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Federall$/_8ponsored Research This invention was made in_part with
W%BQPE’ rOm the Government 10 through NIH Grant Nos. (O (8% 5434483
and HL 079594. The Government has certain rights in the invention. Field

of the Invention hi general, this invention relates to the detection and
treatment of 15 subjects having a pregnancy related hypertensive
disorder. Background of the Invention Pre-eclampsia is a syndrome of
hypertension, edema, and proteinuria that affects 5 to 10% of

5 pregnancies arei EEEHI(S By SUBSEsiGIN NG AND Z0EAFNMBIdity
and mortality. Pre-eda0Sa.&CeolNENSIrQF | SSELNONC Taternal
deaths worldwide per year. The symptoms of pre-eclampsia typically

appear after the 20" week of pre%n ncy and are usual%detected by
routine  measurindtBEFETHGH AR £ BIGERPS RO R @ b wever,

these morierne:mahessaradaciesivefor fiagnasieosl the SyRdramenat
an early 25 stagg%, which could reduce the risk to the subject or developing
¥

10 fertirapgh NIFE o R et QUéds avaidble OCtrRdnty hadreiramsnt has
knowncures for bee-eclamasia. Pre-eclampsia can vary in severity from

mild to life threatening. A mild form of pre- eclampsia can be treated with
bed rest and frequent monitoring. For moderate 30 to severe cases,

hospitalization is recommend%qeq&%ﬂﬁg(%ﬂgﬁ%% medication or
anticonvulsant medications to prevent seizures are prescribed. If the

condition legaraes, lifastimeateningdaitsamibthéstoctibe abyrdaenent of
15 Pregpan %/is terminated and th%??ﬁﬁ’ is delivered.pre-term. WO
200 FAB0F BT BS FO0RIH I B THREIBHEY GebSSSent of the fetus

and the placenta is mediated by several growth factors or angiogenic

factors. One of these angiggenic factors is. endoglin, also known as
CD105. Endoglin is a homBafkerruasd ¢ dhsdmyrntion

Pre-eclampsia is a syndrome of hypertension, edema, and proteinuria

that affects 5 to 10% of pregnancies and results in substantial maternal and

20 fetal morbidity and mortality. Pre-eclampsia accounts for at least 200,000
maternal deaths worldwide per year. The symptoms of pre-eclampsia tfpically
appear after the 20" week of pregnancy and are usually detected by routine
measuring of the woman’s blood pressure and urine. However, these
monitoring methods are ieffective for diagnosis of the syndrome at an early

25 stage, which could reduce the risk to the subject or developing fetus, if an
effective treatment were available.

Currently there are no known cures for pre-eclampsia. Pre-eclampsia
can vary in severity from nuld to life threatening, A miid form of pre-
eclampsia can be treated with bed rest and frequent monitoring. For moderate

30 to severe cases, hospitalization is recommended and blood pressure medication
or anticonvuisant medications to prevent seizures are prescribed. If the
condition becomes life threatening to the mother or the baby the pregnancy is

terminated and the baby is delivered pre-term.



glycoprotein that is predominantly expressed on endothelial cells such as
5 syncytiotrophoblasts, human unbilical vein endothelial cells (HUVEC),
on vascular endothelial cells. Endoglin shares sequence identity with

and
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Endoglin has been shown to be a regulatory component of the TGF-j3

receptor %@ﬁ%ﬁewﬁé@ao@ﬁgﬂi%?ﬁq@%@%ﬁaﬁﬁa Rligratiomediated by

differentiation, and apoptosis. Endoglin 10 also binds several other _
meavisers mbith TBRYSwUpEiREancifeneing Qeaahhspangiogenic factors is

marphogenic protein (BMP)+2 and 7 ' i hi
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in the coding region of, the endoglin gene are re ible f
B ROHEE S B OB B0 T T D0 A Ty SoHArRG: e om
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recurrent hemorrhage, A soluble form of endoglin h o0.been identified
i OOREP TR SRS 6 L e O B ls Wt POt eey
bregstang, eRlaragAl-6aRCsnPONRY S the Paach fnelienalsaiplet thenich
soluble endoglin in the pathogenesis 20 of cancer is unclear. Solyble,

entugliAgire dueiarhrRsn B Y HEFR o B Rs Be iRs e BRapifss: Endoglin
fgeﬁ'l%%'%H%B?@%rﬂ%@ﬁ@l:ﬂi@&%@%%f%@@#@%@;’iéx%ﬁﬁﬁﬁmﬂcﬁﬁg%ﬁvm

ave an association with fetal and placental development and, more .

spegificakyywitfhpgerec oretssic BVR) - Ired BNEstulb pHEGHER oA

fagtor (V. ) SOIU It-1, re ( 2

fa::ifg? ﬁf@%%ﬁé@gn‘gﬁ%ﬁ? %Eﬁﬁge%}%#?ge%%%ﬁ%ﬁggemc
inchigeriaisha wiediatoT O vAstatal ipgrmezisiity ty &G ArhE alsbiséisms in
shown to_be important for glomerular capillary repair, VEGF bind :
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kingse R sy el forsike by asingkinasntekii angdilerdinse 80

domain receptor (KDR), which are differentially expressed in enldotheliﬁl
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Fis a VEGF family member that is also involved in placental
devetoprserhte (s ipatienis with metastatic breast and co orectal cancer,

however, the exact functional role of the soluble endoglin in the pathogenesis
of cancer is unclear. Soluble endoglin production has not been reported to be
associated with pre-eclampsia or normal pregnancy.

Qeveral faciors have been reported to have an association with fetal and
placental development and, more specifically, with pre-eclampsia. They
include vascular endothelial growth factor (VEGF), soluble Flt-1 receptor (sFlt-
1), and placental growth factor (PIGF). VEGF 1s an endothelial cell-specific
mitogen, an angiogenic inducer, and a mediator of vascular permeability.
VEGF has also been shown to be important for glomerular capillary repair.
VEGF binds as 2 homodimer to one of two homologous membrane-spanning
tyrosine kinase receptors, the fims-like tyrosine kinase (Fit-1) and the kinase

domain receptor (KDR), which are differentially expressed in endothelial cells
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expressed by cytotrophoblasts and syncytiotrophoblasts and is capable of
5 inducing proliferation, migration, and activation of endothelial cells. PIGF
binds as a homodimer to the FIt-1 receptor, but not the KDR receptor.
Both PIGF and VEGF contribute to the mitogenic activity and

angiogenesis that are_ critical for the develqping pl ta. sFIt-l. which
(dbksnG FamSMRRIAHAEE S SED Ao HEh D ings HEPLLEBHGFsed

as recently | ifigd, ina, GRHLHE ' hitha bipglveia VEGF
gﬁi%ﬁ?%ﬂ%%%ﬂg%gﬁ%i %IJ\?% exprggé%ﬂv&g?g& bsequ%tri]étil?l demonstrated

iferpiie entadtiwsiher sFalsd bivabves MED EoRmR bdeiH ammm)- bl E0dS not
stimulate mitogenesis. of endotheli | iQgenic
R Titoge c%&grg@?&f%%‘? wagés%%%kﬁgntl aﬁlé%llr%%ﬁ%ﬂtg%glr%%gﬁo riate
gﬂ&ﬁle{ﬁ@@ﬂol . mhl o0 df ; abi}?}ﬂﬁé f behﬁﬁﬁﬁh@ >
eveloping placenta. There is, a need for metho at

driRfirosiy fgeérttﬂéﬁef?rl '&rﬁ?&%ﬁ%rpr&é%?fr%%s@gerﬁgﬁ\t&ia,gom

PeytisUad hefre thepRsetofiibennogtnse verbriyraptomgidetreatnibat are
also needed. 20 Summary of the Invention We have discovered methods
foritiea)iosifyg é\%@f%ﬁﬁgﬂﬁ@@%ncy related hypertensive disorders,

noludingel: Slant-arAmRsAbR BhasPRe)I AR opreitded the
the use of an’anti ody, or antigen-binding 25 fragment thereof, that . .
specifitallyentseuiybéeaifedin mﬂéﬂﬁﬁ@%@%q{fhé%%d&sﬂ vein
for the treaiment or prevention ol apregnanaiislalerhymsHensiveed in
d%?%g%n%gﬁgﬁ}g&n%ﬁy related hypertet?sive disorder is selected
freTactiga ofespecaiSistibinds pre/EsEmpisiazdugnedSinitybstadortapot
hypertension, chronic hypertension, HELLP syndrome, and pregnancy
wi W&%@Sﬁﬁif}ﬁlg}éﬁ%&gﬁ( A) infant. 3 In one aspect, there is
provided-theuse-etanian itesyi areatiged-thitstoyifrapuaimgiratbyiayads
specifically binds soluble endoglin andhaf . . . .
critical for maintaining appropriate proliferation, migratior, and angiogenesis
by trophoblast cells in the deveioping placenta.
There is a need for methods of accurately diagnosing subjects at risk for
or having pre-eclampsia or eclampsia, particularly before the onset of the most

severe symptoms. A treatment is also needed.

Summary of the Invention

We have discoversd methods for diagnosing and treating pregnancy
related hypertensive disorders, meluding pre-eclampsia and eclampsie.

Tn one aspect, there is provided the use of an antibody, or antigen-binding
fragment thereof, that specifically binds soluble endoglin in the manufacture of &
medicament for the treatment or prevention of a pregnancy related hypertensive
disorder, wherein said pregnancy related hypertensive disorder is selected from the
group consisting of pre-eclampsia, eclampsia, gestational hypertension, chronic
hypertension, HELLP syndrome, and pregnancy with a small for gestational age

(SGA) infant.
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compound selected from the group consisting of a purified sFlt-1 antibody,
an sFlt antigen-binding fragment, nicotine, theophylline, adenosine,
nifedipine, minoxidil, magnesium sulfate, vascular endothelial growth
factor (VEGF), and placental growth factor (PIGF), in the manufacture of
a medicament for the treatment or prevention of a. pregnancy related

hypertgasive digassterhwheieipraaiteprégnancyfelatadibypertensivezen-
disorder is selected from the group consisting of pre-eclampsia,
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the group consisting of pre-eclampsia, eclampsia, gestational

HRsEIERSIIND CHIGHIO MRl fRisEDM CH P & PdRiiees kisadpiegirntperein

B e o R ol
nmhedkygedné\;a‘teéampmmnmlama@mahhppegmtmonmnmc
ancy complications associated with hy

sufferlng from ension.
RS AR ﬁ&ﬁsﬁﬁn%{iﬁhm BIBEHEREIhY sk 5353 C{gﬁtggastatlonai

%%@@A?%%ﬁ to regulate angiogenesis. Endoglin can bind with high
ini GF-(3 family members that are ligands for TGF-(3 receptors.

In affedmxn@oﬁvm?zwéhes@:@sgr@amé dsdaglinfrmaypbabadpletmntigen-

aofn ssa unts fe senti enic mlto enic
R e TR R A R g -
ﬁ@'ﬁb@&ﬁﬂd@@iﬁhﬁf@um@@ﬂ ﬂ@efﬁihiﬁﬁatbﬁlﬁi eyfdeddaueimehsalulle treatment

endoglin. In addition, antibodies directed to soluble endoglin as well as
RN GHESHASPR Ré & AEEARNSE skt Al LTS T8 vh shmEls dindagseiicaid

g‘r?'g ngc?“?e @&%%*8&%%9 ically; aglive ?@Eé'?é%t‘é@‘l?&lﬁ‘tﬁ‘éegﬁﬁfb consisting

ed. F|n ,the present disclosure provides for
of pre-eclampsia, eclampsia, gestational hypertension, chronic hypertension,

HELLP syndrome, and pregnancy with a small for gestational age (SGA)
infant.

