ERRACERADT DFPUBEORITNG ¥ B4 he
(3) "t ho. A TS AGIoBAG AR oy beBR GG oLl PG 1466 PAISH ) Aequences
U appi ng. ARG O AL oot aker i Bl i e R B e R T
candi aat &7y R b Teug opH etk of SRl BB ERRARATE, 19, 10 TP

vector g and Subseapent. ;NG 8 SaGRRAG Afed bASSEIRARIARGRl BT e DNA

cloned”in the epresen geno S sequencing iS-referred to

as. genom £, SEAUARGLAth L vddikelt thi mbleaudbNLp PGURAGH ips thE 20

initiate e genom=T sequencing for a chronosonmal Tegion of interest,

sever al nﬁ’x@l’u%& ;éﬁdénkr%wﬂ@enﬁﬁqeﬁbﬁ’ BESNA i aGRATSVerlabbiflg tBhesqpRIBAC cl one s

prepared, an ones are sheared into random snall fragnents which are

subsequengby; GhosaehcieRtAtios bR PalRE Shcolddisytheke \Rabtiysa Goibiination pLiidsdt The

pl asm d clones are then.grown to propagate the snmaller fragnents, and
these ar echNR stRORInaten nfagping g6l BNAI seguendiag Gitaelidentifitatior)f adddentifiegienand - 25
WO 01/ 92891 PCT/ USO1/ 1694 sequence quality for the BAC DNA sequence,

suf fi cioenéf fhtasdsan HesRaeciyoipatatne DN A @quenciep df affectel ahdlumadfectedige of t he
BAC cl one. For exanple, if the BACis 100 kil obases | ong, then phagem ds
ar e sequememters of the 81BM Gixdrddi (lnnintiew snad§sisequence. Since t he BAC DNA was

randonmly sheared prior to cloning in the phagem d vector, the 600 kil obases
of raw DNA Physical mapping is accomplished by screening libraries of human DNA cloned in

vectors that are éropagated in E. coli or S. cereviseae using PCR assays designed to amplify
unique molecular landmarks in the chromosomal region of interest. To generate a physical
15 -map of the HBM candidate region, a library of human DNA cloned in Bacterial Artificial
Chromosomes (BACs) was screened with a set of Sequence Tagged Site (STS) markers that
had been previously mapped to 'chromosqme 1 1q12—q13 by the efforts of the Human Genome
Project.
STSs are unique molecular landmarks in the human genome that can be assayed by
20 PCR. Through the combined efforts of the Human Genome Project, the location of thousands
of STSs on the twenty-two autosomés and two sex chromosomes .has been determihed. Fora
positional cloning effort, the physical map is tied to the genetic map because the markers
used for genetic mapping can also be used as STSs‘ for physical mépping. By screening a

BAC library with a combination of STSs derived from genetic markers, genes, and random
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5 sequence can be assenbl ed by conputational nethods into overl appi ng DNA
sequences terned sequence contigs. For the purposes of initial gene
identification by conputational mnethods, six-fold coverage of each BAC is
sufficient wooyssd ten to twenty sequence contigs of 1eQ@uUsesmsqsairs to
20, 000 base pairs. The sequencing strategy enployed in this invention was
to initially sequence "seed" 10 BACs fromthe BAC contig in the HBM

candi date regi on. The sequence of the "seed" BACs was then used to
identify mnimally overlapping BACs fromthe contig, and these were

3ubsequen i ASHERE Syl bl & fIBAARLeo LG RULIE: SRALRL g bpgLOD ves

sequenced V\A seve quence (g I n° eac

sequence WA’ECL&?oxﬁ&gm%ﬂg@r)@&ﬁaie%st?aﬁ%g%%{)fet?nal gene identifi catl on. One

met hod for conputati ona entifrcation 1s to 15 conpare the sequence

of BAC contig BRcQ%'c'lcﬁﬁdé s bg 1&%3@ %o 800 1618D%s PG IRE @ hufnan

sequences, e.g. unigene, ese conparisons are typically

done usin t 008 Al t schul
et al. gr&hﬁ?) ??Im£%ﬁﬁkgégﬂn%§%ngiggﬁé%ae%%gﬂgg%ﬁgghuencé&giﬁ(aIso be

transl asteﬁbﬂag;&m&@mh& i$ RMLBALR) thARekiTibEal BloRdsHarboriBE tHEINA séqindee used to
search publicly avail abl e protein databases, using a version of 20 BLAST

desi gned térredpaidikaio BigBeR BTS SL6H 6SESs A Adbsiien] TRougtout mbkt@lf theAinds Res.

25: 3389- 3402 (1997)) Anot her nethod is to use conmputer algorithns such as
MZEF ( Zhagenont; the STSNeirkers e shcedSpiproxiielp 66 + S8 Bkilob2RT ypara paith@Rdl L

(Uber bacher et al., Methods Enzynol., 266:259-281 (1996)), which predict

t he | ocat imdividfal BAGhdonetyiidaily segasienatdedsttoe® T8 madrkers.- RGdiGon, thOBAC1

PCTI USO1/ 16946 presence of specific DNA sequence notifs that are conmon to
al | exonslibmseswbitiwasscrdraed qontagrsnoaghoélonsd VA trs@ger thy ingan genbmbsiran pr ot ei n
encodi ng sequences. In addition to identifying genes by conputati onal

met hod¥) GewegvereThereforspan iddividudl SIH Wbiyalbfi identifiecpys than cag BASHclome | BiVast r o

et al., Cenone Res. 52) 185-194 (1995)). In direct 5 cDNA selection, cDNA
pool s * f r opgreqning pesix-§l PW@E@BA%‘MW@%&@@PS o S mpEkesye3cedr om t he
candidate region are used in a |liquid hybridization as P% to Q%ﬁ% re the
cDNAs whi Brprigeitelyypd 1?‘°P%§¢%%Paﬁrf’gpl+yéﬁﬁld??§ GOpsi§HNg oBAgeriep AL QYFEAPRIE

descri bed cl%xelései 1y ’BA(E] con%gs ca’Se assemvgfede for any region of the human genome. This map is

closely tied to the genetic map because many of the STS markers used to prepare the physical
15 map are also genetic markers.
When constructing a physical map, it often happens that there are gaps in the STS
map of the genome that result in the inability to identify BiXC clones that are overlapping in a
given location. Typically, the physical map is first constructed from a set of STSs that have
been identified thrdugh the publicly available literature and World Wide Web resources. The
20 initial map consists of several separate BAC contigs that are separated by gaps of unknown
molecular distance. To identify BAC clones that fill thesle gaps, it is necessary to deve_lop
new STS markers from the ends of the clones on either side of the gap. This is done by
sequencing the terminal 200 to 300 base pairs of the BACs flanking the gap, and developing

a PCR assay to amplify a sequence of 100 or more base pairs. If the terminal sequences are
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created fromseveral different tissues by randomprimng the first strand
cDNA from pol yA RNA, synthesizing the second strand cDNA by standard

nmet hods, and adding linkers to the 10 ends of the cDNA fragnents. The

| i nkers ar eygsgehgéio anplify the cDNA pools. The BAC cl onga/@nei1d9sed as a
tenplate for in vitro DNA synthesis to create a biotin |abelled copy of the
BAC DNA. The biotin | abelled copy of the BAC DNA is then denatured and

i ncubated with an excess of the PCR anplified, |inkered cDNA pools which
have al so been denatured. The BAC DNA and cDNA are allowed to anneal in

3%! ng ot égggﬁg,gseﬁmggegf "%éﬁé&%h%@%égéoﬁhﬁf%wﬁﬁﬁﬁn it Eop%;fﬁ%’éﬁt by

BAC . i.fie I [ ' [

2eéugncefi‘ftﬁea%ﬁiﬁh%{?bﬁr@??éﬁtﬁwﬁé“ AEE i B T teDr  second
. A . i oL

1 oned, v Pppary Sarm bk sSAC iy bRtk e 8 FMImIORALS 01 °

Smoe - peANE rObEbFRamkatl SR LGRS PRAL 6 BRAAGE SEY PR T

genoni cz DA, cDNAs nmust be mapped to individual BACs. This is
acconpl?shedagggggggﬁy%gﬁ&the BACs in mcrotiter dishes, and replicating

their DNA in hi rﬁlﬁragdgtayla&éicéﬁﬁg, kil be@Happiiahforeh Qe 85 GentddR8 for

hybridi zed to the gridto confirmthat they have sequence identity to an

- 27 WO 01/;8288%nd ¥l 54420 &b thd ibnibdHal reBOk: GERMIEIMECaRIn cis el for direct
selection, and to determ ne the specific identity of that BAC. cDNA cl ones
that are GREmPIREM w%@mp Thie metdiy/ird UGhmBAG Sl 61)SQSUWEBRETE. TO
determ ne whether the c clones isolated by direct selection share
sequence isdreiked fiymalic BAQicbatig foltepresept thy émdins throrhckomial fepiod caebestqudnbel, DNA and
protein coding 5 sequences are conpared to publicly avail abl e dat abases
usi ng tibe 488 ASmpidtativnhlymahodsprobe e to idkeify alivbf thapéres, (2 thg BAGSfiomDia
sequence and cDNA sequence provided by BAC sequencing and by direct cDNA
sel ect i on BAE koigigaan bewsed as a rdagent of clpnet iNAscogesperding ta the gensg)erpaded iThe
genes in the region were all candidates for the HBM | ocus. To further

char act er itheregion vy a method termed direct cDNA selection, or (3) the BACs from the BAC contig

can be used to identify coding sequences by selecting for specific DNA sequence motifs in a
pmcedure called exon trapping. The present invention includes genes identified by the first
15 two methods.
To sequence the entire BAC contig representing the HBM candidate region, a set of
BACs was chosen for subcloning into plasmid vectors and subsequent DNA sequencing of
these subclones. Since the DNA cloned in the BACs represents genomic DNA, this
sequencing is referred to as' genomic sequenciﬂg to distinguish it from cDNA sequencing. To
20 initiate the genomic sequencing for a chromosomal region of interest, several non-
overlapi:ing BAC clones are chosen. DNA for each BAC clone is prepared, and the clones
are sheared into random small fragments which are subsequently cloned into standard
plasmid vectors such as pUC18. The plasmid clones are then grown to propagate the smaller

fragments, and these are the templates for sequencing. To ensure adequate coverage and
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10 gene, Northern blots were perforned to determ ne the size of the
transcript corresponding to each gene, and to determ ne which putative
exons were transcribed together to make an individual gene. For Northern
bl ot anal yswgopd2smach gene, probes were prepared from di rrectusossbact ed cDNA
clones or by PCR anplifying specific fragnents from genomc DNA or from

t he BAC encoding the putative gene of interest. The Northern bl ots gave
information on the 15 size of the transcript and the tissues in which it
was expressed. For transcripts which were not highly expressed, it was
soneti mes necessary to performa reverse transcription PCR assay using RNA
from the dejssieguatify fonthe B DABA quu@nwsaﬁielentplasmq‘g cloaescrs waveneHa
identification by conputational methods and by direct cDNA sel ection

provi des yieistuibld covergrefitenBASmlenet Fer rampls, if the BAGe 4 194 kypbasesdnosone.
When genes are identified, 20 then it is possible to e)élgﬁ- 88%&{ferent

i ndi vi duathen pgermids ateiseqrenéad te yisil ¢9kalobases QBEMSRSF i SHRFe % was

Measur ement s Spi nal bone mineral content, (BM) a gﬁ e m ner ensity

(BMD) neaxmadeniyshesredpaiof torgleningin thy phagemid yedtpr @623? Wé&w gﬁ'aska)

were made by DXA using a Norland -28 WD 01/.92891.PCT/ /16940%S

| nst r urbensequensa ein s peseabladiiyr oY tatioasg meth fo o3 freqppyne FERE Yy X-ray

Absorptionetry, DXA). Spinal BMC and .at_ot.her.J ocat.i ons. | he
machi ner yterg ?H%P%‘?‘m?ﬁ%r@ré??“&%?ﬁfgg/‘gﬁgﬁn%’ge%awyﬁggﬁiﬁgg%ur rently

operating i he U.S. Mst ar Cltiles \ i I scenters
e 0 o S ol Db BUAEAC AT o Ll B sy B ©
| ocati on t?%&%%%%eMmoﬁ%asBN%@nd BMVMD dat a i ncl uded copies of the

print out s° e85 provi de verification that the regions of

interest for asure Ql}éﬁ AGSEL B RALARS de@lcBtemseddonypl et e
clinical histo eesgquéeﬁ%r}ggétﬁ%% ta l%ﬁ?%‘gr%g%ﬁg wer e obt z;i ﬁ’{agéﬁ The HBM
phenot ypei | i E@Nx Rehd§datelrEEib@: TR YudntOoY theisead BRI, a 10
clini ngo ﬁiAs S%?’%“_ﬁg%%wgpgﬁn@k nown hi Sherﬁ%ne mafssqsyndr one; and skel et al
radi ogr apQgs p%{g/ﬁé% RidRntY) Wi RIm a3 3N&1:3hink PA RIRANGE conti asihtsetvere H
CGenotyping 0O crosatellite Marfkers '

subsequently sequenced. In this manner, the entire candidate region was sequenced, with

several small sequence gaps left in each BAC. This sequence served as the template for
computational gene identification. Oné method for computational gene identification is to
15 compare the sequence of BAC contig to publicly available databases of cDNA and genomic
sequences, e.g. unigene, dbEST, genbank. These comparisons are typically done using the
 BLAST family of computer algorithms and programs (Altschul et al., J. Mol. Biol., 215:403-
410 (1990)). The BAC sequence can also be translated into protein sequence, and the protein
sequence can be used to search publicly available protein databases, using a version of
20 BLAST designed to analyze protein sequences (Altschul et al., Nucl. Acids Res., 25:3389-
3402 (1997)). Another method is to use computer algorithms such as MZEF (Zhang, Proc.
Natl. Acad. Sci., 94:565-568 (1997)) and GRAIL (Uberbacher et al., Methods Enzymol.,

266:259-281 (1996)), which predict the location of exons in the sequence based on the
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To narrow the genetic interval to a region snaller than that originally
reported by Johnson et al., Am J. Hum GCenet., 60:1326-1332 (1997),
additional mcrosatellite markers 15 on chronosone 11g12-13 were typed.
The new nmarnk@bpozssicl uded: D11S4191, D11S1883, D11S1785, PptiaddiidessD11S4136,
D11s4139, (Db, et aL,.Nature, 380:152-154 (1996), FG-3 (Pol yneropol ous,
et al., Nucl. Acid Res., 18:7468 (1990)), as well as GIC HBM Marker 1, GIC
HBM Mar ker 2, GIC HBM Marker 3, GIC HBM Marker 4, GIC HBM Marker 5, GIC
HBM Mar ker 6, and 20 GIC HBM Marker 7 (See Fig. 2). Blood (20 m) was

ELF‘QE& S%C’%%S?nvﬁﬁg%ﬁo%oE’%%’J@f%?eﬁfﬁfﬁ%' Pt RS %x; ea?é%ﬁ; on. DNA
i thout |+ del P ot SR R BBl BT dh bR "qual i1y or

quantity of yi ¢ fhaitfodto id&ﬁﬁﬁ%@@éﬁ?@%ﬁ?ﬁ&ﬁ&ﬁyﬁetﬂb&?gw@é YR ARt inBEAN!

sites, a shipping protocol ess y used on nore than a dozen

occasi ons. pyRheqdpRARI&Eon g%l S1R0b WQG%»@M.@(QY?RSWEP@S))! M @irsek Y1 of oam
container with freezer packs to provide cooling.” Lavender cap tubes were
pl aced en JdDNA Milédtad, cDN@Shodls Sbth BRIuBDofintBIRS: aod Yeph&T) ahdthe BACsFiohr theC K"
bi ohazard bags. Wen the sanples arrived the next day, they were
i medi at el dndidtOREivh afk sed BXd liqued hybhidizatiba@sdaifo ephira tiecicDNABWAG@Hae used a
kit purchased from Gentra Systens, Inc. (Mnneapolis, Mnnesota). Briefly,
t he procediifréo ¢0ditplregionsaddhe BAG. Hotht Fetodd dedcribed hble) the cDRIA pdojsswere buf f er
to the whole blood. After incubations for 10 m nutes at roomtenperature,
10 t he solandatedfronaseveraindiffedenigéscnes by sanBera priming thiofiest strand eDNAL framypolgh. 2, 000 X
g for 10 mnutes. The white blood cell pellet was resuspended in Cell
Lysi s Buf fRNA, spntbesizitgthp e¢dond styad cDNnp stendinyl mettnds rad ddding limkefsrte gheof cel |
clunps, the solution was digested with RNase A for 15 mnutes at 37C
Prot ei A8 viadeoihediNbh fragmeantyy Theltikers are used torappfibihe dONARogtseiThe BAC
Precipitation Sol ution and renoved by centrifugation. The DNA was
preci pi t atdaienye vt af péempats fosdr war WA pxpthediaii ¢reste 8 biotia dabeligsaeny of thaj s
net hod was_sinple and _fast, requiring onl}s 1-2 ] .

BAC DNA. The biotin labelled copy of the BAC DNA is then denatured and incubated with

an excess of the PCR amplified, linkered cDNA pools which have also been denatured. The
BAC DNA and cDNA are allowed to anneal in solution, and heteroduplexes between the

15 BAC and the cDNA are isolated using streptavidin coated magnetic beads. The cDNAs that
are captured by the BAC are then amplified using primers complimentary to the linker '
sequences, and the hybridization/selection process is repeg—te_d for a second round. After two
rounds of direct cDNA selection, the cDNA fragments are cloned, and a library of these
direct selected fragments is created.

20 The cDNA clones isolated by direct selection are analyzed by two methods. Since a
pool of BACs from the HBM candidate region is used to provide the genomic DNA
sequence, the cDNAs must be mapped to individual BACs. This is accomplished by arraying
the BACs in microtiter dishes, and replicating their DNA in high density grids. Individual

c¢DNA clones are then hybridized to the grid to confirm that they have sequence identity to an
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hours, and allowed for the processing of dozens of sanples sinultaneously.
The yield of DNA was routinely >8 ng for a 20 nl sanpl e of whole bl ood and
had a MW of >50 kb. DNA was archived by storing coded 50 /,cg aliquots at
-80C as an wed bpsed1 preci pitate. DNA was genotyped usi ng aeardsoipascent |y

| abel ed ol i gonucl eotide prinmer and one 20 unl abel ed ol i gonucl eoti de
primer. Label ed and unl abel ed ol i gonucl eoti des were obtained from

I ntegrated DNA Technol ogies, Inc. (Coralville, lowa). Al other reagents
for mcrosatellite genotyping were purchased from Perkin El nmer-Applied

Bi osystens, Inc. ("PE- ABI") (Norwalk, Connec icu%%?.lgpivi al %

react i onsndiideal BAG Spmebe sebpsed fenineesplestiongand tgdetetmipg thepecBie @ Y s ng
Ampl i Tag DNA Pol ynerase. The reactjons were added.t0.3. 5 A~ -30 WO 01/92891
PCT/ US01/of6otBACo cDNSh glongs thataresiontignrd 4p ﬁ?fﬁejp‘?iglﬁii mdf\gﬁmf 8% it

mam de, bl ue
Ut o6 (36ausarh dodeiABivpnkeben e R Qe feleled by et ARl O Focoq
as described in the operator's manual. for-th I~ : ncer

( PE- ABI, Seguones idestity o t%’?lP‘F‘é’r‘?\Pf&Y‘P“Si}X dgptificd, g%‘e"%gtég‘?r’)ﬁ%?de rs. %{%ﬂ% data was
5 anal yzed usi ng PE- ABI N Nr M, and |§§ﬁ%‘ BBy oFi FSt, W thin
t he C%N@Wﬁﬁ%‘b‘f%@%ﬂ%@c yaﬂglﬁ%?ea%%%ﬁs mar%‘gﬁy opt iog‘i zed prior to

the first step of analysis. After the gel |ane data was extracted, the
st andar d Fo¥F 8 profil es of each lane were exanined and verified for

linearity and ﬂe%gmgﬁxwd&ﬂ&}egﬁgﬁ%NMqﬁ&cQ%ﬂd BHRAl LaEnvd friviesd EBACOf t hese

paraneters, were re-tracke verified. Once all lanes were tracked and
the size QA LR dnyidlgentinftiaERkt of f\Ratii@tgansstn the regbar. t ed
into GE q@%g?a ele identf%?cation To expedite allele calling

(bi nni ng)nﬁ%& B AY BBk WK ATE AR A6 B the HBMdtes. Tofethardhametorizs dach of Dr .
Quy Van Ca ?ﬁttp://alt.MMMLuia.ac.be/u/dnalab/Id-htn1) was used. This

progr &y gp&aindkiearbibistiteserioRfied tBlSkiming thefsidaf theganeript @reippndiBHIOYPERTM
into the “pedigree drawing program Cyrillic (Version 2.0, Cherwell
Sci ent i fi gacRybid, &l to deletriint &ttich patatid exotls waedmnsdBbed westherdnthakesis equent
| i nkage anal ysis using the program LI NKAGE (Lathrop et al., Am_J. Hum
Genet ., 3hdd@Rnalge( FORS)riheri\blot dnalysigef ¢aalaBgas; probes were prepared from direct

selected cDNA clones or by PCR amplifying specific fragments from genomic DNA or from

the BAC encoding the putative gene of interest. The Northern blots gave information on the

15 size of the transcript and the tissues in which it was expressed. For transcripts which were
not highly expressed, it was sometimes necessary to perform a reverse transcription PCR
assay using RNA from the tissues of interest as a template"fc_ar the reaction.
Gene identification by computational methods and by direct cONA selection provides

unique information about the genes in a region of a chromosome. When genes are identified,

20 then it is possible to examine different individuals for mutations in each gene.
L Phenotyping using DXA Measurements

Spinal bone mineral content (BMC) and bone mineral density (BMD) measurements

performed at Creighton University (Omabha, Nebraska) were made by DXA using a Norland
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Fig. 1 denonstrates the pedigree of the individuals used in the genetic

| i nkage studies for this invention. Specifically, two-point |inkage

anal ysis was perforned using the MLINK 20 and LI NKMAP conponents of the
program LI Mo\Go2¢diat hrop et al., Am J. Hum Genet., 37: #820408644%985)) .
Pedi gree/ marker data was exported fromCyrillic as a pre-file into the
Makeped program and converted into a suitable ped-file for |inkage

anal ysis. -31 WD 01/92891 PCT/US01/ 16946 The original |inkage anal ysis was
performed using three nodels: (i) an autosomal domi nant, fully penetrant
nmodel , (ii) an autosomal dom nant nodel wth reduced penetrance, and (iii)
a quant i frastrimments dexisttomretde(Norzb XRBHA0 Rengitomelter, Rud Fogrey & r onosone |

1 g12-13 by analyzing DNA for |inked markers from 22 nbers of a |arge,
ext ended AbsergtianetryADXA)i Fpingl BMCWtEé\@DtaéeqhﬁdP%WWE‘mg‘% SHHPYH a panel of

345 fluorescent markers which spanned the 22 aut psomes at 8 Q0

i nt er val availdiendherearm e@tuzzte_émbecﬁ’ﬂ@ﬁ%m@&%%%ﬁ%‘*%%ﬁ?“%ﬁﬁ‘@% %? cﬂﬁgormsorre
| 1 showed evi dence of |inkage' (LOD sgore -3 . The .hi ghe ore
(5.74) obaresrieeies ByvaafficesoF Htlag%ﬂ&(feﬁﬁﬁlrstwﬁbﬁe‘?ﬂve Qﬁ%ﬁ WF@‘W&S“B@YI’SB@‘ ?I?nap
osition_55.in Fiig. 2).. The 95% confi,dence.jnt . | ocus
Dot wech Holaeis Baahine Sabisloraom i B $opR BN HTID, 16 fed abpisbbt  bev
Hapl ot ype anal ysis also pl aces the .Znmaxl. ge i i .eqi on. Furt her
degcri %Elﬂ&ﬁ‘%‘%{‘tﬁé‘ém ? o RERg ,Veﬂﬁc%‘%ét%fl{leear%@b%l0%%%%5%?&can be found

in Gyapay et al., net i,cs . ( idaldiSofidd\egat i on, the
inventor@%BB‘P?“WE@%%V%C%C%’?%%giopﬂ%}lellyh@r%@ﬁw(!E]%lct e ?egi on ' between
mar ker s ) gré?an GTeCr:eo pr ker 5. These two markers |ie between the
15 del i M%7 REPREPY Y¥EM the original analysis (DL 1S 11 S905 and DI |

S937) and areﬁg%ﬁpg%tg?pggdeﬁm({gm%}gc ad?&{a{v&?ﬁigﬁaﬁihﬂ\nm;ﬁ)f t he

i nterval was acco usi ng genot ypi ta fromthe markers D11S4191,

D11S1 gg? ﬂ%g“%ﬁ?ﬂ"%&% A AenowkhisBbba6 matdlsladrd B8, anfl Bkddetsiiradidgraph¥iat ur e,

380: 1 (Pol yneropol ous et al., Nucl. Acid Res., 18:7468
(1990)) (shg&,ﬁgq?fohﬁﬂsgmq;fﬁﬁ%?mmam@m&ers can be found at 20 the
0

internet site t he Genone Dat abase, http://gdbww. gdb.org/), as well as
the markers GIC HBM Marker 1, GIC HBM Marker 2, GIC_HBM Marker 3,

1L Genotyping of M'icrosatellite Markers
To narro.w the genetic interval to a region smaller than that originally reported by
Johnson et al., Am. J. Hum. Genet., 60:1326-1332 (1997), additional microsatellite markers
15 on chromosome 11q12-13 were typed. The new markers included: D1 1S4191,D11S1883, .
D11S1785, D1184113, D11S4136, D1184139, (Dib, et al., Nature, 380:152-154 (1996),
FGF3 (Polymeropolous, et al., Nucl. Acid Res., 18:7468 (1990)), as well as
GTC_HBM_Marker 1, G’fC_HBM_Ma.rker_Z, GTC_HBM_Marker_3,
GTC_HBM_Marker_4, GTC_HBM_Marker_5, GTC_HBM_Marker_6, and
20 GTC_HBM_Marker_7 (See Fig. 2).
Blood (20 ml) was drawn into lavender cap (EDTA containing) tubes by a certified
phlebotomist. The blood was stored refrigerated until DNA extraction. DNA has been

extracted from blood stored for up to 7 days in the refrigerator without reduction in the
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GIC HBM Mar ker 4, GIC HBM Marker 5, GIC HBM Marker 6, and GIC_HBM

Marker 7. -32 WO 01/92891 PCTIUSO /16946 As shown in Fig. 1, hapl otype
analysis with the above genetic markers identifies reconbination events
(crossover syoionezssndi vi dual s 9019 and 9020 t hat signifi camidryusoeisedee t he
interval of chronosone 11 to which the Zmaxl gene is |ocalized. I|ndividual
9019 is an HBM affected individual that inherits a portion of chronbsone
11 fromthe maternal 5 chronosone with the HBM gene, and a portion fromthe
chronosone 11 honol ogue. The portion inherited fromthe HBMyene-carrying

T150a7, Dot SER T SR e e g it BRGS0 P
HBM Mar ke rslﬁﬁpin?bro'tqc‘éﬂ@é&ucc@!s@ﬂmm Kte than {azed RMMHsK Bliood saigleSTC HBM

Marker 5. The portion 10 from™D 1154136 and continuing in the teloneric

di r ecti on wefe HGipled BloterBhtlcRFrefGR 2 SN ol ERIISE Whth fiEB}eE patdk & podes the
Zmax| gene inﬂgfp:eocg?iongﬂéeﬁﬁone?iéwdt% t he marker GTCpHBM rker 5.

I ndi vi dualcof30 Tiatendét dap albbEFER Plabbn/ingivahal WL LS it ib&s 4 tien ibi t i cal
reconbi nati on event. This individual inherits a reconbi nant paternal

chr onps®pMezi-lodkh dlohhdaed bige SWiied 6 s&mplesladBdohe hexldaySthéy #dre iahiedid¥y Mar ker

4, D 115987, D 11 S 1296 15 and GIC HBM Marker 6 from her father's

(1 ndi vi dugtocekddio sxbisadsanme 11 honol ogue that carries the HBM gene, and
mar kers GIC HBM Marker 2, D 11 5970, GIC HBM Mar ker 3, GIC HBM Mar ker 1,
GIC HBM Mar ker THe DSERC:xHBMolviprdcedurSuseds kit paicBased BbmiGeht3 SystBhs, 181314, and DI
15937 fromher father's chronosone 11 that does not carry the | BM gene.
Mar ker D (Wir44dpbds,Minnesota).oBriefly, the pdhredurg iivolyed adslinpdmmiygesiof amed bloed i n

i ndi vi dual 0115. This reconbi nati on event places the centromeric boundary
of the HBKEW bygis bnfferdo theerholeshltask Aftor intulgitiopoipr HhehirDies 2t 190BItemperairepoi nt

| i nkage anal ysis was al so used to confirmthe |ocation of the Zmaxl gene
on chr &hodsrielution wiheenfrifigcdde a Beckmandalleipp esnirifings 342,000 Xifps 14 mangfes. s under
a nodel of_full Penetrance are presented in Table 1 below. This table
lists the T&%Wéftf'é opé pedlpellet wasrerusgepdediin Cell Lysis Buffer. Once the pellet was

completely resuspended and free of cell clumps, the solution was digested with RNase A for
15 minutes at 37°C. Proteins were precipitated by addition of the provided Protein
Precipitation Solution and removed by centrifugation. The DNA was precipitated out of the
15 supernatant by addition of isopropanol. This méthod was simple and fast, requiring only 1-2
hours, and allowed for the processing of dozens of samples simultaneously. The yield of
DNA was routinely >8 mg for a 20 m! sample of whole blp(_)_d and had a MW of >50 kb.
DNA was archived by storing coded 50 g aliquots at -éO°C as an ethanol precipitate.
DNA was genotypéd using one fluorescently labeled oligonucleotide primer and one
20 unlabeled oligonucleotide primér. Labeled and uniabeled oligonucleotides were obtained
from _Infegrated DNA Technologies, Inc. (Coralville, Iowa). All other reagents for
microsatellite genotyping were purchased from Perkin Elm-er-Applied Biosystems, Inc. ("PE-
ABI") (Norwalk, Connecticut). Individual PCR reactions were performed for each marker, as

described by PE-ABI using AmpliTag DNA Polymerase. The reactions were added to 3.5 ul
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-33 WO 01/92891 PCT/ USO1/ 16946 colum and the reconbination fractions
across the top of the table. Each cell of the colum shows the LOD score
for an individual marker tested for linkage to the Zmaxl gene at the
reconbi nat ivomofiazeaat i on shown in the first row For exanpleerusteispgak LOD
score of 7.66 occurs at marker D11S970, which is within the interval

defi ned by hapl otype analysis. 5 TABLE 1 Marker 0.0 0.05 0.1 0.15 0.2 0.25
0.3- 0.35 0.4 D11S935 - infinity 0.39 0.49 f 0.47 0.41 0.33 0.25 0.17 0.10
D11S1313 -infinity 2.64 2.86 2.80 2.59 2.30 1.93 1.49 1.00 D11S987 -

infinity 5.49 5.18 4.70 4.13 3.49 2.79 2.03 1.26 1%@8’}’%‘*%&%3 4.35 3.99
3. 62 3. 2df 13adiiis iR cantring dejgnigedfprmamide pigdesirangng . “5 1.27 0.99
0.70 0.42 0.18 D 115970 7.66 6.99 6.29 5.56 4..79 3.99 .44

D11 S4136stendaAisEPR-ARY). 2&fter hgating apB5 *% fig S igiges(to §%ﬂa£‘¥ri%e %ﬁ’%ﬂ%i’%ﬁ’éésso 6. 28
5.73 5.13 4.50 3.84 3.13 2.38 1,59 15 FGF3 0.59 3.2 61 2.25
1. 84 1. 4@ loRled pnd alestrophorased andeseribpd in thy pperaighs ‘2?%’31 é’ré’%l\g“g%@ 49 1.67

D11S937 -infinity 4.98 4,86 . 4.52 4,06 3. 2. : | |
nucl eot i B&%é&ﬁ%’ﬁ%(ﬁ%ﬁﬂéﬂﬁ)’r ¢t f:ﬁ}éfor‘i’i@f i‘bﬁzlle% g?%%é@%l%%é’ﬁ (Z)\%éatgrﬁ?% gNP is
t d SNP Conti g(033-6 ' t I G ti
i Kerb et HeRe RErAR e SeA SRl GEROETRERM LAFEE, FIdCWdR RIS 2 e
HBM Mar k 7. S t19033-6,i§. i - Afof ' t M | 0113.
Fonever | CEREISGEAN SrseBtiedne g oy S any ull oA et e DL b e
not carry %hi,s ;ghe;h&ga%%.ﬁégwé BitSclel dhE MRt hhRbrdI oFlefssiameawert S
, PPl

cent r omeAREYHD Mer sequence for the genetic markers GIC

HB Ve Ker_ 5, 200 TG HPM MALIGRY ool ol RN L kil frsblons wit 40

of these parameters, were re-tracked and verified. ane all lanes were tracked and the size

10 standards were correctly identified, the data were imported into GENOTYPER™ for allele
identification To expedite allele calling (binning), the program Linkage Designer from the
Internet web-site-of Dr. Guy Van Camp (http://alt.www.uia.ac.be/u/dnalab/ldhtml) was used.
This program greatly facilitates the importing of data generated by GENOTYPER™ into the
pedigree drawing progran; Cyrillic (Version 2.0, Cherwell Scientific Publishing Limited,

15 Oxford, Great Britain) and subsequent linkage analysis using the program LINKAGE

(Lathrop et al., Am. J. Hum. Genet., 37:482-498 (1985)).

II. Linkage Analysis
Fig. 1 demonstrates the pedigree of the individuals used in the genetic linkage studies

for this invention. Specifically, two-point linkage analysis was performed using the MLINK
20 and LINKMAP components of the program LINKAGE (Lathrop et al., Am. J. Hum. Genet.,
37.482-498 (i985)). Pedigree/marker data was exported from Cyrillic as a pre-file into the

Makeped program and converted into a suitable ped-file for linkage analysis.
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TABLE 2 Marker Primer (Forward) Prinmer (Reverse) GIC HBM Marker 5
TTTTGGGTACACAATTCAGICG AAAACTGTGGGTGCTTCTGG  GTC HBM Mar ker 7
GTGATTGAGCCAATCCTGAGA TGAGCCAAATAAACCCCTTCT 5 The ki ndred descri bed have
several feavoopssef great interest, the nost inportant beaicrgsei/fsads t heir
bones, while very dense, have an absolutely normal shape. The outer

di rensions of the skeletons of the HBM affected individuals are normal,
and, while medullary cavities are present, there is no interference with
hemat opoi esis. The HBM affected nenbers seemto be resistant to fracture,
and there are_no neurql ogi c synptons, and no synptons of inpairnent 10 of
any organ or @é@@ﬁﬁ“ﬂdﬁ’gi@e@ﬁa‘b’ﬁs WRAEDPGHORBed wing medels:iBonaptosmad nenber s

of the Kj ndredé{' ve to advanced age wi t hout, undue il | ness or disability.
Fur t her niio8 a0k e%%waﬁ%]p@ Anpepremaldomypant podel vathredvsed penstrangen as

ost eopor 0si,S.... 0St egpar osi.s pseudogliomn, Engel mapn's di sease, Ri bbing' s
di sease, aﬂf}z‘é'? bﬂb@g‘-t?&f'%%‘h?‘a‘?ﬁvi e’é&%l@ﬁ%@%&ﬂ@&%ﬂﬂ@ CP‘WE}%?‘H%&E‘F@SI?’S,

ot ombgalty sz By DO KR BRid ke Fp o e S ai8ee OB s

t 14S. | fecta, = h t. i di d h i di
823538523’6%‘% %é‘%@%@?@fﬁﬁ@&%@%g“@? i nel ?%lﬂﬁ%ﬁ%%?ﬁ% ?é%lﬁﬁf Ih%/inm ti sm
and asso ercal. i a. . medu car.ci nona e
thyroid %ng%ngﬁl os% g"(()lfr%r)ﬁ ngécsiagxgpnaamgtl?ﬁt%&&cﬁﬂ s%nﬁtg%m %%é%lé?lytnﬁ% Tocus in

this f ammrém@fcmhﬁ,s&ﬂ%nﬁ {Hdlyed B ASHD §F Rk f({LdIf)éc%rei 1 §eaul g%pgsgabone

density, and7its 20 1dentification 1s an 1np ant step 1’nun ndi ng

the, Pt g0t Sdord (324a) LR R ARnIS Tl oIS, A11908NGR, Dot seases

such as osteoporosi$. In a r i ndi Vi S carryi M gene,

and t her efsgh jﬁ‘ié?’!?r’ﬁﬁesﬁ%‘coﬂﬁdéﬂa_@intéﬂmp%ﬁtﬁé EBMIRciOletw A dRESDPsdAgNe Mass
characteristic of normal individuals. Mreover, i1ndividuals carrying the
HBM geme a2hava 1593nab hbahio-AL T 0 Fig. ).Dadplodladbis aBO G{a0és theZmdD fidd 92891
PCT/ USO / 16946 i ncr egse_d HDLs. | 'ng ot he?p wor ds, %he HgM gene is aéé
suppr essan tiid saasetregipmr Bisihsr desdiptibys of tRSHeikers W1USIBTADC L5, didIK 15937
arteriosclerotic and/or atherosclerotic associated conditions. In

can be found in Gyapay et al., Nature Genetics, Vol. 7, (1994).

In this invention, the inventors report the narrowing of the HBM interval to the region
between markers D11S987 and GTC_HBM_Marker 5. These two markers lie between the
15  delimiting markers from the original analysis (D11S118905 and D118937) and are l
approximately 3 cM from one another. The narrowing of the interval was accomplished
using genotypic data from the markers D11S4191, D1 181833, D11S1785,D1154113,
D11S4136, D11S4139, (Dib ez al., Nature, 380:152-154 t1996)), FGF3 (Polymeropolous et
al., Nucl. Acid Res., 18:7468 (1990)) (information about the genetic markers can be found at
20 the internet site of the Genome Database, http://gdbwww.gdb.org/), as well as the markers
GTC_HBM_Marker 1, GTC__HBM_Marker_i, GTC_HBM_Marker_3,
| GTC_HBM_Marker 4, GTC_HBM_Marker_5, GTC_HBM Marker_6, and
GTC_HBM_Marker 7.
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essence, individuals carrying the HBM gene are dosed with the HBM protein,
and, as a result, lower levels of detrinmental lipids (e.g., VLDL, LDL and
triglycerides). This in vivo 5 observation is strong evidence that
treatment &foon@rgml 1 ndividuals with the HBM gene or pr @t®iuBe1/18¥46a
fragment thereof, will aneliorate osteoporosis and arterio- or

at herosclerotic conditions or diseases. |V. Physical Mpping To provide
reagents for the cloning and characterization of the HBM | ocus, the .10
geneti c mappi ng data descri bed above were used to construct a physical nmap
of the region containing Zmax 1 on chronosone 11813.3. The physical nap
consi sts of anAwbshdenauFigel, haplotype lanalysiswith the abaye Benetia mirleerssidentifies BAC cl ones
that contain the Zmaxl gene region from chronosone 11g13.3. Various
publicly sembiagios e CrRgsqversd iny indiyidyalp @01Gand PO thetsignifinently spfiesdbst | ng STS
15 markers (O son et al., Science, 245:1434-1435 (1989)) in the HBM region.
Resour ces il pfieheemeseme dbio Which thedma gsre 1f ipstlized bd 18dhd%er , . dbSTS

and dbEST_(NCB|), 11db, the University of Texas Saut hwestern STEC, the
St anf or d ﬁg‘gﬁﬁ&%ﬁ‘dﬁ%"%ﬁ@t inhegis@ %@\?@Pé?h,r?l?‘?s@%ﬁr‘gm é‘Fé‘? s ( Cour seaux

t al., Ce ics, 40:13- 1997), Co t | ., ics, 37:354-365
Chomt) s o ALl S0 e SR IS e G TR, 700,28
- B R AT rr TR A 8B cono o
44:94- 100 : ' | ., ; 5 9 . Ma

i nt egrat eggﬁﬁéélqmggrﬁe -37" Rﬁ%?’:’)ﬁﬁ;%% %ﬁo%%e%d%%%r%%) cont g.;s n;,\ﬁgrge
Zmax!|. -3 I ) ' i sti STS

og?);i ned %Fm#e-%@%}oﬁﬁliil er éwé?gﬂ@%ﬂ%g%{eg ﬂalgé“ﬁgléfeldn?n_ Tagl ge;ebel oW.
Thus, Taba 3P Wharkdi®l, ST TRIMOEMS $dnd GTENBBM R4k $2MHiRIgAlon MaP Of

the Zmaxl gene region.~-37 WO 01792891 PCT/ US01/ 16946
10 from D11S4136 and continuing in the telomeric direction is derived from the non-HBM

chromosome. This data places the ZmaxI gene in a location centromeric to the marker
GTC_HBM_Marker 5. Individual 9020 is an unaffected individual who also exhibits a
critical recombination event. This individual inherits a recombinant paternal chromosome 11
that includes markers D11S935, D11S1313, GTC_HBM_Marker_4, D115987, D1151296
15 and GTC_HBM_Marker 6 from her father's (individual 0115) chromosome 11 homologue
| that carries the HBM gene, and markers GTC_}fBM_Marker_Z, D118970,
GTC_HBM_Marker_3, GTC_HBM_Marker_1, GTC_HBE/I__Markerj,
GTC_HBM Marker 5,D11S4136,D11S4139, D11S1314, and D11S937 from her father's
chromosome 11 that does ﬁot carry the HBM gene. Marker D11S4113 is uninformative due
20 to its homozygous nature in individual 0115. This recombination event places the
centromeric boundary of the HBM region between markers D11S1296 and D11S987.
Two-point linkage analysié was also used to confirm the location of the ZmaxI gene
on chromosome 11. The linkage results for two point linkage analysis under a model of full

penetrance are presented in Table 1 below. This table lists the genetic markers in the first
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column and the recombination fractions across the top of the table. Each cell of the column

shows the LOD score for an individual marker tested for linkage to the Zmax! gene at the

recombination fraction shown in the first row. For example, the peak LOD score of 7.66

occurs at marker D11S970, which is within the interval defined by haplotype analysis.

TABLE 1

Marker 0.0 0.05 0.1 0.15 0.2 0.25 03 | 035 0.4
D11S935 - mﬁmty 0.39 0.49 0.47 0.41 0.33 025 | 0.17 0.10
D11S1313 - inﬁni'ty 2.64 2.86 2.80 2.59 2.30 193 | 1.49 1.00
D11S987 - infinity 549 5.18 4.70 4.13 3.49 279 | 2.03 1.26
D11S4113 4.35 3.99 3.62 3.24 2.83 240 194 | 1.46 0.97
D1151337 - 2.29 2.06 1.81 1.55 1.27 0.99 0.70 | 0.42 0.18
D115970 7.66 6.99 6.29 5.56 4.79 3.99 3.15 | 2.30 1.44
D11S4136 6.34 5.79 5.22 4.61 3.98 3.30 259 | 1.85 1.11
D1154139 6.80 6.28 5.73 5.13 4.50 3.84 3.13 | 2.38 1.59
FGF3 0.59 3.23 3.15 291 2.61 225 1.84 | 1.40 0.92
D1181314 6.96 6.49 5.94 5.34 4.69 4.01 327 | 249 1.67
D118937 -infinity 498 486 .| 452 4.06 3.51 2.88 | 2.20 1.47

A single nucleotide polymorphism (SNP) further defines the HBM region. This SNP

is termed SNP_Contig033-6 and is located 25 kb centromeric to the genetic marker

GTC_HBM_Marker_5. This SNP is telomeric to the genetic marker GTC_HBM_Marker_7.

SNP_Contig033-6 is present in HBM-affected individual 0113.. However, the HBM-affected

individual 9019, who is the son of 0113, does not carry this SNP. Therefore, this indicates

that the'crossover is centromeric to this SNP. The primer sequence for the genetic markers

GTC_HBM_Marker_5 and GTC_HBM_Marker_7 is shown in Table 2 below.
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5 The kindred described have several features of great interest, the most important being
that their bones., while very dense, have an absolutely normal shape. The outer dimensions of
the skeletons of the HBM-affected individuals are normal, and, while medullary cavities are
present, there is no interference with hematopoiesis. The HBM-affected members seem to be
resistant to fracture, and there are no neurologic symptoms, and no symptoms of impairment

10 of any-organ or system function in the members examined. HBM-affected members of the
kindred live to advanced age without undue illness or disability. Furthermore, the HBM
phenotype matches no other bone disorders such as osteoporosis, osteoporosis pseudoglioma,
Engelmann's disease, Ribbing's disease, hyperphosphatasemia, Van Buchem's disease,
melorheostosis, osteopetrosis, pycnodysostosis, sclerostenosis, osteopoikilosis, acromegaly,

15 Paget's disease, fibrous dysplasia, tubular stenosis, osteogenesis imperfecta,-
hypoparathyroidism, pseudohypopairathyroidism, pseudopseudohypoparathyroidism, primary
and secondary ﬁyﬁerparathyroidism and associated syndro‘fti'es, hypercalciuria, medullary
carcinoma of the thyroid gland, osteomalacia and other diseases. Clearly, the HBM locus in
this family has a very powerful and substantial role in regulating bone density, and its

20 identification is an important step in understanding the pathway(s) that regulate bone density
and the pathogenesis of diseases such as osteoporosis.

In addition, older individuals carrying the HBM gene, and therefore expression of the
HBM protein, do not show loss of bone mass characteristic of normal individuals. Moreover,

individuals carrying the HBM gene have lower triglycerides, VLDLs, and LDLs and/or
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conditions or diseases.