Using gene expression analysis, we have discovered that levels of soluble
endoglin (sE) are markedly elevated in placental tissue samples from pregnant women
suffering from pregnancy complications associated with hypertension, including pre-
eclampsia. Endoglin is a part of the TGF-f receptor complex that acts to regulate
angiogenesis. Endogiin can bind with high affinity to TGF-B family members that are
ligands for TGF-p receptors. In affected individuals, excess soluble endoglin may be

depleting the placenta
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the measuring of soluble endoglin levels as a detection tool for early
diagnosis and management of pregnancy related hypertensive disorders,
including pre- eclampsia and eclampsia, or a predisposition thereto. 10
Accordingly, disclosed is a method of treating or preventing a pregnancy
related hypertensive disorder, such as pre-eclampsia or eclampsia, in a
sybick v ARIRISHRNBg desthrisURIess BeRrBRLAdisaRaRIFaoldindingnto
soluble endoglin, where the ad inist%ina may be for a.ti me and in a

aRTGEF s SHECHISETS-tFORRBP v ART PIBE o SR SphnRle endoglin are
PO g R AL IyRATENSY 6 AUSAAR! U Hig s DIECL NATHMIHRGodies

examples of pregnancy related hypertensive disorders include |
pirectahipseinbiieanpeiingestaibha Riypetdpsyaneh@hicntisense

hypertension, HELLP synd it | -
IR ey AR R R IR b IR Al actvs
is@ﬁ@ﬁﬁiéﬂcﬁ@é&@gﬁﬂi@gIpravﬁkﬁaddy?dnah}igé_maﬂ@ﬂdir@sfmk@wprovides for
el s 8 0L IR e A PO
MeA Sendie b (Sbch@ic{38iatcd HpArBMR2daoeBMPnbiefias pre-

fragment thereof capable of specifically binding soluble endoglin. In
afelTEPYircTar €0l aFBBAI PR ADTRUSASHBIAEEF HeIudes 25 administering

a compoynd, sych as a purified sFlt-1 antibqd sFElt-1 antigen- binding
fragment&,i‘tﬁ%%ﬁ‘} gﬁﬁ %bﬁ%gﬁlsr?e,lg elﬁloeg%%gﬁ}i/ e‘%ﬁ.%%% minoxidil,

MEpTreS RIVTg I 2 cvasey| se latrddie Ralegro v K REEYI(PECRS Piehsgiatgppsia
all isoforms such as-V G121, E165, or f

SRR B P Lo e e B AcTor e pepetie
fragmeaiRlhseaivivharsdie asenaesndis e R Jmeend it an Ao, an
sufficient to treat or prevent the ‘pre{g?rjcting%/ related h %%geﬁ ive dlsordegv
BRSSP o ST S L BRvRh IS Bregrary
relgiaddwpsstensive diserder i84Bb abpseretivmpsia:bre esiampisiao a

subject by administering to the subject a compound (e.g., chemical .
CORRIBANEY FORBE MRS FES SRS Ey RS SR E offtRmpsia,

gestational hypertension, chronic hypertension, HELLP syndrome, and
pregnancy with 2 small for gestational age infant (SGA). In a preferred
embodiment, the compound is a purified soluble endoglin antibody or antigen-
binding fragment thereof that specifically binds to soluble endogin. In another
preferred embodiment, the compound is a growth factor, such as a TGF-B
family member (e.g., TGF-B1l, TGF-3, activin-A, BMP-2, and BMP-7) or a
fragment thereof capable of specifically binding soluble endoglin.
In another preferred embodiment, the method also includes
administering 2 compound, such as 2 purified sFlt-1 antibody, a sFli-1 antigen-
* binding fragment, nicotine, theophylline, adenosine, nifedipine, minoxidil,
magnesium sulfate, vescular endothelial growth factor (VEGF), including all
isoforms such as VEGF189, VEGF121, VEGF163, or fragments thereof or
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increases the level of a growth factor capable of binding to soluble
endoglin. The compound may be administered for a time and in an
amount sufficient to treat or 10 prevent the pregnancy related
hypertensive disorder. In preferred embodiments, the compound
increases the level of a TGF-J3 family member (e.g., TGF-(31, TGE-{33,
aukicknia] BPR farieEPIGE), dnelsdigs alliseferasrand drepmmmig thereof,

examples of.such compa i ' -
R s L e i Tk ey B ReE HlB ese B o
tigatiag dGipteveniingy agaeghhypy riaivd figpedtensivesdigerter in a

subject by_administering to.the subject.a compound (e.g., chemical
compounéﬁ%%?ﬁgdﬁ(fe%}%}b(ﬁ%é{%gﬁﬁ)%%? or a fragment thereof) that
i%@&ﬁgmt&é@&@pmmmth@mme diteglisrpstyieptipe-3tiempsia or
compound may be 20 administered fora time and. in an amour&tﬂgruéficient

t@QWaPWp%Wﬂ%&YM?E&EJB&%ﬁE‘%S%i%&ﬁf&?q ferved
e&@%&m%&g@ﬁl&% [ Bindepa &olubinbeaslasin BagRsaYeRtRof) that

growth factor binding. Non- limiting examples of such compounds include

amiineasisstha bee A1F metertie fadm leotainenaio sgHbls sadpgin

Disclosed is a method of treating or preventing a pregnancy telate
GRG0 LT o B AR A TS A LA deree o
byrackniristemagrmttjersldjdcyrpenansovm diserstsnlelbipredursdg soluble
endoglin expression or biolagical activi h inistering |
R B r B T Lo e e S s P e
disgrdedr-{pe JWbiess | amiaiscie Bhiibadime BY PhE)cord dragmierdtiGreof.
2006/034507 PCT/US2005/034483 is a purified, antibody or. antigen
R AR s S e
agivibhelR Rreteokdisignzypmeetaiad, fiamdisesieaup consisting of: a

matrix metalloproteinae (MMP), a cathepsin, or an elastase. MMPs
include ariyeopsddiMP he2bopreferadiinkMMP9 or membrane-type 5

g”%“{l%ﬁ’(g%gg%fs@wwmw A eapakle Ofinkibiling thaibjelogisal
administering to the subject a compound (e.g., chemical compound,
poiypepﬁde; peptide, antibody, or a fragment thereof) that inhibits growth
factor binding té a ‘soiuble endoglin polvpeptide. The compound may be
administered for a time and in an amount sufficient {o ireat or prevent
pregnancy related hypertensive disorder. In preferred embodiments, the
compound binds to soluble endoglin and prevents growth factor binding. Non-
limiting examples of such compounds include antibodies and smali-molecule

compounds obtained through screening.

Disclosed is a method of treating or

preventing 2 pregnancy related hypertensive disorder, such as pre-gclampsia or
eclampsia, in a subject by administering to the subject 2 compound capable of
reducing soluble endoglin expression or biological activity, where the
administering is sufficient to freat or prevent the pregnancy related

hyperiensive disorder in the subject. In preferred embodiments, the compound

5



soluble endoglin is identified by its ability to inhibit the angiogenic activity
of endoglin as measured by an angiogenesis assay. In one example of
such an assay, serum from a pre-eclamptic patient is used in a matrigel

WBEHERTion 10 assay to induce an anti-angiogenic state PEHES2005/t34483
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compound is then added and a reduction in the anti-angiogenic state by

10%, 20%, 30%,.40%, 50%, 60%, 70%,.80% 9 is indicati
ofth &HEYaHE ﬁ@gﬂi?é'fgét?\?g%% gph&glnn(% %%ng%?rlgpf%gégfgggda%?e fGéltl Wat

inhiRiting the hielagicn) asiivity of solttiel pildeglinmeandbetad armindhsgroup
nucleobase oligomer having at least one@f@%ﬂ 15 that is.at least O, e
prefepiBip B8Y:2 0YF BB POGRE 500 et '

p?emenetgg’r")?’ t%ra gast a
Parion ot ibraequsnsR of saluble ondealifribigndeiibadimenbrihe-type

antisense nucleobase oligomer is complementary to at least 8, 10,
praf&f&Bly 20, 30, 40, 50, 60, 70, 80, 90, 100, or more consecutive

leotidgs..; | ipARILIBBeHeaS] f
nucleo I%;Tg%a%t%?c%@%%@lﬁa%gaﬁﬁ@ SeGLER R ARIbIBEE @ity o

or biologica y luble endoglin. Desirably, the antisense |

nucihdiiesediigomiendsifiedbintiekslite i rhapretdspldivity of
capable. of inhibiting the biologi i lu r@q&l@ alsa he
a§8 B%%t?%%l%%%ﬁ%&&%ﬁﬁ{é@ ﬁ%&%ﬁgﬁg&ng{gﬁaﬁ onég ggand that
is addeAeBR fpmaferhe H5HpYOY 18EY6; 8964, ioralpediges tube formation
complementary to at least a.portion of the.sequence of a I Ii
ettty Ly i e S SO
Sn}éﬁdﬂgﬁﬁﬁeﬁmﬁéﬁ&éﬂ—éﬁﬁb@&ﬁb atise 18/ th025, 00Cle Sd6sA0e g a6Ps,
can reduce or inhibit the expression or biological activijty of soluble
A AR S S A I (e S
nucleic agigidenting, 30 &ipRtleastdBinigieablybdi0 a2iva c23oRdkle

25, 35, 45, 50 or more consecutive nucleotides of the nucleic acid

sequérgiingian $lb|ensiaBHIi AL ARABEH EFSEHENVIRG ASISREAGEGsfrand

SR iy vebosntons s aionstar

adgnesiasstifesifimeo fitrosadileaeriafisgnbbumdastme fwifebodiment,
the antisense nucleobase oligomer is complementary to at least &, 10,
preferably 20, 30, 40, 50, 60, 70, 80, 90, 100, or more consecutive nucleotides
of soluble endoglin and can reduce or inhibit the expression or biological
activity of soluble endoglin. Desirably, the antisense nucleobase oligonier is 8
to 30 nucleotides in length.

The compound capable of inhibiting the biological activity of soluble
endoglin can also be a double stranded RNA (dsRNA) molecule having at least
one strand that is at least 80%, preferably 85%, 90%, 95%, 99%, or 100%
complementary to at least a portion of the sequence of a soluble endoglin
aucleic acid molecule. In one embodiment, the double stranded RNA 1sa
small interfering RNA (siRNA) that is 19 to 25 nucleotides in length and can
reduce or inhibit the expression or biological activity of soluble endoglin. In

additional preferred embodiments, the dsRNA has 100% nucleic acid identity
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embodiments, the subject is a pregnant human, a post-partum human, a
non- pregnant human, or a non-human (e.g., a cow, a horse, a sheep, a
pig, a goat, a dog, or a cat). The disclosed therapeutic methods 10 can
be used to treat or prevent a pregnancy related hypertensive disorder that
includes pre-eclampsia, eclampsia, gestational hypertension, chronic

leaa]?r&@%slcg; pk?bﬂaﬁlyyﬁd mn?z,m ﬁ&%ﬁamlﬁ/, Withddn 3G infant.
Preferred disorders.are pre-ec sia . and eclampsia. In varjous .
@ﬁ%ﬁ%@%@#@%ﬁﬁgﬁéﬁ%@éoﬁﬁ treg Wity h%eta 8%%%{%‘1; Endoghn,

A dheqdie inventignydascHbrs hetow, &RINCQItor the subject during therapy
or to determine effective therapeutic dosages. Any of the therapeutic

aspectérbﬂ‘ﬁ@ﬁ%%l@@@?ﬁr@ﬁﬁtéi§3‘?ﬁ@ﬁf@)‘@ #fStering one ore more
o0k eompoURaS AR AR D) oFnk RUAENSSIVE bompound
anti

gen-binding fragment, nicotine, theophylline, adenosine, 20 nifedipine,

rfinadidnosnmesifadizintaminedeiliamth oS F),

taeot
REE . aieats s bt bl Ml il 4 non-

andofiagmeniartherechonbienentte(admiaistering isdleradisheand ipiana goat, a
amount sufficient to treat or prevent pre-eclampsia or eclampsia in a
singeet, PratbrreodiackaspidhIRRERHCHMSHO0RRS are described in U.S.
Raiept Applieatieon: Bupheaiinn Msnbers200Me 826826t amd 200E 0125 76&
and PCT Publication Number WO 2004/00 ?%?H Desirably,(ﬂ}e .

e o 8 S U G e s RO C e G FrIETSEE L S ¥ Ereasing

sHsdexaisisions LAGehAEpASinaspsusehiiodopleaertetted
be used a

] one or in combination wjth one orunore additional methods of
NS ATSEISURePTA-GRETRREIH BRE SR AMAS %?%%%W%ﬂ%&&%ﬁ&%ﬁgb%

usedincombipationdm Jewtialiae e sabele ARdrelis §rahis present and

to block the further 5 production of solUble endoglin by cleavage of the
mevebrane deoriédrelomiseosmitts e suliperhAibog,lerapHgeno

binding fragment thereof that.specifically binds soluble endoglin. In one
p@?ﬁ@&%%&ﬁe@g éﬁ?i%egsdafg?évents binding of a growth factor

(€.9..  Any of the therapeutic aspects of the disclosure can also include
administering one ore more additional compounds, such as a purified sFlt-1
antibody, 2 sFit-1 antigen-binding fragment, nicotine, theophylline, adenosine,
nifedipine, minoxidil, magnesium sulfate, vascular endothelial growth factor
(VBGF), incinding all isoforms such as VEGF189, VEGFI121, or VEGF165, or
fragments thereof; placental growth factor (PIGF), including all isoforms and
fragments thereof, where the administering 1s for a time and in an amount
sufficient to treat or prevent pre-eclampsia or eclampsia in a subject. Preferred
examples of such compounds are described in U.S. Patent Application
Publication Numbers 20040126828 and 20050025762 and PCT Publication
Number WO 2004/008946. Desirably, the compound will be a compound
capable of binding to sFit-1 or decréasing sFlt-1 expression.
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TGF-RI, TGF-P3, activin-A, BMP-2, and BMP-7) to soluble endoglin. In 10
another embodiment, the antibody is a monoclonal antibody. In other
preferred embodiments, the antibody or antigen-binding fragment thereof
is a human or humanized antibody. In other embodiments, the antibody
lacks an Fc portion. In still other embodiments, the antibody is an F(ah))2, ..
an Fab,/onaofthesthectpesitio athecsrobddinugstiodhe: antideeysed alone or in

antigen-binding fragment 15 thereof is present in a pharmaceutically
BRI i R D B HISGn CU s A S eFBe n one

f&‘é&ﬁ?ié&%ﬁ%ﬂmﬂﬁﬂﬂ{&?aﬁﬂi@ﬁ tntEbpERgRA ey etditd chyinstsive
disorder, such as pre-eclampsia or, eclampsia, invo(g\’/ingk easu i%g the
Pt S e PO R e
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ound, or total soluble endoglin. In some embodiments, the level of
soluble éndoglieisithe pavified arsohasly endogi@eibolypeptide resulting
from, dearadation o engymatic cloavagenhe diaghesia & airregnaney
ré%f]égg %/%%%%%gﬁcﬁg%eg%r a proggnsity to develop a gr]éﬂgnancy

retefec@5dmbediensiveicisorder dapracsaitsiondis afer giowte Hotan(e.g.

increase) | elative levelof soluble lin as ¢ red:toa narmal
et e bt S
enderindhalisiakaveie aofbwlydicrencaodiing] Entisodyn e oticematferred
circulating serum or plasma congentrations of.soluble endoglin range

b oS I B6 AR TG B 0 GO e TR SRS AR o
diring-RrmAlhegnane ke «tepadime ik haibadiidesihean Fo portion.

measurement of the absolute levels of soluble endoglin, a level greater
tinisti5 aihampTRDOsRNtE (hecRt YIS AReF (AR 80 ROt BV
consideredia diagnastic ndicator A3 RHEYAREAIRIBIAdRRILeRS MRen:
d?gum#&?sﬁhggggrgeﬁ%%fg%%g‘i{g’ﬁ eclamps%. In ad%i;ional pre‘&’feeﬁrrﬁcgélﬁ gn
ethediieptsstheimethivahuteatinadlidesapeabupagitie level of at least
oneof sklt-1, VEGF, or PIGF polypeptide ip a sample from a subject as
]185%‘.9 Baldht Sgli%gt}lig%%l%i%%t%on Numbers 20040126828,
20050025762-8po2PARAE E0drbdisd RIETPbligatign Aapniresed/O

2004/008946 and \3/0 : . .
hyperiensive disorder, such as pre-eclampsia or eclampsia, involving

measuiing the level of soluble endoghin polypeptide in 2 sample from the
subject, In preferred embodiments the level of soluble endoglin is the level of
free, bound, or total soluble endoglin. In some enbodiments, the level of
soluble endoglin s the level of a soluble endoglin polypeptide resulting from
degradation or enzymatic cleavage. The diagnosis of 2 pregnancy related
hypertensive disorder or a propensity to develop a pregnancy related
hypertensive disorder can resuit from an alteration (e.g., an increase) i the
relative level of soluble endoglin as compared to a normal reference sample or
from the detection of an absolute level of solubie endoglin that is above a
normal reference value. For example, normally, circulating serum or plasma
concentrations of soluble endoglin range from 2-7 ng/ml during the non-

pregnant state and from 10-20 ng/ml during normal pregnancy. For

8
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2005/077007. The method can also include measuring the level of at least
two 10 of sFlt-1, VEGF, or P1GF polypeptide in a sample from a subject
and calculating the relationship between the levels of sPIt-I, VEGF, or
PIGF using a metric, where an alteration in the subject sample relative to
a reference sample diagnoses a pregnancy related hypertensive disorder

or a propensity to develop a pregnancy related hypertensive disogder. |
e i R A e SR L
P%ﬁl&é@ﬁﬁ%ﬁ@@e@ BMD- hangesiaianabade @R bobiaelanls, gehetianrs
including the BMI or GA or both in the metric. In one embodiment, the .
megfinsia qevesisicrat psiERESBIBIEHE HideRTOSAMYY [ERRtaAAYREFDSIVE
PIGF], where the PAA] | ndicat Langi je=acCtivity.

i e A B ey DA P 1B e oy baler

thm&@iﬁaénﬁpﬁtﬁm@hpdeﬁsﬁlmrwmdﬁs SURATPEIE. tli;iﬁdmhéf at least one of
e odal e IS tne 101IQwing. s - :
(B o BB AR e SR B0 KRl araeei in
_thSI_ )@lpet@;ittbgvpﬁhahkaﬁhﬁﬂglﬁanﬂ\mmﬁwm&?&cﬁﬁ@ﬁ@@é’f 62, and
Indicator o a pregnancy r. ate ) ertensiv. S I S PIre-
e R Do B RS BTN o AR Sl

2L ERNEER D anAlHsRhoYer A0AfienesksaaRnekisi diabodseieast two

pregnancy related hypertensive disorder, such as pre-eclag]Jpsia ocg

ectantpsia, WHGRePT RIS POSEIEPROHE B A5RBLE R ASUSISEHTR
diéak%a%ﬁgggﬁ%%%ﬁmﬁ%we&aﬁawa;%ﬁm ofthg et edsasng

also Inc etermining the body mass index (BMI), the gestational age

(Gapetribevibirs aordbistationlimghscinbi ese sERlor BIBR BotrRiFrace
metric. In yarious embodiments ' ' i :

e e TR i e s A AL st 8
Degivehly, thedgvelof sotubichspdngtisiverdisbrEGHE prefeaGe embodiments,
polypeptide js determined by an immunological assay, suc nELISA.

s e e e R

pr t%&aﬁbﬁgrﬁgée(emjef&ﬁ@ﬂm&,, AoPEHO kI ¢orhbiiag dneVEti Iner Eased both
sFit-1 and decreased free 10 PIGF qr VEGF is used for_the dlagagl%s_is of a

prégtmeiptefatds %Wgﬁ%em, the meiric 1s 2 pre-eclampsia
angiogenic index (PAAT): [sFl-1/VEGF + PIGF], where the PAAT 1s used as

an indicator of anti-angiogenic activity. In one embodiment, 8 PAAIT greater

than 10, more preferably greater than 20, is indicative of pre-sclampsia or
eclampsiza. In another embodiment the meiric 1s the following soluble endoghn
anti-angiogenic index: (sFli-1 + 0.25(soluble endoglin polypeptide))/PIGF. An
increase in the value of the soluble endoglin anti-angiogenic index is a
diagnostic indicator of a pregnancy related hypertensive disorder, such as pre-
eclampsia or eclampsia. For example a value above 75 during weeks 21-32
weels or a value above 100 after weeks >32 weeks diagnoses a pregnancy

related hypertensive disorder, such as pre-sclampsia or eciampsia. Another

- metric useful in the diagnostic methods of the disclosure is: (soluble endoglin +
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disorder, such as pre-eclampsia or eclampsia. In one embodiment, an
increase in the level of soluble endoglin is indicative of pre-eclampsia or
eclampsia or the propensity to develop pre- eclampsia or eclampsia. In
preferred embodiments, the 15 level of sFlt-1 polypeptide measured is the
level of free, bound, or total sFlt-1 polypeptide. In additional

Sgﬁi%ﬁ‘%'@ﬁ%‘ Bt Plupriilde cansalsecinetuas simiiia gmeiay mass
egradation pr

oddcts, or enzymatic cleavage products. In other preferred

emfmuiBibHs, tregdesetiony RGN 6P G Ethethrysyer fptheangmesiugg the

PIGE. 20-Disclgsed is a method of diagnosing a subject as having, or
hé%‘rﬁg"%%%&@ﬁ%g ion 8,%?%1ﬁancy related hypertensive disorder, such

- as pre-delamfsis ehsstainpsiashaisneugds medsodity the level of an

endoglin nucleic .acid molecule (e,0.,,MRNA), preferably a selubl :
R R R R PR GE I E e B LA AR SF e  Bie
2aueferansasRMple |avepEs aslibieratipgiéng sFn INGIEEER) dp FiGTevels
relative to a reference sample (e.g., a ngrmal reference)

! diagno §1
PRORAEY el IS M BT BBI OB S PretbE R oA [
eCIRRE 2 A Ne UGS 0P SHAIP 058 SR QRONISHYHIN AR Qipferably greater

pregnancy related hypertensive disorder, such as pre-eclampsia or .
ethampSinginhddmsren Bnestiinenes wibwatrersad Tir lumdlarraared Tee
MegsID ﬁ\é%sgdaféfﬁié’ B RIE5-auelsic acid J Oypolacuieye
(e.q,, mMRNA) N a sample from th& subject and Comparing it to d

referades sachpie pehrecteapsitemtiolzfzngiaa decrease in the level of

VEGF oy PIGF or a .ingr ase.in the level.of sFlt-1) j ﬂ[\?og vels relative to
S ol e O LG, B (irisas I 5 S MR Gldaale

digRreghveushras-simpsiieomsiepstlamfisiainteastbiedserdop pre-
dgénoses a propensity to develop a pregnancy related hypertensive
ai

AIBPSELER &8 PRiEdlaMRrs isTedampmdimepefdited embodiments,
theJEVSISRIR MSASHER SO RYARFN HQIRCRAGIDES 288 BARANAS 1BtINEF1-1

levels between "measurements is a diagnostic indicator of pregnanc

repetapenyiserdnaisitionnberar diueR asthreRha el R R SAHIEC In

ORgRY éesﬁtq 1@?&%&%@%%@&@ products, or enzymatic cleavage
products. In other preferred embodiments, the level of VEGF or PIGF is the
level of free VEGF or PIGF.