IV.  Physical Mapping
To provide reagents for the cloning and characterization of the HBM locus, the
i 10' genetic mapping data described above were used to construct a physical map of the region
containing Zmax1 on chromosome 11q13.3. The physical map consists of an ordered set of
molecular landmarks, and a set of BAC clones that contain the Zmax/ gene region from
chromosome 11q13.3.
Various publicly available mapping resources wefe utilized to identify existing STS
15 markers (Olson e? al., Science, 245:1434-1435 (1989)).in the HBM region. Resources
included the GDB, the Whitehead Institute Genome Cente_r,__dbSTS and dbEST (NCBD),
11db, the University of Texas Southwestern GESTEC, the Stanford Human Genome Center,
and several literature references (Courseaux et al., Genomics, 40:13-23 (1997), Courseaux et
al., Genomics, 37:354-365 (1996), Guru et al., Genomics, 42:436-445 (1997), Hosoda et al.,
20 Genes Cells 2:345-357 (1997) James et al., Nat. Genet., 8:70-76 (1994), Kitamura et al.,
DNA Research, 4:281-289 (1997), Lemmens et al., Genomics, 44:94-100 (1997), Smith et al.,
Genome Res., 7:835-842 (1997)). Maps were integrated manually to identify markers

mapping to the region containing Zmax1.
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® S

listed in Table 3 below. Thus, Table 3 shows the STS markers used to prepare the physical

map of the Zmax! gene region.
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Polymerase chain reaction (PCR) conditions for each primer pair were initially
optimized with respect to MgCl, concentration. The standard buffer was 10 mM Tris-HCl
(pH 8.3), 50 mM KCl, MgCl,, 0.2 mM each dNTP, 0.2 uM each primer, 2.7 ng/ul human
DNA, 0.25 U of AmpliTaq (Perkin Elmer) and MgCl, concentrations of 1.0 mM, 1.5 mM,
10 2.0 mM or2.4 mM. Cycling conditions included an initial denaturation at 94°C for 2
mihutes followed by 40 cycles at 94°C for 15 seconds, 55°C for 25 seconds, and 72°C for 25
seconds followed by a final extension at 72°C for 3 minutes. Depending on the results from
the initial round of optimization the conditions were further optimized if necessary.
Variables included increasing the annealing temperature to 58°C or 60°C, increasing the
15 cycle number to 42 aﬁ_d the annealing and extension times to 30 seconds, and using
AmpliTaqGold (Perkin Elmer).
BAC clones (Kim et al., Genomics, 32:213-218 (1996), Shizuya et al., Proc. Natl
Acad. Sci. USA, 89:8794-8797 (1992)) containing STS markers of interest were obtained by
PCR-based screening of DNA pools from a total human BAC library purchased from
20 Research Genetics. DNA pools derived from library plates 1-596 were used corresponding to
nine genomic equivalents of human DNA. The initial screening process involved PCR
reactions of individual markers against superpools, i.e., 2 mixture of DNA derived from all
BAC clones from eight 384-well library plates. For e;clch positive superpool, plate (8), row

(16) and column (24) pools were screened to identify a unique library address. PCR products
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CCD camera and processed with Kodak 1_D software. The gel data were exported as tab
delimited text ﬁles_; names of the files included information about the library screened, the gel
image files and the marker screened. These data were automatically imported using a
customized Perl script into Filemaker™ PRO (Claris Corp.) databases for data storage and
analysis. In cases where incomplete or ambiguous clone address information was obtained,
additional experiments were performed to recover a unique, complete library address.

Recovery of clonal BAC cultures from the library involved streaking out a sample
from tﬁe liBrary well onto LB agar (Maniatis e? al.; Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1982)) containing 12.5
pg/ml chloramphenicol (Sigma). Two individual colonies and a portion of the initial streak
quadrant were tested with appropriate STS markers by colony PCR for verification. Positive
clones were stored in LB broth containing 12.5 pg/ml chloramphenicol and 15% glycerol at -
70°C. |

Several different types of DNA preparation methods were used for isolation of BAC
DNA. The manual alkaline lysis miniprep protocol listed below (Maniatis et al., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY
(1982)) was successfull.y used for most application's, i.e., restriction x.napping, CHEF gel

analysis, FISH mapping, but was not successfully reproducible in endsequencing. The
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supernatant was then aspirated as completely as possible. In some cases cell pellets wére
frozen at -20°C at this step for up to 2 weeks. The pellet was then vortexed to homogenize
the cells and minimize clumping. 250 pl of P1 solution (50 mM glucose, 15 mM Tris-HCl,
pH 8, 10 mM EDTA, and 100 pg/ml RNase A) was added and the mixture pipetted up and

10. down to mix. The mixture was then transferred to a 2 ml Eppendorf tube. 350 pl of P2
solution (0.2 N NaOH, 1% SDS) was then added, the mixture mixed gently and incubated for
5 min. at room temperature. 350 pl of P3 solution (3M KOAc, pH 5.5) was added and the
mixture mixed gently until a white preciﬁitate formed. The solution was incubated on ice for
5 min. and then centrifuged at 4°C in a microfuge for 10 min. The supermatant was

15 transferred carefully (avoiding the white precipitate) to a fresh 2 ml Eppendorf tube, and 0.9
ml of isopropanol was.added, the solution mixed and left on ice for 5 min. The samples were
centrifuged for 10 min., and the supernatant removed carefully. Pellets were washed in 70%
ethanol.and air dried for 5 min. Pellets were resuspendéd in 200 pl of TE8 (10 mM Tris-HCI,
pH 8.0, 1.0 mM EDTA), and RNase A (Boehringer Mannheim) added to 100 pg/ml.

20 Samples were incubated at 37°C for 30 min., then precipitated by addition of
C,H,;0,Na-3H,0 to 0.5 M and 2 volumes of ethanol. Samples were centrifuged for 10 min.,
and the pellets washed with 70% ethanol followed by air drying and dissolving in 50 n1 TES.
Typical yields for this DNA prep were 3-5 pg/15 ml bacterial culture. Ten to 15 pul were used
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BACs were inoculated into 15 ml of 2X LB Broth containing 12.5 pg/ml
~ chloramphenicol in a 50 ml conical tube. 4 tubes were inoculated for each clone, Cultures
5 were grown overnig_ht (~16 hr) at 37°C with vigorous shaking (>300 rpm). Standard
conditions_for BAC DNA isolation were followed as recommended by the Autogen 740
manuficturer. 3 ml éamples of culture were placed into Autogen tubes for a total of 60 ml or
20 tubes per clone. Samples were dissolved finally in 100 pl TE8 with 15 seconds of shaking
as part of the Autogen protocol. After the Autogen protocol was finished DNA solutions
10 were transferred from each individual tube and pooled into a 2 ml Eppendorf tube. Tubes
with large amounts of debris (carry over from the pelleting debris step) were avoided. The
tubes were then rinsed with 0.5 ml of TE8 successively and this solution added to the pooled
material. DNA solutions were stored at 4°C; clumping tended to occur upon freezing at -
20°C. This DNA was either used directly for restriction mapping, CHEF gel,analysis or
15 FISH mapping or was further purified as described bel.ow for use in endsequel.lcing reactions.
The volume of DNA solutions was adjusted to 2 ml with TE8, samples were then
mixed gently and heated at 65°C for 10 min. The DNA sqlgtions were then centrifuged at
4°C for 5 min. and the supernatants transferred to a 15 ml conical tube. The NaCl
concentration was then adjusted to 0.75 M (~0.3 ml of 5 M NaCl to the 2 ml sample). The
20 - total volume was thén adjusted to 6 ml with Qiagen column equilibration buffer (Buffer
QBT). The supematant containing the DNA was then applied to the column and allowed to
enter by gravity flow. Columns were washed twice with 10 ml of Qiagen Buffer QC. Bound
DNA was then eluted with four separate 1 ml aliquots of Buffer QF kept at 65°C. DNA was

precipitated with 0.7 volumes of isopropanol (~2.8 ml). Each sample was then transferred to
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‘ra c~mm -nmmm  -42 WO 01/92891 PCT/ USO /16946 Novel STSs were devel oped
ei ther frompublicly available genom c sequence or from sequence-derived
BAC insert ends. Prinmers were chosen using a script which automatically

per f or ms o ¥ gfvm'ualazaflm'iﬁ b U eS BRUBALE ARSI Criffetaige GrQSE orBiaight?.

G een, I ngt and subsequent primer picking using Priner3

(Rozen, %‘ﬂﬁ&%e éaa&&@gedx@mm@ggmrmﬁn 45470 AT Hodbématint was removed

VWWY. genone. Wi . mt. edu/ genone-software/other/priner3.hbnl- Polynerase chain

react i on' LRER)y £@NGhldfT0% dinoPaghdped. Mampe iverewenteifigad bgaih ind beopise mi zed
wi th respect to MyCl Z concentration. The standard buffer was 10 nMIri s- HCL

(pH 8. 3) the vagéﬁs,we&«@&ea Jlode 3t thild seage, thekhip@Rpatint erhbved ciwefully mSamples 7 ng/ ul
human 25 U of AnpliTaqg (Perkin Elner) and MgC, concentrations of
1.0 mVs 1w5re EdAtrifuged again to concentrate remaining liquid which was removed with a micropipet

tip. DNA pellets were then dried in a desiccator for 10 min. _20 wulof sterile distilled and
deionized H,0 was added to each tube which was then placed at 4°C overnight. The four 20
! samples for each clone were pooled and the tubes rinsed with another 20 1 of sterile
distilled and deionized H,O for a final volume of 100 1. Samples were then heated at 65°C

10 for 5 min. énd then mixed gently. Typical yields were 2-5 12g/60 ml culture as assessed by
NotI digestion and comparison with uncut lambda DNA.

3 ml of LB Broth containing 12.5 ug/ml of chloramphenicol was dispensed into
autoclaved Autogen tubes. A single tube was used for each clone. For inoculation, glycerol
stocks were removed from -70°C storage and placed on dry ice. A small portion of the

15 glycerol stock was removed fr_om the original tube with a sterile toothpick and ﬁmsfened
into the Autogen tube; the toothpick was left in the Autogen tube for at least two minutes
before discarding. After inoculation the tubes were covgreg.with tape making sure the seal
was tight. When all samples were inoculated, the tube units were transferred into an Autogen
rack holder and placed into a rotary shaker at 37°C for 16-17 hours at 250 rpm. Following

20 growth, standard conditions for BAC DNA pl:'epamtion, as defined by the manufacturer, were
used to program the Autogen. Samples were not dissolved in TE8 as part of the program and
DNA pellets were left dry. When the program was complete, the tubes were removed from
the output tray and 30 pl of sterile distilled and deionized H,0 was added directly to the

bottom of the tube. The tubes were then gently shaken for 2-5 seconds and then covered with
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-10 2.0 MMor 2.4 mM Cycling conditions included an initial denaturation at
94C for 2 mnutes followed by 40 cycles at 94C for 15 seconds, 55C for 25
seconds, and 72C for 25 seconds followed by a final extension at 72 C for
3 m nut es. weegpengiing on the results from the initial rowotuséi/episi m zation
the conditions were further optimzed if necessary. Variables included

i ncreasing the annealing tenperature to 58C or 60C, increasing the 15
cycle nunber to 42 and the annealing and extension tinmes to 30 seconds, and
using AnpliTaqCGold (Perkin Elner). BAC clones (Kimet al., Genomcs,
32:213-218 (1996), Shizuya et al., Proc. Natl. Acad. Sci. USA,

89: 8794- 8 fHfikd @R4ddubsted htdro S Nenpelan@H6KES Boudd. DNAQHE@Hles WefeghddDt ai ned by
PCR- based screening of DNA pools froma total human BAC library purchased

from 20 Res@dtd t&RB pefdorf BbEaRPReS ey divetly foraequehdih @bystdtbddtaSCEo096 were
used corresponding to nine genom c equivalents of human DNA. The initial
screeni nglgure€ss i nvol ved PCR reactions of individual markers against
superpools, i.e., a mxture of DNA derived fromall BAC clones from ei ght
384-well library plates. For each positive superpool, plate (8), row (16)
and colum (24) pools were screened to identify a unique |ibrary address.
PCR produdts -BAOKond ChaBRierRafonise PhiGen dappinge el ectrophoresed in 2%
agarose gels (Sigma) containing u.5 glm ethidiumbromde in |X TBE at 150
volts fir 45 nDIVA skmples pmptncd pitizar by imsnual alkalingdysis endheAntogen\praiotol agrel
systens fromOmM Scientific Products. Typically, gels contained 10 tiers of
| anes wi t digs§ted with HindHl for analysie of destrictioni fpgmentisizks r Bhig dog wiers usedfger, Life
Technol ogi es, Bethesda, MD) 5 were |oaded at both ends of the gel. |nmages
of the gekempasr thecaiontinfevenldptamonsg klodesk Tvpisally CZpeswenensed Horeaghrerdigned wit h
Kodak 1D software: The gel data were exported as tab delimted text files;

nanes of tRigectionmyxtufep e XBuiferai:(New Eagland Biokabs), 0dmag/inl BeYIRSBEL t he gel

image files and the nmarker screened. These data,were automatically ipported
using a  alwmimNeBcERala Bielabs, 50 haial e ApiEorhuingerMapeieqn, endc ity of -

dat ab f, dat t d 10 lysis,, | wher e, i t
anb; guis RO aread Biopdhiaaitonl Veidoe thsinte B TS NS E Bl | ment
were perf (31’7 r@gort496 ﬁo%%s(.)\ﬁlgc PNA Wit also ge%@d%i& l%t{) o?%éﬁrﬁ"‘a%%ﬁ%\f fhsert size by

CHEF gel analysis (see below). Reaction conditions were identical to those for HindIII

except that 20 units of NotI were used. Six ul of 6X Ficoll loading buffer containing
bromphenol blue and xylene cyanol was added prior to electrophoresis.

15 HindIII digests were analyzed on. 0.6% agarose (Seakem, FMC Bioproducts) in 1X
TBE containing 0.5 pg/ml ethidium bromide. Gels (20cm X 25 cm) were electrophoresed in
a Model A4 electrophoresis unit (Owl Scientific) at 50 volts for 20-24 hrs. Molecular weight
size markers included undigested lambda DNA, HindIlI digested lambda DNA, and HaeIll
digested _X174 DNA. Molecular weight markers were heated at 65 °C for 2 min. pﬁor to

20 _loading the gel. Images were captured with a Kodak DC40 CCD camera and analyzed with
Kodak 1D software.

NofI digests were analyzed on a CHEF DRII (BioRad) electrophoresis unit according

to the manufacturer's recommendations. Briefly, 1% agarose gels (BioRad pulsed field
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Recovery of clonal BAC cultures fromthe library involved streaking out a
sanple fromthe library well onto LB agar

Cl oning: A Laboratory Manual,

Col d Spring Harbor

(Mani atis et al., Molecular

Laboratory, Cold Spring

Har bor, NYwd@d239 containing 12.5 15 pg/ m chl or anphenircolus(iGegiea) . Two

i ndi vi dual col onies and a portion of the initial

streak quadrant were

tested wth appropriate STS markers by colony PCR for verification.
Positive clones were stored in LB broth containing 12.5 g/ m

chl oranpheni col and 15% gl ycer ol

at -

70C. Sever al

different types of DNA

preparation nmethods were used for isolation of BAC 20 DNA The nmanual
al kal i ne |ZpRsiEkwerF Riepired ind.5X IEH, equiliratdd foe BOminutesrin tteiebeczophatesis uMbhecul ar
G oning: A Laboratory Manual, Cold Spring Harb .
Har bor, NY4°¢.pogslestropheresesoat Syoits/bh yoriddes with cirplation pPiwitchirts tomes were e. |
FlI SH napging,_but was not

restriction mapping(L CHEF gel
successf ulfyPsddiony

PCTI US01/ 1694 uf ogen and Ha
DNA prepa 5‘1‘?‘3‘?\ 1@81“‘%%‘8%18]&%%‘?%@9

Lube at5 3o g mpdd ol E i

anal ysi s,
¥r i 20 fe5- Ssbvegedniagdafier qipgrop
en, protocaol s were_ used
Wdedimdigsstedigmpda DN

or anpheni_col

oW aREe s mrpkerdel] fromdls

Har bor Laboratory, Cold Spring

oreon®1y pedqthidium

specifically for BAC

gigemed n 15 m

in a 50 m conical

centrifug i.n,a Sorvall RT 6000 D at 3000 rpm (1800 g) at 4C for 15 mn.
e

The supe

N

]

at, - 20C

cases cell pel r fr.oz
pell et was theﬁg@]twg‘)é%}mﬁﬁl eﬁtcﬁj

By dhg g

?!ght was then aspirated as conpletely as possible. In sone

D

and 300 pliPRie Rt oyl B H HERRRe 1 Gl o Blieand 10, down

of P2 sol iy et AR ERoh sARRIF: i

gent | ¥ 18N s e 15 &k SOR rodi3hs uhvere AR

(3M KOAc, pH 5.5) was a

preci pi t aleRehtQr IEBEling! Tastfnd el

ufffied

centrifuged at 4C in a mcrofuge for
situ hybridization. Metaphase FISH was performed as described (Ma et al., Cytogenet. Cell

Genet., 74:266-271 (1996)).

VI. BAC Endsequencing

i

u

P
m

i Aot

c8'TRE2H Mafts

re mxed ge

Sép‘ﬁgde‘ilrt}fio%g

n. The su

AT R ad B vca ©

re m xed

B Bfimdtie P01 "

inf B

rna

unfprfdk B im0 then

[ ant” was

15 The sequencing of BAC insert ends utilized DNA prepared by either of the two

methods described above. The DYEnamic energy transfer primers and Dynamic Direct cycle

sequencing kits from Amersham were used for sequencing reactions. Ready made

sequencing mix including the M13 -40 forward sequencing primer was used (Catalog #

US79730) for the T7 BAC vector terminus; ready made sequencing mix (Catalog #

20 US79530) was mixed with the M13 -28 reverse sequencing primer (Catalog # US79339) for

the SP6 BAC vector terminus. The sequencing reaction mixes included one of the four

fluorescently labeled dye-primers, one of the four dideoxy termination mixes, dNTPs,

reaction buffer, and Thermosequenase. For each BAC DNA sample, 3 pl of the BAC DNA
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15 transferred carefully (avoiding the white precipitate) to a fresh 2 nm
Eppendorf tube, and 0.9 m of isopropanol was. added, the solution m xed
~and left on ice for 5 mn. The sanples were centrifuged for 10 mn., and
“thé super nat@oto2smanoved carefully. Pellets were washed i rcT@%01/16¢48anol and
air dried for 5 mn. Pellets were resuspended in 200 | of TO (10 mm
Tris-HC, pH 8.0, 1.0 nM EDTA), and RNase A (Boehringer Mannheim added to
100 g/m . 20 Sanples were incubated at 37C for 30 mn., then precipitated
by addition of C2H3O2Na-3H20 to 0.5 M and 2 vol unes of ethanol. Sanples
were centrifuged for 10 mn., and the pellets washed with 70% et hanol

fol | owed siiplaives alidnbied teud BCRI s&§PubdsNG pl Bf 16 0B the G dye primbetmipitdhds for

this DNA prep were 3-5 g/ 15 ml bacterial culture. Ten to 15 | were used -45
WO 01/ 92883 chihbihAdicRd waS@eh addellto ddcholf the fouffubéd. Clthe@iibed atelbénsealdd &la Was used
for Notl digestion and clone insert sizing by CHEF gel electrophoresis.
BACs wer eentiifuged Briel} priot o PCR.MThedhocddlidgRobiditibds ifedtved A dithufedieBat@@tion

chl oranphenicol in a 50 m conical tube. 4 tubes were inoculated for each
cl one. Cuat 957Ce$5 sebondkaned)ing\an43AC: and fensiod for i m)inate aB7OC fot 33total gricuUS
shaking (>300 rpm. Standard conditions for BAC DNA isol ati on were foll owed
as r echnmidiedeptliby theiptatokinerg emmtrifdged bnefipfoaollent el thelignid te thebodem of theul t ur e
were placed into Autogen tubes for a total of 60 mM or 20 tubes per clone.
Sanpl es hes §lisbofoteridaidistilled lahg déionized 31,0 weEtheniatldediiftosachonbls thefplas¢saki ng  as
part of the Autogen protocol. After the Autogen protocol was finished DNA
sol ut i onsed®l and centrifugedbrisflyagain, The foursampled fericachBAC weee theripgedadl ed into a 2
m Eppendorf tube. Tubes -w th |arge amounts of debris (carry over fromthe
pel | et i ndogstisr. i RNAwas fhepaprecipitptsd hi addinghbkS 1] ebbs MNHO AR 100pdef- with 0.5

m of TE8 §ucc%s~sivel¥ and this solution added to. . the pogled material. DNA
sol ut i on20we 0% ethara) toygach tube c Sapplrs tere Bied Py PipHng P a0h 8074 o8z TRY at -

20C. This,DNA was either used directly for, restrjction mappi ng, CHEF gel.
anal yé s Plates g Siﬁeﬁ‘ggﬁflﬁgﬁwgl?atm 1¢ ‘E{pe'PmH‘i?F'i ﬂa@awage %%@’&BF%E’O“ bel ow for
fo 2 m iR Baethenrien Ao men s 23 P dreres i Heafeivi a3 For 10
mn. The M ﬁ(l)el s%tiergas tvvv&e"‘arser"ex}ngv%ﬁag &[cgsisﬁjggﬁ%lo%ed onto paper towels. Pellets;

were washed by adding 100 ul of -20°C 70% ethanol into each tube and recentrifuging at

4000 rpm (3,290 xg) for 10 minutes at 4°C. The supematént was removed and excess liquid

15 again removed by blotting on a paper towel. Remaining traces of liquid were removed by
placing the plates upside down over a paper towel and centrifuging only until the centrifuge
reached 800 pm. Samples were then air dried at room temperature for 30 min. Tubes were
capped and stored dry at -20°C until electrophoresis. Immediately prior to electrophoresis
the DNA was dissolved in 1.5 ,},Ll of Amersham loading dye. Plates were then sealed and

20 centrifuged at 2000 rpm (825 xg). The plates were then vortexed on a plate shaker for 1-2
minutes. Samples were then recentrifuged at 2000 rpm (825 xg) briefly. Samples were then
heated at 65°C for 2 min. and immediately placed on ice. Standard gel electrophoresis ;vas
performed on ABI 377 fluorescent sequencers according to the manufacturer's |

recommendation.
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4C for 5 mn. and the supernatants transferred to a 15 m conical tube. The
NaCl concentration was then adjusted to 0.75 M(4.3 mM of 5 MNaCd to the 2
m sanple). The 20 - total volume was then adjusted to 6 M with Q agen
col um equiwo brsagdton buffer (Buffer QBT). The supernat artTasny@ddsi ng t he
DNA was then applied to the colum and allowed to enter by gravity flow.
Col ums were washed twice with 10 mMl of Q agen Buffer QC. Bound DNA was
then eluted with four separate 1 m aliquots of Buffer QF kept at 65 C. DNA
was precipitated with 0.7 volunmes of isopropanol ('-2.8 nml). Each sanple
was then transferred to -46 WD 01/92891 PCTI US01/ 16946 4 individual 2.2 nl

Eppendorfvﬁubgﬁb_%g}ﬂ%%ggnﬁo mtmqyp%ure for 2 hr or overnight.

Sanpl es were centri mTerofuge for 10 min. at 4C. The supernatant

was renoved ggL ﬁ{}}g{chymgﬂ'l& the PhaQfgedOtézivh Pﬁﬁi&es Wa& o8 BAEtlonza that emtaier e
an

centrifuged agal because the DNA pellets were often |loose. at this

stage, t RenLREH N APk’ AP S BBES deht. YDNBae@plcsing of @y aalofttea BAGged agai n
to concentrate remaining liquid which was renoved with a m cropipet tip.

DNA pel | efg, %E?M}%bgéﬂ&% fldledd THE DNXCSqadnce data kG uniique r@@entthat of sterile
distilled and ei oni zed H20O was added to each tube which was then pl aced

at 4C @Vehitidhtata HAE chdikilledGn tHe aBt @EPhse S0 fdentife el Znedxd genemnd éhepdBdM@dnand t he
tubes rinsed with another 20 ,ul of sterile distilled and dei oni zed H20

for a fingho prepdieiBrobés tdGdehily thEgap(sy or e dentifn BN Aveqtende palyrsgplismythapr 5
mn. and then m xed gently. Typical yields were 2-5 ,ug/60 m culture as
assessed jasmtifjNdie geri(®est i on and conpari son with uncut | anbda DNA. 3 nl of
LB Broth containing 12.5 g/m of chl oranpheni col was, di spensed into

aut ocl aved AuBy2DNAlvesisolated acegtding talore oftwopsaerolspeithene RiagFBne. For

i nocul ation, glycerol stocks were renoved from-70C storage and pl aced on
dry ice. pArisination ofBAG BN ACizgen, Ing agflgserihed|in ﬁle@&@“ﬁﬁgerﬁ?éﬁgg’éﬂmﬁ? t he
original tube with a sterile toothpick and tr,ansf_e; ed i.nto the Autogen

t ube; mhepmiﬁoaﬁqnimcmgquﬂﬁcaﬂW?ﬂt-gﬂmdéf&é*a%%’élﬂﬁ&rwﬁ’i“ O two ninutes

before discarding. After inoculation the tubes e cqver.ed-w,t h tape

maki ng swrepmngénlasmi@Nﬁi(@?te:g-rm’éwebﬁlatl'sgﬁ’ﬁf'gm?’ 96@?025 'i"r@gfﬁ" Yeaq, !to he tube
units were transferred into ut.ogen,. rack hol der an Lofo a
rotary shBielgy-Jdehiey S Q%-(Moéﬂgﬁﬁfm %dnﬂ'j‘% pr&tgqu’o%u%g%%guét&

resuspended in GTE (50 mM glucose, 25 mM Tris-Cl (pH 8), 10 mM EDTA) and lysozyme

(50 mg/ml solution), followed by NaOH/SDS (1% SDS/0.2N NaOH) and then an ice-cold

15 solution of 3 M KOAc (pH 4.5-4.8). RnaseA was added to the filtered supernatant, followed
by Proteinase K and 20% SDS. The DNA was then precipitated with isopropanol, dried and
resuspended in TE (10 mM Tris, 1 mM EDTA (pH 8.0)). The BAC DNA was further
purified by Cesium Chloride density gradient centrifugation (Ausubel et al., Current
Protocols in Molecular Biology, John Wiley & Sons (1997)).

20 | Following isolation, the BAC DNA was sheared hydrodynamically using an HPLC
(Hengen, Trends in Biochem. Sci., 22:273-274 (1997)) to an insert size of 2000-3000 bp.
After shearing, the DNA was concentrated and separated on a standard 1% agarose gel. A

single fraction, corresponding to the approximate size, was excised from the gel and purified
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20 growth, standard conditions for BAC DNA preparation, as defined by the
manuf acturer, were wused to programthe Autogen. Sanples were not dissolved
in TE8 as part of the programand DNA pellets were left dry. \Wen the
program wasvcamwpsset e, the tubes were renoved from the omtpusoitemy and 30 |
of sterile distilled and deioni zed H20 was added directly to the bottom of
the tube. The tubes were then gently shakén for 2-5 seconds and then
covered with -47 WD 01/92891 PCT/ US01/ 16946 parafilmand incubated at room
tenperature for 1-3 hours. DNA sanples were then transferred to an
Eppendorf tube and used either directly for sequencing or stored at 4C for

| ater usey eNctrEASidd (SRELIGIREALL Bbicelt Oldningt A Bhbrios) MbkyapiColl SprilgA sanpl es

prepared éither by manual al kal i ne | ysis or the Autogen protocol were

di gest ed ppiidp Iabéraiohy, Joltl Spfng] MEi(B89f). restriction fragnment sizes. This data
were used to conpare the extent of overlap anong clones. Typically 1-2 jig

were used for Taaplirifi@PONAGRgmelie #6fel thoh blint-{endetdising QU DINAI poliiXemsd. fBre 2 ( New
Engl and "'Bi ol abs), 0.1 ng/m bovine serum al bum n (New Engl and Bi ol abs), 50
g/ M RNasgunfehBRdabiii e thditipated tordnjqua BatXIdinkex &ispteds (30 Hi ndl [ 1 ( New Engl and
Biolabs) in a final volume of 25 Al. Digestions were incubated at 37C for
4-6 hoBr SGTEAT ANBAGEGEG0d §iGREGEGANGAIE INA00-106} folsbmelasaxicess). dihesenser t

size by CHEF gel analysis (see below). Reaction conditions wer.e jdentical

t 0 those liniersMenzi¢dnplineutaspto theBetXPout pVE vestornsonstmetedbythe ipvempss), ul of 6X
Ficoll loading buffer containing broiphenol blue and xyl ene cyanol was
added pr i wihiletthe eteglutng oyas ootesifsomplimentany Thereforpethe dinkasy wowld Aoty zed on 0. 6%
agarose (Seakem FMC Bioproducts) in 1X TBE containing 0.5 2g/m ethidium
bromi de. @stateniizeoar wowld therppt-yastos religate itsed Honsila kg linker-ada ertg yvere

el ectrophoresis unit (OM Scientific) at 50 volts fo‘rqu%ﬁ%- 24 2{5. Mol ecul ar
wei ght  s¥epasatad frey the ppigsorprIsted inkematiadido PSATS 45 15RA] FBESHRELP R | anbda

Ch o0 B o) St BBt St s s BB B S 52 7,
a Kodak %gns%%g)t :f 'asggtrggn"asr&gclgxﬂe%lb}/a%}% Vg '}et:]tor cKc%ga?rlfed]éxti) ob -étl—%eqécz gene at
the cloning site which became in-frame in the event that an adapter-dimer is cloned, allowing
these to be avoided by their blue-color.
All subsequent steps were based on sequencing by ABI377 automated DNA
15 sequencing methods. Only major modifications to the protocols are highlighted. Briefly, the
library was then transformed into DH50 competent cells (Life Technologies, Bethesda, MD,
DH5e: transformation protocol). It was assessed by plating onto antibiotic plates containing
ampicillin and IPTG/Xgal. The plates were incubated overnight at 37°C. Successful
transformants were then uséd for plating of clones and pickiﬁg for sequencing. The cultures
20 were grown overnight at 37°C. DNA was pﬁriﬁed using a silica bead DNA preparation (Ng
et al., Nucl. Acids Res., 24:5045-5047 (1996)) method. In this manner, 25 ug of DNA was
obtained per clone. ' '
These purified DNA sampies were then sequenced using ABI dye-terminator

chemistry. The ABI dye terminator sequence reads were run on ABI377 machines and the
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Nod di gests were anal yzed on a CHEF DRI (BioRad) el ectrophoresis unit

according to the manufacturer's recommendations. Briefly, 1% agarose gels

(Bi oRad pulsed field -48 WD 01/92891 PCT/ US01/16946. grade) were prepared

in 0.5X TBeoewsdii brated for 30 mnutes in the el ectropletra@sidicoysi t at

14C, and el ectrophoresed at 6 volts/cmfor 14 hrs with circul ation.

Switching times were ranped from 10 sec to 20 sec. Gels were stained after

el ectrophoresis in 0.5 g/m ethidium brom de. Ml ecul ar wei ght markers

i ncl uded undi gested | anbda DNA, Hi ndll| digested 5 | anbda DNA, |anbda

| adder PFG | adder, and | ow range PFG marker (all from New Engl and

Bi ol abs) . rLena i . ¢ Btht ¥&s.SADFeallit 0gEN
dataWas %&]&e ec%x?églrtg Hl\ggrg%fl‘{?pfollm%e%lakﬁﬁb ¥

prot ocol s"were SIs using a Bioprine | abeling kit

(B1 0Rac) RS REIGs P8R AP et Koot of DOMIRAUAdrom Brdgharr ot

t
nodi fi cations. xi-mately 200 ng of DNA 10 was used for each 50 |
reaction.cg &a&@:ﬁéraﬁﬁélwo%&‘ﬂ?ﬁvf An2 PORIRN 9B SvitielefauR palainetersiand qudliey ext ent of
i

| abel i ng. Reactions were p i ed using a Sephadex G50 spin colum prior to
in situ I F gkl R af d-BIth vBrapeiddosidited aasvelegosfidorsd (Ma et
al., oyt SS%E%?@“@“P%S&%., 74: 266-271 (1 96)?‘.i VI. BAC Endsequencing 15
The 55 IRBhtidd RlloRA the'Bftal asBelHsty Uhisking dtePNAquenes foarkitmes iat by of t he
two methods descri bed above. The DYEnanmi c energy transfer prinmers and
Dynam ¢ Qi &6he st Radsy Feraddtified Kid ssqiienosd witteABhtachmloge taiallod ther

sequenci ng reactions. Ready made sequencing m x including the M3 -40
forward sesisEesioads pdditional svesappiericontgs. Arimersifor WAkDEIGYe felnctedvsingz BAC
vector term nus; ready made sequencing m x (Catalog # 20 US79530) was m xed
wi th t he Géd3meZBeraparticsprogmmRicic priepndanthe epdsaf thesdpngs WSzaldia)gapor  t he SP6
BAC vector term nus. The sequencing reaction m xes included one of the four
f 1 uor escesiésuye. |'Bioe vealksohyere pagiensed using the s¢leaterclnss andrimsss  Dtd #fienat i on

m xes, dNTPs, reaction buffer, and Thernpsequenase. For each BAC DNA

sanpl dp JeisserhbledwitBRERBRAnto4equence contigs.

VIII. Gene Identification by Computational Methods

Following assembly of the BAC sequences into contigs, the contigs were subjected to
computational analyses to identify coding regions and regions bearing DNA. sequence
similarity to known genes. This protocol included the following steps.

15 1. Degap the contigs: the sequence contigs often contain symbols (denoted by a
period symbol) that represent locations where the indivic.lu__zil_ABI sequence reads have
insertions or deletions. Prior to automated computational analysis of the contigs, the periods
were removed. The oﬁginz;l data was maintained for future reference.

2. BAC vector seqixences were "masked" within the sequence by using the

20 program cross match (Phil Green, http:\\chimera.biotech.washington.ed\UWGC). Since the -

shotgun libraries construction detailed abo{/e leaves some BAC vector in the shotgun

libraries, this program was used to compare the sequence of the BAC contigs to the BAC
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WO 01/92891 PCTIUSO /16946 sanple was aliquoted to 4 PCR strip tubes. 2l
of one of the four dye priner/term nation mx conbinations was then added
to each of the four tubes. The tubes were then sealed and centrifuged
briefly prvoorasd?CR. Ther nocycling conditions invol ved @ctusinsbe
denaturation at 95C, 15 second annealing at 45C, and extension for 1
mnute at 70C for 35 total cycles. 5 After cycling the plates were
centrifuged briefly to collect all the liquid to the bottomof the tubes.
5 ul of sterile distilled and deioni zed H20 was then added into each tube,
the plates sealed and centrifuged briefly again. The four sanples for each
BAC wer e detn apbialnetk anyogetdn edquendiprionts stitvequept sepispMaskebiselpyeneadovang 1.5 Al
of 7.5 M NH4OAc and 100 ,ul of - 20C 100% et hanol to each tube. Sanples
wer e mi xeshatkyd by et inthelspquanck filesyand reomined inert Moripg sitbsequant aalybesn seal ed
and incubated on ice for 10 mnutes. Plates were centrifuged in a table
top Haraeus ceéhtri fAigdi stiuetBSonpmifing 0@ BAf) sdquencgoweremasked tt 4C t o
recover the DNA The supernatant was renoved and excess liquid blotted
ont o papeconmvieg the BAL tatigs totbe entieEheodf YA semdensg- 100 Al of -20C 70%

et hanol into each tube and recentrifuging at 4000 rpm (3,290 xg) for 10
m nut e$ at 4C.4.The Rengitivaglementsigawn mmeRdn theduman prrpamevers masked

renoved by blotting on a_ paper towel. Renaini 2‘8 traces of |iquid re
renoved bysingtrossimaich: Hw this imnlementation of eratmaist: e&%ﬁ?&\mﬁsw COMRYTe

centrifuging only until the centrifuge reached 800 rpm. Sanples were then
air dri edtoa?cdaﬁ%bé%‘{fé%@?@PW@CFWCBQ%W.JC‘%@C%&QME’@Q% %‘ﬁg stored dry
at -20C until electrophoresis. |npedi atel ri | ect.rophoresis .the
DNA s QIRSUBIoy BISAIOHCR). The tapskpd Epestiahiry BAERER GY o 2P0 PSP RLIoR: PR o

seal ed and .20 centr.ifuged at 2000 rpm (825 xg). The plates were then
vortexed SHPSSHUERtAPAYSRaker for 1-2 nminutes. Sanples were then

recentyj fuged at 20Q0.r 825 xq)..bri.ef | es.: . t.ed at
65'C for 2 m n& angﬁr‘ﬂﬁ?ég%é?%ﬁxﬁn‘%ﬁ@%gl%g%{e%%%@gn%iar d&glz]ﬁe%hﬁg ectrophoresis
was perfornmed on | ALl T r q ] ding to the
manuf act uf &P “Pé‘é@%‘%‘r&%&% e A 8‘?/ 5T B UL 16046 W1 .
Sub-cloning ang SeaH@RCh R asdBipaeFdMpublicly available unigene database

(National Center for Biotechnology Information, National Library of Medicine, 38A, 8N905,

8600 Rockville Pike, Bethesda, MD 20894; www.ncbi.nlm.nih.gov) using the blastn2 .

15 | algorithm (Altschul et al., Nucl. Acids Res., 25:3389-3402 (1997)). The parameters for this
search were: E=0.05, v=50, B=50 (where E is the expected probability score cutoff, V is the
m.meer of database entries returned in the reporting of the results, and B is the number of
sequence alignments returned in the reporting of the results (Altschul et al., J. Mol Biol.,
215:403-410 (1990)).

20 7. . The sequencé was translated into protein for all six reading frames, and the
protein sequences were compared to a non-redundant protein database compiled from
Genpept Swiss.prot PIR (National Center for Biotechnology Information, National Library of
Medicine, 38A, 8N905, 8600 Rockville Pike, Bethesda, MD 20894; www .ncbi.nlm:nih.gov).
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The physical map of the Zmaxl gene region provides a set of BAC clones that
contain wthin themthe Zmaxl gene and the HBM gene. DNA sequenci ng of
several of the BACs fromthe regi on has been conpl eted. The DNA sequence
data is a woewesmeagent that 5 includes data that one skCtise/ikanst he art
can use to identify the Zmaxl gene .and the HBM gene, or to prepare probes
to identify the gene(s), or to identify DNA sequence pol ynorphi sns that
identify the gene(s). BAC DNA was isol ated according to one of two
protocols, either a Qagen purification of BAC DNA (Q agen, Inc. as
described in the product literature) or a manual 10 purification which is
a nodifi i i | sisg/siarsd By, GRl Brdrdlgmeepar ati on
of pl asmﬁﬁgﬁgﬁm%restefg%@gs%%ﬁg%ge .?![S, \glés.ofuoig’rent IEfl’r o%ool s in Ml ecul ar

‘Bi ol ogy, AN Wley & Sons (1997)). Briefly for the manual protocol, cells
were pel l'eted, resuspended in GITE (50 mM gl ucose, 25 nM Tris-C (pH 8), 10

nmM EDTA) and ysozyf;%; Qhag b d th @lel davuBsheloy tRONASEShes 1%
SDS/ 0. 2N NaC]—l)l8 and t e%ég%]‘[qgéed%%ﬁ%d a15 rgity)hl*eu.ti orﬁ= of 3 MKOAc (pH 4.5-4.8).

RnaseA i bifect Bifectibh bffcRifhettd pREdIDEEREIow) @idgbith2 (AftsdRubdt el nase K and
20% SDS. e was then precipitated with isopropanol, dried and

resus p?g@%}h | 4] Rk 195:594914402 (19070 M1EhAn{eps Br (hig searth eveRABOMSA was furt her
y

purifie Cesium thloride density gradient centrifugation (Ausubel et

al ., Cur reafso, BE500wRS Ej W, Mal s defineBlaodtogy, John Wley & Sons (1997)). 20
Fol | owi ng i sol ation, the BAC DNA was sheared hydr odynam cal |l y usi ng an HPLC
(Hengen, Trends i nTE: BAseyuehcs was @ap2Edtatlidseqi9e?s of allethenBARs&iom the ze of
2000- 3000 bp. After shearing, the DNA was. concentrated and separated on a
st andar d HBMEggioese clgemosotne Higi2l 3 usinglolastndr(Altsdwt erssp oNutlndridsoReshe

approxi mate size, was excised fromthe gel and purified -51 WD 01/ 92891
PCTI USOl [ 2555386-3462/(169'D}:.{The @kmatvietsrs fohisiseasdkwere ExD.05, ¥mileBabhwberednVng: A
Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring, NY (1989)).
The puni famid Dbldefinedgsrehove. wer e t hen bl unt - ended using T4 DNA pol yner ase.

The Dblunt-ended DNA was then |igated tqo unique BstXI,—IcilB_ker adﬁgtfers (5
10. The BAC sequence was compared to the sequences derived from the'ends o

BACs from the HBM region on chromosome 11q12-13 using blastn2 (Altschul et al., Nucl.
Acids. Res.,25:3389-3402 (1997)). The parameters for this search were E=0.05, V=50, B=50,
where E, V, and B are defined as above. |

15 : 11.  The BAC sequence was compared to the Genbank database (National Center
forlBiotech.rixology Information, National Library of Medicine, 384, 8N905, 8600 Rockville
Pike, ﬁethesda, MD 20894; www.ncbi.nlm.nih.gov) using blastn2 (Altschul et al., Nucl.
Acids. Res., 25:3389-3402 (1997)). The parameters for this search were E=0.05, V=50, B=50,
where E, V, and B are defined as above.

20 12. TheBAC seéumce was compared to the STS division of Genbank database
(National Center for Biotechnology Information, National Library of Medicine, 38A, 8N9505,
8600 Rockville Pike, Bethesda, MD 20894; www.ncbinlm.nih.gov) using blastn2 (Altschul
et al., 1997). The parameters for this search were E=0.05, V=50, B=50, where E, V, and B

are defined as above.
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5 GICTTCACCACGESG and 5 GIGGTGAAGAC in 100-1000 fold nol ar excess): These
| inkers were conplinmentary to the BstXl-cut pMPX vectors (constructed by
‘the inventors), while t he overhang was not self-conplinmentary.- Therefore,
t he |i nker swoouddoinot concatenerize nor woul d the cut - vectrasor/sgbiegat e
itself easily. The linker-adapted inserts were separated fromthe

uni ncorporated |linkers on a 1% agarase gel -and purified using Gened ean 10
(BIO 101, tnc.). The linker-adapted insert was then ligated to a nodified
pBl ueScri pt vector to construct a "shotgun" subclone library. The vector
contained an out-of-frane |lacZ gene at the cloning site which becane

in-frame in thg evef Eﬁje : ?éhcé‘ fﬂpafydq@{helggpﬁg&aggqueﬁ&g (%aspgag these to

be avoi ded by their or subsequent steps wer e ed on

sequenci ngoliABkHle AR et bB ieciRl {6, NBGnal Gk BB O°

rmdlflcatlonstothe rotocols are |g1||gted Brlefly, the Tlibrary was

then tr anﬁ/fe@ﬁ:ﬁ@d.’;8'An%N9%@0@Rmﬁfﬁkec§étb§sdﬁ,m{b@0§mWﬁﬂil abu.niBgohesda,

MD, DHSa transfornatl on protocol). It was assessed by plating onto

ant i bi ot i Gy (?Q@élﬁﬂ A 419 NudlRéids. RS, 125e8389-B 001 59). . ThElparapleterefor wer e
i ncubat ed over ni ght at 37C. Successful transformants were then used for

pl ati ng Ofhisde RV HeRTEL0M05; Wi=DsD, Bep50; atite B; Wgnd B hr defihddasabove20 were gr own
overnight at 37C. DNA was purified using a silica bead DNA preparation (Ng
et al., Nucl. Acids Res., 24:5045-5047 (1996)) nethod. In this manner, 25
jug of DNA was obtained per clone. These purified DNA sanples were then
sequencedIXsi rgedﬂdeduﬁedtbanﬂyrmrmthMGMesmw The ABI dye term nator
sequence reads were run on ABI377 nachines and the -52 WD 01/92891

PCTI USQl / 1694 6Primary dinkwered cDNApobly wereepmepfaged fenth banewparsgwirs@liriabonko| | owi ng

| ane tracking of the gels. Al reads were assenbled_us PHRAP (P. G een,
Abst r act s famforddBBEnd:iliidany, Cheletalmpclsgiestinandinial beain. Spl Y(ﬁAéf‘rtPé‘égW REAEELV, Jan.
1996, p.157) with default paraneters and qk‘allty scores. The |§| al
assenbl y rem cdlyadaland Enaspldoseiispedd éF%é”ﬁhB&?@%g@%ﬁ

contigs. Follow the initial assenbl y, .mssin uences from
cl ones1Q hé1936hI]¥A?°g§9é’ @In&ogusy ¥hd (F%dmrém?lg@?ﬁt"&% é‘g}ﬁgga‘”%equenced with
ABI techno Ogaseé Bom Cioutech (Palo Alto, California). In order to generate oligo(dT) and random

| primed cDNA pools from the same tissue, 2.5 pg mRNA was mixed with oligo(dT) primer
in one reaction and 2.5 pg mRNA was mixed with random hexamers in another reaction, and
both were converted to first and second strand cDNA according to manufacturers
15 recommendations (Life Technologies, Bethesda, MD). Paired phosphorylated cDNA linkers
(see sequence below) were annealed together by mixing ina 1:1 ratio (10.ug each) incubated
at 6.5‘;C for five minutes and allowed to ool to room temperature.
Paired linkers oligo1/2 .