Disclosed is a method of diagnoesing a

subject as having, or having a predisposition to, pregnancy related hypertensive
disorder, such as pre-eclampsia or eclampsia that includes measuring the level
of an endoglin nucleic acid molecule (e.g., mRNA), preferably a soluble
endoglin nucleic acid, in a sample from the subject and comparing 1t to 2
reference sample, where an alteration (e.g., an increase) in the levels relative to
a reference sample (e.g., 2 normal reference) diagnoses a pregnancy related
hypertensive disorder, such as pre-eclampsia or eclampsia, in the subject, or
diagnoses a propensity to develop pregnancy related hypertensive disorder,
such as pre-eclampsia or eclampsia. In additional embodiments, the method

can further include measuring the level of a sFlit-1, VEGF, or PIGF nucleic acid
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increase (e.g., 10%, 20%,30%,40%,50%,60%,70%,80%,90%,95%,96%,
97%, 98%, 99% or greater) in the level of soluble endoglin from the first
measurement to the next measurement is used to diagnose pregnancy
related hypertensive disorder, such as pre-eclampsia or eclampsia. In
another 15 embodiment, the levels of soluble endoglin are compared to a

normal feferenc I ' . 100, 0 o
R N AR S0 i T it 02
thefdemelcdanhiblodrupgtirnlsrabompied toderorsfaln heriyed %%%@F@r
indicative of pre-eclampsia or ec sia..2Q, Di ed s, t

R i T A R Ao o, e P S R R PR R

redateshdaypenisisiiegtiserdenrsginay prxed aypsizo ez Givyd, thab as

includes determining the.nucleic acid sequence of an endoglin gene jn a
SPISTSELRTE TR GEEP 73 Vo SHIPEG-< 2 IBRBE GRS R TR Hr A PP
the,aukigrts 22RuCieipacilseddarsadhatohanges hadeysliovthelampsia.

biological activity of the gene product in the subject diagnoses the subject

with a plagpraies ¢6 steHORpERn SRl BVSdsRIE or a propensity to
develon 4 preaRancHAsatsd Anarensiverdisasderminens egdbediment,

the%%t%raﬂon Is a polymorphism in the nucleic acid sequence. In another
embsdierenttihs adthginostivindinatricel JTENERRY I A RIHICHRS Vo
R NARCL. S, oG 3 AR IR et L ARG OMARIBHiIAdY an
r cé 'seguence. An alteration in any one or more of those sequences

thatehenges (MDY 006,1Ba%ictoticandetionfm7ite. g, PESduRt Yo, e,
subject diagngeses the subject with a pregnancy related.. hypertensi
R R e S e
RS svaRigic:d vit leochsesmalnimaeonedierospiprdhinkyeblined
subject in which the soluble endoglin and the sPIﬁ-l, VEGE, or P|GF is

NEYRRITPEBH CHABIE T BUAifO RET EBBETHe At AT BSHp R EE HEue or
a&g%o(ﬁr%-elﬁ'f}%%”fé%ﬁ%‘@s%&@?ecs%%é?ﬁr ndothefial cells,
leu : er

ocytes, and 10 monocytes). In ot mbodiments, the subject is a

noompared to 2 normal reference sample and an merease (e.g., 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or greater) in
the level of sotuble endoglin as compared to a normal reference sample 1s
indicative of pre-eclampsia or eclampsia.

Disclosed 1s a method of di_agnosing a
subject as having, or having a predisposition 10, a pregnancy related
hypertensive disorder, such as pre-eclampsia or eclampsia, that includes
determining the nucleic acid sequence of an endoglin gene in a subject and
comparing it to a reference sequence, where an alteration in the subject’s
nucleic acid sequence that changes the level or the biological activity of the
gene product in the subject diagnoses the subject with a pregnancy related
hypertensive disorder, or a propensity to develop a pregnancy related
hypertensive disorder. In one embodiment, the alteration is a polymorphism in
the nucleic acid sequence. In another embodiment, the nucleic acid sequence

of sFl-1, VRGF, or PIGF, or any combination thereof, gene is also deterrmned

11
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pregnant human, a pregnant human, or a post-partum human. In other
embodiments, the subject is a non-human (e.g., a cow, a horse, a sheep,
a pig, a goat, a dog, or a cat). In one embodiment, the subject is a
non-pregnant or pregnant human and the method is used to diagnose a
15 propensity to develop pre-eclampsia or eclampsia. In additional
embodiments, the BNE or GA or both is also measured. In various

ernbdgrERESGie i EPERSRCHPENEIRR! JHBSRITTRIORJBAIY RRIAE e Sf
0 . . RNCe. | . < ndicate et
p%%%%&%&s%%?\é%ﬁﬁn ps%g%ljﬁiis%c%{s%eljci% a methg%{%if diag?%gi%g aez o
syinjedhetsihavirapbpedi avagy s Suispbs o rwidh prethemaoy y sRieser
hypertensive disor%gr, such as pre-eclampsia or eclampsia that includes
mER %5{]5{8 1St a soluble endoglin ligand, such as TGF-GI,

TGF-Q3, lactiuiiefs Blithdnd iy sanapsarispebsditya subject. In

various embodjments, the egnancy related.hypertensive. disorder is . .
or oo S DG tBHe FSERORGORaAT  r Pl i)
hypeftensionRctiE iy i ames ereRieghaney Withs®k -3 GRHIRNbrI RlaHy is
of the above embodiments, the measuring of levels is done on two or

moaEmabssietsahi aktinedHensh e IETRE Be e SRR AHBITOTE oL

a diagnasfic. indi ’ £ LAY RSHenshe, and
digéa'%éﬁgr}%e |%%§%rﬁ%t%c§%@ g?g%(gi?ﬁg%sed to’diagnose'a "

pregpraeyyesdlafed gemdsinatiseidsr PRoEEd the BABet of symptoms

(e.q., at least4, 5,6, 7, 8,9, W 0 ISG is @, kitfaor the
dig%iEE s%%o%l%’rgéjﬁg c%/’%%}a e%nhyf?gegr%egr%i e disor er,%dc%llz%g &
prergstainnsiaQreelsubpsiaidin msubjetedmygrisingosnacleic acid

sequence yseful for.detecting an endoglin .nucleic acid, or. fra t S
ORI 6B e oA DIE A Yo o RS SHTRRF (o subject i
embodimeninihe susieisacitsequencehy bidizesipieter sbli agdigh
stringency, to a nucleic acid encoding soluble endoglin, or a fragment_,
thEFEPEBIY TR GPERIP S e RBERRE T ﬁ?é%%ﬁﬁﬁﬁhf?@éﬁ%&ﬁé@aé e,

aCit%éS SAUENEEG A or both is also measured. In various embodiments, an increase
in the level of soluble endoglin nucieic acid or polypeptide relative to a-
reference is a diagnostic indicator of pre-eclampsia or eclampsia.

Disclosed is a method of diagnosing a
subject as having, or having a predisposition to, pregnancy related myperiensive

disorder, such as pre-eclampsia or eclampsia that includes measuring the level
of & soluble endoglin ligand, such as TGF-B1, TGF-§3, activin-A, BMP-2, and
BMP-7 in a sample from a subject.

In various embodiments, the
pregunancy related hypertenéive disorder is pre-eclampsia, eclampsis,
gestational hypertension, chrnoic hypertension, HELLP syndrome, or
pregnancy with an SGA infant. In any of the above émbodiments, the
measuring of levels is done on two or more occasions and an increase in the

Jevels between measurements us a diagnostic indicator of the pregnancy related

12
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for detecting sFlt-1, VEGF, or P1GF. Disclosed is a kit for the diagnosis of
a pregnancy related hypertensive disorder, such as pre-eclampsia or
eclampsia, in a subject that includes a soluble endoglin binding molecule
(e.g., an antibody 15 or antigen binding fragment thereof that specifically
binds soluble endoglin). In one embodiment, the component is an

HRRonicakSeAY. S0ENAUIALG: PRTANGRL A LORUMBHIC S5 diignose ¢

imen S, oses a propensity to develop
pmsméwmmmmwmmmwm (ag., at
prefer b]o ents, the 2 klt aI o includes a component for detecting
@'r: oy Paptde " tn additional preferred embodiments,

the k|t |smmge§egk§pf@plg1@@qi@ﬁ@sﬁqﬁ‘g) further detect VEGF,
sFlt-1 and PIGF and determine a dla§8nost|c ratio for the sample (e,g

P RRENSRSh RAMCE B AT S RSG5 hi YRR PIR-Britersi of Gciam?“*% m
e@'&%}%@%ﬁ%@;ﬂg@ Rastis kitsiinsuideiobelmr 2% E@L@Qﬁﬂdg%féﬁdbﬁm

intended use of the kit components. In one embodiment, the agnostlc kit

isttubleied ol derssnpmtiiictions foPRERTRIRE @mﬂ@ Bregiany e
fe'at%m%&p ‘g e Aisaden stehas ORSIR 812 HRASIan 19 P hioh

Ry
penS|ty 0 op a pregnancy relate% hypertenswe disorder, such as

prﬂrmg‘amps’sa emeclampsid tnaslibipeolihls prefegioy @rmﬁagnm pseof.

32{% Stl%{(lt incl b Al instructions for the u of the

?rﬁfﬁg FEe eHuF“en? 1%I egile Sndogii ofthe-Sdbjec %gnéip ré(? 5°
caprRdhigessiUble ERAEIoT BNEFS to a reference value. It will be
understood that the reference values will depend on the intended use of

the kit. Fol-tisalpgid, ithe kst fipidheatiaga edmpared to a normal soluble
endoginFRTRERRSE MAluBNhoEisar ICEBRERS prethelaptuble aneloghpsia, in

levels is indicative of a pregnancy related hypertensive disorder, such as
pr@@bmﬁbm mcldambSRiuTCRERMIR B MSAICTdn fakedifo DOy
iRV %&1 {0, 33 HRISHF KNAWRIRHIB R Gogt
pre e‘%%%%psm Wf'ﬁ’e]?rljé*f d%le%%e%ge in tt%ﬁ%b@ endoglin levels is oghn).
mﬁmnwembacimmgmam:ameumpemmmgml BEREY . enzymatic

pre- eclam sia_10.or eclamps
assa}, % Golorimettic as%aw In other embodiments, the

kit diagnoses 2 propensity to develop pre-eclampsia or eclampsia m a pregnant
ora non-—pfegnant subject. In preferred embodiments, the |

kit also inciudes a component for detecting sFlt-1, VEGF, or PIGF polypepiide.
In additional preferred embodiments, the kit is used to detect soluble endoglin
and to further detect VEGF, sFlt-1 and PIGF and determine a diagnostic ratio
for the sample (e.g., PAAT or solubie endoglin anti-angiogenic index).

In preferred embodiments, the diagnostic kits include a label or
instructions for the intended use of the kit components. In one embodiment,
the diagnostic kit is labeled or includes mstructions for use in the diagnosis of 2
pregnancy related hypertensive disorder, such as pre-eclampsia or eclampsia,
or 2 propensity to develop a pregnancy related hypertensive disorder, such as
pre-eclampsia or eclampsia in a subject. In a preferred embodrment, the

diagnostic kit includes a labe] or instructions for the use of the kit to determime

13
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Disclosed is a device for diagnosing a subject as having or having a
predisposition to a pregnancy related hypertensive disorder, such as
pre-eclampsia or Oclampsia-by providing components for measuring
and/or comparing the levels of soluble endoglin 15 polypeptide or nucleic
acid to a reference sample, wherein an alteration in the levels of soluble

ﬁ]a %&r g%%ciet% a8 m%&‘&feﬁg %aﬁi?&eécr%rﬁé@% uble
yper ensive er,'such re-eclampsia or eclarhpsia in
sehfiecfiitriprefetes mﬁmmm t%wﬁhhemd&rd@&é thﬁrﬂhﬁaa@xme

RS SR LA EHE THABREUREE G TP S B o e e oo
C@@&%ﬁ&%ﬁ@@&ﬁfaﬁﬁ%& eﬁd@glm aevdahleastivee wWhefdin ai EGfease

and P1GF nucleic acid molecules o%olypeptldes in a sample from a

sabfée (SAATEHHG e AT RIARET AR (R REtRIgIve
&I@P@'Br@»@glm%%%135‘1%1&”%&@&51@%%@%@%'9'0

aC|d molécules or polypeptides diagnoses pre-eclampsia or eclampsia or
ageoperasitiote HEoeBpe heEs|avRISh Or2 cERMSSEPTR thebifekpawmio

p ferre [ for:

R B e R AT
angif2aBle pdlypeptivessyireiaind dmy;m'tdlmgvmét@rdeth sasharsdokiteclampsia
descriped herein can also be used to monitor a subject already

d?fg?? SRR having or being at risk for having pre-eclampsia or
eclampsipindded e masitietherslibjgnisingng therapy or to determine

effectlve therapeutlc sages. In gne example, a kit 5 used for therapeutic
ST BAKIRG\E gﬁr’@%ﬁ&%@ﬁﬁ?&?@%&b@lﬂ%ﬁ@”ﬂﬁﬂﬁ%dmmwe

Ot RERRGIRP SR QHEE|3THASIE pNE BRI B HLEFRAIRIRNEL P YHVURIing
endoglin value of the subject sample relative to the reference sample can
bearepenenia deresasaring aud/ erfoepasingfbetiryels sdgodubie
compRuaas. b RigiRred-ambadimanin.die-ic helethakinldgsd f the

for use in therapeutlc monitoring or therapeutic dosage

déteeininfAtiohbiacetive giior apmpicedompounthebrefrranchvatsrithgnkires 2

T?;regnancy retated hypertensive disorder, such as pre-eclampsia or eclampsia in

the subject, In preferred embodiments, the device mncludes 2 membrane in &
lateral flow or dipstick format used to measure and compare poiypepiide levels
in urine sample.