OLIGO 1. 5'CTG AGC GGA ATT CGT GAG ACC3' (SEQ ID NO:12)

20 OLIGO 2: 5'TTG GTC TCA CGT ATT CCG CTC GA3' (SEQ ID NO:13)

Paired linkers oligo3/4

OLIGO 3: 5'CTC GAG AAT TCT GGA TCC TC3' (SEQ ID NO:14)
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identification of additional overlapping contigs. Prinmers for wal king were
sel ected using a GCenone Therapeutics program Pick _primer near the ends of
the clones to facilitate gap closure. These wal ks were sequenced using the
sel ected cwo@g29nd priners. Data were 10 reassenbl ed w pbr/kiiAkudsNt O
sequence contigs. VIII. Cene ldentification by Conputational Mthods
Fol | ow ng assenbly of the BAC sequences into contigs, the contigs were
subjected to conputational analyses to identify coding regions and regions
beari ng DNA sequence simlarity to known genes. This protocol included the
follow ng steps. 15 1. Degap the contigs: the sequence contigs often

contain synbo not [ r:ibﬂl: W .1bpcations
where the indbfr}cé‘ggr A%&M&%yhave% CH}AZ‘%% t(lggggﬁgiﬁ'é?;)eti ons.
Prior to autonmated conputational analysis of the contigs, the periods were
renoved. The original data was maintained for future reference. 2. BAC

vect or s Bejimesiinkers\oligeS/6 rasked" within the sequence by using the 20 program
cross match (Phil Green, http:\\chinera. bi ot ech. washi ngt on. edu\ UNGC) . Si nce
the shotgun OLBGArs: es mm&ﬁ@&ﬁ@ﬂé@ﬁﬂmﬂm(ﬂmoé]éh BAC vect or
in the shotgun |libraries, this programwas used to conpare the sequence of
t he BAC conti gg160 ¢ he BAR 658 WOGAGAR ATICECHTISCAS(SBEQID N@dfpbr and to
mask any vector sequence prior to subsequent steps. Masked sequences were
mar ked by an "X" in the sequence files, and renmained inert during

subseqye E. coli sequences contam nating the BAC sequences

wer e ms%é%?cﬂ@k%%ﬁoﬁ%gﬁ?ng the BAC contigs to the entire E. coli DNA
sequence. 5 4 iti al t i human genone
wer e masked G@gﬁé Crosgeﬁéégﬁfféé' |§QFﬁgﬁg%%%§aglo%hgyﬁgggssnatch, t he
BAC sequence was _conpared 0,.a_dat PRLIN ehenent s
(Jerzy Jerka, OBGE & c |%TB@#%%ﬂéé@@ﬁéﬁ&gmﬁﬁﬁe&%ﬁﬁ%ﬁ%’g CA). The
masked repeats were nmarked by X and remained inert during subsequent

anal yses. 10 5. The |l ocation of exons within the sequence was predicted
usi ng t héalvEdnkers oligol11/12

OLIGO 11: 5'GAA TCC GAA TTC CTG GTC AGC3' (SEQ ID NO:20)
10 OLIGO12: 5TTG CTG ACC AGG AAT TCG GAT TC3' (SEQ ID NO:21)

Linkers were ligated to all oligo(dT) and random primed cDNA pools (see below) according
to manufacturers insﬁ'uctions (Life Technologies, Bethesda, MD).
Oligo 1/2 was ligated to oligo(dT) and random primed cDNA pools prepared from
bone marrow. Oligo 3/4 was ligated to pligo(dT ) and random primed cDNA pools prepared
15 from calvarial bone. Oligo 5/6 was ligated to oligo(dT) and random primed cDNA pools
prepared from brain and skéletal muscle. Cligo 7/8 was ligated to oligo(dT) and randorg
primed cDNA pools prepared from kidney. Oligo 11/12 was ligated to oligo(dT) and random
primed cDNA pools prepared from femoral bone.
The cDNA pools were evaluéted for length distribution by PCR _ampliﬁcation using 1
20' plofal:l, 1:10, and 1:100 dilution of the ligation reaction, respectively. PCR reactions
were performed in a Perkin Elmer 9600, each 25 pl volume reaction contained 1 pul of DNA,
10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 0.001% gelatin, 200 mM each
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conput er program (Zhang, Proc. Natl. Acad. Sci., 94:565-568 (1997)). 6. The
sequence was conpared to the publicly avail abl e uni gene dat abase (National
Center for Biotechnology Information, National Library of Mdicine, 38A,
8N905, 86600 Roekwmi || e Pike, Bethesda, NMD 20894; www. ncbipcrhusomishuegoV)
using the blastn2 15 algorithm (Al tschul et at, Nucl. Acids Res.,

25:3389- 3402 (1997)). The paraneters for this search were: E=0.05, v=50,
B=50 (where E is the expected probability score cutoff, Vis the nunber of
dat abase entries returned in the reporting of the results, and Bis the
nunber of sequence alignnments returned in the reporting of the results

(Al tschul g&trpgil10,.M pritfet andd lﬁﬁt-TaqlDl'Nz@pA%eégﬁPérkMﬁ) A@wis amplife@ sequence

was translated into protein for all six reading frames, and the -protein

Sequences YWt eNRRLE doldXichs M eéREYRGANE, 0rsBdcRidDat 60aE aRPS Rirt@edRt | €d from
Genpept Swi ssprot PIR (National Center for Biotechnology Information,

Nat i onal I72be &rB80@jclesVFHE RhiiR distidtioBHIRSamiB1RA cBORAMolS WerbevatuateBalyhesda,
MD 20894; www. nchi . nl mnih.gov). --54 WD 01/92891 PCT/ USOL/ 16946 The

par anmet er glec@sphbiesis ofi @3PE fpayiRE gelFFie TR redétiofl thaBpaveGhe bidserepredentalion ¢ihd B are
defined as above. 8. The BAC DNA sequence was conpared to the database of
t he cDN§\ cheafdom phithéd/ad dlige@Tiprimeal cDNA padls was sexlpdnp sethhts-2(Hes ef dabied

bel ow) using blastn2 (Altschul et ai., 5 Nuci. Acids. Res., 25:3389-3402
(1997)). Th&Appoohwes podudedr ThelstastimpedNA forthealictGeloSion Ve 86y coBiprid&int wher e
E, V, and B are defined as above. 9. The BAC sequence was conpared to the
sequences 0F pgadf ramtoeprirBARD N Aomixet with BEN g o glige(dB)prihedoB¥Aase 11g12- 13
using blastn2 (Al tschul et ai., Nuci. Acids. Res., _.25:3399-3402 (1997)).
The par anet er s ThoDNAWfrem dheeaTdA Grthet vErQused in the dzect ERYA. selgptiongreeedye 10 and
B are defined as above. 10. The BAC sequence was conpared to the sequences
derived franigoledasing NorcleobpmdsAX colpmpsas depauibpdby the mepuigstpshIsMest11912- 13
using blastn2 (Al tschul et al., Nuci. Acids. Res.,-25:3389-3402 (1997)).
The pad8@ne®eim 9y this search were E=0.05, V=50, B=50,

The BACs were pooled in equimolar amounts and 1 pg of the isolated genomic DNA
was labelled with biotin 16-UTP by nick translation in accordance with the manufacturers
instructions (Boehringer Mannheim). The incorporation of the biotin was monitored by
methods that could be practiced by one skilled in the art (Del Mastro and 'L_ovett, Methods in

15 Molecular Biology, Humana Press Inc., NJ (1996)).

Direct cDNA selection was performed using methods that could be practiced by one
skilled in the art (Del Mastro and Lovett, Methods in Molecular Biology, Humana Press Inc,,
N7 (1996)). Bri.eﬂy, the cDNA pools were multiplexed in two separate reactions: In one
reaction cDNA pools from .bone marrow, calvarial bone, brain and testis were mixed, and in

20 the other cDNA pools from skeletal muscle, kidney and femoral bone were mixed.
Suppression of the repeats, yeast sequences and plasmid in the cDNA pools was performed to
a Cot 0f20. 100 ng of biotinylated BAC DNA was mixed with the suppressed cDNAs and
hybridized in solution to a Cot of 200. The biotinylated DNA and the cognate cDNAs was

captured on streptavidin-coated paramagnetic beads. The beads were washed and the primary
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where E, V, and B are defined as above. 15 11. The BAC sequence was
conpared to the Genbank database (National Center for Biotechnol ogy

I nformation, National Library of Medicine, 38A, 8N905, 8600 Rockville

Pi ke, BethewﬂamnMD 20894; www. ncbi . nl m ni h. gov) using bl agtrnRoywbdsschul et
ai., Nuci. Acids. Res., 25:3389-3402 (1997)). The paraneters for this
search were E=0.05, V=50, B=50, where E, V, and B are defined as above. 20
12. The BAC sequence was conpared to the STS division of Genbank dat abase
(National Center for Biotechnology Information, National Library of
Medi ci ne, 38A, 8N905, 8600 Rockville Pike, Bethesda, VD 20894,

S I B SR
i 9
cgniagse]ga e?t Sﬁl Xpr eg\ségggégeqﬁgémgﬁgﬁgga%ﬁ?;e ﬁ at a E@gl?ﬁlgglegﬁgl "
Ce 38A,

nt er g%gﬁ%{g%g Fqg%@%@@%{ggﬁﬁh@ﬁm N@bhﬂﬁﬁ clﬂNAPEl@ﬁé’ B%om’? Shd 18,

8N905, 8 4; WWW. NC nl m ni h. gov)
using bl ag (fl)‘ﬂr%y? heLaY3-4 1%?: %usﬁ@@m@&%@%eﬁﬂ997))
The par arre lﬁﬁ sle?e%%e”gfséh wer e ﬁg 8)5 V=250, B=250, where E, V,
and B a xgﬁ%'ﬂ{%%o Y&ieclidh. Cene | denti fication by Direct eDNA

Sel ectl on mary tin ere cDNA pool s were prepared from bone marrow,

cal vari al bonege sfBAPArR kel bdHEMatiill 88X bobk @bbw] calMasisll ene, f@ndralboagd total -
brain. Poly (A) + RNA was prepared fromcalvarial and fenoral bone tissue

( Chont zy niitheyEdkeRtal mudéd@ ltestiBiRbioRNbrain a8 PCRGmifiFed ifing hodifipd piheés e€si 0 et
al ., Focus, 3 1-4 (1987)) and the remai nder of the nRNA was purchased from

Cl ont ech él&aéo 36} DandCH|, Efown betow, andclaredéuto the YRGaratbepAMPYL (W and random
prinmed cDNA pools fromthe same ti'ssue, 2.5 gg nRNA was m xed with
ol i go( dT) TehhdlBgies, Bothesta, MB)ih aavrdanct Viittthe mamhActurss tetonaendRionsy andom
hexaners in another reaction,” and both were converted to first and second
trandideﬁe(tpnﬁemqmamcmnuf acturers 15 recommendati ons (Li fe
Technol ogi es, Bethesda, MD). Pai red_[phosphor | at ed cDNA | i nke

Oligo1-CUA: 5'CUA CUA CUA CUA CTG AGC GGA ATT CGT GAG ACC3' (SEQ]D

NO:22)

Oligo3-CUA: 5'CUA CUA CUA CUA CTC GAG AAT TCT GGA TCC TC3' (SEQ ID '
NO:23)

15 Oligo5-CUA: 5'CUA CUA CUA CUA TGT ATG CGA ATT CGC TGC GCG3' (SEQID
NO24)

Oligo7-CUA: 5'CUA CUA CUA CUA GTC CAC TGA ATT CTC AGT GAG3' (SEQ ID
NO:25)

Oligo11-CUA: S'CUA CUA CUA CUA GAA TCC GAA TTC CTG GTC AGC3' (SEQID
20 NO:26)

The cloned secondary selected material, from each tissue source, was transformed into
MAX Efficiency DH52 Competent Cells (Life Technologies, Bethesda, MD) as
recommended by the manufacturer. 384 colonies were picked from each transformed source

and arrayed into four 96 well microtiter plates.
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(see sequence bel ow) were anneal ed together by mxing in a 1:1 ratio (10 ng
each) incubated at 65C for five mnutes and allowed to cool to room
tenperature. Paired linkers oligol/2 OLIGO 1: 5 CTG AGC GGA ATT CGI GAG
ACCT (SEQ Mm d@28dd) 20 OLIGO 2: 5 TTG GIC TCA CGI ATT Ceerasti/fefwt (SEQ | D
NO-13) Paired linkers oligo3/4 OLI GO 3: 5' CTC GAG AAT TCT GGA TCC TC3'
(SEQ ID NGO 14) -56 WD 01/92891 PCTI US01/16946 OLIGO 4: 5" TTG AGG ATC CAG
AAT TCT CGA G3' (SEQ ID NO 155) Paired linkers oligo5/6 OGO 5: 5 TGr
ATG CGA ATT CGC TGC GCG3' (SEQ ID NO 16) OLIGO 6: 5 TTC GCG CAG CGA ATT
CCC ATA CA3' (SEQ ID NO 17) 5 Paired linkers oligo7/8 OLIGO 7: 5" GIC CAC

TGA ATT CTC AGH éstchdarilyielected cNAlddnes Gete(selptenced ubfog MY dykGriddeA ATT CAG TGG
AC3'" (SEQ ID NG 19) Paired linkers oligol 1/12 OLI GO 11: 5 GAA TCC GAA TTC

CTG GIC AtefiinatbfStyQld doqidncia@ kit {AprHetl Bids¥stems), ahlChd data Mcct&l ¥y tAARBIGE7 GAT
TC3'" (SEQ ID NO 21) Linkers were ligated to all oligo(dT) and random .
primed cDittomaed BudrseendeabqshcendApplibdBiosystemsjanuf act urers instructions

(Li fe Technol ogi es, Bethesda, MD). AQigo 1/2 was ligated to oligo(dT) and
random pri med AlDbéupmsh wersrapgiyred dising thm BIASTEN, BUASTK ard FART Bprogwas | | gat ed
to oligo(dT) and random primed cDNA pools prepared 15 from calvarial bone.
Qi go 3 6(Adtsshul ietyait, ddMob Binli YL5c403)4181tP90% idischubed ate Nud Divddsp Best .2 5(438Dar ed
frombrain and skeletal nuscle. Adigo 718 was ligated to oligo(dT) and
random p34REIOTDINA IS SHINA prquerarseere amnakeddn eylatalgysp gentaining seqierees | gat ed t o

ol i go(dT) _and random prinmed eDNA pools prepared fromfenoral bone. The
cDNA pool deriyed EOMmﬁtr@fa$dﬁltqcb?F§§1H1 BINAs FibesqmpldiN Ay L. pel DA 0 TemesE i on

using 1 background clones from the dataset using the program cross_match. A further round of
comparison was also performed using the program BLASTN?2 against known genes
10 (Genbank) and the BAC sequences from the HBM region. Those cDNAs that were >90%
homologous to these sequences were filed according to the result and the data stored in a
database for further analysis. ¢cDNA sequences that were identified but did not have
significant similarity to the BAC sequences from the HBM region or were eliminated by
cross_match were hybridized to nylon membranes which contained the BACs from the HBM
15 region, to ascertain whether they hybridized to the target.
Hybridization analysis was used to map the cDNA.clones to the BAC target that
selected them. The BACs that were identified from the HBM region were arrayed and grown
into a 96 well microtiter plate. LB agar containing 25 pg/ml kanamycin was poured into 96
well microtiter plate lids. Oﬁce the agar had solidified, pre-cut Hybond N+ nylon membranes
20 (Amersham) were laid on top of the agar and the BACs were stamped onto the membranes in
duplicate using a hand held 96 well replica plater (V&P Scientific, Inc.). The plates were
* incubated overnight at 37°C. The membranes were processed according to the manufacturers

recommendations.
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20 1 of a 1:1, 1:10, and 1:100 dilution of the ligation reaction,
respectively. PCR reactions were perfornmed in a Perkin El mer 9600, each 25
| volume reaction contained 1 1 of DNA, 10 nM Tris-HO (pH 8.3), 50 mM
KCl, 1.5 nWo\@eisds 0. 001% gel atin, 200 mM each -57 WO 01p&2S8/16946

PCT/ USO01/ 16946 dNTPs, 10 yMprinmer and 1 unit Taq DNA pol ynerase (Perkin
Elmer) and was anplified wunder the follow ng conditions: 30 seconds at
94C, 30 seconds at 60C and 2 mnutes at 72C for 30 cycles. The length
distribution of the anplified cDNA pools were evaluated by el ectrophoresis
on a 1% agarose gel. The PCR reaction that gave the best representation of

e BT oA
o75"pg oRSFRGm S STl St T il PRIV ASEF RO e e
col ums ﬁ?&g‘i‘?@ﬂl’ %prwerf p{grer%gon eggg ﬁ?rg?‘g?%ﬁlé&%@g&giégméﬂ gﬁ%@%ﬁ@? . The
vais | abert BR UGB TSRO ABRNALS, PRl pdrnd widhnt S BRBBIRT U e

Manuf act Yreks.q ,'{xgﬁéedré&%h 8@«?01@82&% KABQ%). Pﬂlﬁg PPRI g ductd Herd VaRERAEAt | on of the

bi oti " was noni nmet ho at cou be "practiced by one skilled in

the art é@ﬁixﬁ@fé@gg@)’@ egaﬁgﬁlfom%hQQ%aéansééelWhmg@ plRfeed@R Hunana

Press In rect cDNA sel ection was perforned using nethods
that coulgd.fe RHERHoE GRnmibYane\Gntailihd ihe Gtainped BACA iWere(ib¥iVidMiBipre and Lovett,
Met hods in Ml ecular Biology, Humana Press Inc., NJ (1996)). Briefly, the
CDNA pOOl$hAWES i8h kil RbBYA dibieflcdntdinif € PO bEhybeidizkticsslution (r8SPE, 848t i o
eDNA pool § from bone marrow, cal varial bone, brain and testis were m xed,
and in 2@éthe 200hSDS CANA EMEDTA (pH18.6Re Tht 80 mitardabiubs wereplageinfaenor al
bone were m xed. Suppression of the repeats, yeast sequences and plasmd

i n t heo c RMs@ERAIVen ([RSbbieSkizatifi) fir® harCo65%C. 20ng dftechiPNA pisbemiany| at ed BAC
DNA was m xed with . the suppressed cDNAs and hybridized in solution to a
Cot of 2@Rnatireé ai sddedjHtaindividdalslanbconivel ubegrratiaingErisnyiersmembrane and

hybridization solution. The hybridization was performed overnight at 65°C. The filters were

—
-

washed for 20 minntes at 65°C in each of the following solutions: 3x SSPE, 0.1% SDS; 1x
SSPE, 0.1% SDS and 0.1x SSPE, 0.1% SDS.

15 Tﬁe membranes were removed from the 50 ml ¢onical tubes and placed in a dish.
Acetate sheets were placed between each membrane to prevent them from sticking to each
other. The incubation of the membranes with the Anti-DIG-AP and CDP-Star was performed
according to manufacturers recommendations (Boehringer Mannheim)., The membranes were

wrapped in Saran wrap and exposed to Kodak Bio-Max X-ray film for 1 hour.

20 X, c¢DNA Cloning and Expression Analysis
To characterize the expression of the genes identified by direct cDNA selection and
genomic DNA sequencing in comparison to the publicly available databases, 2 series of

experiments were performed to further characterize the genes in the HBM region. First,

-61-



captured on streptavidi n-coated paranmagneti c beads. The beads were washed
and the primary -58 WO 01/92891 PCT[ US01/ 16946 sel ected cDNAs were el uted.
These cDNAs were PCR anplified and a second round of direct selection was
per f or red. witner/qagaduct of the second round of direct sel e¢trivsm/issds ref erred
to as the secondary selected material. A Galanin cDNA clone, previously
shown to map to 119g12-13 (Evans, Genom cs, 18:473-477 (1993)), was used to
nonitor enrichment 5 during the two rounds of selection. The secondary
selected material from bone marrow, calvarial bone, fenoral bone, kidney,
skel etal muscle, testis and total brain was PCR anplified using nodified

52'&?}? ® il R efingyte poRRd o o BB fall]e aﬁ%‘g%mﬁ?hehg >
o CUA:
gaéﬂAaCt“r%e&%&W%%%%?%@%ﬁ (SEG PD N 39) Ol go3- CUa
CUA CU 5o NTR
01 1 go5. R AICHRRR D QRN ape R LT R RPUBEET PR b no 29
Qigor- C%E %%o%t% @J&&@@Nﬁﬁ‘b \/éhr.? that ChefigtndriteiBa pfoBi@of D NGO 25)

digol | CUACUA T1C CTG GTC AGC3' (SEQ ID 20

NO 26) 5 Thig §1eQFERHSESREAIGH the §@loREd ESA TRieqicndd. A hurtiar eACNAilibsaties werer ce, was
transforned ie:’:yt?o MAX Ef fi ci gncy D%A Conpetent Cells (Life Technol ogi es,

Bet hesda thd¥dkamthed FR R PIRBARGT B¢ shifidEDNIA o€ EST £The filstncenifarfragmentanfe pi c ked
fromeach transfornmed source and arrayed into four 96 well mcroliter
pl at es. -3fnscription unit in a particular cDNA library indicates a high probability that additional
portions of the same transcription unit will be present as well.
A critical piece of data that is required when characterizing novel genes is the length,
10 in nucleoﬁdeé, of the processed transcript or messenger RNA (mRNA). One skilled in the art
primarily determines the length of an mRNA by Northern blot hybridization (Sambrook et
al., Molecular C'Ioning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring
Harbor NY (1989)). Groups of ESTs and direct-sellected c¢DNA clones that displayed
significant sequence similarity to sequenced BACs in the critical region were grouped for
15 convenience into approximately 30 kilobase units. Within each 30 kilobase unit there were
| from one up to fifty ESTs and direct-selected cDNA clones which comprised one or more
independent transcriptioh units. One or more ESTs or diregt_—selected c¢DNAs were used as
hybridization probes to determine the length of the mRNA in a variety of tissues, using
commercially available reagents (Multiple Tissue Northern blot; Clontech, Palo Alto,
20 California) under conditions recommended by the manufacturer.
Directionally cloned cDNA libraries from femoral bone, and calvarial bone
tissue were constructed by methods familiar to one skilled in the art (fqr example, Soares in
Automated DNA Sequencing and Analysis, Adams, Fields and Venter, Eds., Academic Press,

NY, pages 110-114 (1994)). Bones were initially broken into fragments with a hammer, and
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WO 01/92891 PCT/ USO01/ 16946 All secondarily selected cDNA cl ones were
sequenced using ML3 dye priner term nator cycle sequencing kit (Applied
Bi osystens), and the data collected by the ABI 377 automated fl uorescence

sequencer wppoeswd Bi osystens). All sequences were anal ypedussiesist he
BLASTN, BLASTX and FASTA prograns 5 (Altschul et at., J. Mdl. Biol.,

215:403-410 (1990), Altschul et al., Nucl. Acids. Res., 25:3389- 3402
(1997)). The cDNA sequences were conpared to a database contai ni ng
sequences derived from human repeats, mtochondrial DNA ribosomal RNA, E.
coli DNA to renove background clones fromthe dataset using the program
cross match. A further round of conparison s al so, performed using the
progr am Bhesspripiesany ers frorsoRAiqpidisosen a‘{@éﬁb’\é\@'f?)a %ﬂ‘f@efll’i‘ea R RUETETices from
t he HBM regi on. “Those cDNAs that were >90% . honol o aus f)o t.hese sequences
were fil é&%@m%bwgow&rpﬂ&@egmwmﬁﬁﬁﬁmg’% g’gﬁd PredY dat abase for

further analysis. ¢cDNA sequences that re.jdentj.f.ied but did not have
si gni f i c&AmogsmiFipgihe powdesed brne mah "’s’%‘lﬁ‘&é"\ﬁé\é’é‘i&? A8 HBM regi on or were

RTINS0 St Lo

o oness ¢ Podtamaiez-t S B R Bveh PRk R M el | 12 PO
bl ate. L et B b e o ATNALL S Whon sl fofh b, olACRRI B

oyt on e et ROF o6 oii8(acp e aSdil) i markitBnirids IVPPOC M0
R 11 o i B e
at 37C. The mgqhy AAEPHRAS gz%sev?&qﬂiﬁﬁfé&9£i§%ﬁgoﬁgﬁnﬁdl'®ﬁﬂa AGHIU 1BE S

reconmendat i ons. 891 PCT/ US01/ 16946 = The c that needed to
be magge By bg A R G R R GAEAEr idA GGANFTTYTTIET TEMEVEMT-Pr i ner
(oli ggg %eg%en 5, 7 and 11) that wou anplify that clone. For this PCR

(SEQ ID NO:27). This primer introduces a Notl restriction site (underlined) at the 3' end of
the cDNA. First and second strand synthesis were performed using the "one-tube” cDNA
synthesis kit as described by the anufacturer (Life; Technologies, Bethesda, MD). Double
stranded cDNAs were treated with T4 polynucleotide kinase to ensure that the ends of the
15 molecules were blunt (Soares.., in Automated DNA Sequencing and Analysis,. Adams, Fields
and Venter, Eds., Academic Press, NY, pages 110-114 (1994)), and the blunt ended cDNAs
were then size selected by a Biogel column (Huynh et al.. ii-DNA Cloning, Vol. 1, Glover,
Ed., IRL Press, Oxford, pages 49-78 (1985)) or with a size-sep 400 sepharose column
(Pharmacia, catalog # 27-5105-01). Only cDNA's of 400 base pairs or longer were used in
20 subsequent steps. EcoRI adapters (sequence: 5' OH-AATTCGGCACGAG-OH 3' (SEQ ID
NO:28), and 5' p-CTCGTGCCG-OH 3' (SEQ ID NO:29)) were then ligated to the double
stranded cDNAs by methods familiar to one skilled in the art (Soares, 1994). The EcoRI
adapters were then removed from the 3' end of the cDNA by digestion with Notl (Soares,

1994). The cDNA was then ligated into the plasmid vector pBluescript II KS+ (Stratagene,
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anplification, the priners were nodified to contain a |inkered di goxi genin
nol ecul e at the 5° of the oligonucleotide. The PCR anplification was
performed under the same conditions as 5 described in Preparation of cDNA
Pool s (abowe) o1/9BBm PCR products were eval uated for qual ity gmcheggant ity by
el ectrophoresis on a | % agarose gel by loading 51 of the PCR reaction.
The nyl on nmenbranes contai ning the stanped BACs were individually pre-
hybridi zed in 50 m conical tubes containing 10 m of hybridization
solution (5x SSPE, 0.5x Blotto, 2.5% SDS and 1 mM EDTA (pH 8.0)). The 50
m conical tubes were placed in a 10 rotisserie oven (Robbins Scientific)
for 2 hourgjoith, Gifdenial andithe VkatedtiatefiEiNGs rtndfermed snto decwdt hoseldHavRlomdded i nt o
i ndi vidual 50 m conical tubes containing the nylon nmenbrane and

hybri di zabHezs bpélettioporatidimhethydy fasliliaaitol ona skitied ipdhe ot (Boaren\1894)i difier at 65 C.
The filters were washed for 20 m nutes at 65C in each of the follow ng

sol ut i onsgro®sh GSREght 8t 3TYCSDNA was re@SEE} from1he S08/i solgnigs Afier SRWng the 1% SDS.

15 The nenbranes were renoved fromthe 50 m conical tubes and placed in a
di sh. Acplies by sloessisg selirecisi dudbe Megaremkis (Ringemehatsmathy GalfoaianThe hem
fromsticking to each other. The incubation of the nenbranes with the

Ant i - DISG- duRlignaf tERDNGA Hbravieswasastoated by cerating @iportion of theteta aumbsresk
recommendat i ons (Boehringer Mannhei ). The nenbranes were w apped in Saran
wrap and pripayddnsfomani ard ditermiping Sheausrage ipsertrize and fhgpereentegeyel p $C oni ng
and Expression Analysis To characterize the expr of . t.he genes

i denti fi e®ithypo @NéégseﬁDmdg@Pﬂéﬂ%mﬁﬁ'&es (b‘gﬂ%‘rff’@?%%&? SthkAfYng i n

her o per f Beleo, SRR v A PHERIR BERIAG EELH S PHESBRPEe) on. Fi vt
S 10 O AR AT S B AR 1,
cONA |17 SO ORAR BT otier BN eRaRiRan Hont Ml B sl (7
broductolid8% frd Himaa s el (EET BRRuhE s E sy vy Rp e, OIS B 2
number  of sk IAI!SBE f’th")%ﬁd ¥fah&y (dT) cDNA libraries). Four 10 x 10 arrays of each of the

cDNA libraries were prepared as follows: the cDNA libraries were titered to 2.5 x 10° using

primary trax_;sformants. The appropriate volume of frozen stock was used to inoculate 2 L of
15 LB/ampicillin (100 mg/ml). This inoculated liquid culture was aliquotted into 400 tubes of 4
ml 'each. Each tube conteﬁned approximately 5000 cfu. The tubes were incubated at 30°C
overnight with gentle agitation. The cultures were grown Eo an OD of 0.7-0.9. Frozen stocks
' were prepared for each of the cultures by aliquotting 100 u1 of culture and 300 ul of 80%
glycerol. Stocks were frozen in a dry ice/ethanol bath and stored at ~70°C. The remaining
20 culture was DNA prepared using the Qiagen (Chatsworth, CA) spin miniprep kit_according to
the manufacturer's instfuctions. The DNAs from the 400 cultures were pooled to make 80
column and row pools. Thé ¢DNA libraries were determined to contain HBM ¢cDNA clones
of interest by PCR. Markers were designed to amplify putaﬁve exons. Once a standard PCR

optimization was performed and specific cDNA libraries were determined to contain cDNA
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then exam ned for the presence of the specific cDNA or EST. The presence of
a fragnent of a transcription unit in a particular cDNA |ibrary indicates
a high probability that additional portions of the sane transcription unit
wi |l be pregenioea well. A critical piece of data that i $cragw/iicesd when
characterizing novel genes is the length, 10 in nucleotides, of the
processed transcript or nmessenger RNA (nRNA). One skilled in the art
primarily determnes the | ength of an nRNA by Northern bl ot hybridization
(Sanmbrook et al., Mol ecular Coning: A Laboratory Manual, Cold Spring

Har bor Laboratory, Cold Spring Harbor NY (1989)). G oups of ESTs and

di r ect - seji@et etineiRAiiengakes ertusel t6 péregnable arsdyga libiagya Rositiwe adsinessessi mi | arity
to sequenced BACs in the critical region were grouped for 15 convenience

i nt o appriaditariag eeypraende df aDXeclomes tvere coitfitmied byacke@d PIOR wirngshe samiet t her e
were fromone up to fifty ESTs and direct-sel ected cDNA cl ones which
conpri sedmmkes.or nore independent transcription units. One or nore ESTs or
direct-selected cDNAs were used as hybridization probes to determne the

| engt h of t he OnedAcDNAdlibranyives ydeofifiedas dikely to eontai cDN Arplanes ¢oaterRPngipgi | abl e
reagents (Multiple Tissue Northern blot; Clontech, Palo Ato, 20

Cal i f0|5nim)asmwﬁrtr@mtﬂitpfmm%tﬁ%ﬂtﬁmde$%ﬂwsmm%?%@éﬁoiatﬁh%cti onal | y
cloned cDNA libraries fromfenoral bone, and calvarial bone tissue were
const r uct eohetsy clopesnodtairing ¢ PINA insetss igepticalip thedip 1 o dﬂlﬁ%t'sﬁ}‘?te& ié‘g anpl e,
Soares in Automated DNA Sequenci ng _%nd_ Angll ysji s, Adams, Fiel.dg and Venter,
Eds., Acabismst Thivwas accomplishedieysa madifiqatign of &5 stpndarg Golany SEre@mey; ¢ 5 | y

e Sl | mghed GSmpmok of o Mt CIonE At st Mol SRS % ouder 1 1

he powdcEAHa SR e IT AR ke ed sk aso e BP il ") o

%;%Si%”iﬁs@ Bt SaaREad ﬁ%ﬁﬁﬁéﬁ el Bl 1 G bL AR i 3“(“32%8 2
. o - 13 .

ing ©of aF PR At opisery SSERp LA G TPAbits werf SR, ion SR T O

total RNAWGNEEMNARGaNS:, T cfaRhf aldadplichtbepraRel Bopredsii tho filters

together essentially as described (Sambrook et al., Molecular Cloning: A Laboratory Manual,

Cold Spring Harbor Laboratory, Cold Spring Harbor NY (1989)). The "master” plate was .

15 then incubated an additional 6-8 hours to allow the colonies to grow back. The DNA from
the bacterial colonies was then affixed to the nylon filters by treating the filters sequentially
with denaturing solution (0.5 N NaOH, 1.5 M NaCl) for tvy_q_minutes, neutralization solution

| (6.5 M Tris-Cl pH 8.0, 1.5 M NaCl) for two minutes (twice). The bacterial colonies were
removed from the filters by washing in a solution of 2X SSC/0.1% SDS for one minute while

20 rubbing with tissue paper. The filters were air dried and baked under vacuum at 80°C for 1-2
hours.

A cDNA hybridization prdbe was prepared by random hexamer labeling (Fineberg
and Vogelstein, Anal. Biochem., 132:6-13 (1983)) or by including gene-specific primers and

no random hexamers in the reaction (for small fragments). Specific activity was calculated
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recommendations (Dynal, Inc.). First strand cDNA synthesis was initiated
using an ol igonucleotide priner with the 10 sequence:

5' - AACTGGAAGAATTCGCGGCCGCAGGAAT TTTTTTTI nTT r T-31 (SEQ ID NG 27). This
primer intwologessia Notl restriction site (underlined) atectrhBoBiso@nd of
the cDNA. First and second strand synthesis were perfornmed using the
"one-tube" cDNA synthesis kit as described by the anufacturer (Life
Technol ogi es, Bethesda, MD). Double stranded cDNAs were treated with T4
pol ynucl eoti de kinase to ensure that the ends of the 15 nol ecul es were

bl unt (Soarer, in Automated DNA Sequenci ng and Anal ysis, Adans, Fields and
Vent er, Dﬁﬁgwas ASREG B/ T A8 of cIINA. PBYSTony kendbrdnes 3R84hon prawdthédia 101 unt
ended c were then sizeé selected by a Biogel colum (Huynh et al..

i - DNA GLoni#0e) p¥ek.o, 1M GOy ¢mM FBA, 011 SIBB €530 nikitey £ 55 PAgBslletding 8
(1985)) or wwth a size-sep 400 sepharose col umm (Pharnacia, catal og #

27- 5105~ Othg prefoasty tHePidEs Wére pRAyIRSRI Rtk 2 mlffiltet GIEIESSOYS06, deiaizédn 20
subsequent steps. EcoRl adapters (sequence: 5 OH AATr CGGCACGAG CH 3' (SEQ
I D NO 28jymaside, 3% SDS; Gk Ssbltion, S G0En B 2&jajuredssabmdnisperm DAL ed t 0
the double stranded cDNAs by netheds famliar to one skilled in the art
(Soar es, #AAL.forl3emiEmeds] Thafhas ers theartmnsfimwed todyybridizhtibn sotutiond6X'SSEnd of
the cDNA by digestion with Nod (Soares, 1994). The cDNA was then |igated
into the Phaps X DeEnhattyBQmghlidesatired $6Broy Herm DAY rentaingg doyptyed 92891
PCT/ USO01/ 16946 La Jolla, California), and the ligated material was

t r ansf or ne¥P-16TPE-ldbellebtDNAgsebeBp Deutsted mwob)l'ﬁ-gf‘é@‘w-opor ation met hods
famliar to one skilled in the art (Soares, 1994). After rqwt.h over ni ght
at 37C, DNA waesﬂﬂéhﬁ)lﬁel%uommaeﬂ%@ﬁwWe@dt'%?ﬁdé@dgf"t’%?‘“g RPRBPHE t he

pl ates by processing as directed for the Mega-prep, kit | a °t§$at swort h,
Cal i f or ni X SSER%SDIR atirpeny tespperatiae fHRA MRS, followe %‘%&%‘?&g& 0

Eounti ng

ti f the total mb f [ det.er i ni
e aviS abomimscec > oraRimes o o RG0S TGRSO (e TH e
[ . Addi ti I | i brar] I ' '
| Cukocyt o65%ndReR aeraynen PR 8 PR TES B PPBRRLs Fopon s B SRRkl
el mes 0, pvas toavarmialyARel K% ac? o, Hviotloofils bRRHRIERAAGRA Wil

the autoradiograph so that they could be picked into a 1 ml solution of LB Broth containing

ampicillin. After shaking at 37°C for 1-2 hours, aliquots of the solution were plated on 150
15 mm plates for secondary screening. Secondary screening was identical to primary screening
(above) except that it was performed on plates containing ~250 colonies so that individual
colonies could be clearly identified for picking. _
After colony screening with radiolabeled probes yielded cDNA clones, the clones
were c;haracterized by restriction endonuclease cleavage, PCR, and direct sequencing to
20 confirm the sequence identity between the original probe and the isolatéd clone. To obtain
the full-length cDNA, the novel sequencé from the end pf the Qlone identified was used to
probe the library again. This process was repeated until the length of the cDNA cloned

matches that estimated to be full-length by the northern blot analysis.
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10 isolating cDNA clones transcribed within the HBM regi on: human bone,
human br.ai n, human ki dney and hunman skeletal muscle (all cDNA |ibraries
were made by the inventors, except for skeletal nuscle (dT) and ki dney
(dT) cDNA Mwdwiangsees). Four 10 x 10 arrays of each of thepctid/ileoder ari es
were prepared as follows: the cDNA |ibraries were titered tao 2.5 x 106
using primary transformants. The appropriate volunme of frozen stock was
used to inoculate 2 L of 15 LB/anpicillin (100 ng/m ). This inocul ated
liquid culture was aliquotted into 400 tubes of 4 m each. Each tube
cont ai ned approxi mately 5000 cfu. The tubes were incubated at 30C

over ni ght wi t RTROR was agridtaa tmaiher metted delisolatedBll Vength cipnosarilies DA @85 of
0.7-0.9. Frozen stocks were prepared for each of the cultures b

al i quot t ispathdsiMad and amplifbad dsinge "SmgerSHipt Ond Sterf RBPGR"Fity(Ede Techndpgicks wer e
frozen in a dry ice/ethanol bath and stored at -70C. The remnaini ng 20
“cul ture V@athEkurprMpr €k procadgretiine@dadéing | Shigof ROTA to, thedijlowgh2 hithifpr ep
kit according to the manufacturer's instructions. The DNAS fromthe 400
cul t ur es reatien pFropwHided wirkckds Sfroprissiry hpffervaix math Me¥P.end INEPEONA Sepssr ar i es
were determned to contain HBM cDNA clones of interest by PCR MNarkers
ver e désipgined (YouMirprd T ! mtirsensewsimex GRSMoh pbreyerse Brnsenntasperd TagbNA zat i on
was performed and specific cDNA{ibraries were determ ggﬁé‘t‘ﬁ@go&tﬁgl n cDNA
-64 WO 01pobyrewmase mox prsiied padagoclaied Haksr ra fof eagHon mixQ L°4RRPR used

of aDNA CYRIBm RESEY O HFTRIRTYY Lol SR 30t AEHEeuo! Sk B o Once
Gor r esporagh, S5 GsCon et obt eIt { i RUERt PEMRTRR M 1 egi on
| cont cal oGt sy 31ele PE 3 LB w30 B th i P T REARgy GELCC oer S
( SanbriSoiesarosgbel” TR Pl ates SR A aE b AAT R sl e RET R, BT "
on LBranfiiel Pl piiAs Resduelfisibe RTINS Si PnepOERNA SPAY - Py 7

S S LT e, s 14 PRAENRE oS el ity bk tr@RAle b Gocifc N ght. at

37C. Col o es were tr grred to nylon filters
gene of interest.

Rapid Amplification of cDNA ends (RACE) was performed following the

15 manufacturer's instructions using a Marathon cDNA Amplification Kit (Clontech, Palo Aito,
CA) as a method for cloning the 5' and 3' ends of candidate genes. cDNA pools were
prepared from total RNA by performing first strand syntheji__s, where a sample of total RNA
sample was mixed with a modified oligo (dT) primer, heated to 70°C, cooled on ice and

. followed by the addition of: 5x first strand buffer, 10 mM dNTP mix, and AMYV Reverse

20 Transcriptase (20 U/ul). The tube was incubated at 42°C for one hour and then the reaction
tube was placed on ice. For second strand synthesis, the following components were added
directly to the reaction tube: 5x second strand buffer, 10 mM dNTP mix, sterile water, 20x
second strand enzyme cocktail and the reaction tube was incubated at 16°C for 1.5 hours. T4

DNA Polymerase was added to the reaction tube and incubated at 16°C for 45 minutes. The
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(Hybond from Anersham or equivalent) and duplicates prepared by pressing
two filters together essentially as described (Sanbrook et al., Ml ecul ar
Cl oning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring
Har bor NY W@&P23e1 The "nmaster™ plate was 15 then i ncubagicggisaineassdi ti onal
6-8 hours to allow the colonies to grow back. The DNA from the bacteri al
colonies was then affixed to the nylon filters by treating the filters
sequentially wth denaturing solution (0.5 N NaCH, 1.5 M NaC) for two

m nutes, neutralization solution (0.5 MTris-C pH 8.0, 1.5 M NaCl) for
two mnutes (twce). The bacterial colonies were renoved fromthe filters
by washi ngecond-strad|syiithests vods tednirfatid/ Withl e SR dn0df 20 ED TG gehidie B rubbi ng
with tissue paper. The filters were air dried and baked under vacuum at 80C
for 1-2 kmmple wadsubfahisd ly Dphictlblchidrofort el tivisndunefmicéimb Ycetagndom hexaner

| abel i ng (Fi neberg and Vogel stein, Anal. Biochem, 132:6-13 (1983)) or by
i ncl udi ng pryeipétatiqne AhkicDNgY povtsreeraciebckedofor quatiyrbyteaxigrirg en kmagahese gelafof | on
(for small fragnments). Specific activity was cal cul ated -65 WD 01/ 92891
PCT/ USQ / $ig@ditribatioh. \idsrathbxX DB Acdagtén §Clgneth)cisiithed igataiodnbmthe oD anes wer e
then prewashed in 10 mM Tris-Cd pH 8.0, 1 MNad ,1 nM BDTA, 0.1% SDS for
30 mi nifi esndst TS si@cificcidhpiens pentainddeprimrieg\sitss that Hibowed|foremyplifieationmfeltydn S di zed
in>2mnm/filter of 6X SSC, 50 % dei oni zed formam de, 2% SDS, 5X

Denhar dt ' 8¢ X ¢hds, denending dn the Oripajatiein of thecgene sncifiaiprimar €5H) thabas ctBsent. 42 C
for 30 mnutes. The filters were then transferred to hybridi zation sol ution
(6X SSC, Anmligess of 81z dophlp strandedcDNA wasgdder tejtha fellomdrg sagerish 1M m DNA)

cont ai ni ng,_ depatured a32P-dCTP-| abel | ed cDNA probe and incubated at-42C
for 16-18 %n.CW%é‘fjaﬂtﬁesxl%Néélgh%bWBJﬂﬁw‘gﬁ%h@? ferttionvager e washed

it o TRPHET 1520 OUnigHls ABS rapt G e iaRm etk vt (SRS BSEEOR second
h f i .5 X .SSC 5% SDS f 1 inutes at 6 Filt
wero t b PER s dp e b dhe addiiot ot R foBrpe Qs GPouBE sfncET PN  or
| h t i ght..  Af f il | | .col oni
ol ates weP@ TRt B SRt U e R s ke, Al AR T e Ol ckea”
Into a1 mit),sﬁxuﬁdvgﬂtagé cﬂi@A 55%@1’3991%)@.' THh?dal Cycling conditions were 94°C for 30

- seconds, 5 cycles of 94°C for 5 seconds, 72°C for 4 minutes, 5 cycles of 94°C for 5 seconds,

.‘7.0°C for 4 minutes, 23 cycles of 94°C for 5 seconds, 68°C for 4 minutes. After the first
15 round of PCR was performed using the GSP.to extend to the end of the adapter to create the
adapter primer binding site, exponential amplification of the specific cDNA of interest was
observed. Usually a second nested PCR is performed to cqn{ﬁrm the specific cDNA. The
) RACE product was analyzed on an agarose gel and then.excised and purified from the gel
(GeneClean, BIO 101). The RACE product was then cloned into pCTNR (General
20 Contractor DNA Cloning System, 5' - 3", Inc.) and the DNA sequence determined to verify

that the clone is specific to the gene of interest.
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anpicillin. After shaking at 37C for 1-2 hours, aliquots of the solution
were plated on 150 15 mm pl ates for secondary screening. Secondary
screening was identical to primary screening (above) except that it was
performed ovopl@gas contai ning -250 col oni es so that indegraisalieessol oni es
could be clearly identified for picking. After colony screening with

radi ol abel ed probes yi el ded cDNA clones, the clones were characterized by
restriction endonucl ease cl eavage, PCR, and direct sequencing to 20 confirm
t he sequence identity between the original probe and the isolated clone. To
obtain the full-lTength cDNA the novel sequence fromthe end of the clone
i dentifi egy waprwageh AGalygisobe the library again. This process was repeated
until the length of the cDNA cloned matches that estinated to be

full -1 ength byokparaies fdaes Werdlidebtifdtialsigitise aboGtprvdOrs 9RBBE eROT AOBOL/ 16946
RT- PCR was used as another nmethod to isolate full Iength clones. The cDNA

was synt hash Zed waRrcsubjapted fd rattatitei deteetion Malysis.s Comprratiied THh SpUBICIIIORES ki t

(Life Technologies, Githersburg, M D). The procedure involved adding 1.5

g of RNA dsed toHieerticy palyhaighisi6 in HBM candidate games ﬁmm cpuomsmlmiildﬁ PNy

proprietary buffer mx with MJSO4 and dNTP' s sense 5 prinmer (10 M and

| gl aptiseqemses fpr damtidaté genewemmxﬂp@ﬁr@nmnqnt mbeblwcaé éelghrafs Taq DNA

pol ymerase m x provi ded and autocl aved water to a_total reaction tmx of 50
5

| . The react i dine investotsdsmelpped aanethod basedpaapglysicotairestdhNA SE%P‘ED%I? 0C for
15 to 30 mnutes, then 94C for 15 seconds, 3560C for, 30 secoHJés and
68- 72C f OPCR prridnets mpleﬁedm%mé@afsﬁemﬂ%ﬁ%@b ﬁ&r%a%i’e BOIIDPPRE™ v 1 cycle

of 72 C for 5-10 m nutes. The sanple vvas e gel. The
pr oduct m’@ﬁm@wmw%qfﬂ@ewgeéﬁ&“ﬁﬁ‘? I"@M&?‘n’?gﬁn@a ean Bi o
101). The purified product was cloned in '? G&eral Cgﬁ_\/ract or

C oni ng W@ﬁﬁgl@mquésms@ PBrioRylatiqn pans] %?Fdes§ LG P Nerify that t he

ELSQG(&"Z&_’?%“ B+ Dpe 8%3%&%’%@@??20@?%?@3@?@%@2 FRefion 0
ﬁ:!t Egdaf (I\)/&‘ %ﬁﬁ%&g}ﬁ “HHC%’II %g%ﬁ%@&%&]ﬁ%%@i@e gentca)sAI E:%NA SQZ)I 2swgr e
Candidate regions were first screened in a subset of the HBM family consisting of the
proband, daughter, and her mother, father and brother. Monochromosomal reference
sequences were produced concurrently and used for comparison. The mother and daughter
15 carried the HBM polymorphism in this nuclear family, providing the ability to monitor
polymorphism transmission. The net result is that two HBM chromosomes and six non-
HBM chromosomes were screened. This allowed exclusi03 _of numerous frequent alleles.
Only alleles exclusively present in the affected individuals passed to the next level of
analysis. '
20 Polymorphisms that segregated exclusively with the HBM phenotype in this original
family were then re-examined in an extended portion of the HBM pedigreg consisting of two
additional nuclear families. These families consisted of five HBM and three unaffected
individuals. The HBM individuals in this group included the two critical crossover

individuals, providing the centromeric and telomeric boundaries of the critical region.
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prepared fromtotal RNA by performng first strand synthesis, where a
sanple of total RNA sanple was mxed with a nodified oligo (dT) priner,
heated to 70C, cooled on ice and followed by the addition of 5x first
strand buf fvee o1/gk®1mM dNTP mi x, and AMV Reverse 20 Tr anscricptuasgisfid0 U ul ).
The tube was incubated at 42C for one hour and then the reaction tube was
pl aced on ice. For second strand synthesis, the foll ow ng conponents were
added directly to the reaction tube: 5x second strand buffer, 10 mM dNTP
m x, sterile water, 20x second strand enzyne cocktail and the reaction
tube was incubated at 16C for 1.5 hours. T4 DNA Pol ynerase was added to

the react *{:gggﬁg@@ h@f&ﬁg{ @H%&mﬁﬁs Hebech Mesddividul @ad thEheffe@dd PR/ 92891

PCT/ US01/ secon rand synthesis was termnated with the addition of
an EDTA/ G\eR8 & fifkher refidfhg of MErBic1aszis) ihecdresh trought feastal dfatBMar of orm.
extraction and an amoni um acetate precipitation. The cDNA pools were
checked f ghrorfiskdliret strdeMedidadkyonl did i toRNofagAHBM clyenofames t6 seventdémst r i but i on.
Mar at hon cDNA adapters (Clontech) were then |ligated onto the cDNA 5 ends.
The specific apag £EiverCsplpopRiSmEbhiiiuad tosetregatd eratustvelyomititithe BBM
anplification of either 5° or 3 ends, depending on the oricentation of the
gene spBechKednbtypd inthy extdnGey grobipita popslatidmmeed was thenakingined. Biis pavel of$dbl e
stranded cDNA was added to the follow ng reagents: 10M Marathon cDNA

adapt er, patsdabléorsisgdtof ¢ irdividunis krivwn Bavk nomwmbborEminerebdansiinand#3 i ncubat ed
at 16C overnight. The reaction was heat inactivated to termnate the

react i on. inlib/idaR knawen fpdrefunmretated byt withamiyped bing mingrakdeasityo Nosmakhyne o t he

di | uted doubl e stranded cDNA pool: | Ox cDNA PCR reaction buffer, 10M dNTP
m x, 10M @Sferal denshy sPyithin tyeestandard deyiationgef RMIR &tseere Oc BRRSIand SRV YRS M x|
Thermal Cycling conditions were 94C for. 30 seconds, cycles of 94C for 5
seconds, Fom thewidglysed €ERH panel pfindividyals.oAey F“@Fe%m%%logmg‘}d“% %“F@P 4

m nutes, 23 cycles of 94C for 5 seconds, 68C ftgr 4, nh%%es. After the first
15 roulfd e rarn this gonwation MEEFURSSIHERLY FX Thihe SRR Pefigeemf &t t he

adapter to create the adapter priner binding site, exponenti al
anplifi c aflargss pepulation. specific cDNA of interest was observed. Usually a

d t ed ' f d fi th i flc. CE
o oduct was anbypEE bR tcRha DRIOHS U PRt ey b e BT

the gel HBM family's DNA and monochromosomal controls. Enzymatic amplification of genes - _

within the HBM region on 11q12-13 was accomplished using the PCR with oligonucleotides

| 15 flanking each exon as well as the putative 5' regulatory} elements of each gene. The primers
" were chosen to amplify each exon as well as 15 or more base pairs within each intron on

either side of the splice. All PCR primers were made as ch:meras to facilitate dye primer

sequencing. The M13-21F (5'- GTA A CGA CGG CCA GT -3") (SEQID NO:30) and -

28REV (5'- AAC AGC TAT GAC CAT G -3") (SEQ ID NO:31) primer binding sites were
20 built on to the 5' end of ea-ch forward and reverse PCR primer, respectively, during synthesis.

150 ng of genomic DNA was used in a 50 pl PCR with 2UAmpliTaq, 500 nM primer and

125 uM dNTP. Buffer and cycling conditions were specific to each primer set. TaqStart

antibody (Clontech) was used for hot start PCR to minimize primer dimer formation. 10% of
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(Gened ean, BI O 101). The RACE product was then cloned into pCTNR ( Gener al
20 Contractor DNA Coning System 5'- 3", Inc.) and the DNA sequence
determned to verify that the clone is specific to the gene of interest.
-68 WO 01/ 92B80M249CT/ USO / 16946 X. Miutation Anal ysi s Conparasewiessgenes were
identified using the above procedures and the exons from each gene were
subjected to nutation detection analysis. Conparative DNA seqguenci ng was
used to identify pol ynmorphisns in HBM candi date genes from chronbsone
119g12-13. DNA 5 sequences for candi date genes were anplified from patient

| ynphobl astoid cell lines. The inventors devel oped a nethod based on

anal ysi s thé pidiluceo/as SlaAvisdquenaingseqfel. PRERppropdale sanespvire didded H'dhwahndi dat e
regions to search for the causative polynorphism The procedure consi sted
of three &icaged walspbeforseequéndifgr ent subsets of HBMfamly to find
segregating pol ynorphi sns and a popul ati on panel to assess the frequency of
t he 10. pol ynorBath BER profinet wasrsequenced aceordingtorthesitndard Energy Trieesfirerimgunder

| eading to the assunption that all affected individuals wil|l share the
same causiinershampprotosolp AlbreactDas thol place ind§ivnlidraye & sqpayata reatipRARY i n a
subset of the HBM fam |y consisting of the proband, daughter nd her

not her 5 feciéor AaRdGland Tvesre Pm%?‘ﬁj A deraRlate o Easbagaction insinded 2 Lofibs o
produced concurrently and used for conparison. The nother and d ﬁgﬁﬂter 15
carried tdvaudnping pertororisand il af dilnted terplpten Lhe glajes yersthen hegt ?‘?@1‘*3 ability

Chr omDsond HEREbEPREAGRE BHERAHSPSGHIS Hemaingds DERe e al | oved
- the. af FERTBEBIG VA4 4 Amgelbe s e Raplet doT B SooEptal b o
o' i ma SRR g e PEe R b he ot Hel ok B AR o
i A i

I ndivi dua{fobi)irxlls KOLSe BYR).! Pl 519551k Rtehidw & didebtfiloaddd SRRV lane gel

running on an ABI 377 DNA sequencer for a 10 hour, 2.4 kV run.

" Polyphred (University of Washington) was used to assemble sequence sets for
viewing with Consed (University of Washington). Sequences were assembled in groups
15 representing all relevant family members and controls for a specified target region. This was
done separately for each of the three stages. Forward and reverse reads were included for
each individual along with reads from the monochromosomgl templates and a color annotated
| reference sequence. Polyphred indicated potential polyl;lorphic sites with a purple flag. Two
readers independently viewed each assembly and assessed the validity of the purple-flagged
20 sites.
A total of 23 exons present in the mature mRNA and several other portions of the
primary transcript were evaluated for heterozygosity in the nuclear family of two HBM-
affected and two unaffected individuals. Twenty-five single nucleotide polymorphisms

(SNPs) were idenﬁﬁed, as shown in the table below.
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I ndi vidual s, providing the centroneric and tel oneri.c boundaries of the
critical region. -69 WO 01/92891 PCT/USOL/ 16946 Tracking the heredity of
pol ynor phi sns bet ween these individuals and their affected parents allowed
for furthernyeefidzpsing of the critical region. This group bceughiiehdse t ot al
of BBM chronosones screened to seven and the total of non-HBM chronpbsones
to seventeen. When a given pol ynorphi smconti nued to segregate excl.usively
with the HBM 5 phenotype in the extended group, a popul ation panel was then
exam ned. This panel of 84 persons consisted of 42 individuals known to
have normal bone m neral density and 42 individuals known to be unrel ated
but wi th unt yiae hansingleMesdMotide Polyiyrpishsml thb Ikl ghmemd Exianasty is
within two standard deviations of BVMD Z score 0. The second group was from

t he wi del y [Us&d— CEPH_pan of 1ndrvidyals. Any .segregafin o) rphisns
found to 10 _be rare PIORM3opulatiod f Rred ondt he
entire HBM YIRS Qﬁﬁjglal. } arger popyl at igyneo Pobgyer age chaicpareactijon
(PCR) was M@gg‘ﬁg—ggﬁe%nocqucnu; g tteTptates T ?Tn tiye—HBMTamTy{s DNA
and ronochr| a0t Comtigdr d2.8t Enzynatijc ardi¥02 (3986) on_df genddG withiin the
HBM r egi on oM 11?14- T3 . Was_acconpl 1 shgd us 1 1 CR Wth oLIi onucl ¢oti des
15 f1 arki ng 2003 T GANtEd dRY as the | : of
each gene. mﬁoe%-ihgf)ﬁti%i"%ﬁt chosen tq anmpissby (aGh ean as wel as 15 or
nore base p ' ~+rtr-omomerther—sirdeof—tesprce. Al PCR
primers werléd208ae-taContigdr@tas to facilli t at45649E996) mer | sequéiding, The
ML3- 21F (5'F A A . CCAGI -3")] (S ] 0) 4nd - Z8REV .(5'|- AAC
AGC TAT GA E@E 24-h | nug %gn"h NO-31) priﬁph ?ﬁ‘}gpig SHi-e5—wek-e~20—-bdi | t on
to the 5° gn@ogd182€Bnfigy vohdband revdrse YB3 309G, rlespectlV@el y, during
synt hesi s. 58—mg—of—gemomr DA was[used- T4 Wi npli Taq,
500 nM®ri Ner208e?d-h_Costigh RRUNTP. Buf fdr artf180€639960 corldi ti od¥Cuere
specific to riJrer ., JagStart | ant} ont gch used fjor hot
start PCR { i g A58 ool O 45 e G 52004
PCT/ USO1/ 18%$80e21-h_Contigd_24.nt-b 51124 (309G) cr
b200e21-h_Contigd 250t ' 55461 (309G) C/T
b200e21-h_Contig4_33.nt-a 63645 (309G) C/A
15 '5200e21-h_Contig4_33.nt-b 63646 (309G) A/IC
b200e21-h_Contigd 61.nt 24809 (309G) T/G
b200e21-h_Contigd 62.nt 27837 (309G) T/C
b200e21-h_Contigd_63.0t-2 31485 (309G) C/T
b200e21-h_Contig4d_63.nt-b 31683 (309G) A/G
20 b200e21-h_Contig4_9.nt 24808 (309G) TIG
b527d12-h_Contig030g_1.nt-a 31340 (308G) T/C
b527d12-h_Contig030g_1.nt-b 32538 (308G) A/G
b527d12-h_Contig080C_2.nt 13224 (308G) AIG
b527d12-h_Contig087C_1.nt 21119 (308G) C/A
25 b527d12-h_Contig087C_4.nt ' 30497 (308G) G/A
| 527d12-h_Contig088C_4.nt 24811 (309G) A/C
b527d12-h_Contig089_1HP.nt 68280 (309G) G/A
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t he product was exam ned on an agarose gel. The appropriate sanples were
diluted 1:25 with deionized water before sequencing. Each PCR product was
sequenced according to the standard Energy Transfer primer (Amrersham
protocol. AYdowesmti ons took place in 96 well trays. 4 segangbgiepsacti ons,
one 5 each for A/ C Gand T were perfornmed for each tenplate. Each
reaction included 2 | of the sequencing reaction mx and 3| of diluted
tenpl ate. The plates were then heat sealed with'- foil tape and placed in a
thermal cycler and cycled according to the manufacturer's reconmendati on.
After cycling, the 4 reactions were pooled. -3 | of the pool ed product was
transferred t&nagdiowiothepelyimopprasnes esdoted In tedle haworagrudianat ur er ' s | oadi ng
dye was added to 10 each well. Al 96 well pipetting procedures occurred on
a Hydr a DEympppbisEs Aen dsnbd pesentiRSBO IRNGZ: élplhcsefli‘» a chapgpyt positipn 2402dol ed
material was directly |oaded onto a 48 |ane gel running on an ABI 377 DNA
sequenceSEQéPl‘@:ioEﬁgera,gume e\anradeningegn yppraee thisppsidons ks of Washi ngt on)
was used to assenbl e sequence sets for view ng wth Consed (University of
Washi ngt Bfymorshigmds sidept opdis netasonigied ithany changs imthe pminoasidisequsaceal |

rel evant _fam | nmbers and contrals for specified target . reqion. This
was dondb&Ep 185 15 ghpogifien 44 °f§§qrﬁr%§’%"l°&'§§’§. d‘%%@a‘%ﬂs‘n&r@) oever se

reads wepe included fop . each ipndividyal along w,th reads, from the
onochr OSBRI e ols Pl OB EB SIS A o RE P ILPE B el O e,
reader s FAIBBEREG TR ARFdAL IR By e ouekb dedab i fae &y, of < ne
R el e S TR A T S e
het er oz j ' ear.f am.| . fec .
unaf f ec%/ggﬂlh%éﬁ/@a%%%g %%eve%g‘ %}i-a?s?]\?gyesfngtoggﬁgg %eg |ed§as%)§ yﬁn‘?)?ep‘)’%llg\grm ( SNPs)
were jdeptlf.i . P?‘r%y@ the table below. -71 WD 01/92891
PCT/ &%1?’%%&1%‘1‘%& : g'flr'lgl e Nucl eotide Pol ynorphisns in the Zinaxl gene
and Environs fueqfesbi ThvdnB6REd OMpRasthd AR MkCacid sequences having the nucleic acid

sequence of SEQ ID NO: 1 with the above-identified point mutations.

Preferably, the pfeseﬁt invention encompasses the nucleic acid of SEQ ID NO: 2.
Specifically, a base-pair substitution changing G to T at position 582 in the coding sequence
15 ofZmax1 (the HBM gene) was identified as heterozygous in all HBM individuals, and not
found in the unaffected individuals (i.e., b527d12-ﬁ_Contig087C__l .nt). Fig. 5 shows the
order of the contigs in B527D12. The direction of transcription for the /BM gene is from left
| toright. The sequence of contig308G of B527D12 is the 1"evers.e complement of the coding
region to the HBM gene. Therefore, the relative polymorphism in contig 308G shown in
20 Table 4 as a base change substitution of C to A is the complement to the G to T substitution
in the HBM gene. This mutation causes a substitution of glycine 171 with valine (G171V). .
The HBM polymorphism was confirmed by examining the DNA sequence of different
groups of individuals. In all members of the HBM pedigree (38 individuals), the HBM

polymorphism was observed in the heterozygous form in affected (i.e., elevated bone mass)
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b200e21-h Contigl _|.nt 69169 (309G C/A b200e21-h Contig4 12.nt
27402(309G) A/ G 5 b200e21 h Contig4 13.nt 27841 (309G T/C b200e21-h

Conti g4_16.nt 35600 (309G) A/ G b200e21-h Contig4 21.nt 45619 (309G G A
b200e21-h Qunbigd122. nt-a 46018(309G) T/ G b200e21- h ConprgésRResns- b 46093
(309G) T/ G 10 b200e21-h Contig4_22.nt-c 46190 (309G) A/ G b200e21-h

Conti g4_24.nt-a 50993 (309G) TIC b200e21-h Contig4 24.nt-b 51124(309G) CI T
b200e21-h Conti g4 25.nt 55461 (309G) C/'T b200e21-h Conti g4 _33.nt-a
63645(309G) C/ A 15 b200e21-h Conti g4 33.nt-b 63646 (309G) A/C b200e21-h
Contig4_61.nt 24809 (309G) T/G b200e21-h Contig4_62.nt 27837 (309G T/C

b200e21- hnpiatale 4n§ INA1 8)a Iddh&bectéBRBG es@NF20)(BOIZL:0) tHeiBMg4_63. nt -b 31683
(309G) A/'G 20' b200e21-h Conti g4 9.nt 248081309G) T/G b527d12-h

Cont i gOB8QglymdibhismWad 468 08eved / To dhradiinkl@hdther Gdngeang @3 eve observied 82538
(308G A/'G Db527d12-h ContigO80C 2.nt 13224(308G A G b527d12-h
Cont i gOB7Afdi¥idakls 3ithilio of 36 BIBM fédigras 20F phiaGpéd iBdintduglOBe@ chameter3@day (3080
G A Db527d12-h Contig088C 4.nt 24811 (309G A/C b527d12-h Conti g089_1HP. nt
68280 ( 30863ite@fAhe HBY A0 (MR85 hdRTTdygRIat 183116 of thaHBYpelywerpbism: Ae
pol ynor phi sns presented m Table 4, two additional
5 anunphenotyped control group, 1 of 42 individuals was observed to be heterozygous at
position 582. Since this individual is deceased, their bone mineral density could not be
obtained. Taken together, these data prove that the polymorphism observed in the kindred
displaying the Iﬁgh bone mass phenotype is strongly correlated with the G=3T polymorphism
at position 582 of Zmax1. Taken together, these results establish that the HBM
10 polymorphism genetically segregates with the HBM phenotype, and that both the HBM

polymorphism aﬂd phenotype are rare in the general population.

XII. Allele Specific Oligonucleotide (ASO) Analysis
The amplicon containing the HBM1 polymorphism was PCR amplified using primers
specific for the exon of interest. The appropriate population of individuals was PCR
15 amplified in 96 well microtiter plates as fo]lgws. PCR reactions (20 pl) containing 1X
Promega PCR buffer (Cat. # M1883 containing 1.5 mM M_gpl,), 100mM dNTP, 200 oM
I;CR primers (1863F: CCAAGTTCTGAGAAGTCC anﬁ 1864R: AATACCTGAAACCAT
ACCTG), 1 U Amplitaq, and 20 ng of genomic DNA were prepared and amplified under the
fallowing PCR conditions: 94°C, 1 minute, (94°C, 30 sec.; 58°C, 30 sec.; 72°C, 1 min.) X35
20 cycles), 72°C, 5°, 4°C, hold. Loading dye‘ was then added and 10 pl of the products was
electrophoresed on 1.5% agarose gels containing 1 pg/ml ethidium bromide at 100-150 V for
5.10 minutes. Gels were ireated 20 minutes in denaturing solution (1.5 M NaCl, 0.5 N

NaOH), and rinsed briefly with water. Gels were then neutralized in 1 M Tris-HC1, pH 7.5,

-74 -



~ pol ynor phi snms can al so be present in SEQ ID NO 2. These is a change at
position 2002 of SEQ ID NGO 2. Either a guanine or an adeni ne can.appear at
this position. This polynorphismis silent and is not associated with any
change in tweossrsaio aci d sequence. 5 The second change i ecatusppsbdsi on 4059
of SEQ ID NO 2 corresponding in a cytosine (C) to thymne (T) change. This
pol ynorphismresults in a corresponding amno acid change from a valine
(V) to an alanine (A). O her pol ynorphisns were found in the candi date gene
exons and adjacent intron sequences. Any one or conbination of the
pol ymorphi sns_listed in Table 4 or the two di scussed above coul d al so have
a m nor ek MNaGl o3 anipesend ringddyvith walgre | delsigerppeaiehnddSh BSE #0180 | D NO 2.
The present invention enconpasses the nucleic acid sequences having the
nucl ei c aeingtes gedplatiedonyy nydporansfenmernbrapg (Fyhopd NanAwershgahip 0Xe$Goi nt
mut ations. Preferably, the. present invention enconﬁﬁsses,t h‘i nucleic acid

n

of SEQ | [Pveenigts. Filtegsavars the sipseg n X $3&lop ) munyies and VY iorosslinkgdngi ng G to T at
iti 582 i di 1 f Z I B
PGent 1 11 ed as et Silss GEe haomelcoism AT e Sesiencafichbie PUTRGFPRAES he
unaffected individuals (i,.e., p527d12:-h Conti g087C 1.nt ] 5, shows t he
o er 51 PRI g8 the ik, LRBEORHIE e ST BRI TR SbY Berb ARt BPS pe. Ho
ene is froml ef right.. The sequence of .conti g308G of B527D12 is the
?everse d a@?%etlﬁc’cmg‘f%"f’;?glcdi’fﬂ‘r\eé‘cesr%gl?eo‘ﬁ‘gf’%“qer‘?gdﬁ ‘gene. Therefore, the
relative pol isSm i,B~CONLI in 20 Table 4 as a base change
substitut Ponyorzarzga gxn}ﬁ\Asg‘gfﬁéA(gro g%rré@n&g?o the Gto T substitution i ngt he
HBM gene. Thi m@k&%&g&@@g}g&@rﬁwcﬁ%g’g{pn of glycine 171 with valine (G
pol'y contirmnme

171 V). The Wor phi sm was by exam ning the DNA sequence

of i 11 e A0k BB etk oAl Tab MBS, 1f kit MRS 0 ec (38

i ndi vi dual' s pol ynor phi sm was observed 1'n t terozygous form

in af f1§ﬁ;ﬁ%o((h?2§%ml\§%%®.ggr Mﬁgﬁﬁ%?;o{%{ﬁ MRaf e, 9389 bx Kinbsdefhard 6946

i ndi vi s onl n unaff ect at'i ves' (N=20) (BiviDZ<2.0) the
HBM  pol yimfph ;ﬁl'ﬁ’?ﬁﬁ’fﬁ%&%@ CIRAMSI¥E Gnd ifgl ?ﬁféﬁﬁﬂc%ﬁ&@mﬂld P wige was

ever observed i i ndividual s outside o BM pedi gree, 297 phenotyped
i ndi vi duahieding thetedclish Bichia8d a@87°C for 30-60 minutes. Reactions were then placed at

95°C for 2 minutes and 30 ml H,0 was added. The probes were purified using a G25

microspin column (Phan:nagia).

15 Blots were prehybridized in 10 ml 5X SSPE, 5X Denhardt’s, 2% SDS, and 100 pg/ml,
denatured, sonicated salmon sperm DNA at 40°C for 2 hr. The entire reaction mix of kinased
oligo was then added to 10 ml fresh hybridization buffer (5X §$PE, 5X Denhardts, 2% SDS) and

| hybridized at 40°C for at least 4 hours to overnight.
All washes done in 5X SSPE, 0.1 % SDS. The first wash was at 45°C for 15 minutes;

20 the solution was then changed and the filters washed 50°C for 15 minutes. Filters were then
exposed to Kodak biomax film with 2 intensifying screens at —70°C for 15 minutes to 1 hr. If
necessary the filters were washed at 55°C for 15 minutes and exposed to film again. Filters

were stripped by washing in boiling 0.1X SSC, 0.1% SDS for 10 minutes at least 3 times.
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the site of the HBM gene. None were heterozygous at the site of the HBM

pol ynorphism In 5 an unphenotyped control group, 1 of 42 individuals was
observed to be heterozygous at position 582. Since this individual is
‘deceased, tWebro2bane nineral density could not be obtai nedusigieesn

toget her, these data prove that the pol ynorphi smobserved in the kindred

di spl ayi ng the high bone nass phenotype i's strongly correlated wth the

G 4T pol ynorphi sm at position 582 of Zmaxl. Taken together, these results
establish that the HBM 10 pol ynor phi sm genetically segregates with the HBM
phenot ype, and that both the HBM pol ynorphi sm and phenotype are rare in
the general Eﬁﬁxﬂ%at%hét ﬁ@kﬂﬂh@ 2FPE G asSlylvAETHEL ASOs Bere(cbfi@rtednal ysi s

The anplicon cont ainin pol ymorphi smwas PCR anplified using

riners J3ep A [hese e eddidon of
pri met arﬁg%\?%{al sz,n c&% b} @&ﬁg@n&i mt@mes&phot p AMERNiagtewpemy

i ndi vidu 15 anpliTied in 96 well mcrotiter plates as foll ows.

PCR r ?anagﬁﬂﬁ ehchQther IFQRPRE WohGerbXandhonagredRbRstorefi i Fil{Maiter Pto M 888
cont ai nin MyCl12), 100nmM dNTP, 200 nM PCR priners (1863F:

CCAAGTTC}';@%AGTCC and 1864R  AATACCTGAAACCAT ACCTG),1 U Anplitag, and 20
ng of genom ¢ DNA were prepared and arrpllfl ed under the foll owi ng PCR
conditions: 94C 1. mnute, (94C, 30 sec.; 58C, 30 sec.; 72C,1 mn.) X35 20
cycles), 72C, 5, 4C, hold. Loading dye was then added and 10 d of the
producé s y@e Celigal Lo@meitimest Zumaxll. 5% agar ose gel s containing | g/ m

et hi di um brom de at 100-150 V for 5-10 mnutes. Cels were treated 20

m nutes i4 deiGeie Exprgssionl intRaotibia by soWisaeepic InPity Hybridigeffpn  and ri nsed
briefly with water. Gels were then neutralized in 1 MTrlsnI?-.chaE: pH 7.5, -74
WO 01/ 92891 PEAikYbidieaios was condvrcied by Path@lpgﬂéswmﬁ Igerppfipnal (R80H wi t h
water. Uels were soaked in 1 U X SSU tor 2U m nut, ed onto nylon
t r ansf er EredsoickidD( %emdywasmﬂm&?rﬂmme@@s B'Pﬁsf% PEM ters
were the rinsed in 6X SSC for 10 mnutes .and W ossl i nked. Thedefxl I eI e
speci i ¢ thé Zyeriigeneiraichene Wb EprtiglaperaRhasis AR areds of RORGE°

5 el 1an (Zamecprolsamisd 8 646 Iy o BEGAL 'n‘éﬁ%hﬁ%%vs&ﬁﬁ?aﬁi‘f & gonuif eét“.edes
are: (MsZmax1) cDNAs, which share an 87% sequence identity. The homology of human and
mouse Zmax1 with rat Zmax1 is unknown.
For ey;ample, gene expression by non-isotopic in situ hybridization was performed as
follows, but other methods would be known to the skilled artisan. Tibias were collected from
15 two 6to 8 week old female Sprague Dawley rats euthanized by carbon dioxide asphyxiation.
bistal ends were removed and proximal tibias were snap frgz_en in OCT embedding medium
| with liquid nitrogen immediately following death. Tissues were stored in a —80°C freezer.
Probes for arnplifying PCR products from cDNA were prepared as follows. The
primers to amplify PCR products from a cDNA clone were chosen using published sequences
20 ofboth human LRP5 (Genbank Accession No. ABO17498) and mouse LRP5 (Genbank
Accession No. AFO64984). In order to minimize cross reactivity with other genes in the
LDL receptor family; the PCR producis were derived from an intracellular portion of the

protein coding region. PCR was performed in a 50 pl reaction volume using cDNA clone as
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2326 Zmaxl . ASO g: AGACTGCG QTGAGACGC 2327 Znmaxl . ASO t: CAGACTGGGIT GAGACGCC
The pol ynor phi ¢ nucl eotides are underlined. To |abel the oligos, 1.5 d of 1
g/1 ASO 10 oligo (2326.Zmax1l ASO g or 2327.Zmaxl.ASO. t),11 | ddH2O, 2 |

| OX ki nasewW®emassdd buffer, 5 | y-32P-ATP (6000 G/ mvbl epcrasdindoss T4

pol ynucl eoti de kinase (10 Ul) were m xed, and the reaction incubated at
37C for 30-60 m nutes. Reactions were then placed-at 95C for 2 m nutes and
30 M H20 was added. The probes were purified using a &5 .m crospin colum
(Pharmacia). 15 Blots were prehybridized in 10 m 5X SSPE, 5X Denhardt's,
2% SDS, and 100 .tg/m, denatured, sonicated sal non sperm DNA at 40C for 2
hr. The erifmpiater &&etTFISHORA contgfneld il panMdM gk, lgmutidaplitats AUGUMeN s aad2n  fresh
hybri di zati on buffer §5X SSPE, 5X Denhardts, 2% SDS) and hybridized at 40C
for at | ead¥l eachisimes POR gydingicgrditionsiwers@dSEder lapine ollpvaR bg8PEycle of 9% SDS.
The first wash was at 45C for 15 mnutes; 20 the solution was then changed
and the fi94%eie Nse0ads. SHE o520 sevondsn R Cor 36 sepaads; follgwedibivard miawisosed t o

Kodak biomax filmwth 2 intensifying screens at -70C for 15 nminutes to 1

hr. |f netbasigr ¢t 12fe The reastiongyveis thenapeen -5 55 esese Tris-Meettaged BNA exposed
SDS T or 31 0V iR LSS feagiote, ok BRIt W o ASHin RO SER PG The
Convert o SR BRAGE PRI RECoaed Tron e R ATDb SR FPRREHS Those
scored andLiniie iR iemRionbRg oy truidaiel 5) 5 % 1 T ol ul ar
S'tu Hybri di zatERerResof (e AGme B AR isE AR Rt Arer By Ry

Associ at egylh %ngisgﬁlgi ﬁ&Pngﬁlllfsr3§deri ck, MD. This study was undertaken
to determ i that express the Zmaxl gene in rat

bone witph part icetdrarcrotdtastscngfraar eas of bone grow h and renvodel i ng.

Human Zmax]1 antisense primer M1465

GGCTCACGGAGCTCATCATGGACTT

Human Zmax1 PCR product

CCCGTIGTGCTCCGCCGCCCAGTTCCCCTGCGCECGGGETCAGTGTGTCGACCTGCGCCTGCGCTGCGACGGCGAG
15 GCAGACTGTCAGGACCGCTCAGACGAGGTGGACTGTGACGCCATC&GCCTGCCCAACCAGTTCCGGTGTGCGAGC
GGCCAGTGTGTCCTCATCAAACAGCAGTGCGACTCCTTCCCCGACTATATCGACGGCTCCEACGAGCTCATGTGT
GAAATCACCARAGCCGCCCTCAGACGACAGCCCGECCCACAGCAGTGCCATCGGGCCCGTCATTGGCATCATCCTC
TCTCTCTTCGTCATGGGTGGTGTCTATTTTGTGTGCCAGCGCGTGGTG?GCCAGCGCTATGCGGGGGCCAACGGG
CCCTTCCCGCACGAGTATGTCAGCGGGACCCCGCACGTGCCCCTéAATfTCATAGCCCCGGGCGGTTCCCAGCAT

20 GECCCCTTCACAGGCATCGCATGCGGAAAGTCCATGATGAGCTCCGTGAGCC

Mouse Zmax1 Sense primer (HBM1655)

AGCGAGGCCACCATCCACAGG
Mouse Zmax1 antisense primer (HBM1656)
TCGCTCGGTCGGCATAATCAAT
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10 Zmax| probes used in this study were generated from both human (HuZmaxl )
and nouse (MsZmaxl) cDNAs, which share an 87% sequence identity. The

honol ogy of human and nouse Zmaxl with rat Zmaxl is unknown. For exanple,

- gene expresgo ey non-isotopic in situ hybridizati on wascprisborebrd as

foll ows, but other nethods would be known to the skilled artisan. Tibias
were collected from 15 two 6 to 8 week old femal e Sprague Dawl ey rats

eut hani zed by carbon di oxi de asphyxi ation. Distal ends were renoved and
proximal tibias were snap frozen in OCT enbedding medium wth liquid
nitrogen i medi ately foll owi ng death. Tissues were stored in a -80C
freezer. . Probes I fying PCR products from cDNA were prepared as

fol |l ows. = ax{ ?&RWMC{I i fy PCR products froma, cDNA cl one were chosen
usi ng publdeshedoseabRReRsaréftceicdialdiaiunemaRRiTctGambank TArceEsiTCmaNo.
ABOL17498) and nouse LRP5 (Genbank Accession No. AF(Q64984). In order to

M Ni Ni ze GACGSETCTGLACTIOACTIIGATEIETEEAERAIGARES TACTCIATECATEBIAGCE LB ERTAT AT y, t he
PCR products were derjv 0. I efrehaddA®racPt@igei N
coding r e‘éqASﬁqTngGg%rJFér @S@E%Aggﬁk%g%#g%&\%l UME USi rfg c%tGNA cl one
as - 76 sWQRH:Q28%kr RGRcHR M ridRd6anch@upéat BACABUR TEEGITEEMITSCRIGMTSERRG 1. 5 nM
MyCl 2, 1 unit Anphtag, 200 M dNTPs and 2 M each prinmer. PCR cyclin

condi t i ONBTOREFARACERECT T TICATRARCCTTRCPARREROFTCTEBCRSFET ‘@TSCFTACW%/CSPC%'%
seconds, 004dS SRERAISaTEO A RN ey raRcATTEETAUL €

ext ensi on%g(%‘;%%?ﬁ%&%eact | Sﬁ&mieﬁgrﬁzﬁ%n runqﬁgr? a AZEL'le 5 % agar ose

Tri s- Acet et@rgatbecdibiéccoanam cetarrextrTRRTIATGATEACEHE¢MBse, et hanol precipitated
and resuspended in 10 MM Tris, pH 8.0. Cel _purifjed PCR produgts. were
prepared for Ribéprotes seresyathesiaedpsdolions. ghﬂpgﬁ[?mduﬁﬁ wew® re&g 1?%?8‘69‘
Associ ates International for_in situ, hybrjdizations, The s uence of the

human ¥hdchimerepripams designed & npRIPRRIsEitasr @ TAPrEnler YRSHeaR,oF 3 HETRNY Znex|
sence parer M253) 10 COCETGIACTOOLLOGRCRACC BN ARGkl gonoe P11 o

template to synthesize digoxigenih—labeled riboprobes by in vitro transcription (IVT).

Antisense and sense riboprobes were synthesized using T7 and T3 RNA polymerases,
respectively, in the presence of digoxigenin-11-UTP (Boehringer-Mannheim) using a

15 MAXIscript WT kit (Ambion) according to the manufacturer. The DNA was then degraded
with Dnase-1, and unincorporated digoxigenin was removed by ultrdfiltration. Riboprobe
integrity was assessed by electrophoresis through a denaturing polyacrylamide gel.
Molecular size was compared with the electrophoretic mobi'l‘ity of a 1001000 base pair (bp)
RNA ladder (Ambion). Probe yield and labeling was ev'al;ated by blot immunochemistry.

20 Riboprobes were stored in 5 pl aliquots at —80°C.

The in situ hybridization was performe& as follows. Frozen rat bone was cut into 5
1M sections on a Jung CM3000 cryostat (Leiéa) and mounted on adhesive slides
(Instrumedics). Sections were kept in the cryosfat at —20°C until all the slides were prepared
in order to prevent mRNA degradation prior to post-fixation for 15 minutes in 4%

25 paraformaldehyde. Following post-fixation, sections were incubated with 1 ng/pl of either
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Human Zmaxl PCR product
CCCGTGTGCTCCGCCECCCAGT TCCCCTGCGECGCGEEGT CAGT GTGTGGACCT GCGCCTGCGCT GCGACGECGAG
15

GCAGACT GT CaxgAf9e¥8: T CAGACGAGGT GGACT GT GACGCCAT CTGCCT GCCCAABCAGS htdesse T GT GCGAGC
GGCCAGT.GT GT CCTCATCAAACAGCAGT GCGACT CCTTCCCCGACT GTATCGACGGECT CCGACGAGCTCATGT GT
GAAAT CACCAAGCCECCCT CAGACGACAGCCCGGECCCACAGCAGT GCCATCGGGCCCGTCATTGECATCATCCTC
TCTCTCTTCGTCATGGGTGGTGTCTATTTTGT GT GCCAGCGCGT GGT GTGCCAGCGCTAT GCGEGEEECCAACGEG
CCCTTCCCGCACGAGT ATGT CAGCGGGACCCCGCACGT GCCCCTCAATTTCATAGCCCCGEGECEGT TCCCAGCAT
20 G 3CCCCTTCACAGGCATCGCATGCGEGAAAGT CCATGATGAGCTCCGTGAGCC Mouse Zmaxl  Sense
pri mer (HBMESES pr seAGOHABREEACEARCGSCASE b BerZamardl (BAt)icssomsZedr i ner aMVMM
656) TCCCTGGTCGGCATAATCAAT -77 WD 01/92891 PCT/ USO1/ 16946 Muse Znmaxl PCR
product  hybridization buffer for approximately 40 hours at 58°C. Following hybridization, slides
AGCAGAGCCACCAT CCACAGGAT CTCCCTGGAGACTAACAACAACGATGTGGCTATCCCACT CACGGGT GTCAAA
GAGGCCT CT ®erGraetatoaGai G TE POSANBANTTATATIOINCY GERET GNEATEACBRTEAAGACGATCAGC

CGAGCCTTCATGAATGGGAGCT CAGT GGAGCACGT GAT TGAGT TTGGCCT CGACTACCCT GAAGGAATGECTGT G
5 probe binding, Hybridization was visualized by immunohistochemistry with an anti-

GGGGT
GACAAGGT ees.we%s@ K
synt hesi ze

mﬁw @wé%cw@%g

ws The r duts were rea i.ed w chineric
e aalkafiaop ‘?%FCSE}P%F%WQS& S ahf?@og o "Thycseagmng : pypole fory

t f th I f t d ts. Th )t PCR
oo AR AR Rl ot B el
b b t Antd b b
were synt Rt gty A SRREE iBbarlbrttaamdiuse S Baefs’f%%%ﬂ%anh the
presengs ﬁfgoﬁbgﬁﬁ(hﬂﬁ)%\'}'. 11 UT.P (Boéhrl nger-l\/annhel nm using a

Specific cell types were assessed for demonstration of hybridization with antisense
probes by visualizing a purple to black cytoplasmic and/or peri-nuclear staining indicating a
positive hybridization signal for mRNA. Each cell type was compared to the replicate
sections, which were hybridized with the respective sense probe. Results were considered

15 positive if staining was observed with the antisense probe and no staining or weak
background with the sense probe.

The cellular localization of the hybridization si gnal_ fgr each of the study probes is
summarized in Table 5. Hybridization for Zmax1 was ﬁrimarily detected in areas of bone
involved in remodeling, including the endosteum and trabecular bone within the metaphysis.

. 20 Hybridization in selected bone lining cells of the periosteum and epiphysis were also
observed. Positive signal was also noted in chondrocytes within the growth plate, .
particularl.y in the proliferafing chondrocytes. See Figs. 10, 11 and 12 for representative

photomicrographs of in situ hybridization results.
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15 MAXI script NT kit (Anbion) according to the manufacturer. The DNA was
then degraded w th Dnase-1, and uni ncorporated di goxigenin was renoved by
ultrafiltration. R boprobe integrity was assessed by el ectrophoresis

t hrough a deoaismsding pol yacryl am de gel. Mol ecul ar si ze pogiseRiEpRr €d Wit h
the el ectrophoretic nobility of a 100-100.0 base pair (bp) RNA | adder
(Anmbi on). Probe yield and | abeling was eval uated by bl ot i nmunochem stry.
20 Ri boprobes were stored in 5 gl aliquots at -80C. The in situ

hybridi zati on was perfornmed as follows. Frozen rat bone was cut into 5 gM
sections on a Jung CM3000 cryostat (Leica) and nounted on adhesive slides
(I'nstrunedics). Sections were kept TABLEe cryostat at -20C until all the
slides were prepared in order to prevent nmRNA degradation prior to
post-fixation for 15 SimihSofiZinskY0in Saphytatdizitishdebytdibia Fol | owi ng
post-fixation, sections were incubated with 1 ng/l of either -79 WO
01/92891 PCT/ US01/ 16946 antisense or sense riboprobe in Pathol ogy

Associ ates | nter TpRbRRAT [SffE ) custoni zed hybrfi disEieesL buf fer for
Lhollrs—at

approxi mately 40 . | des were
subjected to a spHudaaxd | EpDhVSS by i di zat i on strlngency washes to
bi nding. Hybridizati

reduce' nonspeci flc__ probd | i zed by
i mrunohi st ochemni $try wi t h Qsteoblasts 5 di goxi geni nl ant Hody (FAB fragnent)
conjugated to al kal i ne pH®Qgxvalagise. Ni troblue fetrazolium

1%

chl ori de/ br onochfor ol ndol yGropth®ghat e (Boehri nger - Mannhein), a
precipitating alfkKarine p dicrdmcpedst rate, was used as|the chronogen to

stain hybridi zi ng—Tefts u‘;rmf aknig chof@bdyYesd! acK ~dependi ngj on the degree of
stai ning. Tissue acthUHblﬂﬁéﬁo '&ﬂbm@o&h&!”eu th—_nuctepr fast red.

Assay control s i peluded—-ot SEhER T e probe; nisstomof] probe and anti -
10 di goxi geni n ampti-body. t—ceH—types—were—assessedi f or
denonstrati on of hybrl di 7 sle,ﬂ a§R§ th anti sense robes b\]l vt sual i zi ng a

purple to bl ack uytoplasun%m@ﬁﬂﬂbr peri-nuclear!staiding ihdicating a
posi tive hybridiation si|jdiaphysisr mRNA. Fach cell type was|conpared to the
replicate sections, whicliEngestennnybr.idized withithe respeciive sense probe.
Results were congi dered 1bospobldts ve i1 f stainingfwas dbserved with the
anti sense probe dnd no StlasstHoligstOr weak ¥

Periostenm -

5 . MsZmax1 | Epiphysis
Osteoblasts +
Osteoclasts -
Growth Plate
resting chondrocytes -
proliferating chondrocytes - ~ +
hypertrophic chondrocytes +
Metaphysis
osteoblasts +
osteoclasts +
Diaphysis -
Endosteum
osteoblasts +
osteoclasts +
Periosteum +

Légend: “Hr = hybridizatibn signal detected “-* = no hybridization signal detected

“ISH” — In situ hybridization
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background with the sense probe. The cellular |ocalization of the
hybri di zation signal for each of the study probes is summarized in Table
S. Hybridization for Zmaxl was primarily detected in areas of bone

i nvol ved i rwoenmgal i ng, including the endosteum and trabe¢uhaby/sese Wt hin
t he netaphysis. 20 Hybridization in selected bone lining cells of the

peri osteum and epi physis were al so observed. Positive signhal was al so
noted in chondrocytes within the growth plate, "~ particularly in the
proliferating chondrocytes. See Figs. 10,11 and 12 for representative

phot om crographs of in situ hybridization results. -79 WO 01/92891

PCTI USOl / 16946 ThdsbBlubich cSUTHRBRYpdRitioRilRXpredsibnIf ZehalY BY defls ARblvedin onkat tibia
PROBE SITE | SH SIGNAL  Hu Zmex|™ - E- pi physis Osteobl asts + Osteocl asts

G owt h Pl atfodetifg hititbonb EitHaBGY (Z288ax1 eRfredsionah leiz0fk cipRsldE@BH £/ it the
hypertrophi c chondrocytes - Metaphysic osteoblasts + osteoclasts +
Di aphysi s ostedblshtsdnd Wdleo6t it tiRsdréxithal ethstysis aa b gests thaP e Z¥ice géhe-is
involved in the process of bone growth and mineralization. The activity and differentiation of
5 osteoblasts and osteoclasts are closely coordinated during development as bone is formed and
during growth as well as in adult life as bone undergoes continuous remodeling. The
formation of internal bone structures and bone remodeling result from the coupling of bone
resorption by activated osteoclasts with subsequent deposition of new material by osteoblasts.
Zmax1 is related to the LDL receptor gene, and thus may be a receptor involved in
10 mechanosensation and subsequent signaling in the process of bone remodeling. Therefore,
changes in the level of expression of this gene could impact on tlie rate of rémodeling and

degree of mineralization of bone. Similar studies can be designed for in situ analysis of

HBM or Zmax]1 in other cells or tissues.

XIV. Antisense

15 Antisense oligoﬁucleotides are short synthetic nucleic acids that contain
complementary base sequences to a targeted RNA. Hybrigligation of the RNA in living cells
with the antisense oligonucleotide interferes with RNA function and ultimately blocks protein
expression. Therefore, any gene for which the partial sequence is known can be targeted by
an antisense oligonucleotide.

20 Antisense technology is becoming a widely used research tool and will play an
increasingly important role in the validation and elucidation of therapeutic targets identified

by genomic sequencing efforts.