The device can also include components for comparing the levels of
soluble endoglin and at least one of sFlt-1, VEGF, and PIGF nucleic acid
mpolecules or polypeptides it 2 sample from & subject relative to a reference
sample, wherein an alteration in the levels of solubie endoghn, and at least one
of sFit-1, VEGF, and PIGF mucleic acid molecules or polypeptides diagnoses
pre-aciampsia or eclampsia or & propensity io develop pre-eclampsia or
eclampsia 1n the subject. Ine preferred embodiment the device inciudes
components for a metric to compare the levels of soluble endoglin, and at least
one of sFli-1, VEGF, and PIGF polypepudes.
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level of soluble endoglin protein or nucleic acid can be measured alone or
in combination with the levels of sFlt-1, VEGF, or PIGF protein or nucleic
acids, or any combination thereof. In additional preferred embodiments,
the level of 15 soluble endoglin is compared to a reference sample that is
indicative of a pregnancy related hypertensive disorder, such as

pre-eclampsia_or eglampsia, and an alteration,(e.q., adecre [

levels of%ﬁ@@%ﬁ%ﬂﬂs%mgl?&tmﬁig?ﬁg%&baemp %r?ﬁic |c§"}|£\r§eeD of
therapeiticRifisacy s an sifestlyaidesagal of ashirapebtingoenpisliddr In
one example, a decrease (e.g., 10%, 20%, 30%, 20 40%, 50%, 60%,
700y BOPEC FIBTBPFHOPE PHIARPTEAE 75 (D NI RE ﬁ%%}/%%pé) r

%%?L@g%&dtm&@éyﬁﬂéﬂy&@&a%@ﬁ&ra inigtareectherame exkative @ e
value

fore therapy is admininistered indicates an improvement in the

pregrizfocfhretsettiiy peningive eAsdides. 4ARBIRE? EXEIRISIENtRgin vaiue
ahsglute lsvais of seluble spdaglindndbie.seuym on plesmARedIeasLRd

used Tor monitoring erapeutic’efficacy of that compound. For
exaiuble sadthiapeitic chinpeuidds prefdeatslztveminithe redoreacd sawple
such that the level,.of soluble endoglin is less than 25 ng/ml o
SRR A PR BB b P e oy s e O Epout
Measksment if sttt dabratiaeingiddveiolabdiel polyvépite or

nucleic acid indicates an 30 improvement in the gre-eclamé)gia or

edREBSRENH Tamsuss SHBF BRI AAATRE A BT ER BB SOREER
adinisteredin &,doge @éff&;[;éﬁﬁarmﬁ wakhaf spitok pelypestidetiseless The

than 2 ng/ml. In embodimenits that include the measurement of VEGF or
PIBFelaot inshesiseini theite pebidiy BEFu et 146 K oy hspmsa b od glswpe or 1o
ackd easuIRdAHIng oLAfleL AdeINIStering:> dheay gRAlvdoa alsas,
before therapy indicates an improvement in the pre-eclampsia or .
eclampsrrtverbndimats tHatdddideaherafensdrembediorentsidhe level of

VEGEF, or P1GE.in.addition to, the measurement of sel R in,
méﬂe)m%q%l?:gﬂ REHRE 88%@%?%&%&%?5%%%%,%@ Oie?vs\gl%éeﬁlsfﬁgq%\%gi%o%@g
st&kégﬁAE@ﬁemtai@fp@ﬁﬂa@ﬂrmmdmmm avpatteritimpinethe eclampsiz,
relationship 10 between said Ievegs,in %%‘? gtﬁ%ecésgcgn%e é%l&t;ivﬁﬁge?aﬁve io
refIABALETABRE 1&-8- diSgHGRIR  TRIER T S re- SR p S S F e Ampaia.
Onyexaraple of s4GRIA is indicative of therapeutic efficacy or an effective dosage

of a therapeutic compound. In one example, a decrease (e.g.. 10%, 20%, 30%,

40%, 50%, 60%, 70%, 80%, 90% or more) in the level of soluble endoglin
polypeptide or nucleic acid measursd during or after administering therapy
relative to the value befors therapy is admininistered indicates an improvement
in the pregnancy related hypertensive disorder. In another example, the
absoluts levels of soluble endoglin in the serum or plasma are measured and
used for monitoring the therapeutic efficacy of that compound. For example, 2
therapeutic éompound is preferably administered in a dose such that the level
of soluble endoglin is less than 25 ng/ml, preferably less than 20 ng/ml.

In the above embodiments that include the measurement of sFlt-1, a
decrease in the level of sFlt-1 polypeptide or nucleic acid indicates an

improvement in the pre-eclampsia or eclampsia. In
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metric is the PAAI. In this example, a decrease in the PAAI value of a
subject (e.g., less than 20, preferably less than 10) indicates an
improvement in the pre- eclampsia or eclampsia. A decrease in the PAAI
(e.g., less than 20, preferably 15 less than 10) can also indicate an
effective dosage of a therapeutic compound. Another example is the
following soluble endoglin anti-angiogenic index, wherein an increase in

theneiher mmbdiigreosticimiiRaono PaPRIGHEG)ABRICTR B R ARTSICh
cisordier, Such 2 BiG-PIAMBSIAGY ROIBERRIA: 20 efRtbodimonts that

8 lypept measured using an immunological assa
sughlRd £ Sherswesienn diOIETHE teRIGH solublreastagihe tevebaiiyd&GF

level of free, bound (i.e., bound to a ligand | (i.e. hotnd)e
sofidTeER HSW?\@IBQ@II%S flep\}ag‘ltg %%%%%&%égcﬁna%%e&ltmg f?g?nmg
d%‘&@f?%l@ﬁ?@wm@%ﬁl@wﬁg& theraayyinditmenanimingvasent in the
methods, the measuring of levels can be done on tW(icg ore c‘;sccaseig:)}?f:s}lt of
arerer ORINGELH P EVRR D & ﬂﬁ%%.%‘éﬁ?@ﬁ@?“ UG TREHT

indiepter QrRie- GEIAMPSIR RIREIAMBYIR: Risclaseddatamelbibahdoglin, the
identifying a compound that ameliorates a pregnancy related

hypetierdivandisdrderceiouletngtecdeiahpnshinhetmaapdhe arringf sFit-1.
involyes-caniaeliag acell gk xpirases af diendasiivauslaisiesitip
molecu a canai

& Wit ate compound, and comparing the level of )
expeewsion wi dHeveicisithacidbieotcempln THEEEN ConEateerpy HEWIS, is 2
candidate compound wijth the level of expression:i 0 I
coﬁiag@f%ﬂﬁéc%%ﬁ SR Compoting, ‘Wigg%%gnl H;I'?g%%%%':lﬁ %x%frcgslg}iio% .
of therapdodis BAWE dic hcicraniets) e dentties thécdtuiaralverapewnbiect
as a compound that may be useful to ameliorate a pregnancy related i
o RN SE R TSR S BTCan pRa P 8 &P CTELa (e Pre
a roethod of identifinaia canaeersddhateeidaes:y preghan0(gatimtably

hypertensive disorder, such as 10 pre-eclampsia or eclampsia, that

invielsthan B Laey Asednditeap eset v dofasR SriuByTARSIRp SRR
with g%%%‘;é%‘%%ﬁéi%g%%’ ok GREhEUDRATIDG:IRG 18y ohalxReeesRIRidhe

polyp | contacted by the candidate
wherein an increase in the value is a diagnostic indicator of a pregnancy related

hypertensive disorder, such as pre-eclampsia or sclampsia.

In preferred embodiments, polypeptides are measured using an
immunolégical assay such as ELISA or weétcrn blot. The level of soluble
endoglin can be the level of free, bound (1., bourd to a ligand), or total (i.e.,
free + bound) soluble endoglin, as well as the level of soluble endoglin
resulting from degradation or enzymatic cleavage. For any of the monitoring
methods, the measuring of levels can be done on two or more occasions and &
change in the levels between measurements is a diagnostic mdicator or pre-
eclampsia or epiampsia.

Discioséd is a method of identifying a compound that ameliorates a
pregnancy related hypertensive disorder, such as pre-eclampsia or eclampsia,
that involves contacting a cell that expresses an
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compound with the level of polypeptide expression in a control cell not
contacted by the candidate compound, where an alteration in the
expression of 15 the soluble endoglin polypeptide identifies the candidate
compound as a compound that may be useful to ameliorate the
pregnancy related hypertensive disorder. In one embodiment, the

alteration in expression is assayed usin immunological assay, an.
SRS ) RS JEs T RE e B ho et e
in &xpiessioRdsrAecers: idhaleyehelaalidie ROeidagiiacklidy the

alteration in expression can result from an alteration in transcription or an

atenditmeireranennbwibitidsse RIS ERAIRTRG SEARpERaCted
t ?%?8%&?&%&%&@%@%%@% huRRiRRS M diiRLdR S Asndoglin
pre-ec C

ampsia or e psia, that involves contacting a cell that expresses

ani&lsiolablé woieniln Wekpsptite withdadesn drianeeednsou Aampeynd that
comparing t iological activity | ide.i

P ATl o e e oy aph e O o
aphivibsianepetnttotciethywdt. contacted by the candidate compound, whore
an alteration in the biological activity of the soluble endoglin polypeptide
identifies tHELS dé&rggﬁﬁgﬁ%%@ég%%pound that ameliorates the
IOr&ﬂﬂ?&ﬁ)@@iﬁi%ﬂ&ﬁ@%ﬁ@@§iyﬁa§i£ﬁ'@€felﬁlteﬂ7h§>ﬁ@'&lﬂﬂiﬁd iffentisheuch as

alteration is a decrease in the biological activity of soluble endoglin as

A DEERSIBTIEING AF A aToRE RSl 2BEALYSS GratAIRE forelifih FRIESEPS G
a@Xl%fQ%:?ﬁé@iﬁ?ﬁ&%ﬁ@Bﬁ@é@fﬁﬁ Rissiesedisrarmathoshaf dgeniiiingme