-81-



5 MsZmaex| Epiphysis Osteoblasts + Osteoclasts - Gowh Plate resting
chondrocytes - proliferating chondrocytes + hypertrophic chondrocytes +
Met aphysi s osteoblasts + osteoclasts + D aphysis - Endosteum osteobl asts
+ osteocl s @morg9tPeri osteum + Legend: "+" = hybri di zat ipgmsogieeds det ect ed
no hybridi zation signal detected "ISH'" - In situ hybridization -80 WO
01/92891 PCT/ US01/ 16946 These studies confirmthe positional expression of
Zmaxl'in cells involved in bone renodeling and bone formation. Zmaxl
expression in the zone of proliferation and in the osteoblasts and

ost eocl asts-of the proximal netaphysis, suggests that the Zmaxl gene is

I nvol ved i n t hantysewedecinabghwassieyelopddio atgbingene exgirgsziah bpmtihZihgamact i vity and
differentiation of 5 osteoblasts and osteocl asts are cl osely coordi nat ed
during deokgospeleqiide gsmplementary t6 themeRINAkht enhodesthe grashedneabhemedrt sevsral n adul t
|ife as bone_undergoes continuous renodeling. The formation of internal
bone st r up@ssiblesmechaniganior the imtdkitdry gifectssaf|antisepssipligpracleatigdsi Among theone
resorption by activated osteoclasts with subsequent deposition of new
materi al $geresiatienef mBNA by Riyase Hiis pensidsredte be the majns mephaniserefjnkibitigagg, and

t hus n%y be a receptor _involved in, . .
protein function. This technique was originally used to elucidate the function of a target

gene, but may also have therapeutic applications, provided it is designed carefully and
properly.
An example of materials and methods for preparing antisense oligonucleotides can be
performed as follows. Preliminary studies have been undertaken in collaboration with
10 Sequiter (Natick, MA) using the antisense technology in the osteoblast-like murine cell line,
MC3T3. These cells can be triggered to develop along the bone differentiation sequence. An
initial proliferation period is characterized by minimal expression of differentiation markers -
and initial synthesis of collagenous extracellular matrix. Collagen matrix synthesis is
required for subsequent induction of differentiation markers. Once the matrix synthesis
15 begins, osteoblast marker genes are activated in a clear temporal sequence: alkaline
phosphatase is induced at early times while bone sialoprotien and osteocalcin appear later in
the differentiation process. This temporal sequence of gene expression is useful in
monitoring the maturation and mineralization process. Matnx mineralization, which does not
begin until several days after maturation has started, involves deposition of mineral on and
20 within collagen fibrils deep within the matrix near the cell layer-culture plate interface. The
collagen fibril-associated mineral formed by cultured osteoblasts resembles that found in
woven bone in vivo and thet-'efore is used frequently as a study reagent.
MC3T3 cells were transfected with antisense oligonucleotides for the first week of the

differentiation, according to the manufacturer’s specifications (U.S. Patent No. 5,849,902).
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10 nechanosensati on and subsequent signaling in the process of bone
renodel i ng. Therefore, changes in the |evel of expression of this gene.
could inpact on the rate of renodeling and degree of mneralization of
bone. Si m Iveoopd2edi es can be designed for in situ anal ysipgTako/shis! or Zmax|
in other cells or tissues. XIV. Antisense 15 Antisense oligonucleotides are
short synthetic nucleic acids that contain conplenentary base sequences to
a targeted RNA. Hybridization of the RNAin.living cells wth the

anti sense oligonucleotide interferes with RNA function and ultimately

bl ocks protein expression. Therefore, any gene for which the partial
sequence i s kndeokgonudieotidas destgned toy Zmaxl amgiveebadewnl | gonucl eoti de. 20

Anti sense technol ogy is becom ng a widely used research tool and wll play
an i ncr ed$BTRYIAGUALAGCARICYUGGECAMACEAGHCI dat i on and el uci dati on of
therapeutic targets identified by genom c sequencing efforts. -81 WO

01/ 92891 ﬂW@é?ﬁ(ZH@@AGGWﬁAHGMM&(E%Uogy was devel oped to inhibit gene
expression by utilizing an oligonucleotide conplenentary to the nmRNA t hat
encodes tH«Qs%/%i@é@U@ ICCRRABEUSAAABICAGG possi bl e nechani sns for the
inhibitory effects of antisense oligonucleotides, Anong the degradati on
of MRNA byFigue s shqwsdhesendis gbantigense inpbitioneof damawt iPEREHreln dhe thFsi bi ti on of

5 protein function. This technique was ori iiénal |y used to_elucidate the

functi on Stgeucleobdas shoyanrbove wereapsientadintoddes Thanddld ta isalgfsdizecerdings,
ond oo kG efaimg e ol ik i bl S o
Soqui t o7 . S Read ppiHCY Rl thhsram s AL ERR Bt Bocteredtn b
Gover op. araitsfs EsbiMgy g we piFers MrbeLapbUEAB-ATor s R Afnd bleaELT0, O
PRa Enid ;2 bR pbe PRl @b bngs Bk luatl doeflaf Pl LR 200,
synthesi s gh§is ability to regulate lipid levels in an animal. ' '

The protein encoded by Zmax!1 is related to the Low bensity Lipoprotein receptor
(LDL receptor). See, Goldstein et al., Ann. Rev. Cell Biology, 1:1-39 (1985); Brown et al.,
Science, 232:34-47 (1986). The LDL receptor is responsible for uptake of low density
15 lipoprotein, a lipid-protein aggregate that includes cholesterol. Individuals with a defect in
the LDL receptor are deficient in cholesterol removal. and tend to develop artherosclerosis. In
addition, cells with a defective LDL receptor show incréasggl_ production of cholesterol, in
part because of altered feedback regulation of cholesteroll synthetic enzymes and in part
because of increased transcﬁption of the genes for these enzymes. In some cell types,
20 cholesterol is a precursor for the formation of steroid hormones. ’
Thus, the LDL receptor may, directly or indirectly, function as a signal transduction
protein and may regulate gene expression. Because Zmaxl is related to the LDL receptor,
this protein may also be involved in signaling between cells in a way that affects bone

remodeling as well as regulate lipid levels and therefore lipid-mediated diseases.
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required for subsequent induction of differentiation markers. Once the
matri x synthesis 15 begi ns, osteoblast narker genes are activated in a

cl ear tenporal sequence: al kaline phosphatase is induced at early tines
whi | e bone sial oprotien and osteocal cin appear later in the

di f f er ent i atTlerglpsine EBlsamihbiasid ie hikelyad bs agpaitae fafthgfmetiexpf Zasxbn i S
useful in nonitoring the maturation and mneralization process. Mtrix

m ner albezaise dis amfriocdvidlzatsonfotind e mouse hdmsleget: af Zilays Tlid eloselgat ur at i on
has started, involves deposition of mneral on and 20 within coll agen
fibril seredd RIPE prioteir higo BBithinX ghiehie at i welebpdnditgrpositiohBeovial ertad., i nt er f ace.
The <collagen fibril-associated mneral formed by cultured osteobl asts

r esenb| BischAdnitallond BiophysicsioRe Bareh Coniri , 248:875B88 (1988 HT Arkinb Acids etht
frequently as a study reagent. MC3T3 cells were transfected with anti sense

ol i gonugt BARArE@S inf DprotdiEs Stiuchire OE Elnctibn tdhd to Bk toeprtibatween spai&pr ding to
the manufacturer's specifications (U S. Patent No. 5,849,902). -82 WO

01/ 928%kcsE hbiaEdl /sdedkh prévntDinugobhs athhalteed afifisd gnédhatlimpofamaxl are given
bel ow. 10875: AGUACAGCUUCUUGCCAACCCAGUC 10876: UCCUCCAGGUCGAUGGEUCAGCCCAU

10877: {dsKldrb\ P AdJCAAAUCCAGG 5 Figure 13 shows the results of antisense
inhibition of Zmaxl in MC3T3 cells. The three oligonucl eotides shown-

above were tlhadgitiea] e ekiicellMaddSmaindfZiaxiasniasil fotedpetsndistifig of O
standard procedures. Northern analysis clearly shows markedly | ower steady

state |xetWT RbtifsBlldWekby id BRSGhot THIE FEWTEEGP Ripedt is GRES t&fJtkHh r enai ned

unchanged. Thus; antisense technol ogy using the priners described above

al | ogs digtinct hadet proteiPdorhdlf, 4sQhi8 réfeat i} alsdBRshnEHhE EHIARc&PloRdtiYrol ogy.
Simlar primers can be used to study Zmaxl expression and its ability to

regul atgepl rgeptok-pa18%d ptdicia® TH ARt thrdd &Y WIHERGIrepos9 RV By sidiRxIn i s rel ated
to the Low Density Lipoprotein receptor (LDL receptor). See, Goldstein et

al ., AnReir ReYoturfeewhilSine! foeh islﬁ%m?» QivelRBP) GlyBneW 1 @k in the 2ehtedICe, _
232: 34-47 (1986). The LDL receptor is responsible for uptake of |ow density

15 |'i popwat Rbiif ofthk ifipit SYWPLBGE rgat ROZMEx 1. NBlke bth&d tMARIM AR EWHEEUR
I ndi viduals with a defect in
repeats of Zmax1 also contain glycine at the corresponding position, as does the
15 SYWT+EGEF repeat in the LDL receptor protein. However, only 17.6% of the amino acids
are identical among the first three SYWT+EGF repeats in Zmax1 and the single repeat in
the LDL receptor. These observations indicate that glycine 171 is essential to the function
of this repeat, and mutation of glycine 171 causes a functibnal alteration of Zmax1. The
cDNA and peptide sequences are shown in Figs. 6A-6J. The critical base at nucleotide
20 position 582 is indicated in bold and is underlined.
Northern blot analysis (Figs. 7A-B) reveals that Zmax1 is expressed in human
bone tissue as well as numerous other tissues. A multiple-tissue Northern blot (Clontech,
Palo Alto, CA) was probed with exons from Zmax1. As shown in Fig. 7A, the 5.5 kb
Zmax]1 transcript was highly expressed in heart, kidney, lung, liver and pancreas and is

25 expressed at lower levels in skeletal muscle and brain. A second northern blot, shown in

Fig. 7B,
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.the LDL receptor are deficient in cholesterol renoval and tend to devel op
artherosclerosis. In addition, cells with a defective LDL receptor show

i ncreased production of cholesterol, in part because of altered feedback
regul ati on vob opdediest erol synthetic enzymes and in part pogagusosnf

i ncreased transcription of the genes for these enzynes. In sone cell types,
20 cholesterol is a precursor for the formation of steroid hornones. Thus,
the LDL receptor may, directly or indirectly, function as a signal
transduction protein and may regul ate gene expression. Because Zmaxl is
related to the LDL receptor, this protein may al so be involved in

si gnal i ngcdagtmeaRe Ealstifptisize at 5\8)b,ldh@ indathiee ias Zhateis expreszdein toge,asneel | as
regulate lipid | evels and therefore |ipid-nedi ated di seases. -83 The

gl yci ne lfdr@WicBRa@Eind hutah oltedtlastio cdlElinespor t ant for the function of Zmaxl
because this amno acid is also found in the nouse honol ogue of Zmaxl. The
closely rel atrged {oB@hey thessiresudth fdicatentiah thesHRM polyneorpitisth frethe Gmuelkgeoadi ng
position (Brown et al., Biochem cal and Bi ophysical Research Conm,

248: 879- 8Bespdr3fd) for thaH B phenotype; dedtthd theerZnaxingenet ia irapartantinpeest ei n' s
structure or function tend to be conserved between species, because

nat ur al5 sédvelopinent. n slditivnsberetsa mwationwi Zinagl ¢asabicr bont minesdizationandi npor t ant
positions fromarising. In addition, the extracellular domain of Zmaxl

cont ai ns devalopmepesvell ephipid devielsgit istlikelyithat mplgrulepthat kind t9 ZaRddnayy an EFG
motif. This SYW+EGF repeat is likely to forma 10 distjnct folded protein
domai n, assefiliyslterdose devielopatentantl digiddevels. Syeh mplecylermay weludpdorsxample pL
receptor-rel ated proteins. The first three S5YW+EGE repeats are very
similar i pmall melepules; prgteings RNAgptamers, peptide gptamers.ang,; - di vergent. @ ycine
171 occurs in the central YW notif of the first S5YW+EGF repeat in Zmaxl .
The other two simlar 5YWI+EG- repeats of Zmaxl also contain glycine at

t he correspondi n osition, as does, the 15 5 +EGF 1 at. Ap. the LDL
recept or ﬁot ebxs) a?%&%\?&&?‘“&’ﬁl‘y“%i%%ﬁf h‘ﬂ’é °§maﬁ8nﬁﬂ%8§08ta egsi denti cal

AT S R0 e M R e
]E 8n1(::'[] ie 0];1 g?e%i{%:%p gf % %:Ei'tgf?)]? hrgsﬁrg:g]?t Nﬁtﬁlre%jj o%tﬁ%&c%cﬁic &k&'ﬂé&%ﬂ&%&dﬁgﬁﬁs a
desired fragment will be incorporated into recombinant nucleic acid constructs, usually DNA
constructs, éapable of introduction into and replication in a prokaryotic or eukaryotic cell.
Usually the nucleic acid constructs will be suitable for réplication ina gniceﬂular host, such
15 | as yeast or bacteria, but may also be intended for introduction to (with and without
ix;tegraﬁon within the genome) cultured mammalian or plaEt_'or other eukaryotic cell lines.
The puriﬁcation of nucleic acids produced by the methods of the present invention is
described, for example, in Sambrook et al., Molecular Cloning. A Laboratory Manual, 2nd
Ed. (Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1989) or Ausubel et al.,
20 Current Protocols in Molecular Biology, J. Wiley_ and Sons, NY (1992).
The nucleic acids of the present invention may also be produced by chemical

synthesis, e.g., by the phosphoramidite method described by Beaucage et al., Tetra. Letts.,

22:1859-1862 (1981) or the triester method according to Matteucci, et al., J. Am. Chem. Soc.,
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cDNA and peptide sequences are shown in Figs. 6A-6J. The critical base at
nucl eotide 20 position 582 is indicated in bold and is underlined. Northern
bl ot analysis (Figs. 7A-B) reveals that Zmaxl is expressed in hunan bone
ti ssue as wedbyesIinuner ous ot her tissues. A mnultiple-tiseaguNovishesr n bl ot

(Contech, Palo Alto, CA) was probed with exons fromZmax |I. As shown in
Fig. 7A, the 5.5 kb Zmaxl transcript was highly expressed in heart,
ki dney, lung, liver and pancreas and is 25 expressed at lower |levels in

skel etal muscle and brain. A second northern blot, shown in Fig. 7B, -84
WO 01/92891 PCT/ USO01/ 16946 confirmed the transcript size at 5.5 kb, and

i ndi cat ed 1041318540984, and neXbe pEFQthed Bn bai@ercha natomard bligonucladtider i a and human
osteoblastic cell I1nes. Taken together, these results indicate that the
HBM pol ymeyriltesizensi A doableAtranded Gagr@ent infayibe spiainsd fbm thosingléretranBtd prhdurst ype,
and that the Zmaxl gene is inportant in bone 5 devel opnent. In addition,
because nof eiteinival syinthésis xither &y spithesizingamecomphaneatary sitand andamiealiglesl opnent as
well as lipid levels, it is Iikely that nolecules that bind to Zmaxl may
useful |y atrinels tdgether whelvrdppppeiate comiitidns pi by Adding the c®ui¢mentrre sitand vsingy

i nclude, for exanple, small nolecules, proteins, RNA aptaners, peptide

apt aners, DiNiipelimmedasdwith d/appRopsiptepsitricosequéncpiuc| ei ¢ Aci ds, Vectors,
Transformati ons and Host Cells 10 Large anmounts of the nuclejc acids of the
present i nvent Nuoeleimagidisengtuetd peeperedfor ipteognstioatinte g prokagyole pr eilaryoticdiost cel | |
Nat ural or synthetic nucleic acid fragnents_coding. for a desired fragnent
will be i MAYCPBPEIEAFEPIRaEoR BEtympsngaized bt e hestaprlnding thentende Puﬁ%m |y DNA

oMU GApa Ol Ul oL 0 B LERl) G R PR
D Rl S AL oSk oSl 2SSt O gt gy O

i t hi h | t d | i | ant .0oth k ' [
W0 e SEnOTe) Ul LAy £ EELL S0, o RSN S SIS BRI € C°1
present | E&?‘Q{%}ﬁ%&f‘%‘%&%iﬁg %ﬂ) fssc.{tr)n goxn%rgpée%ueﬂc&,‘§%%?Jo?e9,kmee§1hﬂcermybl ecul ar

C oni ng.

necessary processing information sites, such as ribosome-binding sites, RNA splice sites,
polyadenylation sites, transcriptional terminator sequences, and mRNA stabilizing sequences.
Secretion signals may also be included where appropriate, whether from a native HBM or

15 Zmax1 protein or from other receptors or from secreted proteins of the same or related
species, which allow the protein to cross and/or lodge in cell membranes, and thus attain its
functional topology, or be secreted from the cell. Such vectors may be prepared by means of
standard recombinant techniques well known in the art a;nd discussed, for example, in
Sambrook et al., Molecular Cloning. A Laboratory Manual, 2nd Ed. (Cold Spring Harbor

20 Laboratory, Cold Spring Harbor, NY (1989) or Ausubel ez al., Current Protocols in
Molecular Biology, J. Wiley and Sons, NY (1992).

An appropriate promoter and other necessary vector sequences will be selected so as
" to be functional in the host, and may include, when appropriate, those naturally associated

with Zmax1 or HBM genes. Examples of workable combinations of cell lines and eﬁcpression
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Ed. (Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1989) or
Ausubel et al., 20 Current Protocols in Mlecular Biology, J. Wley and
Sons, NY (1992). The nucleic acids of the present invention nay al so be

* produced bywebgssaal synthesis, e.g., by the phosphor amipgirh@enmbieod

descri bed by Beaucage et al., Tetra. Letts., 22:1859-1862 (1981) or the

triester nethod according to Matteucci, et al., J. Am Chem Soc., -85 WO

01/92891 PCTI USO01/ 16946 103:3195 (1981), and rmmy be performed on

commerci al, autonmated ol igonucl eotide synthesizers. A double-stranded

fragment may be obtained fromthe single-stranded product of chem cal

synt hesi s,¢eibtsed adavrited ™ B8Rbrabid of. "oREITRY CIORINE. A Nalbkdiohydandl, anaeal i ng the

strands together under appropriate conditions or by adding the

conpl eneriRidkpthk Hithor $abaryDbYid BN EEBES NV (1D3%)or ARfIbeDetiah] Eurperrner

sequence. Nucl'eiC acid constructs prepared for introduction into a

pr okar y ot pye:dabls GHAfBI LG giow,tx, WiRY afdSe0k) € (PO iMamadskful vaias am

recogni zed by the host, including the intended nucleic acid fragment

encodi NG [daemee fiehadnd bl Dk Bbtadedifryv stchpreaders adftyatagksn Newdngtied

transcription and translational initiation regulatory sequences operably

| i nked 5t oBjolghspPRhRNBRIRnd gthesg Peomaters Sudbap theswi, bn andspltage Brom@jers.nc| ude,

for exanple, an origin of replication or autononously replicating sequence

(ARS) andire¥ppreamiepsandqiycoblitic seaymepo@sgters maybe nseddn prokaryetmhosise Us

necessary processing information sites, such as ribosone-binding sites, RNA

splice siyeastpromatbyanthnielpatrnaser regionsdor metatiathiongin,i3aphaspboglyesrpia kBRs&@¥quences,

and nmRNA stabilizing sequences. Secretion signals may al so be included

wher e appotbarghyplyticwhzytaies sudhras amalase ot ﬂV@rﬂM}’gﬁﬁo%hﬁR dehydengenase:or £ r om

ot her receptors or fromsecreted proteins of the sane qor rel ated eci es,
Yestas .

whi ch al | evyymesregmopsiblerfor waltaseand galagtoss utjlizagen, and Qthgrs. t hus
attain its_ functional topology, or be sec,hfeﬁ_e%?f{ 0%1 %h_ cel h Sur(ih vectors
tmra]ly beltopr @gtazl_é@fb‘fe We)éﬁq%td : e&mSS@W : r‘i@g&nb " kt 3E él nRHEPTGE PP known in
e art and discussed, for exanple, .in rqok e . oni ng.
A Labor at Batiye mapmuealian prognatess mighbmglude the ﬁ@%f—ﬁ’rdaﬁtfe pﬁﬁn‘%é%g?%t@(ﬁ ;(;)LHF%‘(F)% egl Spring

g?gfjggy Ng@f%%g%;ﬁh&égg%ﬁloﬁoﬁ%e%é BO SRl-Rk Ry kel vl ar

mouse tumor virus, avian sarcoma viruses, adenovirus II, bovine papilloma virus or polyoma.

In addition, the construct may be joined to an amplifiable gene (e.g., DHFR) so that multiple

15 copies of the gene may be made. For appropriate enhancer and other expression control
sequences, see also Enhancers and Eukaryotic Gene Expression, Cold Spring Harbor Press,
Cold Spring Harbor, NY (1983). ;

While such expression vectors may replicate autonomously, they may also replicate

by being inserted into the genome of the host cell, by methods well known in the art.

20 Expression and cloning vectors will likely contain a selectable marker, a gene
encoding a protein necessary for survival or growth of a host cell transformed with the vector.
The presence of this gene ensures growth of only those host cells which express the inserts.

Typical selection genes encode proteins that a) confer resistance to antibiotics or other toxic

substances, e.g. ampicillin, neomycin, methotrexate, etc.; b) complement auxotrophic
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An appropriate pronoter and ot her necessary vector sequences wll| be
selected so as to be functional in the host, and may include, when
appropriate, those naturally associated wth Zmaxl or HBM genes. Exanpl es
of wor kabl wocmvbsonat i ons of cell lines and expression - 86cYs@isR8891

PCT/ USO1/ 16946 vectors are described in Sanbrook et al., Ml ecular

Cl oning. A Laboratory Manual, 2nd Ed. (Cold Spring Harbor Laboratory, Cold
Spring Harbor, NY (1989) or Ausubel et al., Current Protocols in Ml ecular
Bi ol ogy, J. Wley and Sons, NY (1992). Many useful vectors are known in
the art and may be obtai ned from such vendors as Stratagene, New England 5
Bi oLabs, Rrrmoages,Bir ot iphyy canch: atinents notAveumbicaran sanhexamedine. g, e génac and
phage pronoters, tRNA pronoters and glycolytic enzynme pronoters may be
used i n perseding&-alenihomcemaseisaRacilli.y Elacsthojse ofitht proper salettable marlenwiler r egi ons
for netall othi onein, 3-phosphoglycerate kinase or other glycolytic enzynes
such as efeend en the hgstyelbrani dpgropteateemprrers foralifferent hody g wel vown irthyare s
responsible for maltose and gal actose utilization, and others. Vectors and
promoters 10 sThe veslos qoptainieg-th nudeie aqidsofinterssiicambetranssribed Frovitrdemd thiebed i n
EP 73, 675A. Appropriate non- native mammalian pronoters m ght include the
early andresgtiag traduged ingmihetag celbpiewell-kpowmmethodgae-gi loy, injeptiom (3es, ( 1978))
or pronmoters derived from murine Ml oney | eukem a virus, _nouse tunor
virus, avidhe &ile BFES $risudbsl 19442850 PF 18 veqtors praheirirqduend ditseHy intorhest or

pol yoma. In.addition, the construct, be joj.ned to an | jfjabl e gene
(e.g., DHEH bymsthpds wellkpowpm %%W&‘Y"Ef gﬁpﬁ%‘l‘wme B&H%ﬁi’“#or
appropri at e, enhancer and of her. expressi.on cantrol . sequences, .gee al so
Enhancer s%@%ﬁe&@m%ﬂé%{‘%&ﬁ%@w C"gﬁ ¢ F@%&‘%ﬁ?‘ﬂ&ﬁhﬁ ®ss, Cold
Spring Harhar, NY (19 ile su expressi on _vectors eplicate

aut onomou€ ﬁ}“‘“ﬂ%ﬁ}"ﬁ‘&é%ﬁ%%‘%% %‘g‘{;eé' Sé%}mﬁ?fi' Wbcr?pﬁgé&g%l&o%cgn e genonme of
t he ho . by. . i : t pr.ession .cl oni ng
vect or? Wlﬁﬁ 4‘{"‘?“93@‘[“3@%@%"%& g%?bg\é%]gbxﬁfeeh??@gﬁs % ern,t’ Sg&gagﬁéeuoen?fpoqﬁl ﬁ’g%a protein
necessary i val t t r i t he

vect or. #}d;&%%ahgé&]dgg gg%%?%?rﬂgﬁggfgé lggjo%/lﬁdﬁa[ oé E)%Iajgfggr?g!s?ﬂﬁost cells

whi ch exXpiisdudtidt of e @htisic acily Rl h6R LAY &Y MRNRAXNENA BGe Bt Qh@hdisg t hat a)
confer resistance to antibiotics or other toxic

those described above, will be referred to herein as "transformation." The cells into which

have been introduced nucleic acids described above are meant to also include the progeny of
15 such cells.

Large quantities of the nucleic acids and proteins of the present invention may be
prepared by expressing the Zmax1 or HBM nucleic acids or, _portions thereof in Vectors or
other expression vehicles in compatible prokaryotic or éuka.ryotic host cells. The most

. commonly used prokaryotic hosts are strains of Escherichia coli, although other prokaryotes,
20 such as Bacillus subtilis or Pseudomonas may also be used.

Mammalian or other eukaryotic host cells, such as those of yeast, filamentous fungi,
plant, insect, or amphibian or avian species, may also be useful for production of the proteins
of the present invention. Propagation of mammalian cells in culture is per se well known.

See, Jakoby and Pastan (eds.), Cell Culture. Methods in Enzymology, volume 58, Academic
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substances, e.g. anpicillin, neonycin, nethotrexate, etc.; b) conpl enent
auxotrophic -87 WD 01/92891 PCT/US01/ 16946 aenciencies, or c) supply
critical nutrients not available fromconplex nedia, e.g., the gene
encodi ng Dved eamzgm|d racenmase for Bacilli. The choice of tperpsapesss

sel ectable marker will depend on the host cell, and appropriate markers
for different hosts are well known in the art. The vectors containing the
nucl ei ¢ acids of interest can be transcribed in vitro, and the 5 resulting
RNA i ntroduced into the host cell by well-known nethods, e.g., by injection
(see, Kubo et al., FEBSLetts. 241:119 (1988)), or the vectors can be

i nt rOdUCepre%%%%%gﬂcom%?acﬁ9&{%%@%(3#\15%2?/9'7” é r@?z%%pl%ﬂcpﬁﬁf%‘lf}g'i dsBg the art,

whi ch vary ng on the st I nc ng

el ect r oPof g lin hdsAAHIBE LEVERTLRMIAL cER) el Hahotet S\ary (R et

chl oride,” cal ci um phosphate, extran, or other substances;

i or opr of gl Vs, BARDSCODS ben ihibs) dBBRAAH LG, dpikGaih o9 towhake the vector s

an infectious agent, such as a retroviral genone); and other nethods. See

gener al | ypraQioREGBA ofer &d11 lined REY b BSpropiRitdE L., RlpréVide hi%]%g &xprédfifon
y

i ntroduction of the nucleic acids into the host cell any nmet hod known in
t he arts, aég&hmg'gggos Iah&ﬁ?}‘tﬁﬁﬁﬁrio&@ﬂf@ﬁ@é_e, W ll be referred to herein as
"transformation." Tﬁe cells into whi.ch have been introduced nucleic acids
descri bed aboveElopésard@®@rafed b9 usthg Maikess déprdingen picagedepoltie vetfor such cel | s.
Large quantities of the nucleic acids and proteins of the present invention
my be peapaticidnbYhenpkeassayig dnlthe gt adiffdridl/DNAcineleculegirefsrably thwor t | ons
thereof in vectors or ather expression vehicles in conpatible prokaryotic
or eukar ystmeDNAgtolexale. $n pibkaryotixshostscibertramsformatachyheckisetpdie g, byost s ar e
strains of Escherichia coli, although other prokaryotes, 20 such as

Baci | | us wsistanés tg ampicllin detracysiias onetheraintbiotics. Bowlyctiagofapertignlapprodicher
eukaryotic host cells, such as those of yeast, filanmentous fungi, plant,

i nsect10 obasadrphichiparatuns seasitivity mpedseserverns gn appseprigte makstyl for producti on of
the proteins of the present invention. Propagation of mammlian cells in
culture is perProkarypticor ppkspyetic cellsdransfgpeadwithhe medqia aeidsepfdhopreset | cul t ure.

Met hods in Enzymol ogy, .volu 58, Acadeni c -88 . .
inventio¥1 will bg %seful not gnﬁy for the production of the nucleic acids and proteins of the

present invention, but also, for example, in studying the characteristics of Zmax1 or HBM
proteins. | '

15 Antisense nucleic acid sequences arc usefil in preventing or diminishing the
expression of Zmax1 or HBM, as will be appreciated by one skilled in the art. For example,
nucleic acid vectors containing all or a portion of the Zmax 1 or HBM gene or other sequences
from the Zmax1 or HBM region may be placed under tﬁe control of a promoter in an
antisense orientation and introduced into a cell. Expression of such an antisense construct

20 .within a cell will interfere with Zmax1 or HBM transcription and/or translation and/or
replication. '

The probes and primers based on the Zmax1 and HBM gene sequences disclosed
herein are used to identify homologous Zmax1 and HBM gene sequences and proteins in

other species. These Zmax1 and HBM gene sequences and proteins are used in the
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WD 01/92891 PCT/ US01/ 16946 Press, Inc., Harcourt Brace Jovanovich, NY,
(1979)). Exanples of commonly used mamralian host cell lines are VERO and
HeLa cells, Chinese hanster ovary (CHO cells, and W38, BHK, and COS cell
lines, altkaugmsss will be appreciated by the skilled peettsdiiensr that
other cell lines may be appropriate, e.g., to provide higher expression 5
desirabl e glycosyl ation patterns, or other features. Clones are selected by
usi ng markers dependi ng on the node of the vector construction. The nmarker
may be on the same or a different DNA nol ecul e, preferably the sane DNA
nol ecul e. I n prokaryotic hosts, the transfonnant may be selected, e.g., by
resi st anc W’ | Jedid i ; Biapdsaiebdribe@ héreim.fothe@duct i on of
a particu 3@Brodu%$%%%ﬁg%ﬁ%%n%ﬁ%%ﬁ% sensit ivity may al so serve as
an appr opgleaite iR Whidh thdy ke bkttt eukaryotic cells transformed with the
nucl eic acids of the présent invention will be useful not only for the
production of the nucleic acids and proteins of the present invention, but
al so, for exanple, in studying the characteristics of Zmaxl or HBM

protei ns. X¥3, APotch® BSPrefdion ML Paafichtaquences arc useful in preventing or
di m ni shing the expression of Zmaxl or HBM as wi Il be appreciated by one
skilled in theEgrdssiofraid RuEipicn, of tEBMiptoteia iofithe énvesticn ot pénfirmgdal | or a
portion of the Zmax | or HBM gene or other sequences fromthe Zmaxl or-HBM
r egi on smaysshsially acedlined delowt e feclitateche adning, pxpoessionand purificatiernefl sense
orientation and introduced into a cell. Expression of such an antisense
const r uct mgfibant idseereted protsin ifiom the FBMegeae, wigehe SipesssionsystaBvstohas &er i pti on
and/or translation and/or replication. The probes and priners based on the
Zmax| andpEBSysen Newgennfoecloning sndepressionofspeembinant pretginsdn £.rofiWaey

honol ogous Zmaxl and HBM gene sequences and proteins in other sg),eci es.
These Zmazélecisde Al PNHesequense areoding a@epiidsttag, te His-dap; seag frspd torfke J'ggd wo

01/ 92891 PCTI USO/ 16946 __di a%nost,i.c/pro, nostic, ther gﬁlﬂjti c._and ({jrug

scr eeni ng ofENAcegueaeas of imsEest kncfagififate Ryrification of the recombmant protem products.

10 The 3' end was selected for fusion to avoid alteration of any 5' terminal signal sequence.
Nucleic acids chosen, for example, from the nucleic acids set forth in SEQ ID NOS:

1, 3 and 5-12 for cloning HBM were prepared by polymerase chain reaction (PCR).
Synthetic oligonucleotide primers specific for the 5' and 3' ends of the HBM nucleotide
sequence were designed and purchased from Life Technologies (Gaithersburg, MD). All

15 forward primers (specific for the 5' end of the sequence) were designed to include an Ncol
cloning site at the 5' terminus. These prirhers were designid_ to permit initiation of protein
translation at the methionine residue encoded within the Ncol site followed by a valine
residue and the protein encoded by the HBM DNA sequencé. All reverse primers (specific
for the 3' end of the sequence) included an EcoRI site at the 5' terminus to permit cloning of

20 - the HBM sequence into the reading frame of fhe pET-28b. The pET-28b vector provided a
sequence encoding an additional 20 carboxyl-terminal amino acids including six histidine

residues (at the C-terminus), which comprised the histidine affinity tag.
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speci es. fromwhich they have been isolated. XVI. Protein Expression and
Purification Expression and purification of the HBM protein of the
invention can be perforned 5 essentially as outlined below. To facilitate
t he cl oni nyo awpwessi on and purification of nenbrane andcsessiasmed protein
fromthe HBM gene, a gene expression system such as the PpET System
(Novagen), for cloning and expression of reconbinant proteins in E coli
was selected. Also, a DNA sequence encoding a peptide tag, the His-Tap,
was fused to the 3' end of DNA sequences of interest to facilitate
purification of the reconbi nant protein products. 10 The 3' end was

sel ected for fustanc bNvrapepatedirbmnat 48m gefie wasustd ad e souncd ot Sdngmiae pHFQUENCe.
Nucl ei ¢ acids chosen, for exanple, fromthe nucleic acids set forth in SEQ
| D NOS:  for PCRasropliicationf (draswhied eri alg CiBin s \Beotecqls is péalechidr\Biglogy femaEdeyc hai n
reaction (PCR). Synthetic oligonucleotide primers specific for the 5 and
3' ends of% Bens (P?éﬁ%nﬂ'@lamiﬁd%DNéeQ?QWMIénmsi['@i\é@udmﬁdpmmsed from
Li fe Technol ogi es (Gaithersburg, MD). Al 15 forward prinmers (specific for
the 5' en@emeﬂé%@a@eh%ammgl@e@@sq ayfsation yial pentainias 2mddgCl, dIMMi ng site
at the 5 termnus. These priners were designed to permt initiation of
protei o SYpric slipgpmclptidenrimgss (foryvardandreverss pEmers) eerarlementay o ade Ncol site

fol | oned a valise_ _residue_and the protein encqoded by the HBM DNA
sequence. Hapkng adefined HBM, (.2 mM alyach of °WPIC?%%Ph%¥%ﬁAW%@quence)

i ncl uded it t t S' ot ] t 1 t. cloni f 20 the HBM
sequence ATB T2 D7 ks of Grrbtehlc PR pbrmgals (ArbapeooRe Y enbr pr ovi ded
di ddj.t.i. | 20 | -t i nal i id

et udi ng SUren i Mo DR SRRt AY W sy whi ch conpr i sed ¢ he

hi sti di ffip . =9 1/ 92891 PCTI USO1/ 1694 1 c DNA

pIer:ar :agef ?oml ph%a&/ﬁéﬁﬁégné)ﬁé’gvth\a%%ggal?ggaf &Y Eaénpg? O&éﬂ‘ﬁﬁ{ﬁ]?maﬁ or PCR
lifi i . et. . . i) . I B ol , Joh

ey 16 Bffed GUEH GGl pin FER bbiBp BN at, QY D) A DY oM
2ot d , . . o i _ . ti

Vi 2l “oont SrRERUARE g HEP QiR ubblled 3 ASHon Al ELEBRNOS ol €871 1 O

(forward aRer 4 FREREQNRW By HieNibs SIRBHAMAS QuitYE! ef al., Current Protocols in

Molecular Biology, John Wiley & Sons, Inc. (1994)). DNA samples were then subjected to

electrophoresis on 1.0% NuSeive (FMC BioProducts, Rockland, ME) agarose gels. DNA
15 was visualized by exposure to ethidium bromide and long wave UV irradiation. DNA

contained in slices isolated from the agarose gel was purified using the Bio 101 GeneClean

Kit protocol (Bio 101, Vista, CA). B

The pET-28b vector was prepared fc.n' cloning by digestion with restriction

endonucleases, e.g., Ncol and EcoRI (New England BioLabs, Beverly, MA) (Ausubel et al.,
20 Current Protocols in Molecular Biology, John Wiley & Sons, Inc. (1994)). The pET-28a

vector, which encodes the histidine affinity tag that can be fused to the §' end of an inserted

gene, was prepared by digestion with appropriate restriction endonucleases. |

Following digestion, DNA inserts were cloned (Ausubel et al., Current Protocols in

Molecular Biology, John Wiley & Sons, Inc. (1994)) into the previously digested pET-28b
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flanking a defined HBM 0.2 nM of each of deoxynucl eotide triphosphate,
dATP, dGIP, dCTP, dTTP and 2.5 units of heat stable DNA pol ynerase
(Amplitag, Roche Mol ecular Systens, Inc., Branchburg, NJ) in a final

vol une of WaPotezsddpon conpl eti on of thermal cycling reacbcposor/igagh sanpl e
of anplified DNA was 10 purified using the Q aquick Spin PCR purification
kit (Q agen, Gaithersburg, MD). Al anplified DNA sanpl es were subjected
to digestion with the restriction endonucl eases, e.g., Ncol and EcoR (New
Engl and Bi oLabs, Beverly, MA) (Ausubel et al., Current Protocols in

Mol ecul ar Bi ol ogy, John Wley & Sons, Inc. (1994)). DNA sanples were then

subj ect ededpessih P&tdrO PRIILES bSthe Migatiol Yeabliczewste tHeh MeedBb altfisFeturthe BLRoCk| and,
ME) agarose gels. DNA 15 was visualized by exposure to ethidiumbrom de and

| ong wavestkdih 618, 26l (liisabel VA Cusieit Rrofdesls inMeletiesBiokg), dberiWiley 8 Sdis,
agarose gel was purified using the Bio 101 GeneClean Kit protocol (Bio
101, Vi st . (@494)) asliesqeibdd BAbwyvect or was prepared for cloning by digestion
with restriction endonucleases,.e.g., Ncol and EcoRl (New Engl and Bi oLabs,
Beverly, M) (Qutapdosk basterh, E. coli30a0BILE nt E.Roditstrainl BL.2i1 {DEB), wexgl ar Bi ol ogy,
John Wley & Sons, Inc. (1994)). The pET-28a vector, which encodes the

hi st i di e trafsfdrmnid with agombatantgdlT dxprefsimgdasnods dagrybig thewlonsd FEHM sendierdeed

gene, was prepared by digestion with appropriate restriction endonucl eases.
Fol | owi ngactoriésg: tb standabhimethedetAusubsberal. cCnerd PrataeribisiMdecuiir Biolggy: Jat
Protocols in Mlecular Biology, John Wley & Sons, Inc. (1994)) into the
pr evi ous| Witty geSonsdnpH1998) Brefly, N of ligatinegsaction massaived 39@a0 1 9br essi on
vector. Products of the ligation reaction were then used tqQ transformthe
BL21 st r alestraspmpstent s¢lis odsubipred taa high voltagemulss: atisr whish SIEPIeS VS| ecul ar

bt o) 5, MESbaS e L5 PGB (06 Yot PREH 104 BYBiens AR Nk 4 B
HEM ScQoRC 10T g BB s Jh BV BB RhRel oGt nafind S} Bt °"
OOl b S B h 20 G, Fb s T e AR 1111
growth overnight. Transformed colonies of BL21 were then picked and analyzed to evaluate
cloned inserts, as described below.
Individual BL21 clones transformed with recombinant pET-28b HBM nucleotide
15 sequences were analyzed by PCR amplification of the cloned inserts using the same forward
and reverse primers specific for the HBM sequences that were used in the original PCR
amplification cloning reactions. Successful amplification y_e_rlﬁes the integration of the HBM
sequence in the expression vector (Ausubel et al., Currént Protocols in Molecular Biology,
John Wiley & Sons, Inc. (1994)).
20 Individual clones of recombinant pET-28b vectors catrying properly cloned HBM
nucleotide sequences vgvere picked and incubated in 5 ml of LB broth plus 25 pg/ml
kanamycin sulfate overnight. The following day plasmid DNA was isolated and purified

usihg the Qiagen plasmid purification protocol (Qiagen Inc., Chatsworth, CA).
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el ectroconpetent cells and subjected to a high voltage pul se, after which
sanples were incubated in 0.45 m SOC nedi um (0. 5% yeast extract, 2.0%
tryptone, 10 MM NaCl, 2.5 mM 10 KCI, 10 mM MgCl 2, 10 mM MgSO4 and 20 niM

gl ucose) aw®¥®2svit h shaking for 1 hour. Sanples were tkrewusariessd on LB
agar plates containing 25 fcg/m kananycin sulfate for growh overnight.
Transforned col oni es of BL21 were then picked and anal yzed to eval uate
cloned inserts, as described bel ow. Individual BL21 clones transforned with
reconmbi nant pET-28b HBM nucl eoti de 15 sequences were anal yzed by PCR
anplification of the cloned inserts using the sane forward and reverse
primers speci fIhe pEDvetthecanBprpagstsdde anyt Rako/i Kb | 2stridre . i, HMIE40HByOnal PCR
anplification cloning reactions. Successful anplification verifies the

i nt egr at i il 09f DHB and-ibielliks sty mmpozes of cidningex plasmisl prepavation.oHoft\es ubel et at,
Current Protocals in Ml ecular Biology, John Wley & Sons, Inc. (1994)).
20 | ndi vi ekpeessior inclade Bf colistrainbcontaiing Edhrogpsonet capyof thergens fog TpRAer | y

cl oned HBM nucl eotide sequences were picked and incubated in 5 ml of LB
brot h pl usel@sergseniThesedastaperedysoatns af bactsviepidgg ME3, Fhabda ¢romlivribefay pl asni d
DNA was isolated and purified wusing the Q agen plasmd purification

prot ocdl qaaicadhedaqligene, theHeaeEVibpromoterznd the me%@ﬂm&wglym@w-mfe%a The
pET vector can be propagated in any E: coli K-12 strain, e.g., HVS174, HBI
Ol, JMLOEPlymymEse3Rg n@d%éed bikadditiop ef iseprpRid-BsDhiogalastasidg (BTG e Mgl 7
preparation. Hosts for ex_gressi on incluyde E. .colj strains containing a

chr onos onBNAepnesIse trapscResany Hrgetplasmid contaging adpnctional 1 prometers fUChiid o
gene.t heR¥LRNSRPROR Y B artlra JEHS Hdert RavHoPpAOs Sfign
o the- 19 ST SR URBT bes' any targel pl asm d containing a
St rai 18 el udt PGPS b ol B o 6ot f gy DNRE T
185 00- 804 LI hb vt kSRR ok 5216501 RalBR of B BESUEIE GroiBed'9 O

by Novagen as part of the pET expression kit). The lacZ gene ($-galactosidase) is expressed

in the pET-System as described for the HBM recombinant constructions. Transformed cells
were cultured in SOC medium for 1 hour, and the culture was then plated on LB plates

15 containing 25 pg/ml kanamycin sulfate. The following day, the bacterial colonies were
pooled and grown in LB medium containing kanamycin sulfate (25 pg/ml) to an optical
density at 600 nM of 0.5 to 1.0 O.D. units, at which point 1 mM IPTG was added to the
culture for 3 hours to induce gene expression of the HBM recombinant DNA constructions,

After induction of gene expression with IPTG, bacteria were collected by

20 centrifugation in a Sorvall RC-3B centrifuge at 3500 x g for 15 minutes at 4°C. Pellets were
resuspended in 50 ml of cold mM Tris-HCl, pH 8.0, 0.1 M NaCl and 0.1 mM EDTA (STE
buffer). Cells were then centrifuged at 2000 x g for 20 minutes at 4°C. Wet pellets were

weighed and frozen at -80°C until ready for protein purification.
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descri bed above to transform conpetent BL21(DE3) bacteria as described
above (provided by Novagen as part of the pET expression kit). The |lacZ
gene (0-gal actosidase) is expressed in the pET-System as described for the
HBM r econbwuoaniozssanst ructi ons. Transforned cells were cettusadedsn SOC
medium for 1 hour, and the culture was then plated on LB plates 15
containing 25 g/m kananycin sulfate. The follow ng day, the bacteri al

col onies were pooled and grown in LB nmedi um containing kanamycin sul fate
(25 g/m) to an optical density at 600 nMof 0.5 to 1.0 OD. units, at
which point 1 M1 PTG was added to the culture for 3 hours to induce gene
expressi on of virhwty sihthedolopids kadn ke mocatrewsdd to psrifyAlie igolatedduct i on of
gene expression with I PTG bacteria were collected by 20 centrifugation in
a Sor v glrbteS(CRigaaret i, CupenblroRofls iPrgtdmScidise, FomiWasy &St (19P8D] et s wer e
resuspended in 50 m of cold MM Tris-HCI, pH 8.0; 0.1 MNaCl and 0.1 nM
EDTA ( S exkiniflé,ahg frofaalckls o be thatved) resuspenddd ip bufffertan@ 0ponrsd by se¥eral0 ni nut es
at 4C. Wt pellets were weighed and frozen at -80C until ready for protein
puri f i ciséages thed3h WeaAN 4SIRRS hiRerlidigeri(Mogelid-110S Micrafiidiesfinteme | ogi es
known in the art can be used to purify the jsolated proteins (Coligan et

al ., 5CuCerpniNeRtay, dEA). Themesitant bimogspite ifcentrifugsd toyigld ¢ clearsyp@mtanos) ) . For
exanple, the frozen cells can be thawed, resuspended in buffer and ruptured
by sevefcaide epmatapdsfotlpwing diirasion, thg srudefxirae infreigngd ave P\ bdel M 110S,
Mcrofluidics International 5 Corp.. Newton, M\ . The resulta honogenat e
i s cent Fiattinge aretraoniiossdcbyebsqraance 3ot anck eale fractiqas gy ll)%l@fl'{yz%h% fol | owi ng
filtration, the crude extract is fractioned over colums. Fractions are
moni t or 8BSHAG@EHBsor bance at ODZao rum and peak fractions may be anal yzed by

SDS- PAGE. The concentrati gns, f %ur.i fied protei rhagﬁegar ations are
quanti fi ed 1EPeSIBEIHTBRORSOLRETEEE t?‘i}P{fBFfﬁ-Smﬁﬂﬁeo‘} coefficients

| cul ated f , id t ent Per k E . Bi 157:169- 180
(L6 § serhentRiomebomE A6 EgTaiE roerre: ruaLerd fom doind e Btk
Br adf Anal i ach sy b s 1 Bi ol .
Chom . disgdnggin s Bp06eh; 157365 4% (30l Bbin APl sl moneied 11 ©
by the method of Bradford, Anal. Biochem., 72:248-254 (1976) and Lowry et al., J. Biol.

Chem., 193:265-275 (1951) using bovine serum albumin as a standard.
SDS-polyacrylamide gels of various concentrations were purchased from BioRad

15 (Hercules, CA), and stained with Coomassie blue. Molecular weight markers may include
rabbit skeletal muscle myosin (200 kDa), E. coli B-galactosidase (116 kDa), rabbit muscle
phosphorylase B (97.4 kDa), bovine serum albumin (66.2 kD_a:)Z ovalbumin (45 kDa), bovine
carbonic anyhdrase (31 kDa), soybean trypsin inhibitor (21.5 kDa), egg white lysozyme (14.4
kDa) and bovine aprotinin (6.5 kDa).

20 Once a sufficient quantity of the desired protein has been obtained, it may be used for
various purposes. A typical use is the production of antibodies specific for binding. These
antibodies may be either polyclonal or monoclonal, and may be produced by in vitro or in
vivo techniques well known in the art. Monoclonal antibodies to epitopes of any of the

peptides identified and isolated as described can be prepared from murine hybridomas
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SDS- pol yacryl am de gel s of various concentrations were purchased from
BioRad 15 (Hercules, CA), and stained with Coonassie blue. Ml ecul ar

wei ght markers may include rabbit skeletal nmuscle nyosin (200 kDa), E.
coli 0-gal agdopdase (116 kDa), rabbit nmuscle phosphorylpesasti/®46. 4 kDa),
bovi ne serum al bum n (66.2 kDa), oval bum n (45 kDa), bovine carbonic
anyhdrase (31 kDa), soybean trypsin inhibitor (21.5 kDa), egg white

| ysozyme (14.4 kDa) and bovine aprotinin (6.5 kDa). 20 Once a sufficient
gquantity of the desired protein has been obtained, it nay be used for

vari ous purposes. A typical use is the production of antibodies specific

for b nd! Gl ae, BRSPS, Hubfrk!dohiee BOMKSIARSN 0 feiamRRRAR | and

may be pr in vit In vivo techniques well known inthe art.

Monocl Onaéf}ﬁ‘a[gﬂ;ﬂg@?%gﬁeﬁé)peﬁgﬁ bORRSweRks. ath st RFhenRBRIficd@ SThelRNS ithi ed and

i sol ated as can be prepared from nurine hybridomas -94 WO

01/92891 REJILIRTHHRI 4R thédat@RbRId froiRihd hﬁxméﬁle&&mé@% pellslare themary, a

nouse i s Tnoculated with a few m crograns HBM protein over a period of

two weeksgsc\@itipel§&hylenetdhRBl $iieibhideafblonid @S eThesutdeasfullypfussdices arat i bodi es
are then renoved fromthe nouse's spleen. The spleen cells are then fused

W th pal yagtdid ianenisloyiees plaiti ahid gros 6f thy ellmineis cadtinged. Tie aswostsdshtiddy f used
cells are 5 diluted in a mcrotiter plate and growh of the culture is

cont i nuedper Wil iaARAsIted®ly iamuhd¥esly meterds weshlas ESIS?e@ngvali Megh. Enmnedas s ay

met hods such as ELI SA (Engvall, Meth. Enzynol., 70:419 (1980)). d ones
produci ng7@419 (1980)). clondsepradupiapg chttbody darf bnrdxpmdetpmﬂagmr@wp%ate(iﬁod uce HBM
anti bodi es. Qther suitable techniques involve in vitro exposure of

| ynphocyt pedua HBM aatibadissn Othep alitpbletechriques inyoled inejtrexpoa¥sof t o sel ection
of libraries of 10 antibodies in phage or simlar vectors. See Huse et al.,
Sci ence, Bafhooytes te g knlig@dpolyprpiides, s altarnasivaly, torselsstieaof Bhrapes ¢fnt i body
production see Davis et al., Basic_Methods in Ml ecul ar % oég%, El sevi er,
NY, Selfti amtibpdiepinphogogr singimwertors Prediess 6f &f., Sejencgs246d<i 7 23 1Hd % Fiknce of

an agent (e.g., antibody, HBM protein, protein poly hi,sm.qr, Znax|
protein oﬂdcbhgﬂq@bmﬁdylatl@%%ﬂéwq}ﬁm@m\l‘&@F Dayig etple Fﬁ};%ﬁ’oﬁ’ ‘éle_‘""?‘?’

ElmF’)lS iDO| OgiBlCo?o'gy[ El\s/sg\ligr, li\&, gec%x?&ﬁ%%ﬂ%)? known. For exanple, see F.W HEMM NG,
Standard protocols for assessing the influence of an agent (e.g., antibody, HBM

protein, protein polymorphism or Zmax1 protein or compound) to alter lipid levels in a cell or

15 the physiological levels in a subject are known. .For example, see F.W. HEMMING, LIPID
" ANALYSIS (Bios Scientific Pub. 1996) and J. M, ORDOVAS, LIPOPROTEIN PROTOCOLS
(Humana Press Inc. 1997). More specifically, cholesterol En_d triglyceride analysis can be
performed using the Olympus AU5000 Cholesterol method. This method of measuring
cholesterol combines the use of the enzymes with a modification of the peroxidase-pheol-4-

20 . aminoantipyrine system, substituting 2-hydroxy-3,5-dichlorobenzene sulfonic acid (2-OH 3,5
DCBSA) for the phenolic group for the measurement of total cholesterol in the subject serum.
The as;say is based on a series of coupled enzymatic reactions. 'Cholesterol esters present in

serum are hydrolyzed to free cholesterol and fatty acids by cholesterol esterase. The

cholesterol is in tarn oxidized by cholesterol oxidase to cholest-4-en-3-one with the
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ANALYSI S (Bios Scientific Pub. 1996) and J. M ORDOVAS, LI POPROTEIN
PROTOCOLS (Humana Press Inc. 1997). Mre specifically, cholesterol and
triglyceride analysis can be performed using the A ynmpus AU5000

Chol est erolwoet/d28dd. Thi s net hod of nmeasuring chol esterolpcaassbi/es t he use
of the enzymes with a nodification of the peroxidase-pheol -4 20 _

am noanti pyri ne system substituting 2-hydroxy-3, 5-dichl orobenzene sulfonic
acid (2-0OH 3,5 DCBSA) for the phenolic group for the neasurenent of total
chol esterol in the subject serum The assay is based on a series of

coupl ed enzymatic reactions. Chol esterol esters present in serumare

hydr ol yzedunuitfnpens pedaubiamt g mylirogedpdratidage. attiecthydivgerchapbeddse kakts @sther ase. The
cholesterol is in turn oxidized by chol esterol oxidase to

chol est - 4-apin@ntipingiin the presence 61 WOH3,5IECBIA RIEOQUSS 3 c®SbPhors ithati bisarbe ous
production of hydrogen peroxi dase. The hydrogen peroxi dase reacts with 4-
am noant i (A 6Ytem; Fhe thsorbarssef ths redetion Oikt@e i+ 1DEBSAI bioclprmdtically at 51500 phor e
that absorbs at 570 nm The absorbance of the reaction mxture is neasured
bi ochr onatTe and iy pepporipogl e the cholesterpliconeenprtinpof thesamplet o t he chol est er ol
concentration of the sanple. 5 For serumtriglyceride analysis, the O ynpus
AU5000 ?ri gl yc@mmmﬁ%@eu%a@h/ﬁmaqhg@lmw@g&éoo Biglyernide prpeedprs camsalsel on a
series of cou%(ﬁg_&%gg tic reactions. Triglycerides in the serumare

hydr ol yzed%" @a%ﬁ?uoaé sgTies Qficourledsmzymaticitprepions: diriglycerides dn they ycer ol

phosphat o SRS B i Do o it by avereores idveamldnoger

ehr omophorRBeR P Sp SRR SAL Ao SR orEyRLal Tl Pt ek he 520/ 660

he o1 o OERRE bR RRR AR Stk T Ayatie g ol "
1 ho Gy SEFE N6 2o Akt 3in A EPRR A TRl PR EE . ™
{net apy ca0foe0 By ThE erai oupmipe of frepcton A ARRPAINI . 2001

pur poses. ﬁg@é@ﬂg@&{&nt}dﬁoggp@egwgfer nmet hods has al |l owed for devel opnent
of

XVI. Methods of Use: Gene Therapy
In recent years, significant technological advances have been made in the area of gene
15 therapy for both genetic and acquired diseases. (Kay et al., Proc. Natl. Acad. Sci. USA,
94:12744-12746 (1997)) Gene therapy can be defined as thg deliberate transfer of DNA for
therapeutic purposes. Improvement in gene transfer meﬁods has allowed for development of
gene therapy protocols for the treatment of diverse types of diseases. Gene therapy has also
taken advantage of recent advances in the identification of new therapeutic genes,
20 improvement in both viral and nonviral gene delivery systems, better understanding of gene
regulation, and improvement in cell isolation and tra.nsplantation.
The eicperiments below identify the HBM gene as a dominant mutation conferring

elevated bone mass and that alters lipid levels. The fact that this mutation is dominant
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gene therapy protocols for the treatnent of diverse types of diseases. Gene
therapy has al so taken advantage of recent advances in the identification
of new t herapeutic genes, 20 inprovenent in both viral and nonviral gene
del i very sywo emmgoibett er understandi ng of gene regul ati egr/uamdedsspr ovenent
in cell isolation and transplantation. The experinents below identify the
HBM gene as a dom nant nutation conferring. el evated bone mass and that
alters lipid levels. The fact that this nmutation is dom nant -96 WO

01/ 92891 PCTI USO1/ 16946 indicates that expression of the HBM protein
causes el evated bone nmass and perhaps changes in lipid |evels. Oder

i ndi vi dualisdiestds iyt Bgpréskion biBide FEBM pratéifl cavséblehed Boriise 96d Peghdpt Charkdd
protein, do not suffer from osteoporosis. These individuals are equival ent
to i ndivi dubpid leveBi Offlet Indtidrdisdatrping e AHiNYIgpwe0irell therefdte sxprasing theHBNINS ar e
a strong experinental indication 5 that therapeutic treatnment wwth the HBM
pr ot ei n pmpeoteint do mos suffep fromiseopokbss. Hiheee indisikiuale hreeqeivalgntas individuglsof t he HBM
gene is termed "HBM function."” Therefore, according to the present

i nvent i on beiagmestbdutith thedIBM ppoteini Theseobseswappisyarsastroapokpanmeniabindication
mesenchymal stemcells (Onyia et al., J. Bone Mner. Res., 13:20-30

(1998) ; 5 Kdhat thezdpeyticOzatoment Witk the FEVIp8dtdin Gy entg 4st@BPipsis SThpborempss uch a
function provides 10 protection against osteoporosis. For regulating |ipid
| evel s, HBlavetingactivly of dhe BBMagppisitamed SHBM fpngtiopd| | s, as wel | as ot her

cells involved in |lipid netabolismand lipid regulation (_e.gi;. nmuscl e
cell's, |esion &Berere, aqeprding taithpnresenliny@tion, ¢ mehpdipysaeroyid Bolyinghe HBM
gene or a__part of the gene may be introduced into the cell in_a vector

such that fapctian fodnesrredymalstem cellsARBYA pidl J 1Home Miveralasi» 1 82P138n, the gene
ill b db h I _f h | ) tion.
Vectors T IRt Bher sy SdS bt (o5 SUEng Soha fiagign peides

. b Mo GHOn A PRFOPOIOREr B AEEHGIENYRYY Ty ae ELiM 6for 8 shophda b V0! Of
| i | Ci h h - i,pit.ati .and Lviral

Cransduct i0F Sk Rk Asha AL o eCR bl el Pr e iR Ramiaion B2 cnin the
conpet enC%mg&e%QnSOiaﬁgg @%ﬁ*ﬂﬁi ygdfgl;}@mmus GERPRBE R Sryotitsts). FROBBIENEBYa

Protocol s, Hurman Pre
part of the gene may be introduced into the cell in a vector such that the gene remains

extrachromosomal. In such a situation, the gene will be expressed by the cell from the
15 extrachromosomal location. |
Vectors for introduction of genes both for recombination and for extrachromosomal
. maintenance are known in the art, and any suitable vector may be used. Methods for
introducing DNA into cells such as electroporation, calcium phosphate co-precipitation, and
viral transduction are known in the art, and the choice of method is within the competence of
20 one skilled in the art (Robbins, Bd., Gene Therapy Protocols, Human Press, NJ (1997)).
Cells transformed with the HBM gene can be used as model systems to study osteoporosis
and drug treatments that promote bone growth as well as to study lipid-mediated diseases.
As generally discussed above, the HBM gene or fragment, where applicable, may.be

used in gene therapy methods in order to increase the amount of the expression products of
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Cells transforned with the HBM gene can be used as nodel systens to study
osteoporosis and drug treatnents that pronote bone growh as well as to
study |ipid-nedi ated di seases. As generally discussed above, the HBM gene
or fragmentwowhesss applicable, may be used in gene ther ajestusei/fvoss i n
order to increase the anount of the expression products of -97 WD 01/92891
PCTI USOL/ 16946 - such genes in nesenchymal” stemcells or in other cells. It
may be useful also to increase the 1evel of expression of a given HBM
protein, or a fragnent thereof, even in those cells in which the wild type
gene is expressed normally. Gene therapy would be carried out according to
gener al | y sacicggbsid nisséthpifalasenteis bt R@thebyells! BmAXRNRER! alfd th @thiRLs thdher apy
for 5 Genetic D seases, Friedman, Ed., Oxford University Press, pages

105- 121 ( 181 df exprevsioriist a0givenl FISMI flotviaCorQlfragmuitahdtbefevan a0M¥seklld e HBM gene
|l i nked to expression control elenents and capable of replicating inside
mesenchy nevhiet thewilé hype gene isiexgressedhdrmally. SGenp titpayerbuldby dadld@uvect ors are
known and described, for exanple, in US. Patent No. 5,252,479 and WD

93/ 07282, actreditg Hcdeosrallpaccefteduniethhdseas describai yo forerangly, Frieigue Therapefori N i N
10 their entirety. The vector is then injected into the patient, either

| ocal | y5i rvepetictisénsess FriedmaEdoOxfard/ University Brgsst pages 403-121((1891)r der t o reach
any nesenchymal stemcells |ocated at other sites, i.e., in the blood). If
t he transfect ed @ner plgsmigtvegter enmtaining ycopyi obthe SHRAM geheilivked tolespgssiomme  of
each of the targeted cells, the treatnment may have to be repeated

peri odi cal9optrol elements anheapable of rplisnsing insidn mepenchanal stemmslls brlivesesllslisi n t he
practice of the gene 15 therapy nethods of the present invention. These

i ncl ude vinf%ﬂeéngmﬁ?&lﬁwﬁoaﬂ arg aagl depsribrse or example,in biS. Sateyi Nases have

ot a9 ST Grd WSS Glast e dscineres sbwhich dreheromeRiRdity (oBEme Batsing 1
Techni qRodneHSHEeL o (Faghis)Ben e lgfo G Bien D ocqi i, e AP 12
Rosent el o e e o S Bpiealut i Gt Bk B5G55senaiyog] T AIBIo T & ARG Agi ds
Ther |, 1+ 241> Buge gl ¥ wamlnkcie 8hErs Bt dek RS} nEbipigon s BN 01, o

24: 495- 49%,{nl} e thrgeRE EER; M8 HRfthRhEHhy have to be repeated periodically. _

Gene transfer systems known in the art may be useful in the practice of the gene

15 therapy methods of the present invention. These include viral and non-viral transfer methods.
A number of viruses have been used as gene transfer vectors, including polyoma, i.e., SV40
(Madzak et al., J. Gen. Virol., 73:1533-1536 (1992)), adeqoyirus (Berkner, Curr. Top.
Microbiol. Immunol., 158:39-61 (1992); Berkner et al., éz‘o Techniques, 6:616-629 (1988);
Gorziglia et al., J. Virol., 66:4407-4412 (1992); Quantin et al., Proc. Natl. Acad. Sci. USA,

20 89:2581-2584 (1992); Rosenfeld et al., Cell, 68:143-155 '(1992); Wilkinson et al., Nucl.
Acids Res., 20:2233-2239 (1992); Stratford-Perricaudet et al., Hum. Gene Ther., 1:241-256
(1990)), vaccinia virus (Mackett et al., Biotechnology, 24:495-499 (1992)), adeno-associated
virus (Muzyczka, Curr. Top. Mz‘cfobiol. Immunol., 158:91-123 (1992); Ohi et al., Gene,
89:279-282 (1990)), herpes viruses including HSV and EBV (Margolskee, Curr. Top.
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virus (Mizyczka, Curr. Top. Mcrobiol. Imunol., 158:91-123 (1992); Chi et
al ., Gene, 89:279-282 (1990)), herpes viruses including HSV and EBV
(Margol skee, Curr. Top. -98 WO 01/92891 PCTI USOL/ 16946 M cr obi ol .

| mrunol ., 3®@ofmesA0 (199' 2); Johnson et at., J. Yirol., G@ragbi2rea#65
(1992); rink et al, Hum Gene Ther., 3:11-19 (1992); Breakfield et al,

Mol . Neurobiol., 1:337-371 (1987;) Fresse et al., Biochem Pharmacol.,

40: 2189-2199 (1990)), and retroviruses of avian (Brandyopadhyay et al.,
Mol . Cell Biol., 4:749-754 (1984); Petropouplos et al., J. Virol., 5

66: 3391-3397 (1992)), murine (Mller, Curr. Top. Mcrobiol. Imunol.,

158: 1- 24 (@0apl Imidhdion >t /-8 (1YYRY lohniel df aBj b Wirpl. F5643524365 (19985 ink Sor ge
et al., Mdl. Cell Biol., 4:1730-1737 (1984); Mann et al., J. Virol.,

54: 401- 40°¢ 4.1 §8%) Frenealibrin Brtd 941993); Bréakficld eedl., Mal, Neurobiok,dt337-3764: 5370- 5276
(1990); Buchschal cher et al., J Virol., 66:2731-2739 (1992)). Mst human
gene theréWZbF@ﬁMpé Biaokent Eharnosele 40:3H8IR 19911 220))remd meovipsesofaviases. 10
Non- vi r al ene transfer methods known in the art include chem cal

t echni que$Bdyapadhyasceradi Mol. Sied Finlatd4L-dpt €O8D; PetraponplotahalVévlal |

Vi r ol ogg/ 52:456-467 (1973); Pellicer et al Sci ence, 209:1414- 1422
(1980))> ﬁ@é%‘nﬁ%l( 992D Fvine GVilier, Cugry Bomy Phcriebio!. dmmueelt,lléﬁl-%m,‘l’é),son et
al., Proc Acad, ? , USA 77:5399-5403 ;198 Gor don_et , Proc.
Natl. Acd! “S&F’ Mg Cell Biog s B3 451983 ekree eia n@%ﬁe@ﬁ%‘* lwl A7

2 22 A R A AP s Do i S e Tk,

2%; Bsoéca%éii‘fdﬁagif”(’ii%ﬁﬁa‘ﬁ%@ 51138’7@' &9%&9%333'%25&02% RSt

Sci onte, 3 thaud epBoees Epes RR A ipled Bl pidRbS. o) 23'85’6'20?1 i
(o0 o G20, RO Ghy e B il 3580) B gk AN Bl 805 S 21

4- 485

iy pEarm e hibophBlon GRBR = 4o uphRy, 4t ey ques,

11: 474- 485, @%93%209‘%1%1422?198@ m é&ﬁﬁcm%aﬂaﬁeseror%km g)fn%‘omjlé@fdn Acad.
Sci . USA, 88 ADedsn0 (1001) B e o O OUsei . USA,

87: 4033- 4Q8rdetsdR 9L, Py, Natl. £dadasei. USA, 9153994403 (M@!-Go%&dn et WS Rroc. Natl.
Acad. Sci. US4, 77:7380-7384 (1980); Brinster et al., Cell, 27:223-231 (1981); Constantini et

15 al., Nature, 294:92-94 (1981)), membrane fusion-mediated transfer via liposomes (Felgner et
al., Proc. Natl. Acad. Sci. USA, 84:7413-7417 (1987); Wang et al., Biochemistry, 28:9508-
9514 (1989); Kaneda et al., J. Biol. Chem., 264:12126-121.2_9 (1989); Stewart et al., Hum.
Gene Ther., 3:267-275 (1992); Nabel et al., Sciencé, 24§:1285-1288 (1990); Lim et al.,
Circulation, 83:2007-2011 (1992)), and direct DNA uptake and receptor-mediated DNA

20 transfer (Wolff et al., Science, 2;1»7:1465-1468 (1990); Wu et al., BioTechniques, 11:474-485
(1991); Zenke ez al., Proc. Natl. Acad. Sci. US4, 87:3655-3659 (1990); Wu et al., J. Biol.
Chem., 264:16985-16987 (1989); Wolff et al., BioTechniques, 11:47“85 (1991); Wagner
et al., 1990; Wagner et al., Proc. Natl. Acad. Sci. USA, 88:4255-4259 (1991); Cotten et al.,
Proc. Natl. Acad. Sci. USA, 87:4033-4037 (1990); Curiel et al., Proc. Natl. Acad. Sci. USA,
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-99 WO 01/92891 PCT/ USO1/ 16946 83:8850-8854 (1991); Curiel et aL, Hum
Gene Ther., 3:147-154 (1991)). Viral-nediated gene transfer can be
conmbined with direct in vivo vectors to the nmesenchymal stemcells and not
into the swooumnsiing cells (Romano et aL, In Vivo, 12(1) rb960/1644898) ;
Gonez et aL, Hum Mol. Genetics, 7(12):1913-9 (1998)). Alternatively, the
retroviral vector producer cell 5 line can be injected into the bone nmarrow
(Cul ver et al., Science, 256:1550-1552 (1992))." Injection of producer
cells would then provide a continuous source of vector particles. This

t echni que has been approved for use in humans with i noperable brain tunors.

I'n an ap|38:3380:8354i (¢90 1900 o el Hith OGEneahed B A70Y53l (299 1) anfil-bleadfalier
met hods, plasmid DNA of any size is conbined with a pol yl ysi ne-conj ugat ed

ant i body gemarinifercanbetcbmbinkd wit @Rewt in Wo VeetoRto Micth@eRchyRAkténh Gellsaagl t i ng
complex is bound to an adenovirus vector. The trinol ecular conplex is then

used to inm‘iamtme:mlrﬂoandiigeelhcqnmadoreusl.,\bemwrlz(e)r:ﬁi&ﬁgleﬁd)i GéRB%r alhi Ndi ng,
internalization, and degradation of the endosone before the coupled DNA is
damaged. Humpdfod tnbiivk, TA2P1HISN1908Y)e Aleantisdipwhe feolifal ¢aytaipr@iucdr cordi at i ng
direct in vivo 15 gene transfer. Wile in standard |iposone preparations
t he gehe ling eandfeanjegiedints the benaromrovs(fabiet era/., Soemk, 2560 55011 562(d992)k ake and
expressi on have been reported in tunor deposits, for exanple, follow ng
di rect i Anjestion ofpreidwdes cellstwanid thewpreyide apomtin@sissoubeof vectdr BOtcles] This1992) ) . .
XVI11. Methods of Use: Transforned Hosts, Devel opment of Pharnaceuticals
and Reséshrigueriss beerapproved for gspin hnmans vath ineperahde brpintttreorsBM gene can be
used as nodel _systems to study and_  test for substances that have potenti al
as ther apeut i B &geptoack

Whigh gorahingg biolggicaBandphysigalgengsansfer metBodsy- 30 (1998) ;
Broder et al,, ne, 21:225-235 (1997)). The cells are typically cultured
nmesenchy RﬁFm’éit]%ﬁg(Pg P S1gG 1S I"P’P@F‘e‘ﬁ‘&ﬂ} 3 polylygine-coniveated antibady seasifictd the
i ndi v'iéjua S Wt q\?somat { C 1(8&\ WO Q1/ 928?1 _PgT/ USO1l/ 16946 or germine HBM
genes:® APEEPHELSERPT Profet, Tdine respliRs compleeis Bpgpd e e adpnpBrus Apetor (The  HBM

trimolecular complex is then used to infect cells. The adenovirus vector permits efficient

binding, internalization, and degradation of the endosome before the coupled DNA is

damaged.

Liposome/DNA complexes have been shown to be capable of mediating direct in vivo
15 gene transfer. While in standard liposome preparations the gene transfer process is non-
specific, localized in vivo uptake and expression have been reported in tumor deposits, for
example, following direct in situ administration (Nabel, Hum. Gene Ther., 3:399-410 (1992))..

XVIIl. Methods of Use: Transformed Hosts, Development of Pharmaceuticals and
Research Tools

20 Cells and animals that cairy the HBM gene can be used as model systems to study and
test for substances that have potential as therapeutic agents (Onyia et al., J. Bone Miner. Res.,
13:20-30 (1998); Broder et al., Bone, 21:225-235 (1997)). The cells are typically cultured

mesenchymal stem cells or liver cells. These may be isolated from individuals with somatic
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gene, as described above. After a test substance is applied to the cells,
the transfornmed phenotype of the cell is determned. Any trait of
transforned cells can be assessed, including formation of bone matrix in
cul ture (Brwgefgé1 al ., Bone, 21:225-235 (1997)), nechanipealusbi/fsvgperti es
(Kizer et al., Proc. Natl. Acad. Sci. USA, 94:1013-1018 (1997)), and
response to application of putative therapeutic agents. Animals for
testing therapeutic agents. can be selected after treatnment of gernline
cells or zygotes. Such treatnents include insertion of the Zmaxl gene, as
wel |l as insertion of the HBM gene and di srupted honol ogous genes.

Al ter nat i \ogkytmlinh &/BM §&iet. CAlL BRI Ely 86 EdIBlinelddn BOGHpiticeldBM GefyeksHBpf t he
animal s may be disrupted by insertion or deletion nmutation of other

geneti c aldefd, at dex08badbone. QANRY £12EH sOBRAnct @OAMPIi&iLe She cBllY; fheafmifbes®l descri bed
by, for exanple, Capechi, Science, 244:1288 (1989); Val ancuis et al., Ml.
Cel | Bi ol.phérotyipe(T the(ctB ldetertiasd. yAmt trait of, trahsfoitied, ceBHEIN B4 3ssesked Includitg nkai
et al., Cell, 68:855 (1992); Monbaerts et al., Cell, 68:869 (1992);

Phi | pott dbmaition ofSeine meatrix iAS6lhvted Erodck $02)), Bosy QlRABRSS E99F)), mechami&Gti ence,
257: 1083 (1992); Donehower et al., Nature, 356:215 (1992). After test
subst ank e progseics (Kizeret ablifrmé. Madr dakdt Soit B4, QAil0E3-5018t(KAO 7Y avitrbspofiseione or
nodul ation of |ipids nmust be assessed. If the test substance enhances the
growt h of appliation of myativathsepputiviagentevel s, then the test substance is a
candi date therapeutic agent. These ani mal model s provi de an extrenely

i nportant vehi Anempléformwmﬁrapeuﬂﬁesea&aa@ be sqlectndafiestreaimant et gesglingperls s f or
studying lipid 20 nodul ation include mce (Smth et al J Intern. Med.,
242: " 99- 108 720457 SpchyiEertmentsiaguds igsertion qfahqﬁwé|g§ne@ arwsil #gn%eﬁ@nmémegene

have el eva bone nass and a tered lipjd |levels as discussed t he
exanpl e bﬁﬁwge%@dﬂmr@ 8%%gePFﬁ fmatiyelyfhe Wrﬁfi?&afﬁ S

o beutths %np/%%@é%g@ﬁf f)%ﬁﬁs' e/ b At Rl by dgrton b g rdiast | sred |
h bl d fy - 101 928 US01/ 16946
ot ooul o sthgr genstia B e Beibeconiinablechniiics. 91oh 8 o degaived i) I
poNitiend ﬁg‘* PAbe Ry enc IR 1B SN, PHALES oI 28 CAARE, ggﬁéwiﬂcﬁy“ e

systemns Cet’ﬂ%h‘? HAHY erGK aiVBL;% 35‘6%‘4@ 995 shitkhids LB, Ce?lebﬂ 855 (15625 Y8 mbaerts
et al., Cell, 68:869 (1992); Philpott et al., Science, 256:1448 (1992); Snouwaert et al.,

15 Science, 257:1083 (1992); Donehower et al., Nature, 356:215 (1992). After test substances
have been administered to the animals, the growth of bone or modulation of lipids must be
assessed. If'the test substance enhances the growth of bonf or regulates lipid levels, then the
test substance is a candidate therapeutic agent. These ar;imal models provide an extremely
important vehicle for potenﬁal therapeutic products. Preferred models for studying lipid

20 modulation include mice (Smith et al., J. Intern. Med., 242: 99-109 (1997)) and guinea pigs.

Individuals carrying the HBM gene have elevated bone mass and altered lipid levels
as discussed in the example below. The HBM géne causes this phenotype by altering the
activities, levels, expression patterns, and modiﬁcatidn states of other molecules involved in

bone development. Using a variety of established techniques, it is possible to identify
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or living organi sms, such as mce or humans. For a mutant formof Zmaxl, a
conplete 5 deletion of Zmaxl, nutations |acking the extracellular or
intracellular portion of the protein, or any other nutation in the Znmaxl
gene may bavoieedsslt is al so possible to use expressi on @icrsntiessnse Zmaxl
RNA or oligonucleotides to inhibit production of the Zmaxl protein. For a
mut ant formof HBM a conplete deletion of HBM nutations |acking the
extracellular or intracellular portion of the HBM protein, or any other
mutation in the HBM gene may be 10 used. It is also possible to use

ducti on

expr essi opgofkutad) !pi'e?&ﬂlﬁ? gW&I@AQ'W&Q@M’vﬁ@& hARE, &:@reskiBipiHetnsPo

. of the HBM protein. Mdlecules identified by conparison of Zmaf systens and

HBM syst epdiRitidattaisart difSreRideha PstdRY doptaindthe IARBGEM ifaalstdgy el opent
or in diagnosis of human or aninmal bone disease. Alternatively, such

ol ecul e&mmhgmsm&wifenet_ ek BREmsan BE) 16 AhBFRSRIL-fReRxirds, 8aheiu&t al .,

Sci ence, 270:467-470 (1995). For exanple, a transgenic nouse carrying the
HBM gene ortiviEorg@isits, BKakE 6G¢torhimats) ok b Uit ford ofiZHRR],of colnpRtgdenot ype
HBM + is viable, healthy and has el evated bone mass. To identify surrogate
mar ker $ f dsletinedf Tl 1, hountstions seekingiid dxtradelluldr or ibigdcewlan@etit) of diechrotempgeni ¢
+/+ (i.e., wild-type) mce are sacrificed. Bone tissue nRNA is extracted

f r om eachoi2tyatlieralutatianih the Zapankgenh infay be asdde Sioalds popsibie tobtexpasgioessed in
the +/+ individual is constructed. nRNA fromdifferent tissues is isolated
f rom ani naitiserst Zgwmgs h Rjnartofigegucleotidesrts ehibitpreductidred thé Zmex kegroteint [For habel ed,
and then hybridized to gene fragnents affixed to a solid support. The

rati o of mutsst oo ehBMitacnmplete debating of HBME muigiopplacking theestracsihilactircat i ve of
the rel atjve abundance of the specific nMRNAs in the +/+ and HBM + ani nal s.
Genes - 10mtpgslipler porgon ofty HBMEpyoisdg 46 anyeetba dhwigionimihe FRM geneamay be
under - expressed relative to the wild-type control are candi dates for genes

coor dilfat &ieg- Hagplsopessiblsyo piexpusatioquefentserseiBM BNA gy oliganupleotidesid ar | y used
to study. |Ipid requlatjon, ce,al so serve as the nost comon experi nent al
abitRirodociin sk e

ani mal no ert ?_“’-5 research. There are at |east three ways
of Inducing atﬁgfeg gsl i?lén%%leg bly @on%a%%bn gtlimgélesg/st!ergg zlajxfdelgBM systems can be used

as surrogate markers in pharmaceutical development orin diagnésis of human or animal bone

disease. Alternatively, such molecules may be used in treatment of bone disease. See,
15 Schena et al., Science, 270:467-470 (1995).
For example, a transgenic mouse carrying the /BM gene in the mouse homologue is
constructed. A mouse of the genotype HBM/+ is viable, healthy and has elevated bone mass.
To identify surrogate markers for elevated bone mass, }fBM-/+ (i-e., heterozygous) and
isogenic +/+ (i.e., wild-type) mice are sacrificed. Bone tissue mRNA is extracted from each
20 ' animal, and a "gene chip" corresponding to mRNAs expressed in the +/+ individual is
constructed. mRNA from different tissues is isolated from animals of each genotype,
reverse-transcribed, fluorescently labeled, and then hybridized to gene fragments affixed to a
solid support. The ratio of fluorescent intensity between the two populations is indicative §f

the relative abundance of the specific mRNAs in the +/+ and HBM/+ animals. Genes
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apoE deficiency-induced and LDL receptor-deficiency induced. The nethods
for using a nouse nodel for testing agents which nodulate lipid levels in
vivo can be performed as described in Smth et al., J. Intern. Med. 242:
99-109 (1990 oyea st andard procedure for identificati onpgit/usewespswot ei ns
that are part of the same 10 signaling cascade as an al ready-di scovered
protein is as follows. Cells are treated with radioactive phosphorous, and
t he al ready-di scovered protein is mani pul ated to be nore or |l ess active.
The phosphoryl ation state of other proteins in the ceII is then m)nitored

b I I '
tgchg?qﬁggﬁ%}}@g}ﬁ? 'g%gvegcatg?%@ggéﬁ% %ﬁgaﬁq%ér)%?&ejl may ’gr e%n(;ﬁ% at ed by
many met h%}%enés@%rﬂﬁl?t@%m%ﬁﬁ%l SPR Suc%éxac g b bélsitn y DAt

prot ei ns using speci rugs or ant 1 bodi sinmply
addi ng or sﬁ%hﬁq% gifhtign. known extracel lul ar protein, or using ant| sense
inhibition o t he expression of the known protein (Tanura et al., Science,

280(5369) : 1614pfce(als38he as b Bidst dol¥RRnbxpertiidnied hriifhaOhodtd foraERRBIroGgOper et
al., Cell, 1:263-73 (1982)). In another exanple, proteins with different

| evel s Df r@beanhiiad o i dRsahfe wdgabf ihdiRehgiatherod€lerbid b @Rk QY dictiadied el | S
expressing either a sense or antisense cDNA for Zmaxl. TE85 cells normally

express hiapdE defiéRhey-athicédand LI De¢tgptoi-déficiencBindudeé N ThemBiho@fpsusinges. Conm ,
251: 784-790 (1998)). Cells containing the sense construct express even

hi gher | ewsluse médel Bmeesting agents evhivhl rhaduintglipgd kivelgint e anbe petiemed @nst r uct
express lower |levels. Cells are grown in the presence of 32P, harvested,

| ysed, andeschibed iySetither slyd. prersDEhp 243881199 AiWde gels to - 103 WD 01/92891
PCT/ USOL/ 16946 separate proteins, and the gels subjected to

aut or adi ogr aph{n¢ ftemslatgeiroastiurg for, identifieation of mvopr@tﬁmS%at aretartef thegrmei ol ogy,
John Wley & Sons (1997)). Bands that differ in intensity between the
sense Hhd sigatlingsassadeasian allf%dﬁr@lSp@fﬂt@s}Wﬁlﬂph@s@Mﬁr &iellp s tigpled with

phosphoryl ation state or absolute | evel varies .in response to | evels of

Zmex| . As Tagiragtivephasphpspus, mpd the already-discoygsed protgin I%WP@B@P@G ipberreefs ety be
ted by SDS-PA d dt the .
oMy ¢ aPPYeaTh PRSP TR y?%y%‘ﬂ‘:?wi b B e (Thomas et

g} -+ Nat urpglyacr)zlggmﬁd% l)e:lec th70%es£s an a?n)oradlograpﬂy, or .E,u%rlln tec':h\ﬁ?queso ]Eevels GEpPression

activity of the known protein may be manipulated by many methods, including, for example,
15 comparing wild-type mutant proteins using specific inhibitors such as drugs or antibodies,
simply adding or not adding a known extracellular protein, or using antisense inhibition of
the expression of the known protein (Tamura et ai., Sciencg, 280(5369):1614-7 (1998);
Meng, EMBO J., 17(15):4391-403 (1998); Cooper et al., Cell, 1:263-73 (1982)).
In another example,. proteins with different levels of phosphorylation are identified in
20 ‘TESS osteosarcoma cells expressing either a sense or antisense cDNA for Zmax1. TES5 cells
normally express high levels of Zmax!1 (Dong et al., Biochem. & Biophys. Res. Comm.,
251:784-790 (1998)). Cells containing the sense construct express even higher levels of
Zmax1, while cells expressing the antisense construct express lower levels. Cells are grown

in the presence of *P, harvested, lysed, and the lysates run on SDS polyacrylamide gels to
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anti sense RNA, transfection with chemcally nodified antisense

ol i gonucl eoti des can be used (Wolf et al., Nucleic Acids Res.,
18(7):1763-9 (1990)). 10 Many bone disorders, such as osteoporosis, have a
sl ow onset vemo/®sal ow response to treatnment. It is theretomwsousedeul to
devel op surrogate markers for bone devel opnment and mneralization. Such
mar kers can be useful in developing treatnents for bone disorders, and for
di agnosi ng patients who may be at risk for |ater devel opment  of bone

di sorders. Exanples of preferred markers are N- and C-term nal tel opeptide

mar ker s degfafatdif6teind, Ahd iR RiAMIBjeSted tolhutdradioghdh$ hushBd o @, F2Pren’ 9. 5, 641, 837

and 5,652,112, the disclosures of which are i ncor porated by reference

her ei n i nArdigiols 8 Moléclay Bidibgy)l, RtmaWaEy & Sotd (Yoot em@s thelMAeQH Mishsitpnd Vi r al

| oad are useful surrogate markers for disease progression (Vlahov et al.,

JAMA, 27 9éthkerdtBe ddsd dAMlidense! AlMNRied pRsMEFIbsHHIDroAIAd WEKE PhesPhdrPfse

markers in the area of bone disease. 20 A surrogate marker can” be any

char act er stateiog atsBRite legel @axddsliy rdspistise b 1aveth df@inakl.VAL ¥n alteRSBiRS tdl thayBP1 O
non-speci fic influences. For exanple, a surrogate marker can be a nol ecul e
such as5 algbelivge imlateted prhtéing mag be beparaeed by SDS-PAGP adnd@ibjsstedM t er nati vely, a
surrogate marker rmay be a diagnostic sign such as sensitivity to pain, a
refl ex responseblating heng thk eommefdal Wavil b 26819-bhé2pAdtyiSEInt 168y ad apryled

anot her exanpl e, surrogate nmarkers for el evated bone nmass are identified
usi ng a pé€thograeser abf Natns BZ6(653 )26 1 (1985DBRG grealemaiive tths exppéssion af e

w t hdrawn fromthree individuals that carry the HBM gene, and fromthree
cl osel y r antisersg RNAditsahsfention withochendisalhomodified antis¢nse oligonn¢ieotisles cambe mssd t hese
i ndi vidual s are el ectrophoresed on a two di nensional gel 5 system in which
one di nen§Veplf etbalud/as 4pidsRes nS(Dy1783-261999Nd anot her di nensi on separ at es
proteins by ispelectrig¢ point ngstei n et al., Electrophoresis,

17(11) 1%655- 7oMamolsy lisonis, Schas pitenpproniai e # oy ontd ppka dpw qsEeME T i ed. A
I N R G RN = N W R RN
ko Bty e EXAC RN LA R g
m crosequ ?&%ﬁiﬁosr&%@h%& {NB(S) fHa? Ye tcﬂf)ristkq‘d:‘r th%lp&e%IQSment of bone disorders.
Examples of preferred markers are N- and C-terminal telopeptide markers described, for
15 example, in U.S. Patent Nos. 5,455,179, 5,641,837 and 5,652,112, the disclosures of which
are incorporated by reference herein in their entirety. In the area of HIV disease, CD4 counts
and viral load are useful surrogate markers for disease proglj&_ession (Vlahov et al., JAMA,
279(1):35-40 (1998)). There is a need for énalogous sur.rogate markers in the area of bone
disease.
20 A surrogate marker can be any characteristic that is easily tested and relatively
insensitive to non-specific influences. For example, a surrogate marker can be a molecule
such as a protein or mRNA in a tissue or in blood serum. Alternatively, a surrogate marker

may be a diagnostic sign such as sensitivity to pain, a reflex response or the like.
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can be produced by standard nethods for use in diagnostic testing
procedures. Diagnostic assays for HBM proteins or other candi date
surrogate markers include using anti bodies described in this invention and
a reporter wowbgngdie to detect HBMin human body fluids, peendsogses, bones,
cells, tissues or extracts thereof. The anti bodi es can be | abeled by
joining 15 them coval ently or noncovalently wth a substance that provides
a detectable signal. In many scientific and patent literature, a variety
of reporter nolecules or |abels are described including radionuclides,

RS a1y 437RE SR -ORG ST SRERN Pl AU ARRIRAL O AEM G bl D, Po B
4, 366, 2 : i i i j

S oy 24 pigrbE bRt {5 AOHBRALE BIobd fard S vkl Bofi i, O T 0921 8
a bone gissAudR that S4Athe 3H0P EERPAIInSthree @R PALES iR RIIRE b Ao,

Engel mann's di sease,” R bbi ng's di sease, hypefphosphatasem a, Van Buchem s

di seaseproiisGh RASLASHSm tIR3E BARAIAR IR el RUEHIRALEPSH O BhS dinRiGlaPSdI €0SI S,
ost eopoi kil osi s, acronegaly, Paget's disease, fibrous dysplasia, tubular

St engsi gysteRS LPYRIENST EmeAdion 8Prtkbs SréREhl b Skt da@hndiBd4PmensiaAQE 8REs2.
hypopar at hyr oi di sm pseudohypopar at hyroi di sm

ps eudopprusilsivy opRERE Pin® (EHst of BI | ETBdbphdresi§ 890N Ya635-TyQe9MRSpotyy r oi di sm
and associ ated syndromes, hypercal ciuria, nedullary carcinona of the

t hyr oi dcqrtespuatdingsd proteidsants rlemtifibdOANfew spbits fasgseciedad bielpregent indiffereriedi at ed

di seases. Techniques for neasuring 5 levels of protein in serumin a

cl i ni cahmewts ormgslightly diffendrit positicms farrtie MBM indisidakls csthpated t& thwiotoemal that i s
consistently present in higher or lower levels in individuals carrying a
parti cutedativesdiThesesspotsicotrggpendip pritsinsibet arscandidgtefsuirogata makeas.eThear ker . A
surrogate nmarker can be used in diagnosis of a bone disorder. For exanple,
consiOdeidentitich pf e presgingnre detenmines by mikspsdquentingapndantibpdieftofthegeieiney of bone
fracture. The 10 underlying cause may be child abuse, inapproprjate

behavi ofandy proscedy stpndand racthnsis dor giseipdipgpostic testing progedprese Sagnegtica  bone

di sorder, the |levels of the surrogate marker protein are neasured using

t he ant PES®E or&-é%l&{rqr%t@&s abtaty%r_ candidate surrogate markers include using antibodies

described in this invention and a reporter molecule to detect HBM in humanhbody fluids,

membranes, bones, cells, tissues or extracts thereof. The antibodies can be labeled by joining

15 them covalently or noncovalently with a substance that provides a detectable signal. In many
scientific and patent literature, a variety of reporter molecules or labels are described
including radionuclides, enzymes, fluorescent, chemi-luminegcgnt or chromogenic agents
(U.S. Patent Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,3'45; 4,277,437, 4,275,149; and
4,366,241).

20 Using these antibodies, the levels of candidate surrogate markers are measured in
normal individuals and in patients suffering from a bone disorder, such as osteoporosis,
osteoporosis pseudoglioma, Engelmann's disease, Ribbing's disease, hyperphqsphatasemia,
Van Buchem's disease, melorheostosis, osteopetrosis, pychodysostosis, sclerosteosis,

osteopoikilosis, acromegaly, Paget's disease, fibrous dysplasia, tubular stenosis, osteogenesis
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Level s of nodification states of surrogate markers can be neasured as
indicators of the likely effectiveness of a drug that is being devel oped.
It is especially convenient to use 15 surrogate markers in creating

t r eat nent s Wweedasme di sorders, because alterations in borerdsyeisegnent or
‘mneralization may require a long tine to be observed. For exanple, a set
of bone nMRNAs, terned the "HBMinduci ble nRNA set” is found to be
overexpressed in HBM+ mce as conpared to +/+ mice, as described above.
Expression of this set can be used as a surrogate marker. Specifically, if
t r eat ment; A SRS AN 1 Q_C &N 20 overexpression of the
HBM i nduépg%%e&rﬁkﬁoggﬁam#ﬂ%}?\mtlgsg?&ggé%%ﬁn (lhgm%:l’onsi dered. a prom sing
candi dat hid ﬁ&@ ;i?]g%% § sdcBNERY b rdasatiR@biliismuhar | y useful
for scre?ﬁ%@é}p;&egrrpt%ﬁépdﬁgﬁ%éjou& 3 msixcl %'?& %%K% pr tellhirslﬁlo_r bi ndi ng
{ragment fhenealddofe iibati it flbufly drdiSesaRINgEid SaRNI ques, - 106 VO
01/ 92891 PCT/ US01/ 16946 he Zmaxl or HBM protein or fragnment enployed in

such a teoiteoﬂmcishﬁ&l@ﬂhexttﬁsefageﬂs@ncinmin}q{pm-hemateahfsiedseg TeehBqes fdrGneastapgr t, or
borne on a cell surface. One nethod of drug screening wutilizes eukaryotic

or prokarges of phisih i€ Sdrtnd ik tlrdical betiripl i big)antibaiesfafy WElestiblithed € A@idtERANT
nucl ei c acids expressing the protein or fragnent, preferably in conpetitive
bi ndi ng aBgtayconsiSteRiliCpresedt inshighet bi1ewer levels ialihdivitiald daxgthglagamiculaan be used
for standard bindi ng assays. One may neasure, for exanple, for the

f or mat i ondiszhsecn ype@X dizedze tsewsefuhsufrogatk narkeblBM protein or fragnent and the
agent being tested, or exam ne the degree to which the formation of a
conpl ex bet weensuarogata xiarler cidBhd ysedinatiagnosis ¢ff atgpme disomex For kxample, | | gand i s
interfered wwth by the agent being tested. 10 Thus, the present invention
provi des ooesifieradshidd thatpresemi tocp fhysicidn wifk abigyfraquéney of banetfeactwiendhsuch an
agent with a Zmaxl or HBM protein, or fragnment thereof, and assaying (i)
for tHE prdabingcayse may baphildabhe: inerpronriate heharer barthe ¢ild, Freebene disordeny
protein or fragment, or (ii) for the presence of a conplex between the
Zmex| or Tempidhdestfor adone disgiden thedewelsof the sygpgate warkprnrasarem@easuedown i n
the art. In such conpetitive binding assays the Zmaxl or 15 HBM protein or
fragment YS@ehgtiledx desemhedaBovery e Znaxl or HBM protein or fragment is

Levels of modification states of surrogate markers can be measured as indicators of
the likely effectiveness of a drug that is being developed. It is especially convenient‘ to use
15 surrogate markers in creating treatments for bone disorders, because alterations in bone
development or mineralization may require a long time to be observed. For example, a sgt of
bone mRNAS, termed the "HBM-inducible mRNA set” is _fQ}md to be overexpressed in
HBM/+ mice as compared to +/+ mice, as described abéve. Expression of this set can be
used as a surrogate marker. Specifically, if treatment of +/+ mice with a compound results in
20 overexpression of the HBM-inducible mRNA set, then that compound is considered a
_promising candidate for further development. '
This invention is particularly useful for screening compounds by using the Zmax1 or

HBM protein or binding fragment thereof in any of a variety of drug screening techniques.
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separated fromthat present in a protein:protein conplex, and the anount of
free (i.e., wunconplexed) |abel is a neasure of the binding of the agent
being tested to Zmaxl or HBM or its interference with Zmaxl or HBM |igand
bi ndi ng, r ewpeskssel y. Anot her technique for drug screenpagupsiaédsdes hi gh

t hroughput screening for 20 conpounds having suitable binding affinity to
the Zmaxl or HBM proteins and is described in detail in W 84/03564.
Briefly stated, |arge nunbers of different snall peptide test conpounds
are synthesized on a solid substrate, such as plastic pins or sone other

surface. The ﬂg?"’la%%ﬁ& ?ﬁé’% ﬁﬁg%o&%?g%&#ﬁ%g g[p%l\eﬁ ™ sithef b ;Rr ot ei ns

and washed. Boun pro etecte y nethods wel |

known i n doQgioR! defixddub hlsbiifsu br borfOdn a YA LilaE2 T a6 AAE LEREEn, O HBM

can be coated directly onto ates for use in the aforenentioned drug

scr eeni NojliechikhbESor JrOMBICEE hodd BEltsREHEH Ak 5tah1H Gramiidrhde@ Wit Fedombidagt Pr ot ei n
can be used to capture  anti bodies to immobilize the Zmaxl or HBM protein

on the sohicRiddeasxpréstiny théeRin @ Hraghss, _&}@mh@b@getme bitdimg@sag@npetitive
drug screening assays in 5 which neutralizing antibodi es capabl e of

speci f iscaguel cElis) sittivg i Vgl bBtiled GirmtBM Honustdion statdardisthding\hdshysa One siayc onpound
for binding to the Zmaxl or HBM protein or fragnents thereof. In this
manner, thessal] fobethingle, fathdformiaipd of comislexs betiveen pZaseNareIBYI pastyinpept | de
that shares one or nore antigenic determ nants of the Zmax | or HBM
protei n. fagment aelrthe agennbeingatedtal; odexagirdthedagraedo vhicbthecformdtienoa of host
eukaryotic cell lines or 10 cells (such as described above) that have a
nonf unct | complexetwéen ariZnkB\og HBY protesse fragoient andlaknpwm gandris interferedayith
defective at the Zmaxl or HBM protein |evel. The host cell fines or cells
ar e gr owby the ageat peiegtested of drug conpound. The rate of growth of the host
cells or inpact on lipid nmetabolismis measured to determine if the
conpoufid i s calpapthe presanbigy¢ndion g vidsemgthedt ¢f sereeningfondivgs eQmATisE®A of Zmax 1
or HBM defective cells. 15 The goal of rational_ drug design is to produce
st r uct ur afoniaERGHYsh a1 aganbVithp Sapx) orfEBM protely @ﬁféﬁg%nUP“F?ﬂg@dééiayH‘rg ®f snal |

nol ecul es_wi.t h which _they interact (e.qg., oni st.s, _antagoni st
i nhi bi t or©y the RreseReeCf £ Gotmlex, %weeaﬁh@%geﬁxﬂﬂéﬁﬁ%fwlf°aﬁ§§aﬁm?f Ry ve
or stabl eorf(g)r g?m%fpresence of a complex between the Zmax1 or HBM protein or fragment and a

ligand, by methods well known in the art. In such competitive binding assays the Zmax1 or -

15 HBM protein or fragment is typically labeled. Free Zmax1 or HBM protein or fragment is
separated from that present in a protein:protein complex, and the amount of free (i.c.,
uncomplexed) label is a measure of the binding of the ager_lt_peing tested to Zmax1 or HBM
or its interference with Zmax1 or HBM: ligand binding,'respectively.