5 compound that améliorates a pregnancy related hypertensive disorder,

sievehsfraprstionsiihs relprpiis Bofprsihgastctamoharrerste
SRR peR A ey
arpgligrasd bptegnanditzeatenphype tehsieeedistirteriondDiselospreision of
T ey ot s sse eE
defsieliagindinghgiweaaisebubiesliorate the pregnancy related hypertensive
digsorder. In one embodiment, the alteration in expression is assayed using an
immunological assay, an enzymatic assay, or an immunoassay. In one
embodiment, the alteration in expression is a decrease in the level of soluble
endoglin. The alteration in expression can result from an alteration in
transcription or an alteration in translation.
Disciosed is a method of identifying a
compound that ammeliorates a pregnancy related hyperiensive disorder, such as
pre-eclampsia or eclampsia, that involves contacting a cell that expresses a
soluble endoglin polypeptide with a candidate compound, and comparing the
biological activity of the soluble endoglin potypeptide in the cell contacted by
the candidate compound with the level of biological activity in a control cell
not contacted by the candidate compound, where an alteration in the biological
activity of the soluble endoglin polypeptide identifies the candidate compound

as a compound that ameHorates the pregnancy related hypertensive disorder. In
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endoglin polypeptide and a growth factor in the presence of a candidate
compound, where a decrease in the binding, relative to binding between
the 15 soluble endoglin polypeptide and the growth factor in the absence
of the candidate compound identifies the candidate compound as a
compound that may be useful to ameliorate the pregnancy related
hypertensive disorder. In one embodiment, the growth factor is a, TGE-fi

fammmm.wo@é@a@@mmﬁbﬁ@a oBipAIpEERI@that
pfe\{ﬁgﬁéﬂa gﬁ;%% g%%%%qsugu%@im@pésde@%m%%h
he may

fact etectifig binding betwéera soluble

ervdogjtin pﬁdmeqmlwawfdlwmh dastoibedtherpmesence of the candidate
polypepti 1SV\iher%r%daecre %'inn%ﬁh?ﬂ’ﬁ& felative to binding between

the solubleen in po ypep Wide e growth factor in the absence of

theoapeand ithate:peilipentsle identifies thiateahglicategioly fisptitte, ach as pre-

A AP S EEARENE e SR TR0 PP

fagilypusinbanDissiasethis seoppaanditenifiesharnerdidgioes the

previous disclosed method, where the compound is a 30 polypeptide that
;fé’é‘iﬁéaw! PRBRSIE EBEYIRF S5 0 ARSI FRTREIRC Bl
glinglvpeptide from binding a TGF-P family member. In one
pre erred embodiment, the polypeptide is an antibody that binds soluble
endoglin)ipodéseably ammmxb@ﬁ wheéfesisically binds soluble endoglin.

?&%%Bﬁn@ 2o Qﬁ:?{/ﬁéﬁ%@h% %ﬁﬁ%é%%ﬁ% ﬁiﬁi%m%%i 1890 such as pre-

sla specificall the dlagnost|c and
mea:iamnmg onethodpst, thetdivabser deteing Snbine heraresrh ShEEHSns

e T T
fo cgesatian a:lfh&ge iﬁ&%&as&antthbﬁ:ﬁmiﬁng;aahﬁw thébmdipseetiten the
prggﬁg{cl rc]:\rlle oté foégu e gnad:) reeé‘lr%t > ar}or in the absence of the
candidate compound identifies the candidate compound as a compound that
may be useful to ameliorate the pregnancy related hypertensive disorder. In
one embodiment, the growth factor 1s a TGF-f family member.
Disclosed is a method of identifying a
polypeptide that prevents binding between a soluble endoglin polypeptide and &
growth factor. The method may involve detecting binding between a soluble
endoglin polypeptide and 2 growth factor in the presence of the candidate
polypeptide, where a decrease in the binding, relative to binding between the
soluble endoglin polypeptide and the growth factor in the absence of the
candidate polypeptide identifies the candidate polypeptide as a polypeptide that
prevents binding between & soluble endoglin polypeptide and a growth factor.

In one embodiment, the growth factor is a TGF-f family member.

Disclosed is a compound identified
according to the previous disclosed method, where the compound is a

polypeptide that specifically binds 2 soluble endoglin polypeptide and prevents the

soluble
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terms are defined below. By "alteration" is meant a change (increase or
decrease) in the expression levels of a gene or polypeptide as detected
by standard art known methods such as those described below. As used
herein, an alteration includes a 10% change in expression levels,
preferably a 25% change, more preferably a 40%, 50%, 60%, 70%, 80%,
90% or.greater cha | ressl 1S 5 oM =samalse ipdifaied
a&ﬂ@rﬁaor%%L ﬁ ﬁk@%%%%%%?@%)ﬁ%%ﬁ% o?ofdfagil_?g%%%?f of any of?ﬁje
pelypeptides: ofiheshymmticls (e an assibbily dheldznds Soidle ENGEZIE, o
P1GF). As used herein, an alteration inclu 9 in biological
a@ﬁ?fﬁ{ab}ﬁﬁﬁl‘&%é’é%é%ﬁgﬁ“g%c%ﬁc}fneg%re g?a 3?63{1%4%10 5, 50%, 60%,
70%, 80%1,20%SraRater Gharbedhdictogitat arvitedbrapspienof
biological activity for soluble endoglin are an%%%g _ gi .and bindin

aSSAEDEE G INE A HgHraS UG FRGRRGY BRI TEF-01

and TC@E{'%% 2&@%@?%@%&6&% sksalpble endegliretanibplications of
meeiidg rffilgand inding assays, immunoassays, and angiogenesis.
assagsthay aseosiatriayaih %ﬁoar@@@gé%eb‘tﬁ%wg?%ﬁﬁi@%ﬂ

sych an assay is#he b il salrigel sadotheliakiibe (Rmationaassasin]
Wl#ﬁ@]eé%ﬁ?amg%%ism (3" gnegggfin signaling I6d to’massive loss of capillary
forpat® 4Liefait, Faseb Journal 14:55-64 30 (2000)). Other examples of

biological activity for PLGF or VEGF include 19 WO 2006/034507
PGI{H57005/034483 binding to receptors as measured by

immunoagsays, ligand binding assays.or Scatchard.plot analysi ad-
inductionFcﬂrcé‘ﬁ BroRRsat drpﬁ’?isge%tt%lr‘{ %gﬁéﬁsuﬁgf%@%ﬁﬁaﬁgﬁa?s and
cell.couniagispResmants, or quantitative assays for DNA synthesis such

as 3H-thymigine incorporation. Examples of 5 biological activity. for sFit-1
include bRHTEEPTE AP B GRTER b ATTIAORAEYE
"9%B}g:@ggﬁtgq&f&%%%eﬁg@pﬁ@%&ﬁmﬁ&cﬁa%%@mﬂ'%ﬁ@cfm
assays for biological activity for each of the polypeptides are described
hereith&is soisentesndrsonbed brlgomets igﬁﬁigﬁﬁlf% gBlesration mnciudes

oligojner 10t e0arcless of enal 1BHis Fomp e meRiaRkla e SRt iAGrerably o

st orm of a _
40%, 50%, 60%, 70%, 80%, 90% or greater change in expression levels.

“Alteration” can also indicate a change (increase or decrease) in the biological
activity of any of the polypeptides of the invention (e.g., soluble endoglin, sFit-
1, VEGF, or PIGF). As used herein, an alteration includes a 10% change m
biological activity, preferably & 25% change, more preferably a 40%, 50%,
60%, 70%, 80%, 90% or greater change in bioclogical activity. Examples of
biological activity for soluble endoglin are angiogenesis and binding assays
using known ligands such as activin-A, BMP 2, BMP-7, TGF-p1 and TGEF-83.
The biological activity of soluble endoglin can be measured by ligand binding
assays, immunoassays, and angiogenesis assays that are standard in the art or
are described herein, An example of such an assay is the in vitro matrige!
endothelial tube formation assay in which antagonism of endoglin signaling led
to massive loss of capillary formation (Li et al., Fased Journal 14:55-64

(2000)). Other examples of biological activity for PIGF or VEGF include
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endoglin gene. By a "nucleobase oligomer" is meant a compound that
includes a chain of at least eight nucleobases, preferably at least twelve,
and most preferably at least sixteen bases, joined together by linkage

wgrowpes4fciuded in this definition are natural and non-natuF&IT/US2005/634483

10

oligonucleotides, both modified and 15 unmodified, as well as
oligonucleotide mimetics such as Protein Nucleic Acids, .lock % o
o BRGSO S IOt TPt g A TR AR o
OQURSHRRYRG: SEMNRKE G thevdideobast plighfermswf thenizvetitions
including those described in U.S. Patent Publication Nos. 20030114412

(sweassrek BBl bdakginmh 9y CoETIRE S TRATAESET At Y RA5%7°
(Ses: 19K20 cxPRDle RRiRar AR AR5 ofie peblisatiomineprnaséed
a

herein by réterence. The nucleobase oligomer can also be targeted to the
trislagimakhaiaitai stoh sinsudediadiBg he1asedseifabias gupasured
oligoiner comprises fr n ' . ' e
e S e ore
conaenitive axsieptider tyatyaréo2 bicdrgjtehashitaity foreertbgihtRsRNA or
DNA, and may be as lo the full- length mnRNA or gene. By "body
mﬁgg’ﬁﬁ?&i‘eﬁsaﬁe‘i 651[%’1 eg?’,ﬁ%erived by using height and weight
measuregierisiiiake ives cobenesiignsiadtiomubwhethelarast wiggeer,

20 WO 2006/034507 PCT/US2005/034483 falls within a ]&eagl}x, T3R9Es of an
THegeReRa Yosasily Habl o TRGMmEh 88y TaSS Ik 5 4

P%ﬁ&@%ﬁﬁé’%@!‘& i'B?i@gfﬁ@lﬁdﬂﬂ@&ﬂ@&m@ﬁeimﬂé&ﬂiﬁmﬁl@m&&ﬁ includes
squared or weight (1cg)/ (height (m))2. By "compound” is meant gn sy{nall
melebaie efamasst @a%b@wﬁs?b&@ﬁu GrableidsastdwRoNSe AR B1os

pol fi r-r t f; > 1 &y | f{digad i
H é%gﬁe%a 595% %g@lﬁféttﬁz IB%@Q, tlloglgﬁ RS B?"Hﬁk%' ed m

heérapeutic methods of the invention can alter, preferably decrease, the

 levais defictagicatactivinl ofdslebipasabgiigopylesidss: boih spditishand
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R B EbUD 1 DRCING LS TR 5 AMLE b oo of

anagtikodydRMentits linké dribableadtivarcids. ahomerpromiplegiseatipnsh

im{?ﬁ?a%%lg?gggscn%? e’? E:r%%%%gg in the nucleobase oligomers of the invention,
including those described i U.S. Patent Publication Nos. 20030114412 (see
for example paragraphs 27-45 of the publication) and 20030114407 (see for
example paragraphs 35-52 of the publication), incorporated herein by
reference. The nucleobase oligomer can also be targeted to the translational
start and stop sites. Preferably the antisense nucleobase oligomer comprises
&om about 8 to 30 nucleotides. The antisense nucleobase oligomer can also
contain at least 40, 60, 85, 120, or more consecutive nucleotides that are
complementary to endoglin mRNA. or DNA, and may be as long as the full-
length mRNA or gene.

By “body mass index” is meant a number, derived by using height and

weight measurements, that gives a general indication of whether or not weight

20



By "double-stranded RNA (dsRNA)" is meant a ribonucleic acid molecule
comprised of both a sense and an anti-sense strand. dsRNAs are
typically used to mediate RNA interference. 15 By "endoglin,” also known

Was2@P185)1s meant a mammalian growth factor that has e RE&GIF2005/034483

i0

biological activity (see Fonsatti et al., Oncogene 22:6557-6563, 2003;
Fonsatti et al., Curr®. Cancer Drug Targets 3:427-432, .2003) and j
GO o BT TR RE B Ay S e SIBING CoAsBg e body
aGResSIAR AU DS s AREI2080 ankiNBr0%1 958 dse e foAASE7883n
(rat); NP000109, P17813, VSP 004233, ang CAA80673 (human); and
Adadters Gsigyrot desaisidkel) Gael §352,957. Endoglin is a
homodif%ﬁ!i@@%@g&%@b@%&m@%@[xm&@@aﬁmﬂ@mﬁ@nnd,

levels in" proliferating vascular cells and syn_(;étiotro hoblasts from
planthtaly, Theteareidweonlistis s orrprPGHEngo GRETLeAIERSTEHich

differ in their cytoplasmic i TR0 Ids.Both isefarmsa@ion can
ing%gg)cﬂﬁlfiﬁg 5r8nc1uezﬁ: oé |%%§OE§§8 E%%Fn%%%ggglin binds to TGF- 13 )
famli: pesibetdpaetimteethedsensavbiriogical @@id@@ﬁﬁfcﬁﬂlﬁég@é‘é@é' In

with the TGE-(3 signali C r n tepliate t

e BORIES I o Thckor Ensn b elo e LS
binding te¥ Gffi@amilitmembernsich asalgteintids B SsBlIR-Ragdthe
TGF-(31 and TGF-{3 3; induction of gngiogengsis, re Jiati n oftcezlilrg%f

W OB 8 TPET S B SRR T BTG TN T SAEhE

m‘%ﬁ%' JRv@sion; ardipctivatisnebensniheliznealis dbaseyy. for
endoglin

iological activities are known in the art and include ligand

binding aBsdiirublecHtended Bl a el B gUPEm b PeBHUEtiG

- Xpeiments. AL Haniafeips e ok PV LRINBRRS BUEh ARNAS are

15
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-thymidine 5 incorporation used to measure cell proliferation; and

angipgetigsiscstaysdinth %@@@Mﬂagd herein or in McCarty et al.,
T O A A R S S O
engoalipiisineash dsyleirsidRtiics notivineisir dvadsttnd sbr@wfogene
I T e
2003) and is homologous to the protein defined by any of the following
GenBank accession numbers; AAFH29080 and NP_031958 (mouse);
AAS67893 (rat); NP_000109, P17813, VSP_004233, and CAA80673 (human);
and A49722 (pig), or described in U.S.P.N. 6,562,957. Endoglinis a
hoﬁodimerio cell membrane glycoprotein which is expressed at high levels mn
proliferating vascular cells and syneytiotrophoblasts from placentas. There are
two distinct isoforms of endoglin, L and S, which differ in their cytoplasmic
tails by 47 amino acids. Both isoforms are included in the term endoglin as
used hersin. Endoglin binds to TGF-B family members and, in the presence of
TGE-p, endoglin can associate with the TGF-p signaling receptors RI and RII,
and potentiate the response to the growth factors. Endoglin biological activities

include binding to TGF-f family members such as activin-A, BMP 2, BMP-7,
TGF-B1 and TGF-B 3; induction of angiogenesis, regulation of cell
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from the cleavage of the membrane bound form of endoglin by a
proteolytic enzyme. One potential cleavage site is at amino acid 437
producing a soluble endoglin polypeptide that includes amino acids 1-437

WK thiee/8HABYlin polypeptide (see Figures 2A and 2B). Althodt§i oRHERiHGS
to be bound by 15 theory, it is likely that the extracellular ligand binding

domain retained by soluble endoglin.would allow it to bind ligand h
RGP TR0y o TG BRI ATy
T@!ﬁl@-f&éﬁ@@fﬁ%‘@z@‘do‘%ﬂm@%@lﬁl dstaneadedieliakapeciic analadileiude
it Is likely that the TGF-(3 deficiencies would be maximal in endothelial .
celigasbhinfane aoatin CarralsBartRIgh 6 ¥t @%ﬁ%%@’&%&%&? counting

progducts of fragments }fmﬁww@@a Slpayane.of entdaghi;

an’%(Ej %ﬁgfgn’taln endo%ﬁl“fﬁiél‘gélcal activity. he1 biological function ofme

5 solnbieperdiglinssiunknoasiis chl prekiietioge 2p0ABSINBTERYAS TR SIED
a deficiency of TGF:(3.an igan I Li .
oI T o b A O oo 360

Ackiitift e re€lHGEHSE. dotudih G oB anulolemasisitassianl.Ich diiel ik i
art or described herejn. "endoglin nucleic.acid” | n ' id
thathrued ity iote Bdsan o ot e D g A
theganedes bumarfosndsidiniopisisiaiohidcdxdesatibareagean df the
encodes the signal peptide 30 sequence,.exons, 2- code,th

10 extreEI ORI SOOI R S5 W SURM A oen resul
PGTLSROR/ARMAST (Hansmamiianedeaim andxelidbeagedeslytic

C-terminal cytoplasmic domain (see Figures 1, 2A, and 2B). Desirable

thewnoglifneseieraskedseesisitbieBito il e L PRTEBAS Byble
"exe%g%?g%%’gﬁénﬁran%%gﬁaﬁﬂey AE 898801 RelyRantide o Sin

stan a e s. For example, polypeptide expression is

oftpolygeteited te Westem blouint? BINA BRpreshon ¥ighed tohecheyms by
15 o HEHof 15 BHEN A B A g A B E A e ined by
Prot§ieion askals Bydliaghentt is tisdhgandorsiorh ek d pdlypepride 61 -3,
nu%%ir%@: icdrefclting a resulting deficiency in TGF-B. Furthermore, since endoglin
is an endothelial-specific molecule, it is likely that the TGF-B deficiencies
would be maximal in endothelial cells. Soluble endoglin can also include
20  circulating degradation products or fragments that result from enzymatic
cleavage of endoglin and that maintain endoglin bioclogical activity. The
biological function of soluble endoglin is unknown at the present time, but is
predicted to create a deficiency of TGF-p and other known ligands. Soluble
endoglin biological activity can be assayed by measuring the levels of free
25  Activin A or free TGF-B3 or by using an angiogenesis assay known in the art
or described herein.
' By “endoglin nucleic acid” is meant a nucleic acid that encodes any of
the endoglin proteins described above. For example, the gene for human

endoglin consists of 14 exons, where exon 1 encodes the signal peptide

30 sequence, exons 2-12 encode the extracellular domain, exon 13 encodes the
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10 molecule. This portion contains, preferably, at least 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, or 90% of the entire length of the reference
nucleic acid molecule or polypeptide. Fragments may contain 10, 20, 30,
WAR8E6BY770, 80, 90, or 100, 200, 300, 400, 500, 600, 700°B00; VOV BHE3
1000 nucleotides or amino acids. Preferably, fragments of soluble
endoglin include from 4 to 437 15 amino acids.and from 10 t : :
RGBT U0l S385 LR S CreT SRR Yh LSy fomaio
fefiss FaaURLing framptieofirst dayiohithe thethelglashmbastasad perodes
usually referred to in weeks. By "gestational hypertension" is meant the
deolibhmtadiostRifeHIiEH 28 bhessure without proteinuria after 20 weeks

of pregnaRoy,,By A BistonnRlRierRCRIBES M asTeckAmPSIas iy etitecby
previous diagnosis of pre-eclampsia or eclampsia qr_pregnancy indu&ed

hypartengior lmoive sujmststh ERTSEIERE: PRARIEISY FERRFFHIMBALIBY

"hemologous'sis meant ar RIPIRIERUSRSE dbRERRAES 8bidh
o3 ?g%%%%?’n‘%c%?a%ﬁ?éx ’r§§§b?5520%, 50%, 60%, 70%, 8o§%, and

mbkittpiefer zoly96dssorcinonetaniotod B Ja bR ferresepstdfeiten
sequence over the length.of t mpaH S . ologous"
pr ?é?ﬁ%grg%@%l %@?&é%%ﬁ&gﬁg%ﬁ%%ﬁ%&ﬁ& 0 1[r:‘%egzsgggnpparison
protein. Ingenesalciar iroteinsa thertengtf obotympptidonrsedelercesidvil

be at least 10 amino acids, 30, preferably 20, 40,.50 2£0,80, 9
10 1000F0 4 26 ERPRAD ERBBCPOSRG S0LiosARGy 207, 30k, W%,
P%6%3@,@?@3_/&4@%,25{;)]9@'@)903?%&&&5%@@1@@%148%&% ocaritdedt acid
more. For nucleic acids, the length of comparison seguences,w.
gemelanylpempRyRInIEles FrREnIes MAS(FOB éé@?@(}&igb,gb@&%g& 80,
506’%5(% &9%@?90699@&%?30?%@0}9@@; 4460082001 90 @EhleassAddslor

0

nucléotides or more. "Homology" can also refer to a 5 substantial similaritg7

betwinn andepitpéerrbdy, tagerarite binlBBH é@-%@ﬁiith@%f‘efﬁoa? 4to 4
s TRSRRETHS IR B iese drts s o
antibodieBytha¢stanospbaific il meeoynivefatamer dtcihecagssifdhe fetus,
counting from the first day of the mother’s last menstrual period usually
referred to in weeks.
By “gestational hypertension” is meant the development of high blood
20  pressure without proteinuria after 20 weeks of pregnancy.

By a “history of pre-eclampsia or eclampsia” is meant a previous
diagnosis of pre-eclampsia or eclampsia or pregnancy induced hypertension in
the subject themselves or in a related family member.

By “homologous™ is meant any gene or protein sequence that bears at
25 least 30% homology, more preferably 40%, 50%, 60%, 70%, 8%, and most
preferably 90% or more homology to a known gene or protein sequence over
the length of the comparison sequence. A “homologous™ protein can also have
at least one biological activity of the comparison protein. In general, for

proteins, the length of comparison sequences will be at least 10 amino acids,

30  preferably 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 200,
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By "humanized antibody" is meant an immunoglobulin amino acid 10
sequence variant or fragment thereof that is capable of binding to a
predetermined antigen. Ordinarily, the antibody will contain both the light

WERAHa&450ell as at least the variable domain of a heavy chaff.fRp@85/034483
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antibody also may include the CHI, hinge, CH2, CH3, or CH4 regions of

the heavy chain, The humanized antibody comprises a fram i
A 28 AR Bt AT A SR of GG LERe e
i”leﬂgﬂﬁ@@b&%ﬁﬁﬂaﬁ seqeplamenippgy celbyrhinimgerag i (ODRPNaYNG >0,
subs _antlall the amino acid sequence of ng -mgl 01%88%'?00
(tF7O8iRp0rE W ith S, ﬁ@né&gﬂ)ﬁs& Qﬂﬁaﬁ%&e i %WS oneor
MoK AMiNg: AGidi residussiRirady eeshiste, it frapnR BRurTCeathalsis refer to a

non-human. In general, the humanized 20 antibody will comprise
subssiatisly sindpaticbaress BRPHANEARF/IB ,W%%ﬂ&&%@ gahhe

Fa?fbtﬁﬁ%%;}?p{gfk&nﬁ 1@%@5@%&9{@%&%@%@&& Qldbe CORwagORS,
0 tno -

cofrespon se of a non-human immunoglobulin and all or o
substaciialyrafbof the BRiiegiors:icignse dheititbmprodnshionoyigptibadies
consensus sequence. Thoe hu%n niz%dtgirﬁtig)[olggugptimally will comprise at
Ieélg?tz%aﬁ f}?ﬁ’f’ %ﬁef:rr%znog obulin constant region (Fc), typically that
of a humay tmminogichnliboBy ™ conxsermentaritycessrmilimgméyiorrid
(CDR)" is meant the three hypervariable sequences in the.varjable
CRSHSRRTAERE:Por BB GBI 08 O RA HBdcns. By
"frappaueHnesiom iR iorapast e seatibnde sl aotadwisids thedighl

on either side of the three hypervariable 30 sequences (CDR).of the .
imenaitoatonalirefghiensd he Zeyeblgi ASmom Wi Seaty i, The antibody

chy c?x%rgqﬁé%’éé i E,Ff]ﬁ ,ﬁ&g@,@ﬁ?@%?@ﬁ@m%ﬁwﬁﬁﬂ'ﬁzﬁﬁ heavy
antibody need not correspond precisely to the parental sequences, e.g.,
the miporT BORmtHse ¢ entbndy STROTSS Bdiuaiiizegi oy (FR) baving

o PR AT P e e

or fonipiaensaiibodhite Snitinmutgtiond. PRy daving i broepeBxthesipaino

of BB B PR o D s ganc e

Generally, 2 humanized antibody has one or more amino acid residues

introduced into it from a source that is non-human. In general, the humanized
antibody will comprise substantially all of at least one, and typically two,
variable domains (Fab, Fab', F(ab"), Fabe, Fv) m which all or substantially all
of the CDR regions correspond to those of a non-human immunogiobulin and
all or substantially all of the FR reglons are those of a human immuno globulin
consensus sequence. The humanized antibody optimally will comprise at least
a portion of an immunoglobulin constant region (Fc), typically that of a human
immunoglobulin. By “complementarity determining region (CDR)” is meant
the three hypervariable sequences in the variable regions within each of the
immunoglobulin Iight and heavy chains. By “framework region (FR)” is meant

the sequences of amino acids located on either side of the three hypervariable

sequences (CDR) of the immunoglobulin light and heavy chains.
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parental FR and CDR sequences. By "hybridize" is meant pair to form a
double-stranded molecule 10 between complementary polynucleotide
sequences, or portions thereof, under various conditions of stringency.