Another technique for drug screening provides high throughput screening for -

20 compounds hé.ving suitable binding affinity to the Zmax1 or HBM proteins and is described
in detail in WO 84/03564. Briefly stated, large numbers of different small peptide test
compounds are synthesized on a solid substrate, such as plastic pins or some other surface.
The peptide test compounds are reacted with Zmax1 or HBM proteins and washed. Bound

Zmax1 or HBM protein is then detected by methods well known in the art. Purified Zmax1
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the protein, or which, e.g., enhance or interfere with the function of a
protein in vivo. See, e.g., Hodgson, Biol Technol ogy, 9:19-21 (1991). In
one approach, one first determ nes the 20 three-dinensional structure of a
protein of wpéhsit (e.g., Zmaxl or HBM protein) or, for pcexsgpplesss Of the
Zmax| - or HBM receptor or ligand conplex, by X-ray crystall ography, by
conputer nodeling or nost typically, by a conbination of approaches. Less
often, useful information regarding the structure of a protein nay be

gai ned by nodeling based on the structure of honol ogous proteins.

KT e S g MR 0

PCTI USOL/ 16946 HIV proteas€ In I
249: 527- %&&%ﬁ?%we&e? n%g‘ﬁkﬁ&a‘ﬁgle Rf Sc{dﬁ@%o%ﬁ rdfein co BNl {oéaﬁ%agrot ei n)

are anal yzed by an al ani ne sca sin Enzynn :390-411
(1991)) . drtibbdlieStoliRGldBIIEL e Z38hx @Bt PBM plotkif 65 ¥Stid Op°na§é.3p| aced by Ala, and

its effect on the peptide's activity Is determ ne Each of the am no acid

residues of thEipRPEARA afto bsntagabﬁé;&féuwom@ ctitBRI¥Ig dcfecHiBl aaydNR t he
i nportant regions of the pepti is also possible to isolate a

t ar get 5s pehich neutaliting eatibodiRe t4pable df pecHichllisibdifgithe Zaks 8 yr HBSNStoteReN tO
solve its crystal structure. In principle, this approach yields a

phar mac or eompeewithnd testfcosipbarifortihdidg tothe €xiaghocBMroleisst diagihknts S possi bl e
to bypass protein crystall ography altogether by generating anti-idiotypic
ant i bodi ethereafitinthisimpnten, the dntihadiesosanlbe upgddato detedi iiwgpresahdeyof bty peptide that

anti body. As a mrror inmage of a mrror imge, the binding site of the
anti -i ds shetesdne romen petigeeid determhinants ofithe Zogx bbor HBM motemi nal receptor. The
anti-id could then be used to identify and isolate peptides from banks of
chemi cal |y or Aifigthsgtechiiqug forr drugisreetningrikelss thepep of lmstscuk&'b@m@dmpeqnu des

woul d then act as the pharmacore. Thus, one nma deS| n drugs whi ch have,
e.g., mnﬂ&s‘ckﬁwﬂscr&ed RiEVethaithayea nenfieatiopal Zmaxi og M gejney Thgse gt ch act
as i nhi bit S, agonists, antagonists, etc. of Zmax | or HBM_protein
activity.® “\‘/’f’ prels e defegtivg }hpgg;qx,‘l eyHBM BIIOE?HE]GV%‘M? hest cqlHmes euences,
sufficient am)unts]neg the Z or HBM @%el n de avaj lable to
per f or m sTUR A EEPYA [ocihF PreseneR Y, gagorx;popgcg V'é“f’& ?flr@e heshedl@F ti on, the

o, 0ol o R B BB Sl 11 o

regulating the growth or lipid metabolism of Zmax1 or HBM defective cells.

15 The goal of rational drug design is to produce structural analogs of biologically active

| proteins of interest or of small molecules with which they interact (e.g., agonists, antagonists,
inhibitors) in order to fashion drugs which are, for examplg,_ more active or stable forms of
the protein, or which, e.g., enhance or interfere with the ﬁmcﬁon of a protein in vivo. See,
e.g., Hodgson, Bio/T echnoiogy, 9:19-21 (1991). In one approach, one first determines the

20 three-dimensional structure of a protein of interest (€.g., Zmax1 or HBM protein) or, for
éxample, of the Zmax1- or HBM-receptor or ligand complex, by X-ray crystallography, by
computer modeling or most typically, by a combination of approaches. Less often, useful
information regarding the structure of a protein ma}; be gained by modeling based on the

structure of homologous proteins. An example of rational drug design is the development of
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20 of, or in addition to x-ray crystallography. Xl X. Methods of Use: Avian
and Mammal i an Ani mal Husbandry The Zmaxl DNA and Zmax| protein and/or the
HBM DNA and HBM protein can be wused for vertebrate and preferably human

t her apeut i syag@ngss and for avian and mamualian - 109 WOpOiSHASke

PCT/USO /16946 veterinary agents, including for |ivestock breeding.

Ani mal s contenpl ated as subjects include livestock (e.g., cattle, pigs,
sheep, goats, horses, buffalo, etc.), primtes, canines, felines, rodents,
birds, as well as reptiles, fish, and anphi bians. Birds, including, for

uai s NV BERRFs bR B Pk AL AR R TN RS BARRREY Tor
ot ol -+ i R e W M RS e SERANAE Mo pc R BB, 0"
R e S o R A

ot her ol SOREERdkD ol GitmildaY Sxch U RIeIRA APk BRI hiRbesideect s o

avi an wel fare and t'he econom c conditions o 10 livestock industry,

| ncl udisngis ahAY 7R AN BannEBd deRAMnE B iRbOHME{LRRs oPe pddaliflods of use:

Di agnosti ¢ asSays using Zmaxl -specific oligonucleotides for detection of
genetic alter af isQfd pabsineioifdlath @ Rz AR MURERIdyddetkcletli By d fuRbbhARdsay). | N
cases where an alteration or disease of- bone devel opnent or |ipid

met abol i sind then toUsRE it aFstalGrueine| Wephitipld, tids &ipkcaoh Piklds AphAfiRxdre gpsie or the
HBM gene, specific 15 oligonucl eotides nay be constructed and used to
assess- t hehick yaiseqfentZraxdesigRiddn by basRM It ixipbiiible ©bypast protdiy crystalldgpaphyt | Ssue
or in another tissue that affects bone devel opnent. For exanple, to test
whet her aalppeetherbyhgenerhting anBhdigtypie, antibodids (aftiFids)tts a oo ipharmacolegicallyi pi d
regul ation, polynerase chain reaction can be used. Two ol i gonucl eoti des are
synt heldi zativhyntiodydAs dmiredrimage afra mirer iniaga.i teelsinding sitesof Coramtirids wduld uppl i er
of custom made 20 ol igonucl eotides. The |l ength and base conposition are

det er mi nebk ¢xpedieditodead aealog efitheonighial gecentore The gfbidicopldghemberusgd ki ng pr ogr am
(Wj chich, Rychlik, 1992). One of the oligonucleotides is designed so that
it wll higshtifyiendisglatepeptidesfipmiypks pf ghsmicly qpeplogically produced banks of

peptides. Selected peptides would then act as the pharmacore.

Thus, one may design drugs 'which have, e.g., improved Zmax1 or HBM protein
15 activity or stability or which act as inhibitors, agonists, antagonists, etc. of Zmdx1 or HBM ‘
protein activity. By virtue of the availability of cloned Zmax1 or HBM sequences, sufficient
amounts of the Zmax1 or HBM protéin may be made available to perform such analytical
studies as X-ray crystallography. In addition, the knowledge of the Zmax1 or HBM protein
sequence provided herein w111 guide those employing computer modeling techniques in place

20 of, or in addition to x-ray crystallography.
XIX. Methods of Use: Avian and Mammalian Animal Husbandry

The Zmax1 DNA and Zmax1 protein and/or the HBM DNA and HBM protein can be

used for vertebrate and preferably human therapeutic agents and for avian and mammalian
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conditions used. The other oligonucleotide is designed to hybridize a
segnent of Zmaxl 110 WD 01/92891 PCT/ US01/ 16946 genom ¢ DNA, such that
anplification of DNA using these oligonucleotide priners produces a

conveni ent lwo bagdii fi ed DNA fragnent. For exanple, the pactuséi/lgsdser s
CCAAGITCTGAGAAGTCC (SEQ I D NG 32) and AATACCTGAAACCA TACCTG (SEQ ID NG 33)
will anplify a 530 base pair DNA fragnment froma DNA sanple when the 5
followi ng conditions are used: step 1 at 95C for 120 seconds; step 2 at 95C
for 30 seconds; step 3 at 58C for 30 seconds; step 4 at 72C for 120

obt i not TRemeRLieEiy i AR B HERRRL ey MR coNChpUERTIGER T o°

fragment ggpy b, CEAMIEe, Qe s briddatat & d

t echni ques. ﬁ%‘%ﬁé%ﬁ%’[}?@ ﬁéges?%eg’y%ou’s&frﬁ’_ t Ee_ HB ’g)ene wi | Qig&s low an
equal amuheOfodhtdbdd a8ivell BErepfRE 3N 2RO nphitiANd. MBitdISneRERAR, thor gl ycine
171. Normal or hompzygous wi | d-egype. individuals wll showonly !'Gat this
posi tion. ekdnlfd, cRBKS, rbdsfid, Abns! KBNS, QEEhdR QRibIEle fhdR6Rts M RAIUGRheRst
alternatives, such as ligation-nediated PCR or techniques involving Q beta
repl i case fiofahi idbntifcatin. of tHd defle a(%i}ﬁﬂiway frhighMoRe mk4s3 An My SRukiples cited

exanpl e, the oligonucl eotides AGCTGCTCGTAGCTGICTCT

CCCT GGAT Ch(Jiterath ok Gt AL ARG UL HITNE. KenESQ. | dO(IYDB3AR6 €1996)), weakened
TGAGACGCCCCGGAT TGAGCGGEECAGGGATAGCTTATTCCCTGTGCCGCATTACG  GC ((SEQ | D NO: 35)
can be hybonedidactd hizshandrg eowditions dalse cage 10Afati gy becopbroaitagd high tforialityDNA

| i gase, and then subjected to PCR-anplification using the priner

ol i gonucl eattsi delditidfal AEEPOBICEERStCTET GHOPRCET GRhérdaar diBomids 8ohirdscan
GCCGTAATGCGGCACAGGGAATAAGCT (SEQ ID NO 37). In the first two

ol i gonuc!| b¥cicdusiderablabepeficial effgcthom adanawelfareand tha esorpmin cenditinns eEondi ng to
primer binding- sites, and the inner 30 bases correspond to sequences in

t he zZnk| liyestask imiggiryringhudingefos pepmie, mepteand ieggprodiatigenucl eot i de corr esponds

to the HBM gene. The first two oligonucleotides are - 111

XX. Methods of use: Diagnostic assays using Zmax1-specific oligonucleotides for
detection of genetic alterations affecting bone development and lipid regulation.

In cases where an alteration or disease of bone development or lipid metabolism is
suspected to involve an alteration of the Zmax! gene or the HBM gene, specific

15 oligonucleotides may be constructed and used to assess the level of Zmax1 mRNA or HBM
mRNA, respectively, in bone tissue or in another tissue thqtjflffects bone development.

For example, to test whether a person has the HBM gene, ‘which affects bone density
and lipid regulation, polymérase chain reaction can be used. Two oligonucleotides are
synthesized by standard methods or are obtained from a commercial supplier of custom-made

20 oligonucleotides. The length and base composition are determined by standard criteria using
the Oligo 4.0 primer Picking program (Wojchich Rychlik, 1992). One of the
oligonucleotides is designed so that it will hybridize only to HBM DNA under the PCR

conditions used. The other oligonucleotide is designed to hybridize a segment of Zmax1
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WO 01/92891 PCT/ US01/ 16946 |igated only when hybridized to human DNA
carrying the HBM gene, which results in the formation of an anplifiable
114 bp DNA fragnent. Products of anplification can be detected by agarose
gel el ectr spdoresdts, quantitative hybridization, or equipczlsoticdachni ques
for nucleic acid detection knowm to one skilled in the 5 art of nolecul ar
bi ol ogy (Sanbrook et al., Ml ecular Coning: A Laboratory Manual, Cold
Spring Harbor Laboratory, Cold Spring, NY (1989)). Qher alterations in the
Zmax| gene or the HBM gene nay be di agnosed by the same type of

anpl i fi cabifhndBNAC bucAAhR bRGRAHIBS of DNAUSInE Shedt biggvALUELS e heBSsPRsIugeed tO
identify "those alterations. These procedures can be used in aninals as
wel | as hddgdenicily identifiell DNA fialhent aF breRsmpls, thepalt ofprintdM t hat af fect bone
devel opment and/or lipid netabolismor |levels. Expression of Zmaxl or HBM
in bone t CEAMGTEYTGAGANGTQL (SEHEID NY:12) and WATAECTANM OCAZIGCTGr HBM
respectively, to a bone-specific pronoter in the context of a vector for
genet i cal (SEQIYNO3S) iwill amelifyed§38tbaseqairDNA Bhffmen fiotr aIDN2\ samplei witen dickuc ed
into cells by packaging the DNA into virus capsids, by the use of cationic
| i posorfes follewigg cooditiom dronsed ostepl Bati$hj °C &drd 20 secphiss gl et 65 Wh i 8¢ sécomds;
Transfected cells, preferably osteoblasts, may be studied in eulture or
may be i nstepd@atEiCifox 30 ssoorelss stepstia TRFC forild0 besonds; wheresteps Mrt@tstrepmatednt o bone
or by intravenous injection of osteoblasts, followed by incorporation into
bone ti ssdétijky Epsugsampleanny. by oiginetlranh haisillites; wiglg bigod, g §w)bpccakor
exanpl e, the osteocalcin pronoter, which is specifically active in

ost eobl asf®Ymay be used to direct transcription of the Zmaxl gene or the
20 HBM gene. Any of several vectors and transfection pet hodst y. be used,

such as r et r ovipsfragmpatgegeated hydhaAPoyq Rrocrduteds sequegiced, by stapdard; WES

i nt aj f. tr fect] i ti i [ i , h t hod
o 2l SRl S kscbethe S Bk g S e b e T
L o o PR o o o 0 G Bt s S, "

PCTI USO/%S@&?)W(Q? caggnnénl isﬁggd by fusing the cDNA of Zmaxl or HBM
respectively 1o, o exan‘fﬂ e, a liver

Other amplification techniques besides PCR may be used as alternatives, such as

ligation-mediated PCR or techniques involving Q-beta replicase (Cahill et al., Clin. Chem.,

15 37(9):1482-5 (1991)). For example, the oligonucleotides AGCTGCTCGTAGCTGTCTCT
CCCTGGATCACGGGTACATGTACTGGACAGACTGGGT (SEQ ID'NO:34) and
'_I‘GAGACGCCCCGGATTGAGCGGGCAGGGATAGC’I_‘TAT’I‘CCCTGTGCCGCATTACG
GC (SEQ ID NO:35) can be hybridized to a denatured hﬁman DNA .sample, treated with a
DNA ligase, and then subjected to PCR amplification using the primer oligonucleotides

20 AGCTGCTCGTAG CTGTCTCTCCCTGGA (SEQ ID NO:36) and
GCCGTAATGCGGCACAGGGAATAAGCT (SEQ ID NO:37). In the first two
oligonucleotides, the outer 27 bases are random sequence corresponding to primer binding
sites, .and the inner 30 bases correspond to sequences in the Zmax/ gene. The T at the end of

the first oligonucleotide corresponds to the HBM gene. The first two oligonucleotides are
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specific pronoter or other suitable pronoter in the context of a vector for
genetically engineering vertebrate cells. DNA constructs are introduced
into cells by packaging the DNA into, for exanple, virus capsids, by the
use of cat ivambgozkdiposones, el ectroporation, or cal ci um . pcpluesnlosise
transfection. The transfected cells, preferably liver cells, may be studied
in culture or can be introduced into animals by direct injection into the
| iver or other cell involved in |ipid regulation or netabolism The
vectors and transfection nmethods to be used are simlar to those described

herein. Ahierafi . e f i r.ot-ai . rotein
Dt ects @ MERRE0P g hepRide Ehuntly DN Ch i the ST ol i Bl Y PO €

i | ati : : i tei HBM tein, it i
T Pb) ot il S SEIE | POPONAT Y 0t i o FEMproteln, 1t He
bone m neral i Zp{ipls SSarViiAcati dah Bé Qetéc‘?a\dg}gt%gar\%&[ %??él@émgﬁoreéig, gt{f%Yitalﬁ@e usef ul

to increase bone mneralization In pati ost eoporo

Al ter nat i \iobydizatibn, BR¥quiea1ttR Ecthigled FOIGRERR26id 8RB onMnBHh & breRldlieRid e
patients with ost eope%rom s or gaget' s disease. Alteration of Zmaxl |evels

or 15 3BMtloedelcsulgtiioBl P (Balbrobk@ElaR M ek RS EWrlY: UTUboratRpMatdarabd, it 1S
possible to identify proteins, nRNA and ot her nol ecul es ose |l evel or

nodi f i cat iSpfinsHarbbhSLabsrabdryy SCAE Spring; HYR@989y). t o changes in functional |evels
of Zmax | or HBM The pathol ogy and pat hogenesis of bone disorders is
known and descoOiteeslierdtiohs BixtaePhex] defic filihé HBAMNnE Blak b diafttsed by thasdaed ogy,
2nd Ed., S.B. Lippincott Co., Philadel phia, PA (1994). 20 Zmaxl or HBM
prot ei n | eypelof amplifidatomt¢testiod ptaveduegsbiaising dligonhicleptiddssiesigned te@ettifgr a

subj ect. The pat hol ogy and pat hogenesi s of atherosclerosis and

art er i oscltimsealiesatiogs. Kiwempraneiured ezl Usedlin ahimalsasawglll a8 hunansEdwientify. Bi er man,

"Atherosclerosis and ther Forns of Arteriosclerosis,” in Harrison's
Princi 9 eglteritionginefman] ovdEBNithas affact benerdevdogment indfof lipidirpetaholismgb tavklat i on of
lipid |levels nay be useful to |lower certain levels of |ipids (e.g., LDL) in

-113 WO 01/ 928Bapressipng§dmax b oulgBMoia bpra-issusinayhbeaceapplished bt fasingthand/ or
at heroscl erosis, as_well as conditions and djseases .affiliated with
at her oscl €PN & Zmex1 oF HBMLJepetively; 9 2 boue-specificiprsppienin Besprigd of 28ep9r A

vari ety of_techni ques, can be used t .ter the |levels . of functjonal Zmaxl
or HBMy for genetljga engineering vertgbrate cells. ?)I\EE constructs are?ntroduced into cetlfs%y

packaging the DNA into virus capsids, by the use of cationic liposomes, electroporation, or
15 by calcium phosphate transfection. Transfected cells, preferably osteoblasts, may be studied
in culture or may be introduced into bone tissue in animals by direct iﬁjection into bone or by
intravenous injection of osteoblasts, followed by incorporgtipn into bone tissue (Ko et al.,
Cancer Research, 56(20):4614-9 (1996)). For example,- the osteocalcin promoter, which is
specifically active in osteoblasts, may be used to direct 'transcription of the ZmaxI gene or the
20 HBM gene. Any of several vectors and transfection methods may be used, such as retroviral
vectors, adenovirus vectors, or vectors that are maintained after transfection using cationic
liposomes, or other methods and vectors described herein.
Similarly Zmax1, or HBM can be expressed in liver tissue or in other lipid-

metabolism or lipid-regulating cells, such as lipid laden foam cells or lesion cells. This can
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For exanpl e, intravenous or intraosseous injection of the extracellul ar
portion of Zmaxl or 5 nutations thereof, or HBM or nutations thereof, wll
alter the level of Zmaxl activity or HBMactivity, respectively, in the
body of thevdemaseed human, aninmal or bird. Truncated vereTws®/16946t he Znmaxl
protein or HBM protein can also be injected to alter the |evels of
functional Zmaxl protein or HBM protein, respectively. Certain forns of
Zmaxl or HBM enhance the activity of endogenous protein, while other forns
are inhibitory. 10 In a preferred enbodi ment, the HBM protein is used to

treat ostROPESASIsBeddy fudihk el PN 6f Ak or HBM rdspéctibay o) T&fe%dil_gé, Apfpdi ment,
the extracel lular portion of the HBM protein is used. This M protein may

be opti ongletific pREIotdr @€ oltl¥r sultBblafdidote? th 1€ cohtdbLA Yectdr fitlgehctidsifs t he protein
to adhere to the surface of cells. The protein is prepared in a

phar mac e uingiebring vapeiafeabils ISI0A Ybistictane intfodackdiiito st yhathagingitecbNan or
anot her nethod that 15 achi eves accept abl e phar nacoki netics and

di st ri but in@) for leanipls,86RE Bapsidh, 0 theausk oOEatibhic dipowintts,tlecEopotationOdr cldint evel s
are increased or decreased by gene therapy techniques. To increase Znaxl

or HBMS3| eptkshatedingfoltions The @ansfafdichidy; prefeedbly livee ktlls) mpebastadigbineulmel | y
engi neered to express high levels of Zmaxl or HBM as descri bed above.

Al t er nat i oreday be introdvired érds enidaizbly doect ibdtios b the liret arodrseclidovalvediiot s 20
that specifically reduce the |evel of translatable Zmaxl or HBM nRNA can be
used. |n ligjémenlation er métglwligmn dhe pentdrs aws! transfecticarmetiogds bebansediaresimiter as t he
CW pronmoter or another comercially available pronoter found in

expr essi ot® thase descobgdlgerain. al . | Toxicol. Appl. Pharnmacol., 141(1):330-9
(1996)). In a preferred enbodi nent, a Zmaxl cDNA or its, antisense is
transcri bed byAlierasisnef tisdevel piciupgtionsiZarax] gradein gsHBMopratsinadiests hedesl anot her
-114 WO 01/92891 PCT/ USO /16946 _pronoter, fo acEi eve specific expressi on
in bonkd t Pihopemineraligation apgyipid lpvels. Byampnuipigmedelg! tpcporabrmer ! protegy

HBM expr essi| construct is intyroduced into non-hone tissye, it will not be
e esbed 1B SherciPn 14 Rossible 14 e CHABE APeIomBIDhBcR T eetr R deir B IeiHEss ¢ he
HBM or Z 1 roteins in_|liver. qr other cell . involved i.n.lipid requlation
or ot abor SRF PR et 6 Bpdie Gl Kor Gels i 88 Sar g iPrleslRY | C
pronot er fpﬁnlel'aligﬁlton%? pzﬁf@g{s%ﬁfo%ebﬁ]orggig e&lte?x?a@fvlsl&,v i?{na§' b&udhiR to decrease bone

mineralization in patients with osteopetrosis or Paget's disease. Alteration of Zmax1 levels or

15 HBM levels can also be used as a research tool. Specifically, it is possible to identify
proteins; mRNA and other molecules whose level or modification status is altered in response
to changes in functional levels. of Zmax1 or HBM. The pqth_ology and pathogenesis of bone
disor.ders is known and described, fox_' example, in Rubiﬁ and Farber (Eds.), Pathology, 2nd
Ed,, S.B. Lippincott Co., Philadelphia, PA (1994).

20 Zmax1 or HBM prqtein levels can be altered to regulate lipid levelsin acellora
subject. The pathology and pathogenesis of atherosclerosis and arteriosclerosis is known and
described, for example, in Edwin L. ﬁierman, " Atherosclerosis and Other Forms of -
Arteriosclerosis," in Harrison's Principles of Internal Medicine, 1106-1116 (13th Ed., 1994).

Modulation of lipid levels may be useful to lower certain levels of lipids (e.g., LDL) in
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In a third enbodi nent of this nethod, antibodi es agai nst Zmax1l or HBM are
used to inhibit its function. Such antibodies are identified herein. In a
fourth .enbodi ment of this nethod, drugs that inhibit Zmaxl function or HBM
function amm eiaght Such drugs are described herein and optcirnsgedogccor di ng
to techniques of 10 nedicinal chemstry well known to one skilled in the
art of pharnmaceutical devel opnent, Zmaxl and HBMinteract with several
proteins, such as ApoE. Mol ecules that inhibit the interaction between
Zmax| or HBM and ApoE or another binding partner are expected to alter
bone devehaiRARithairacRedsRl and/Bf AiRGosciisdls, hiWpbiPhd QhditiBRYanR@igeaRE ul as drugs

in the treatment of osteoporosis, osteopétrosis, or other di seases of bone

mi neral i Za¢Eliged witH @thefoacledik Bid SHefiosBrodhE ad @é%mh%gwléfnawggm conmpounds,
proteins or other types of nolecul es. Sée, Kim et al J Bi ochem (Tokyo),

124(6) : 1072- 10/ GarfiékP 9Biechnlidtiat intteusedab aftérdhé RV &E atiuh@dnReiiee sy ZEa] o HBM
and interacting proteins nmay be isolated by standard drug-screening

t echni queBor ekmnplexintiPleAousBiintiaogieqisénjsctioh @f the ekfrf@IEat porfiditofdiigx1 @¢ HBM
protein (or a fragnent thereof) can be inmobilized on h solid support such
20 as thembmtiensdhersof; ordBMeor metdtions thereof; ovildl ajper dliedevel of Zpaxit tivity sragnent |
such as ApoE is derivatized to aid in detection, for exanple with

f | uor esceHBM adbigtityaespectivielypin the badyeif thedatetdd homar, lheimahesdirdo ITrididistedn t he
presence of candi date compounds that may specifically inhibit this

pr ot ei n- pyestiensrof dundmax 1qirotZimex HBM praBi cansdspdwetinjuaed/to aitadhe leuels affoi d

probl ens associated -115 WD 01/92891 PCT/USO /16946 wth its :

transne nbﬁlaﬁ@nsb@tn@ﬁtpmm HEM protein,aespedtivelyt Wedaindermseif ZmepnbonHBY one
skilled in the art. of armaceuti cal devel opment. Because Zmaxl and HBM
are i nvol SRbgn Wéltﬂegﬂdeﬁ?@‘iﬁp@ﬁ’&’ Vhilg %Fhwé“gmsm ighibitogyy ot ei ns t hat bi nd
to Z and HBM are aJ sq expected. to be jnvolved in bone devel opnent 5
and Imaiél d regﬂf‘&tﬂr‘ffﬁ“e‘;ﬁm?dﬁ’i‘q‘f |%FHBM&‘%‘FH’S‘S Bsed t‘bEeth@?RH"Fqsﬁd’rby st andard

i
t hod t f t t h

tvo- hybr | 88 ?CZ%WQ%)AIJ&%G?@{C o b fiient, Bk Gtecl SRR PR iscPSt B of ogy.

John W S 7 F | t t

p?o? ei nse ﬁé(ﬁ)/?l?e i & acr%:%%gnr%[f%%ﬁ% g??@ngﬁ%xﬁ%@’gmgﬁ Biore |h2g

that causes the protein to adhere to the surface of cells. The protein is prepared in a

pharmaceutically acceptable solution and is administered by injection or another method that
15 achieves acceptable pharmacokinetics and distribution.

In a second embodiment of this method, Zmax1 or HBM levels are increased or
decreased by gene therapy techniques. To increase Zmax1 or HBM levels, osteoblasts or
another useful cell type are genetically engineered to expr;ss high levels of Zmax1 or HBM
as described above. Alternétive]y, to decrease Zmax1 or HBM levels, antisense constructs

20 that specifically reduce the level of translatable Zmax1 or HBM mRNA can be used. In
general, a tissue-nonspecific promoter may be used, such as the CMV promoter or another
commercially available promoter found in expression vectors (Wu et al., Toxicol. Appl.

Pharmacol., 141(1):330-9 (1996)). In a preferred embodiment, a Zmax1 cDNA or its

antisense is transcribed by a bone-specific promoter, such as the osteocalcin or another
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extracel lul ar domain of Zmaxl or HBMis fused to LexA and expressed for the
yeast vector 10 pEQR02 (the "bait") and expressed in the yeast strain
EGY48. The yeast strain is transforned with a "prey"” library in the
appropri at yo@sesy, Whi ch encodes a gal act ose-i nduci bl e pcT/uso1/16946
transcription-activation sequence fused to candidate interacting proteins.
The techniques for initially selecting and subsequently verifying
interacting proteins by this nethod are well known to one skilled in the
art of nol ecul ar biol ogy (Ausubel et al., Current Protocols in 15 Ml ecul ar

Bi ol , i . . : fenr ' .ot e

that o Grafetq e BBk B bl i bl R I R el 2 o0 o
th b (IigM : i X : : 12473-8
(Ngv(.’j1 2‘9’3371%\_981%%2@0&61“ afeelrx B%Q%I%g étghe t&gﬁt&g}ll @9%‘@3“?@“&3§§“€‘f%%%§?‘%b§, and

Zmax L andfBldedr Six B0, fri 896k GkikENHOuRRs ishRERo L BSRARL HERE Jrzihber nat i vel y,

proteins that 20 intefact with the HBM but not Z are al so isol ated.

These pr gr&EHS BSIARE Br BRér cell ORed f Lihd RgBhilidd &GndidbolifiR, 1B DNA comBthgeul ar

bi ol ogy, 'and are a sinple variation of Standard two-hybrid procedures. As
an al t er Rath, %2 ciBhpieth Ber st €Wkl noPbe diBMsécdtibtBetdondivey @s@dsNs, a

bi ochem cal approach is used. The Zmaxl protein or a fragnment thereof, such
as the -116 W0 @ifddaddinkaT b eltbadtmtibedity Aambt ZthA of BIBM Hre ugéd fohe HBM
protein or a fragnment thereof, such as the extracellular domain, is

chem cal liphibibitphmdtiéro Steh batibodies fre adbatifiddieereinax| - or HBM coupl ed beads are
pouredinto a colum. An extract of proteins, such as serum proteins,
proteins in theafoubembatiarnt effthia rethod, dizgyibat inkdlsit ZmnaxlafedtionloaHHBM ot ei ns
fromgently |lysed TE85 osteoblastic 5 cells, is added to the col um.

Non- specifimatioh e used n¥ichdotge areslesoribedhereivdnd optiniesl agoarding to tecttipus efver al
tines with a lowsalt buffer, and then tightly binding proteins are el uted
wi th 18 imegicingd chensity well kauvaste oae ekildedinitifeartofphameteutical daveldpment.t o Zmax|
or HBM and can be tested for specific binding by standard tests and
control exper mﬂ@d@%w%ﬁwﬁa@@m&%@mw @ ApoE. NMolsedesthpianiibg t he
nmet hods for, %erf_orgiag% the coupli ngPare commercially 10 avail abl e (Sigm),

and t he pRORISIRFIGR & fmet $RM AP AReF Pr {0BRRP IR RS AF FXRFCIEA 19 he art

alter bone development and mineralization. Such inhibitors may be useful as drugs in the

treatment of osteoporosis, osteopetrosis, or other diseases of bone rnineralizatioﬁ. Such
15 inhibitors may be low molecular weight compounds, proteins or other types of molecules.
See, Kim et al., J. Biochem. (Tokyo), 124(6):1072-1076 (1998).

Inhibitors of the interaction between Zmax1 or I-IBM and interacting proteins may be
isolated by standard drug-screening techniques. For exa;mple, Zmax] protein, (or a fragment
thereof) or HBM protein (or a fragment thereof) can be immobilized on a solid support such

20 as the base of microtiter well. A second protein or protein fragment, such as ApoE is
derivatized to aid in detection, for example with fluorescein. Ibdine, or biotin, then added to
the Zmax1 or HBM in the presence of candidate compounds that may specifically inhibit this

protein-protein domain of Zmax1 or HBM, respectively, and thus avoid problems associated
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of protein biochem stry. As a variation of the above procedure, proteins
that are eluted by high salt fromthe Zmaxl- or HBM Sepharose colum are
t hen added to an HBM Zmaxl - sepharose columm. Proteins that flow through
W t hout stiywépierseyr € proteins that bind to Zmax 1 but notpcirasiiByicls
Alternatively, proteins that bind to the HBM protein and not to the Zmaxl
protein can be isolated by reversing the order in which the colums are
used. Simlar columms can be prepared for use in assessing lipid
regulation in liver and other tissues and cells involved in lipid

e R et s e L A L e S

al lelic valignr h%a@ﬁﬁ&ldé@l@ﬂ% fPility to examne the sequence of both

copi es of the géne Inan in ual . To acconplish this, two "hooks," or

regi ons of sngg ah a,aiag;? aﬂr)émx%'i\}%dhgﬁ‘dh%'dfﬁ ni’énizmdrhp‘ichﬁ QS C

sequence such the portion of that is be cf oned.

Most pr ef sfo%&ﬁsvthattm thizhk1 S HBREAe alkd dplledib/t3 28R IveRET b&ﬁ%{,@;&%&t hooks

is derived fromsequences 5 to the fi rst exon of -interest and the second

i's derisednd FfAreghRALE SIRE bihidingPréthias taHe i@naHedy stitidaidendthodtwbiead WO
"hooks" are cloned into a bacterial/yeast shuttle vector such as that

descr i bedcdymmahdpeétipitatién, 3d-fractidn@ifon, biatht tworkyeid s&een (AuSibel 84l BBkent 71387
(1997). O her simlar vector systens may al so be used. To recover the
entire geppdrocolbinddflyculdr Bidlegyd ForsWideng Sohd @I Hor exanipié,aé ilentifyt he t wo
"hooks" is linearized with a restriction endonucl ease or is produced by
anot her nEnhet-iseradting prddis or HiSM-ihierspting fPbitins Lising)the two-hgbridystesnitbed i nt o
yeast cells along with human genom ¢ DNA. Typically, the yeast

Sacchar ongsteaselhdaralpinginad Zmsx U oeldBNEis duded tot Laxdl and expredsedifon theiyeast ¥ertorost
cells can be used as well (Larionov et al., Genet. Eng. (NY). 21:37-55
(1999) 10 DREGAEZ GheibaitDand eipeespadde thecyeatt stiain EEYAS f Ehwm%t@ﬁmntlh@avéfm@gbnous
host cell converts the linear plasmd to a circle a recaonbination event
wher eby t Méthraggreyn hbmrytln@emmmgéﬁéﬁwrcwmemﬁwafg&@ser@ dpgile " nooks" is
inserted into the plasmd. This plasmd can be recovere and anal yzed by
met hods %1‘%"“R‘i‘ﬂ5’k7\ﬁ?“f’ﬁ‘°6ﬁ%ﬂu§k‘ielf11§§ﬂ ¢ ?anhrqéteé‘i‘t?rac%\?i‘%ﬂﬁ "y 0% ﬁ@n’sqﬂﬁ%'i%’f icity

for this

; ea Iy sepec qan Sbsequently verifying interacting proteins by this method are well
known to one skilled in the art of molecular biology (Ausubel et al., Current Protocols in
15 Molecular Biology, John Wiley & Sons (1997)).

In a preferred embodiment, proteins that interact with HBM, but not Zmax1, are
identified using a variation of the above procedure (Xu et ql_._, Proc. Natl. Acad. Sci. USA,
94(23):12473-8 (Nov. 1997)). This variation of the two;hybl'id system uses two baits, and
Zmax] and HBM are each fused to LexA and TetR, respectively. Alternatively, proteins that

20 interact with the HBM but not Zmax1 are also isolated. These procedufes are well known to
one skilled in the art o.f molecular biology, and are a simple variation of standard two-hybrid
procedures.

As an alternative method of isolating Zmaxi or HBM interacting proteins, a

biochemical approach is used. The Zmax1 protein or a fragment thereof, such as the
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host cell machinery to recogni ze sequences simlar to the "hooks" present
inthe linear 15 fragnment. However, 100% sequence identity is not required,
as shown by Kouprina et al., Genomcs, 53(1):21-28 (Cctober 1998), where

t he aut hor wigegnsdies usi ng degenerate repeated sequencepceaRuPisodsn the
human genonme to recover fragnments of human DNA froma rodent/human hybrid
cell line. In another exanple, only one "hook" is required, as described by
Larionov et al., 20 Proc. Natl. Acad. Sci. USA, 95(8):4469-74 (April 1998).
For this type of experinent, termed "radial TAR cloning,” the other region
of sequengg, shilla A, druetis DhERALred, dush adEk k¥EReiigm 2

r epeat ed %%aﬁégﬁnc%6§¢%¥ﬁ%rﬁé gen ﬁé{éﬁﬁ({rﬁ%tcﬁ%%%}vayr r’eéli ons of DN,%\ adj acent to
the Zmaxl|y iCAEHRANY EQpRA ¢ BERY etz and - sXaBMEdiplahestat at i ons
that may SPPaet &gunct{'on.p A G eg BRaY e PCT/ USOL/ 16946 XX 1. Met hods
of Use: Coulifito3coREl h dctbt Brollind SLokIiR sl pr1BRE bk SteifBintge S |1 nked to

the HBM gene or to Zmax| is very . useful in predicting susceptibility to

0St €0pOr OfpSmMAantRlf A Bbn By IbrSRPRE RularFROLAD BRI gentl IR B&E TER T BtkBhstc | nked to
the HBM gene or the Znmaxl™ gene al so can be used to predict 5 susceptibility

to arteriugliehdied fo 188 callA! Mok spéciidally Balthd peutélhs dro BRitddoic6mher et o.
Koller et al., Arer. J. Bone Mn. Res., 13:1903-1908 (1998) have’

denonst r aiafied sbral fi@esisith Dlow-R0 bufer, piti tBergegtelyibindiy preteimsiafe dhisted with f or

| i nkage analysis. Simlarly, the identification of polynorphic genetic
mar ker s wa high-salt theffekiBihege tre candidat@proteins thee bind énZimbhx cart HBM, afid pdei f i C
allelic variants that are in |linkage disequilibriumwth other genetic

| esi ons ttested fof fpecificthimiingllfy standedddestseant! cotdisil axperienBNAepteupse heads isedm t he
BACs, a dinucleotide CAn repeat was identified and two unique PCR prinmers
t hat wi | | foappiplihg proteinsged theinetidida forqetfainkng the coupling aegrommexeirlly desi gned, as
shown bel ow. B200E21Cl16 L: GAGAGGCTATATCCCTGGGC §SEQ | D NO 38) B200E21C16
R ACACCAoEidlia (Siguacad therorddpresidesggbed hete apwell to agekifedhimtheattrappi ng
st udy.

of protein biochemistry.
As a variation of the above procedure, proteins that are eluted by high salt from the
Zmax1- or HBM-Sepharose column are then added to an HBM-Zmax1-sepharose column.
Proteins that flow through without sticking are proteins that bind to Zmax1 but not to HBM.
15 Alternatively, proteins that bind to the HBM protein and not to the Zmax1 protein can be
isolated by reversing the order in which the columns are used. Similar columns can be
prepared for use in assessing lipid regulatibn in liver and o_th_er tissues and cells involved in

lipid regulation and or metabolism.

XXI. Method of Use: Transformation-Associated Recombination (TAR) Cloning

20 Essential for the identification of novel allelic variants 6f Zmax1 is the ability to
examine the sequence of both copies of the gene in an individual. To accomplish this, two
"hooks," or regions of significant similarity, are identified within the genomic sequence such

that they flank the portion of DNA that is to be cloned. Most preferably, the first of these
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Thi s met hod has been used successfully by others skilled in the art (e.g.,
Sheffield et al., Cenet., 4:1837-1844 (1995); LeBl anc-Straceski et al.,
Genomi cs, 19:341-9 (1994); Chen et al., Genomcs, 25:1-8 (1995)). Use of

t hese reagemds1/sméth popul ations or individuals will predicatustimbss ri sk for
osteoporosis. Simlarly, single nucleotide pol ynorphisns (SNPs), such 20 as
t hose shown in Table 4 above, can be used as well to predict risk for

devel opi ng bone diseases or resistance to osteoporosis in the case of the
HBM gene. It is also contenplated that single nucleotide polynorphisns

(SNPs) sugBolass de?@&@ﬁ'@lﬁ%@t{ eR&d SORANEhrsi BYn BEntdfBaridGhe REGH i§ Bert J@@fﬂbhﬁk ina

subj ect for developing arteriosclerosis and atherosclerosis and related

condi t i ONSequenckd P to WO 14 £:22GF Jaltg’r@y PRAL IS Ab6Ks" e c1dfkihed 3 bQéterl@?east

Mobdul at or s of Tissue Calcification The calcification of tissues in the
human bodyhittie vielok s\tBGY HRNEQErbeiMY [RFioflv edbl,.Prde. NabBl Bbad. SHEWRA, 98:733480427- 34
(1998) denpbnstrated that several proteins known to regulate calcification
of the deUa8QbIM). Skher kiniilar sccwrdpdternyispaceticqusek PTER6@MEr the ebiik girfonge aort a.
The 5 expression of Msx2, a gene transcribed in osteoprogenitor cells, in
cal ci f i%ed comysaftihedfmadx! genss thel plabnid t @saidibgithe dvem BmoldYiis inaarieed wiftos t ant i n bone
devel opnent are involved in calcification of other tissues. Treatnment with
HBM pr ot erresfrictigmendstieclase amis aupdnéedtby ahsthdrinkethiod stich @ RIR. OTldS Bneac BN f i cat i on
(such as the vascul ature, dentin and bone of the skull visera) due to its
denonst r afiegmett fsdstrodmedivteeyaastreesdlongowit hupan|gameniedNAeliyEtally she yewnt wher e
tissue 10 calcification is denonstrated, the over-expression or repression
of Zmaxl A&eehgiomycaseenevisigeisused porhnst gellcalthiongh chicken hest o¢lissan beused ae
directly regul ated by the Zmaxl gene. These genes are potential targets
for ther a&@ﬁ@%@na\r% Genetdong) QNH-7g XTr L9 gaplémig andhafisnithe popessRbinpl e, an

ani mal such as the LDLR -/-, nouse is fed a high fat diet and is observed

to den@nsfrﬁ%ﬁf‘é’m%??pﬂg’s%‘fl%&?nﬁ‘lls }f?ﬁtr%gl"%n"(?ﬂsihf*é‘g‘ﬁ?ép@ﬁﬂﬂ tpiacheledn 2 i ncI udi ng

Z . Th | th 15 ¢t th { HBM

R o2 TS S e b B S B L,
th , -K t. HB t t b

\[I)Mart ng(r)mmh olgsaannov%ﬁ&%gahep@%%& iﬂapiés’%?tcfué i Eﬂg‘?e%lélrﬁ" %%4130%%8}3%“%&1 ?gssue

and t he

well known to one skilled in the art. Obviously, the specificity for this reaction requires the
host cell machinery to recognize sequences similar to the "hooks" present in the linear
15 fragment. However, 100% sequence identity is not required, as shown by Kouprina et al.,
Gen;mics, 53(1):21-28 (October 1998), where the author describes using degenerate repeated
sequences common in the human genome -to recover ﬁ'agme_l_nts of human DNA from a
rodent/human hybrid cell line. o |
In another example, only one "hook” is required, as described by Larionov ef al.,
20 Proc. Natl. Acad. Sci. USA, 95(8):4469-74 (April 1998). For this type of experiment, termed
"radial TAR cloning," the other region of sequence similarity to drive the recombination is
derived from a repeated sequence from the genome. In this way, regions of DNA adjacent to
the ZmaxI gene coding region can be rec;)vered and examined for alterations that may affect

function.
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rel ati ve expression |evels of the genes expressed in the tissue are:

determ ned by nethods well known in the art. Genes that are regulated in
the tissue are potential therapeutic targets for 20 pharnaceuti cal

devel opmentwaerarssdul at ors of tissue calcification. The nectes&inasisds,
proteins, peptides, am no acids, small nolecules or other pharmaceutically
useful conpounds of the present invention that are to be given to an

i ndi vidual may be admi nistered in the formof a conposition with a
pharmaceutically acceptable carrier, excipient or diluent, which are well

known in ﬁaﬁ i&ghod-m? g%%( o%@ﬁcm g120 WO 01/ 92891 PCTI USOl/ 16946 be a

mammal  ora bi T pre umaen,~a rat, a nmouse or bird. Such

|1
compos, tv'eogfm Y usel} pBHo @rﬁé%@&ﬁl&k@r@ 'tefmi%M' EncorROBRERCEELCal | Y

mni stere vary pend| ng on e
condi ti Olhs &0 &edtﬁwbbﬁ@meﬂa@les PIRRIAAIPOSI ti ons
may be a m ni s ere?]‘ﬂ%ﬁSjs g;%m?%%%%ngl na§t| on with other trggltoments 5 X1IV.

Phar mce%h@tﬁ'ma?ﬁé??@&'eﬁ't@ﬁﬁ% HEM geda\b?melzmxﬁgm RN BPhRY aﬁﬁ,re&iar maceut i cal

conpositions conprising a lipid” mediating agent which nodul ates HBM and/ or

Zmax| @Ctéuydesﬁblmsl 16 AfRI08@LH S8 oMitheRosdlerdsisRAMEsHdRidRs Feded 1Bblefd0 Ka@ierd: (e. g.
bl ofi brate, genfibrozil, nicotinic acid, cholestyram ne, cholestipol,

| ovast atig, Aﬁbﬂma&inamzn. RA3Y, 29:280331 908 (m%bnmldempﬁs&mﬂmtmbusasdﬂ adi ol . )
Li protein 10 modul ati ng agents can include conpounds or conpositions which

nodul at e gotyn@rphicgenetigitlatkess is ogefid Gomlinkapgahaysy. Simkilarly/lihd idedtification of DL

| evel s. The |ipid nediating agent, which nodul ates HBM and/ or Znaxl

acti vi ty, potyniorphic fenatic marketsovitisn thaﬁmbtgmeaﬁll aliow iheddentificatioh ofispreific s
thereof, chemcals, and mnetics. One . contenpl ated pharnaceuti cal
conposi t i dleliceaniants it irsdn likegerdisamilinian vt ¢tb@rcgpnﬁii¢desa>niﬁlap#@ctrmn§ut ically
acceptabl e carrier. For the purposes of the present invention,

" phar rific edevélopthdny. Heing fredhiN4 sequendediom tha BALS. aﬁnpuziﬁottdh@A@trmhww carriers
well known in the art.. For exanple, suitable carriers can include
phosphat eidentifiedanswoatmiqe PSR nrimesnihat vepharmlifibe genpatic RN Agfonfaipingthis

emul si ons, and vari ous tyges of wetting agents. Qther carriers can al so

i ncl ude SRR Vere SeYigReAATSIOVRBFIeYS  coated tablets, and capsul es.

Typically, such capbietS G8%.  GAGAGGCTATATCCCTGGGC (SEQID NO:38)
B200E21C16_R: ACAGCACGTGTTTAAAGGGG (SEQ ID NO:39)
15 and used in the genetic mapping study.
This method has been used successfully by others skilled in the art (e.g., Sheffield et
al., Genet., 4:1837-1844 (1995); LeBlanc-Straceski et al., _ngomics, 19:341-9 (1994); Chen
-‘ et al., Genomics, 25:1-8 (1995)). Use of these reagents with populations or individuals wﬂl
predict their risk for osteoporosis. Similarly, single nucleotide polymorphisms (SNPs), such
20 as those shown in Table 4 above, can be used as well to predict risk for developing bone
diseases or resistance to osteoporosis in the case of the FBM gene. It is also contemplated
that single nucleotide polymorphisms (SNPs) such as ﬂmose described above, may be used to
predict the risk in a subject for developing arteriosclerosis and atherosclerosis and related

conditions.
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20 al so contain excipients such as starch, mlk, sugar, types of clay,
gelatin, stearic acid, or salts thereof, magnesiumor calcium sterate,
talc, vegetable fats or oils, guns, glycerols, or other known excipients.
Such carri fgogagpial so i nclude flavors and col or additi vegruRéiRsesvati ves,
- 121 WD 01/92891 PCTI USO01/ 16946 or other ingredients. Conpositions
conprising such carriers are fornulated by well known conventional neans.
See REM NGTON' S PHARVACEUTI CAL SCI ENCE (15th ed. 1980). For diagnostic
purposes, the antibodies and reconbi nant binding proteins can be either

| abel ed J%@%ds °§p sl.yﬁéﬁ.glh{%%oﬁﬁs%”%%i |lﬁca@i§§ays entail detecting the

formati on of ng of the nonocl onal antibody or

reconbi nant %Qgehélﬁ%aq{ ?l‘l&u%s m ﬁle h'ﬁ@l% 85@ ig (&{)cﬂ%@d RORAE Fpal W] en

unl abel ed, the I'eés and reconni nan proteins find use in

I 5 d
e S O e R s Ef%a%ﬂ%n?m PRELa ar e
speci f1 %Qlkiﬁ%ﬁtﬁo%aéfttﬁé’&‘evel\&biﬁx@ sikdiGin IRRAEI Heh rﬁ#@% IEEalélﬁGd)éH?éan%& bi ndi ng-

protein, such as antibodiesS specitic for 10 | nogl obulin. Alternatively,

the mpnegheifn FMxDoies nﬁﬁt@nlie%ciﬁ’ BhtbdpRctentddridild) th GlR& ViSculgdissdee directly
| abel ed. ‘A wide variety of |abels can be enpl oyed such as radi onucli des

(e.9., 9Ril6atesiHat bbhes whith 2EhpbAddt in bdre deVRSIHAME are AVOWRIR $n cAdM6HBN of
substrates, enzynme cofactofs, enzyme inhibitors, ligands (particularly
hapt ens )otheﬁhékued\'llffea{tﬁ'dﬁt vﬁl}ﬁl@BWrotb:ﬁIﬁg&ﬁB&%@ﬁﬁta@’n&ts wakdly koansliokate t he art.

15 Commonly, the nonocl onal antibodi es and reconbi nant bi ndi ng proteins of
t he pr eslefficationMeuwdhi 28 theavasculihire] deitirf dandboas ofthé sladlsdsem) dudierie t he subj ect
anti bodi es or reconbi nant binding proteins are conjugated to a fluorescent
nmol ecul elgmensidated sffettioarbescmineral daisity. doeapearingental By sTe@)s. whEhetissseanpl es provi ded
bel ow are not neant to linmt the invention in any way, but 20. serve to
provil@e cplicHicationds dembwsttated, theovenexpréseion nyeptession ofiZotavwPlaBidyity Pieamity ths ent
invention is described by reference to the follow ng Exanpl es, which are

of f er ed idsptifieaionfof imolagules thet aspdizacty ragplatedibyithn Zrverd gend Theps genesasei nvent i on

in any nmanner.
potential targets for therapeutics aimed at modulating tissue calcification. For example, an

animal, such as the LDLR -/-, mouse is fed a high fat diet and is observed to demonstrate
expression of markers of tissue calcification, including Zmax]. These animals are then
15 treated with antibodies to Zmax1 or HBM protein, antisense oligonucleotides directed against
Zmax1 or HBM cDNA, or with compounds known to bind the Zmax1 or HBM protein or its
binding partner or ligand. RNA or proteins are extracted .ﬁ'o_nj{ the vascular tissue and the
.- relative expression levels of the genes expressed in the tiséue_ are determined by methods well
known in the art. Genes that are regulated in the tissue are potential therapeutic targets for
20 phaﬁnaceutical development as modulators of tissue calcification.
The nucleic acids, proteins, peptides, amino acids, small molecules or other
" pharmaceutically useful compounds of the present invention that are to be given to an
individual may be admirﬁstered in the form of a composition with a pharmaceutically

acceptable carrier, excipient or diluent, which are well known in the art. The individual may
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-122 WD 01/92891 PCTIUSO /16946 Standard techniques well known in the art
or the techniques specifically described below were utilized. Exanple 1
The propositus was referred by her physicians to the Crei ghton Osteoporosis
Center 5 f@fofAwageyati on of what appeared to be unusual | y pdersa/lgeges. She
was -18.years old and canme to nedical attention two years previous because
of back pain, which was precipitated by an auto accident in which the car
in which she was riding as a passenger was struck from behind. Her only
injury was soft tissue injury to her |ower back that was manifested by pain

d | d T id f.f s SUD i
¢ adi oé‘?:&EEﬁ%&%ﬁ%ggﬁiﬁer%éﬁzwtaﬁ%i??&ﬁ% ] St oRrliaBihar 2t o0 "
tt full.iinme. By the ti L0t , th [
s near Py Abisistrt o gl hbod) BFa el fcat VU AGE bl e GRSEL- 1B Al
hool- st ; - . .
SO ng Rhere PP SR BAAM EUEELRNG O/ Tog) Lok A BERLRERD,
skel et on ﬁ@\é&%&ﬁi&@ﬁaﬁ 3% g@fi&w-},&{emﬁsﬂ\m Hﬁxﬁiﬁﬂnﬁﬁ w@tﬂrthePﬁéatmééth. bones of

t he skel eton re 1nvo DSt | nportan t he 15 shapes of all the
bones were entirely normal. The spinal BMC was 94.48 grans in L1-4, and
the spinal BVMD was 1.667 gnicnR in L1-4. BVMD was 5. 62 standard devi ations

(SD) abovexrvR ¥farataehitical CoBpssidons Wonen. These were nmeasured by DXA using
a Hol ogi c 2000-. Her nother was then scanned and a | unbar spinal BMC of

58. 05 grans afffe BVBhtidh also20fkemplates pRariBEcRitit0 dodposktivhs Babprings lipad ues pl ace
her 4.12 SD above peak mass and 4.98 SD 20 above her peers. Her nother was
51 year s pddchting bgtl whizhintciRses BI wed/of Rl 4RtiFiotin dsmbinkiton with her was i n
excellent health with no history of nuscul oskel etal or other synptons. Her
f at her' s lipupbain MbiMilatg agint 83g.gblafitratangemfitireziBMcotiic acld, thdleggyrimm®, These
values -123 place himO0.25 SD above peak bone nass for nales. He was in
good healchblgstipbly dayastatin, simhvasiatin, atalvastamproeicglhpremady opestradiel.). Thmewinc| i ni cal
data suggested that the propositus inherited a trait from her nother,

10 modulating agents can include compounds or compositions which modulate (e.g., up-regulate

or down-regulate) LDL, VLDL, HDL or IDL levels.

The lipid mediating.agent, which modulates HBM and/or Zmax1 activity, can include
proteins, monoclonal antibodies or fraéments thereof, chemicals, and mimetics. One
contemplated pharmaceutical composition can comprise the monoclonal antibody and a

.15 pharmaceutically acceptable carrier. For the purposes of the present invention, a
"pharmaceutically acceptable carrier” can be any of the standard ca;'xiers well known in the
art.. For example, suitable carriers can include phosphate buffered saline solutions, emulsions
such as oil/water emulsions, and various types of wetting agents. Other carriers can also
include sterile solutions, tablets, coated tablets, and capsules. Typically, such carriers can

20 also contain excipients such as starch, milk, sugar, types of clay, gelatin, stearic acid, or salts
thereof, magnesium or calcium sterate, talc, vegetable fats or oils, gums, glycerols, or other

known excipients. Such carriers can also include flavors and color additives, preservatives,
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which resulted in very high bone mass, but an otherw se normal skel eton,
and attention was 5 focused on the maternal kindred. In U S. Patent No.
5,691, 153, twenty- two of these nenbers had nmeasurenent of bone mass by
DXA. I n oneygapesoit he mat ernal grandfather of the proposciuser 664
deceased, however, nedical records, antenortem skel etal radi ographs and a
gal | bl adder specinen enbedded in paraffin for DNA genotypi ng were
obtained. H's radiographs showed obvi ous extrene density of all of the
bones avail able for exam nation 10 including the fenur and the spine, and

he was in t §s : Il j WRA;

pedi gree ﬁa%gﬁg%%gﬁg%%n%ﬁ %{ggﬁégﬁﬁ@gﬁﬁ%ﬁ% F]g'aa?% f\i;)(ram ?I%igemﬁglkg%"b\?hese
addi ti ons | Hunk i Mo BMBHcA ReERiCE gl saftd. Kbghi p (Johnson
et al., A%%\%n%ﬁﬁlnﬁm@%%{ﬁ 60:0%\?% -1332 (1C9%7)) beglause, liglgr?éng t he

fourteen indi Vi-‘&laﬂgﬁoﬁ@g%pﬁsnﬁ@a&ﬂ%dieﬂdd%é&lbiﬁhwﬁdiné Potdimiday belual s

har bor key crossovers. I'i nkage is ruled out by the presence 15 of

mal e- t o- NEittRer labaled 6 widbeRAS TPl Ididgrbstad asdays bitail deteviitlg iife forionpt £ 2 The
present invention describes sequences derived fromtwo BAC cl ones from

t he HBM gedigpletirdugh tlabimiingisilic ionotidakleanfibdiyl o vécombinait bimlimgpraeiasial y of
these 20 clones. O one b200e21-h (ATCC No. 98628; SEQ ID NOS: 10-11) was
deposi t edHBM pivtein SxErhixd Potdivip WHen hlabeled el aptibddies afd\eCEhbindfd®Millindni versity
Bl vd., Manassas, VA 20110- 2209 U.S. A, on Decenber 30, 1997. d one
b527d12- hprotelsGinmdoise BBR@MindboQatBy INAB:additiq), unlabeldignibodiesccanbe tised it\ner i can
Type Culture Collection (ATCC), 10801 University Blvd., Manassas, VA
20110- 2206prhhisatian withotir {abbled adtjbodie9 Gecond estibodisg) tbat @rssspe¢iBeallyaeaghiveiue
reagents -124 that can be used by one skilled in the art_to identify DNA
probes f owithiiee HoneglonglanbodpoRrecombinantdindingapeirins spck prangibedics spaeifiefrri de

pol ynor phisns in the Zmaxl gene, or regulatory elenents of the Zmaxl gene.
5 TABLE sinmppragipbalimcAlignatively, thpmeaoclpeah gatipodissandgecrmbinaghbinging potamoo7 5
3096 can be directly labeled. A wide variety of labels can be employed, such as radionuclides

(e.g., *°Tc, ''In, ‘I and '), fluorescers, enzymes, enzyme substrates, enzyme cofactors,
enzyme inhibitors, ligands (particularly haptens), efc. Numerous types of immunoassays are
wéll known in the art.

15 Commonly, the monoclonal antibodies and recombinant binding proteins. of the
present invention are used in fluorescent assays, where the subject antibodies or recombinant
binding proteins are conjugated to a fluorescent molecule, such as fluorescein isothiocyanate
(FITC).

~The examples provided below are not meant to limit the invention in any way, but

20 serve to provide preferred embodiments for the invention.

EXAMPLES
The present invention is described by reference to the following Examples, which are -

" offered by way of illustration and are not intended to limit the invention in any manner.
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b527d12- h_conti g306G 98907 6 26928 b527d12-h contig307G 98907 7 29430
b527d12-4conti g308G 98907 8 33769 b527d12-h_conti g309G 98907 9 72049
b200e21-h contigl 98628 10 8705 b200e21-h contig4 98628 11 66933 The

di scl osurewd opredi of the patents, patent applications apdrsslicesgti ons
cited in the specification is hereby incorporated by reference herein in
its entirety. Although the invention has been set forth in detail, one
skilled in the art will recognize 10 that nunerous changes and

nodi fications can be made, and that such changes and nodif.ications nmay be
made wi t hgut . d rting fromthe irit. and sco f e.inyenti.on. Exanple
3 Since Z%ﬁ?(drmﬁ%%ahné‘i“ﬁ’?wglﬁ ?%?ngtﬁ%é'[ ?_rlﬁh%cnéqputeg%’e&aﬁﬁ’l Bydecs)?n 5%%%18‘” it may be
i nvol ved &gwuéﬁm%jpid nmet abol i sm However, others have reported that lipid
profile varranles did not show significant association with bone nmass and
could not be used as indicators for bone mneral density (Zabaglia et al.,
"An exploratory study of association between lipid profile and bone

m neral density in menopausal WO”En%kﬁh@ Ganpi nas reference hospital," Cad.
Saude Publica 14: 779-86 (1998)). Zmax erray be normally involved in

regul ating bong gk Y rdfsdigh M A200k BLIUHSNBLAGR4RIs claresi ti ng

cal ci um during bone renodel 1 ng M nutation nmay result in increased

deposi t5i Ofpr bVHKSti6R Bf Whdt bpitbaft@ NS B uRRRly Hehdé GbAYsE Shé WheTSHdatstd ¥nd came
at herosclerotic plaques <contain calcified material and express a variety

of genes d{ordioaeshtentioriasyetlis piRicRs bechie®T backpalng Whichivek peskipitired bighh gene was
involved in lipid regulation, biochemcal tests 5 were perforned to neasure
serum | evalto 8dcideat in dhschHthdéa irCOhicR s wig ridiget dlpasenyer waesttick oM behind.
affected and unaffected HBMfam |y nenbers to test whether the HBM nutation
in the ZHexdnlyimhey ehd @fitissid ipjuey wwaicalovlert isack thhatvhemanifhteddy phie aneésul t s of
testing ei ght HBM _
muscle tenderness. There was no evidence of fracture or subluxation on radiographs. The
10 pain lasted for two years, although she was able to attend school full time. By the time she
was seen in the Center, the pain was nearly resolved and she was back to her usual activities
as a high school student. Physical exam revealed a normal healthy young woman standing 66
inches and weighing 128 pounds. Radiographs of the entire skeleton revealed dense looking
bones with thick cortices. All bones of the skeleton were involved. Most importantly, the
15 shapes of all the bones were entirely normal. The 'spinal BMC was 94.48 grams in L1-4, and
the spinal BMD was 1.667 gm/cm? in L1-4. BMD was 5.6_2__standard deviations (SD) above
peak skeletal mass for women. These were measured by DXA using a Hologic 2000~. Her
mother was then scanned and a lumbar spinal BMC of 58.05 grams and BMD of 1.500
gm/cm?® were found. Her mother's values place her 4.12 SD above peak mass and 4.98 SD
20 above her peers. Her mother was 51 years old, stood 65 inches and weighed 140 pounds.

Her mother was in excellent health with no history of musculoskeletal or other symptoms.

Her father's lumbar BMC was 75.33 grams and his BMD was 1.118 gm/cm?. These values
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~individuals and seven unaffected individuals. WIcoxon rank-sumtests
(non-paranetric equivalent of a T-test) were perforned to assess whet her
| evel s of biochem cal nmarkers from 10 affected HBM i ndi vi dual s devi at ed
fromunaffected individuals. The data obtained were. analyzed separately

by gendgice hxd 03 $DaboRYpeakMdhairags foakins. Heowasialgesd hedlthi siBd @3 inchben
appropriate. Standard di agnosti c protocols were used to determ ne the

concenttmatahamve(lgf@ﬁdlgy tri gI yceri des, chol esterol, high density
| i poprotein (HDL), |ow denS| ty lipoprotein (LDL), 15 very |low density

| i popr ot ei n Khésdklinicapatal sp%géswd&hﬁt the ropésiiis Mnhklitedodd@dit fOMIRE Biothedd ( APO
B), and lipoprotein a (LIPCa). For such procedures, see for exarrple F. W

HEMM NGitibh REBicd GRS 6BhOma8s benin dtherwRiehorh MRl caidland atMntiGRWAYAS,
LI POPROTEI N PROTOCOL Humana Press | nc. 1997). The genotype for

apol 5 papEREe b tike haRMAaFkindRd. 3h $0S. rp%wmds 691183, Qw@ﬁtg Wy ethemmon al | el es
(e.g.,- E2, E3 and E4). The affected and unaf f ected HBM 20 famly nmenbers

are hetgEABHYaNS mRhsAGHBE YIBYSe h8ds By BXAl 18RS castNfle hSdthil erafdfanded wer e

statistically significant:. (1) Triglyceride level s were general ly | ower

in affqgé ﬁfd)pbmusvwdya’éc%ageb al'IbWélfeH iddl @F FeRBrds Nhiteth heah §kelétﬁ‘l¢a£h%§ra}5ﬁ§ ¥nd OW
density I1poprotein (VLDL) levels were general ly lower in affected

i ndi vi dugdiispihdirp s;bé&mé&f‘éﬁf)&ﬂ%@% pdrslifivi feBNS ge%eyptmg\oaleloxstalﬁéae Hig! | owi ng

conpari sons approached statistical 25 significance (p=0.06): (1) high

densi t%a&b@ﬁﬂﬁ@ﬂﬁh&d@ﬂ%s bRiY&hs dURIt¢ oh!ﬂgb?ﬂhe'ané&,vaﬁﬁﬁtﬁéifor@ﬁhﬁ&ahB@n in
unaffected " males, and (2) the ratio of Iow density |ipoprotein (LDL) to

hi gitp dgaigiing thd ﬁﬂﬁﬁ%&tﬂ% s H@hmmaa&a&d ¥m&h e hfefte@feabbRd IARies than
in unaffected males. In Ta 7, "ARUP" is ARUP Laboratories, 500 Chipeta

V\ay, Sah{enkidk ethEpkdigred has gé’éhc@k Wt So Hfudei3 iR rmhavt Bdividal Pel"hfeﬁ’é' med.
"SJH' refers to the second centper which -126 WD 01/92891 PCTI USOL1/ 16946

per f or rHaqltfolf'@%Fe i %gﬁ@ﬁn lx%ﬁiv%%&rbdxpme%lglda@mmbgrdlﬁ%n &N 4. Butthm.
Dent al - Rxn 30 ha, NE 68178. APO-Al, APO-B and LIPO-a afe reported in

ng. dL. dglal 66‘"?32%& ?b§7)) %éa‘ils@%ﬁxohg Ko BtcerthdividubRAdB&H §dethand
publ i cations referred his application are herein
original study, two individuals harbor key crossovers. X-linkage is ruled out by the presence

15 ofmale-to-male transmission from individual 12 to 14 and 15.

Example 2

The present invention describes DNA sequences derived from two BAC
clones from the HBM gene region, as evident in Table 6 below, which is an assembly of these
20 clones. Clone b200e21-h (ATCC No. 98628; SEQ ID NOS: 10-11) was deposited at the
American Type Culture Collection (ATCC), 10801 University Blvd., Manassas, VA 20110-
2209 U.S.A., on December 30, 1997. Clone b527d12-h (ATCC No. 98907; SEQ ID
NOS: 5-9) was deposited at the American Type Culture Collection (ATCC), 10801
University Blvd., Manassas, VA 20110-2209 U.S.A., on October 2, 1998. These sequences

25 are unique reagents
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5 incorporated by reference in their entirety. -127 W 01/92891

PCT/USOL/ 16946 ip O m' mPOvV NmA”*comTmN”m0O M g8 m Ac
O NOOm="1¢ti 8" O'" "e-""'"-NOAO ANOOt8B8 aCOCC QNPN N
AN O0Or'" MO2nmv NN ryc'lmry Q2tWOOCO =000000O0O0
O0OO0OO0OO0O00, PNNOMNOAON" MAN[t MmMAO ¢cJCJNNN.- O0fV
"0 Ja'a! NdO mm>  NMMANAOO m9 7 ffy~mmONNN- Nmm
0 m Q tRatohn BeNséll K5 o¥ Nilded i thé 42 {oAdertif) DN LSprobes Yor'the Zmiak V gdhe/PER CNI Q .
NNNO) aa ee)c0 (00 v0O)Oeol a NAdNO VA~t NOC(0Om
N m mMh&s tPafd he gédeChid1&8tid@pYlyltorfhibny in'the ZRdd) geh& oPregldbdry0) d 0)
O)YU)MO) (0 N%@tggogQO C HpGy%LBﬂgngaNmr%@lmmAg%mryOmr

t 0~) m ém¥its 8f the Whd®! Qef.O

O

5 TABLE 6

Contig ATCC No. SEQ ID NO. Length

b527d12-h_contig302G 98907 5 _ 3096
b527d12-h_contig306G 98907 6 26928
b527d12-h_contig307G 98907 7 29430
b527d12-h_contig308G 98907 8 33769
b527d12-h_contig309G 98907 9 72049

b200e21-h_contigl 98628 10 8705
b200e21-h_contigd 98628 11 66933

The disclosure of each of the patents, patent applications and publications cited in the
specification is hereby incorporated by reference herein in its entirety.
Although the invention has been set forth in detail, one skilled in the art will recognize
10 that numerous changes and modifications can be made, and that such changes and

modifications may be made without departing from the spirit and scope of the invention.

Example 3

Since Zmax1 has similarity to the LDL receptor family of genes, it may be involved in
15 lipid metabolism. However, others have reported that lipid profile variables did not show
significant association with bone mass and could not be used as indicators for bone mineral
density (Zabaglia et al., " An exploratory study of association between lipid profile and bone
mineral density in menopausal women in a Campinas reference hospital," Cad. Saude Publica
14: 779-86 (1998)). Zmax1 may be normally involved in regulating bone density by
20
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25

depositing calcium during bone remodeling. The HBM mutation may result in increased
deposition thus conferring denser bone structure. Interestingly; atherosclerotic plaques
contain calcified material and express a variety of genes involved in bone differentiation.

To test whether the HBM gene was involved in lipid regulation, biochemical tests
were performed to measure serum level of various lipid containing molecules or precursors in
affected and unaffected HBM family members to test whether the HBM mutation in the
Zmax1 gene effects lipid metabolism. Table 7 shows the results of testing eight HBM
individuals and seven unaffected individuals. Wilcoxon rank-sum tests (non-parametric
equivalent of a T-test) were performed to assess whether levels of biochemical markers from
affected HBM individuals deviated from una.ﬂ’ec.ted individuals. The data obtained were.
analyzed separately by gender, as well as by combining values from males and females, when
appropriate. |

Standard diagnostic protocols were used to determine the concentration (mg/dL) with
triglycerides, cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL),
very low density lipoprotein (VLDL), apolipoprotein A-l (APO A-1), apolipoprotein B (APO
B), and lipoprotein a (LIPQa). For such procedures, see for example, F. W. HEMMING, LIPID
ANALYSIS (Bios Scientific Pub. 1996) and J. M. ORDOVAS, LIPOPROTEIN PROTOCOLS
(Humana Press Inc., 1997). The genotype for apolipoprotein E (APO E) was also reported.
There are three common alleles (e.g.; E2, E3 and E4). The affected and unaffected HBM
family members are heterozygous or homozygous for the alleles.

The results obtained were statistically significant: fl) Triglyceride levels were
generally lower in affected individuals than in unaffected individuals, and (2) very low
density lipoprotein (VLDL) levels were generally lower in affected individuals than in
unaffected individuals. Additionally, the following comparisons approached statistical
significance (p=0.06): (1) high density lipoprotein (HDL) levels were higher in affected
males than in unaffected males, and (2) the ratio of low density lipoprotein (LDL) to high
density lipoprotein (HDL) was generally higher in affected males than in unaffected males.

In Table 7, "ARUP" is ARUP Laboratories, 500 Chipeta Way, Salt Lake City, UT

84108 where one of the studies was performed. "SJH" refers to the second center which
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mo Na30 PNW CO0OtomChO0O990daa T894c3o0oadad4zaa
&5 QQ~rc rc 111121 128 WD 01/92891 PCT/US01/ 16946 CLAIMS Wat is
claimed is: 1. A nethod of identifying a nolecule involved in lipid

regul ati onweyipsdesi ng 1dentifying a nol ecul e that bi ndspé¢Rusonedsbrat
inhibits binding of a nolecule to, HBMor Zmaxl. 2. The nmethod of claim 2,
wherein said nolecule is a protein. 3. The nethod of claim2, further

conpri sing producing an antibody to the protein. 4. A method for
identifying a protein involved in lipid regulation conprising identifying

a protei a,first host
conpri si Slrft d%ﬁ?d@@éﬁ%&%ﬁéﬁl@lg@%&%é}x Fges Eétg‘ %Eﬁﬂﬁ@% 12‘5’?\8% ’sing the
HBM gene Orfha,THE G827HAPBAICAPOB ghd MRCF£direrepbged 18 8ig.dIS PolalagufRkyeld. A
met hod foh |dent|f cation of a candidate nolecule involved in lipid
regul at i 8K° &5BMEd hg: (A) identifying a nDIecuIe that binds to, or that
inhibits bind e of SEQ I D NO
1 or a Zmaxl %El%ﬂg(? gﬁ?ﬁ?&d g hgcralhg?snrsfengd Epg%i?%h%n%?%? e 4; (B

i dent i ¥ yiinvgrparates lyoefeeenchimtthdir endisety.o, or that i nhi bits binding of a

nol ecul e to, the nucleic acid sequence of SEQ ID NGO 2; and (C) conparing
the extent of binding, or the extent of inhibition of blndlng of the

nol ecul e to each nucl eic acid sequence, wherein the nol ecul e that binds, or
inhibits binding, nore or less to the nucleic acid sequence of SEQ I D NO
2 or the nucleic acid sequence of
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- 129 WD 01/92891 PCTIUSOL/ 16946 SEQ ID NO 1 or a Zmaxl nucleic acid
conprising a pol ynorphi-smof Table 4 is the candidate nolecule. 7. The

nmet hod of -claim6, wherein the candidate nolecule is a protein, an nRNA or
an antisen ic acid. 8. A nethod for testing a sub a

t her apeuti ?%g@%%ﬁf or nodulating lipid |evels conprisi n%hg@%ﬁﬁﬂ %feri ng a
nucl eic acid conprising SEQID NO 2 or a nucleic acid sequence wth an

HBM pol ympr,phi sm{o a supject, and assessi ng whet her, [ipjd,leyels are
modul at ed 9. Tive| gtsricRi| 81 sqi%j # 8,) Sl 8il |he fuli kbt |i { ap ani mal and
t he ani mal—-s—set-eqt £ tpepngtstirgrofrHryestgck, primates,
hurmans, cquéir%so',“’ élli"nes Birds, [rept f’ﬁ, Fi%hE {8nd2arohE bi ans.
10. A net hod r_yegtijng S tihelr abeqt ilc bgentl for nodul ating
lipid |6\Q,|S_IC%I‘])E_§I&|!’IQ g @ priailed peqarprjsird SEQ 1D HO 4 or
a Zmax| pd@temn conprii s rphi $mjof| Tpblie |4 fola supj ect, and
assessing g M 1 TaT i ed—I-t +HotH of
phar maceutlizxcdl, deyel|chens g e &t[ithig® I Bt #redil &t|eY| & $didels & §
compri si nd g dehlt i 1yilng| aj mgl deul ett Hat| biinds t ol tHe |anf ng dci ¢ sequence of
SEQ | D NO~4- reTe AR o;'é O I:s fs Ha PPL pRg™ of Tabl e 4.
12. The n”etguccﬁ pf | Gl h¥ 1LE| e} Bil & |th = 8l |ecp¥ £4i]RhiD] €4 °drs ¢nhances the
function afi t|heramtro gt WS ATTE PR Tf Ur| g4l [deYel opngnt for
treat nent |of E| hE ¢ Sntel| &t &d & | k81 ddr's 8()§FH st hg:| = [18P ( Al cpnstF uéting a
first host—tRatreprterRert-He—Zrer—aene o T O e T TGRArSyructing a
TlEl sl e el 2l sl lg oS e f1g He Pa Fell= | 2 P2 1y : '
second hogt_-t|Ha} & ¢ &t B Stiriel HBR| | &1 Adrio & /|5 [(J 5 4rdidy2ing a
di fferencd Ddt ween_tlhel filrdt host land the second-Host-t-adhd
SRR HEHEHHHEHHHEHHHEH U R E
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(D) identifying a nolecule that, when added to the first host, causes the
first host to exhibit a characteristic feature of the second host. 14. The
met hod of claim 13, wherein the host is a cell-free extract, a cell or an
ani mal . 15.wdbgog®at hod of claim 13, wherein the differengerhsocsdr r ogat e
mar ker. 16. A use of an effective anount of an am no acid sequence
conprising SEQID NO 4 for the manufacture of a nedicanent for regulating.
lipid levels in a host wherein the nedicanment is capable of being

adm nistered to a somatic cell or to a germline cell of a host suffering
froma |ipid-nediated disorder. 17. The use of claim 16, wherein the host
is livestock, &t es, humans, canines, felines, rodents, birds,
reptiles, fiawhdquﬁﬁghmpians. 18. A use of an effective amount of a
nucl ei ¢ aci d sequence conpri sing SEQ IDNO 2 or a Zmaxl nucleic acid
conprising a ponnDrphisnlof Table 4 for the manufacture of a nedlcanent

f [ , wh
the moot camert | s "eapan of BrpubE POk BhERpLl RAE Feuloloflhefifelly | 07" "

ger m | i nidedtffling @imclétulhdBindstof bethatnighibitsbihding 6f tolodilk W] Hmwlmsor der 19.
The use of clarm 18, wherein the animal is |ivestock, primates, humans,

cani nes,Zmdl i nes, rodents, birds, reptiles, fish, or anphibians. 20. A use
of an effective ampunt of an anino acid seqguence conprising SEQ ID NO 4
for the manufacture of a nmedicanment for treating or preventing

arterioscl erdsi s dhearctiendéclrios?; vdreos said mekowe Hwtaguotelondi ti on. -131 21. The
use of claim20, wherein the patient is |ivestock, primtes, humans,
canines, felines, rodents, birds, reptiles, fish, or anphibians. 22. The
use of clai mgo, Vifh%'hfét%dtob@laﬁm Wb&hﬁ%ﬁi@@cﬁ@&ﬁ%ﬁ%ﬂy&&&e

extracel lular domain of the am no acid sequence conprising SEQ 1D NO 4.
23. The use of cl @rtiR0, wherein the amino acid sequence conprises the
intracellular domain of the ami no acid sequence conprising SEQ I D NO 4.
24. A use of an effective amount of a nolecule that binds to a nucleic acid
sequence 4. A method for identifying a protein involved in lipid regulation comprising

identifying a protein that has an expression level that is different in a first host comprising the

Zmax1 gene when compared to a second host comprising the HBM gene.

5. The method of claim 4, wherein the host is an animal.
6. A method for identification of a candidate molecule involved in lipid
regulation comprising:

(A)  identifying a molecule that binds to, or that iﬂﬂibits binding of a molecule to,
the nucleic acid sequence of SEQ ID NO: 1 or a Zmax1 nucleic acid comprising a
polymorphism of Table 4;
(B)  identifying a molecule that binds to, or that inhibits binding of a molecule to,
the nucleic acid .sequence of SEQ ID NO: 2; and
-(C)  comparing the extent of binding, or the extent of inhibition of binding, of the
molecule to each nucleic acid sequence, wherein the molecule that binds, or ihhibits binding,

more or less to the nucleic acid sequence of SEQ ID NO: 2 or the nucleic acid sequence of
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comprising SEQID NO 2 or a Zmaxl nucleic acid conprising a polynorphism
of Table 4 for the nmanufacture of a nmedicanent for treating or preventing
a lipid-nediated disorder. 25. The use of claim 24, wherein the patient is
| i vest ock, wo brm@gas, hunmans, canines, felines, rodents, perndeyiecssptiles,
fish, or anphibians. 26. A use of an effective anount of an antibody for
the manufacture of a nedicanment for treating or preventing lipid-nediated
di sorders, wherein the antibody is to the am no acid sequence conprising
SEQ ID NO 4. 27. A nethod for diagnostic screening for a genetic

predi sposition to arteriosclerosis or..an arteri I .S oci at ed
condi t i oPERIPAY:j1nr @ Zhwerd 3{1%18“’GF@SPI&BPSIH%%%W%’P%%&S@?@S?ﬁgﬁg sanmpl e from
a patient, Wdhfl R1dfe eoti de sequence derived fromthe genomc or cDNA
nucl ei ¢ aci 51 sequence of HBM - 132 28. The nmethod of claim27, wherein the
screening involves performng a haplotype analysis using the nucleic acid
sequence conpti Si SEQ I.D . t AT EasmRiect

cont ai ns the Znax] & ogrOnggﬁé"gﬁgﬂgﬁﬁgﬁg@nﬁl%lgl]ie}é\%gisrzhg‘?m{&gaﬁgnosti C
assay f opr deinfserkémit@icachl, edi sposition for a |ipid-nmediated disorders
conprising an antibody to the HBM protein and an anti body to the Zmaxl
protein. 30. A nmethod of expressing the HBM protein in tissue conprising
constructing @n e ' ih& I 25 tiPARADE noktlaingdipi€ct S
expression i ngl'ti ss%g{eg%glrfggfséﬁ?%% besggg%&%%%%le% Ngé 2 and the _g?ipg_sue in
whi ch t heevkBbbppidiey adniisistering emsieic add eoniirising SEEHIA MO; Agr evndleipgcidy cel |

involved in |ipi, ol jsm ,31. The.metho f s i " jn the
tissue i §69“W8W18‘§§Wé’°hﬁoﬁgﬂs%f° %Tugfeﬁ%t’ @r&fp as§ s%r%\lﬁ’hg%%(ehpﬁ%ﬁ%tgée@ t hat

directs gyan@gdi on in tissue is an osteocalcin pronoter or an AM.-3
pronoter. 33. A use of an effective anobunt of an HBM protein or a Zmaxl
protein conprising a polynorphismof Table 4 for the manufacture of a

medi cament fop o q Rl o b suBiestUP b fdimal A thelA@ndlse of claim
33, wherein t%‘e H%%é%?‘&ﬁ@%f%g‘%ﬁ&%“ﬁﬁ NO 4. 35. Thee use of claim
33, wher gkibctédRorh it glorpadusisting dfi livestotle ptimates, howrens, eangres, fglines, rodents,

birds, reptiles, fish, and amphibians.

10. A method.for testing a substance as a therapeutic agent for modulating lipid
levels comprising administering a protein comprising SEQ ID NO: 4 or a Zmax]1 protein
comprising a polymorphism of Table 4 to a subject, and assessing whether lipid levels are

modulated.

11. . A method of pharmaceutical development for -treating lipid-mediated disorders
comprising identifying a molecule that binds to the amino acid sequence of SEQ ID NO: 4 or
to a Zmax|1 protein comprising a polymorphism of Table 4.

12.  The method of claim 11, wherein the molecule inhibits or enhances the

function of the amino acid.

13. A method of pharmaceutical development for treatment of lipid-mediated

disorders comprising: .
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consisting of: VLDL, LDL, I1DL, HDL, LIPGa, APO A-1, APO B and APO E. 36. A
use of an effective anmount of an agent which regulates HBM or Zmax 1
activity for the manufacture of a nedicament for nodulating lipid evels
in a subject. - 133 37. The use of claim 36, wherein the |ipid nodul at ed
i s sel ect ed®r omwcwaﬁﬁth%?ogt@%@e%ﬂaﬂ YOPPPQ: | DL, HDL, LIPQa, APO
A-1, APOB |.ai ntheregulatlon of
HBM or erax F?@tﬁftilnéﬁtsﬁ %a?gglgtgcgl&aégst%rlggr@%r I %“?ﬁ’%ﬁ" protein translation
or Zmax| or (d;‘)iBl\/l aBkieg Hditkirdhed begvebinthd fir& hesbgidatiegechidiig@iand her eby regul ati ng
lipid levels. 39. A conposition for treating a |ipid-nmediated condition

conprising &7 agietifingamolrpieibatdsn addgdiq e T“é‘\?éﬁt saussp the §gthostt i ng Znmax! or HBM
activity ang g1 pc%%g&@fq LIRdYatlhgn@pent with a pharnaceutically

acceptable carrier he conposition of claim39, wherein the
| i poprotein nodul ating agent is blofibrate, genfibrozil, nicotinic acid,

chol estyram ne, qfol eshd f@lod of QWA ST, ahérémm@ﬁo&v@as{emmmcm a@uasdnat i n, .
probucol, premarin or estradiol. 41. The conposition of claim 39, wherein

the |i poprote&ngl. nodul ati ng agent nodul ates LDL | evels. 42. The conposition
of claim4l, wherein the |ipoprotein nodulating agent is selected fromthe
group consi stingiHf DbThetneasd 6f chainnd wigreinakd differenddx sGddkate ediiat ase i nhi bitors
and estrogens. 43. A use of an effective anmount of the conposition of claim
39 for the manufacture of a nedicament for treating a subject suffering
froma lipid- nedilét ed Adsrdpt ?fﬁ?ﬁ“’eﬂ!ﬂo‘m‘]"rﬁé“a&f%’é’al%‘f’se@'ilea‘fer??’ﬂg‘smmlgw s

l'i pi d- medi ah%q,am%me okﬁaecﬁc%n&t RELOSELSHATdSs maﬂ&m{&ea%ln%%eﬁtqs cglgabl@

di sease associ ate erosclerosis or arteriosclerosis. - . A use
of an ef f eclof teing adminisndredad a matizgahdr owlgbroHine e uf aatossuffda\\gfomaamabahedalwd an
agent which L8 ulates a |ipoprotein for the manufacture of a medi canent for
conbi nat i on 4% ?rapy of a subject suffering froma |ipid-nediated di sease
or condition.

17. The use of claim 16, wherein the host is livestock, primates, humans, canines, felines,

rodents, birds, reptiles, fish, or amphibians.

18. A use of an effective amount of a nucleic acid sequence comprising SEQ ID NO: 2
or a Zmax1 nucleic acid comprising a polymorphism of Table 4 for the manufacture of a medicament for
treating or preventing a lipid-mediated disorder in an animal, wherein the medicament is capable of being

transferred into a somatic cell or a germ-line cell of an animal suffering from a lipid-mediated disorder.

19. The use of claim 18, wherein the animal is livestock, primates, humans, canines,

felines, rodents, birds, reptiles, fish, or amphibians.

20. A use of an effective amount of an amino acid sequence comprising SEQ ID NO: 4 for
the manufacture of a medicament for treating or preventing arteriosclerosis or an arteriosclerosis-

associated condition.
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46. The use of claim45, wherein the agent regulating |ipoprotein
concentrations is blofibrate, genfibrozil, nicotinic acid, chol estyram ne,
chol estipol, lovastatin, sinvastatin, pravastain, probucol, premarin or
estradiol. 47. The use of claim45, wherein the |ipid-nedi ated di sease is
at herosclerosis, arteriosclerosis, an atherosclerosis associated condition
or an arteriosclerosis associated condition. - 135

21. The use of claim 20, wherein the patient is livestock, primates, humans, canines,

felines, rodents, birds, reptiles, fish, or amphibians.

22. The use of claim 20, wherein the amino acid sequence comprises the extracellular

domain of the amino acid sequence comprising SEQ ID NO: 4.

23. The use of claim 20, wherein the amino acid sequence comprises the intracellular

domain of the amino acid sequence comprising SEQ ID NO: 4.

24, A use of an effective amount of a molecule that binds to a nucleic acid sequence
comprising SEQ ID NO: 2 or a Zmax1 nucleic acid comprising a polymorphism of Table 4 for the

manufacture of a medicament for treating or preventing a lipid-mediated disorder.

25.  The use of claim 24, wherein the patient is livestock, primates, humans, canines, felines,

rodents, birds, reptiles, fish, or amphibians.

26. A use of an effective amount of an antibody for the manufacture of a medicament for
treating or preventing lipid-mediated disorders, wherein the antibody is to the amino acid sequence

comprising SEQ ID NO: 4.

27. A method for diagnostic screening for a genetic predisposition to
arteriosclerosis or an arteriosclerosis associated condition or a lipid-mediated disorder
comprising screening a sample from a patient with a nucleotide sequence derived from the

genomic or cDNA nucleic acid sequence of HBM.
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28. The method of claim 27, wherein the screening involves performing a
haplotype analysis using the nucleic acid sequence comprising SEQ ID NO: 2 and

determining whether the subject contains the Zmax/ gene or lacks an HBM polymorphism.

29. A diagnostic assay for determining a predisposition for a lipid-mediated

disorders comprising an antibody to the HBM protein and an antibody to the Zmax1 protein.

30. A method of expressing the HBM protein in tissue comprising constructing an
expression vector comprising a promoter that directs expression in tissue operably linked to
SEQ ID NO: 2 and the tissue in which the HBM protein is expressed is a lipid regulating cell

or a cell involved in lipid metabolism.

31. The method of claim 30, wherein the tissue is liver.

32. The method of claim 30, wherein the promoter that directs expression in tissue is an

osteocalcin promoter or an AML-3 promoter.

33. A use of an effective amount of an HBM protein or a Zmax] protein comprising a

polymorphism of Table 4 for the manufacture of a medicament for modulating lipid levels in a subject.

34. The use of claim 33, wherein the HBM protein comprises SEQ ID NO: 4.

35. The use of claim 33, wherein the lipid modulated is selected from the group

consisting of: VLDL, LDL, IDL, HDL, LIPOa, APO A-}, APO B and APOE.

36. A use of an effective amount of an agent which regulates HBM or Zmax1 activity for the

manufacture of a medicament for modulating lipid levels in a subject.
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37. The use of claim 36, wherein the lipid modulated is selected from the group

consisting of: VLDL, LDL, IDL, HDL, LIPOa, APO A-], APO B and APOE.

38. The use of claim 36, wherein the regulation of HBM or Zmax1 activity modulates gene
transcription, protein translation or Zmax1 or HBM protein binding to its cognate target thereby regulating

lipid levels.

39. A composition for treating a lipid-mediated condition comprising an agent that modulates
lipid levels by regulating Zmax1 or HBM activity and a lipoprotein modulating agent with a

pharmaceutically acceptable carrier.

40. The composition of claim 39, wherein the lipoprotein modulating agent is
blofibrate, gemfibrozil, nicotinic acid, cholestyramine, cholestipol, lovastatin, simvastatin,

pravastatin, probucol, premarin or estradiol.

41. The composition of claim 39, wherein the lipoprotein modulating agent
modulates LDL levels.
42. The composition of claim 41, wherein the lipoprotein modulating agent is

selected from the group consisting of bile acid binding resins, HMG-CoA reductase inhibitors

and estrogens.

43. A use of an effective amount of the composition of claim 39 for the manufacture

of a medicament for treating a subject suffering from a lipid-mediated condition.

44, The use of claim 43, wherein the lipid-mediated condition is atherosclerosis,

arteriosclerosis, or a disease associated with atherosclerosis or arteriosclerosis.
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45. A use of an effective amount of an agent which regulates HBM or Zmax1 and an
agent which regulates a lipoprotein for the manufacture of a medicament for combination therapy of a

subject suffering from a lipid-mediated disease or condition..

46. The use of claim 45, wherein the agent regulating lipoprotein concentrations is
blofibrate, gemfibrozil, nicotinic acid, cholestyramine, cholestipol, lovastatin, simvastatin, pravastain,

probucol, premarin or estradiol.

47. The use of claim 45, wherein the lipid-mediated disease is atherosclerosis,

arteriosclerosis, an atherosclerosis associated condition or an arteriosclerosis associated condition.
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