w(Bwes/e3grtWahl and Berger Methods Enzyinol. 152:399, 1987 /USMEA1483
Methods Enzylnol. 152:507, 1987.) For example, stringent salt

concentration will ordinarily be less_than about 7 _ aCl and 75
mnM trisbBRERCHRSE: W?&Eet 138&?%2%@1%@3\?5&?% and 50
mhfrisodimcisaiayandipeostareieailvless han MeduiRh0 ODR bttt

and 25 mM trisodium citrate. Low stringency hybridization can

obtafmetisstRR AbEERe B eseRAR.SOIERE %%?%W%BE,%HEW%M at
gt” FOR hvhidizatian.cap bepbiinedinithe Mesansrohsdeastaiesond

ormamide, and most preferably at least about 50% formamide.

5 Sttingitnt 2B eavmEmasusettrditmestentbeiiankishandetienipLpIEHES SYil
at least about 30C, more pr. I U Lferably at
o 5 et T2 e D Do a gL feray &
hylrigizatgrofithe, thmantrmbattitioly oédlétergent, @xrowwdidie doerecyf the
sulfate (SDS), and inclusion or exclusion of carrier DNA, are well
k@%ﬁ%&%ﬁ%ﬁ@“&ﬁ@jﬁﬁ%@%ﬁ%ﬁ_ Various levels of stringency are
accompligheehiytambiningdhassairaidosmeodditidssaamisdded]douie

preferred embodiment, hybridization v\gll occur at 30C in 750

M NacCl,
10 75heivIae SaTIA CERARETRRA TR 498 W%%%}%%P&r@ﬂ%%%%%ﬁ chpder

“hybridization, will ReCHF @t entty 500-mM. Na®laB0u M drisedimisiiate,

- 1% SDS, 35% formamide, and 100 g/m| denatured 30 salmon s SI’T’SI %NA
(sIDRI ol £ A4380 o SR e EBlo AL BRI AR B WS 1) For
2006/034507 P ik i WNRACHRBmM
ml\?ﬁ?‘%gﬂ m%mg%ég,%g%%%%%%%%rﬁm glf; gg%%i@g/arini\l/é SSDNA.
UseaCvaniafonsidnttreseuconditon puwierpelydaerithap et 18 dmaeNaCl

L v
canheldefings! hy saliseiinaeninatianizos byitemmeradredixstabove) iash
Strgllgtgig%c/i (i:grghbeea. ns%rrtlacaesgtd organic solvent, e.g., formamide, while high

stringency hybridization can be obtained in the presence of at least about 35%
formamide, and most preferably at least about 50% formamide. Stringent

20 temperature conditions will ordinarily include temperatures of at least about

30°C, more preferably of at least about 37°C, and most preferably of at least
about 42°C. Varying additional parameters, such as hybridization time, the
concentration of detergent, e.g., sodium dodecyl sulfate (SDS), and the
inclusion or exclusion of carrier DNA, are well known to those skilled in the

25  art. Various levels of stringency are accomplished by combining these various

conditions as needed. In a preferred embodiment, hybridization will occur at
30°C in 750 mM NaCl, 75 mM trisodium citrate, and 1% SDS. In a more
preferred embodiment, hybridization will occur at 37°C in 500 mM NaCl, 50
mM trisodium citrate, 1% SDS, 35% formamide, and 100 pg/ml denatured

30  salmon sperm DNA (ssDNA). In a most preferred embodiment, hybridization
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by decreasing salt concentration or by increasing temperature. For
example, stringent salt concentration for the wash steps will preferably be
less than about 30 mM NaCl and 3 mM trisodium citrate, and most

wigredesablyoless than about 10 15 mM NaCl and 1.5 mM trisguigifaseitraite4483
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Stringent temperature conditions for the wash steps will ordinarily include

a temperature ofoat_least about 25C, more preferably of at leag teno
A0k St SreiEhan) BANAS: 2000 GBEOTH B e odr oD, 50%
erpRadiment WASHEIERAWIEDOCAT a2 .BaioM MaGks3 taditions will

trisodium citrate, and 0.1% SDS. In a more preferred 15 embodiment,

whstreadipy spifasentiodbesesiislimbegel, 1.5 mm trisodium citrate,

and 0.1% 30>, Breferag; IMBRLYRSD BleRRIWHteacKTIIAN
68Cin1l O?n %@%ﬁ%ﬁﬁ%ﬁﬁf&,ﬁgﬁﬁggg rate, and 0.1% SDS. Additional 0
variatinsiomgeasy. chruitishingine ceaditipap pardin dsimesdusnEd in

R R G eshnianen A ARMOANAIRE BIEH KR Aldsed

or‘example, In Bentdn and Davis (Stience
196 H30reh97:p) 543t woateinmanicdiioghe ssctPrsingNathpREUr S R oUS Ample,

72:3961, 1975); Ausubel. et al. (Current Protocols in Molecular Biol

B HSR LB EROB P SO0 FBAIGR B R T e e oot about
MaleawanGloning Teahnigised: k98 TirAsademioR iessetibly ¥eoskjiantbout
Sambrook et al., Molecular Cloning.A 25 Laboratory Manual, Cold S in%
HADETYLASEFAH Bro SV NBAPYOHE S o RS ORI REAHBROTS

(IUGR) MNABRMEIRSHENA N aRHEraaiehs mhidads desathatC,
1#%3%%ﬁ%§$%%redicted fetiz;llgivhgi ht for the gi:-stational g\%e of the

femeord pee furlytof/origadicahortaryinizhd sroskrsabradl b asileashahont
© BVE Ot ICRR AN RO A EAS G SO 1) BRI 40O SER 30 mM

percentile for gestational age according to U.S. 26 WO 2006/034507
P QIS 2665084488 mabites ofdnicth WeidHd for lgesattnBlegE sy race,

parity, apd infant sex (Zhang, and Bo bstet . 86 .
19@?}’. BhoR aweﬁ%% ngfe%wg}%(gﬁs%sfr%e}eﬁr%%%%sﬁ%é%?{ f%([)%@odlmrn
gesiaiienahade1(BGAXR. Rrerestamnpsiferisdetabulifioeknowsitstbes will occur

e ORS00 R PR RS A ATISES: AREH e
variations on these conditions will be readily apparent to those skilled in the
art. Hybridization techniques are well known to those skilled in the art and are
described, for example, in Benton and Davis (Science 196:184, 1977);
Grunstein and Hogness (Proc. Natl. Acad. Sci., USA 72:3961, 1975); Ausubel
et al. (Current Protocols in Molecular Biology, Wiley Interscience, New York,
2001); Berger and Kimmel (Guide to Molecular Cloning T echnigues, 1987,
Academic Press, New York); and Sambrook et al., Molecular Cloning: 4
Laboratory Manual, Cold Spring Harbor Laboratory Press, New York.

By “intrauterine growth retardation (TUGR)” is meant a syndrome
resulting in a birth weight which is less that 10 percent of the predicted fetal
weight for the gestational age of the fetns. The current World Health
Organization criterion for low birth weight is a weight less than 2,500 gm (5
Ibs. 8 0z.) or below the 10™ percentile for gestational age according to U.S.
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compare the levels of a polypeptide or nucleic acid molecule of interest.
Exemplary metrics include, but are not limited to, mathematical formulas
or algorithms, such as ratios. The metric to be used is that which best

wdigeviripistes between levels of soluble endoglin, sFit-1, VEGE{PROFE/08#483
any 10 combination thereof, in a subject having pregnancy related

hypertensive disorder, such as pre-eclampsia or eclampsja, and a n I
SIS BT MO e AL s BN A WL (Zhe
inglicator Al PIOBRRNGY, #elaied HyperErssivoaiisomessaRysDeisgnitigdntly
above or below a reference value (e.g., from a control subject not haying .
amé‘gam@yﬂmaﬁ@ﬁﬁb&%‘éﬂ}@ﬂéﬁ&ig&%@éwn@%ﬂ%l@éﬁ% gli ]i%'\?&i/%‘gpm

g%gvaftﬁsnaﬂiegi measying dheamountefiHiessRosnddig., bound to

actor), or total (free + bound) soluble endoglin. sFlt-1 level is

5 measurdytipmesiismycine ameesst FeEIBHEIHAYi ke Uttt BtR t©
fagon). or toe) S o oe) VEGE &/ RIGE dsvels apsigleiminec
s Ao an b1 Tae BLEEa F |

b)? 8 e amou F or free VEGF 20 (i.e., not bound to
SFilkd)nSPae axeriylanyg okt inissRict (WEGE t Ri@Rmalssréematpicr

as the pre-eclampsia anti-angiogenic index (PAAI). Another ple is
he KT, SUTIAE A SAREARD Bt S R P
0.25(s0lublaandaglinppypRUICINBISEndugicreadsd jiVIBE HANEBS tneny

soluble endoglin anti-angiogenic index is a diagnostic indicator fK{),re 25

10 ectambitaETCBENis ) YSRGS BRI NEH B ROBIEIIG.
(5%#8{86%” i&%ﬁ%@ﬁ%@foﬁ%@ﬁﬁ@ﬁ%@@&n@ﬁm bavenficnigaot.
further include the BMI of the mother or GA of the infant. 27{;%[0
20061084507 RAT ISZ00s osiMBE e i sRas IR SR S RERTEREES
index (PAAD)" is meant: ' It PIGE YsBE & alef
in&%é ocﬁé %ﬁ%&%ﬁéﬁ%ﬁ%&%ﬁ%ﬁéﬂﬁﬁga than&fg, more § m‘en‘ce
prefatally. greater thameo] srjditandatiaprayeaneycyarigsed hypertensive
hypertensjve_disorder, suck re-eclampsi ' f pre- '

15 EyLSBILEI: SO AN BURs e ML e U Py ot

0.2R:80HHMeleneQBHRLE Erdvatheiarplerdvalugiot 75hanidybeluble
b At A RS A A S
(i.e., bound to growth factor), or total sklt-1 (bound + free). VEGF or PIGF
levels are determined by measuring the amount of free PIGF or free VEGF
20 (i.e., not bound to sFlt-1). One exemplary metric is [sFIt-1/(VEGF + PIGF)],
also referred to as the pre-eclampsia anti-angiogenic index (PAAIL). Another
example is the following soluble endoglin anti-angiogenic index: (sFIt-1 +
0.25(soluble endoglin polypeptide))/PIGF. An increase in the value of the
soluble endoglin anti-angiogenic index is a diagnostic indicator of pre~
25  eclampsia or eclampsia. Yet another exempiary metric is the following:

(soluble enodglin + sFlt-1)/PIGF. Any of the metrics of the invention can
further include the BMI of the mother or GA of the mfant.
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pregnancy complication associated with hypertension, such as
pre-eclampsia or eclampsia. 10 By "operably linked" is meant that a gene
and a regulatory sequence(s) are connected in such a way as to permit
WeHwFession when the appropriate molecules (e.qg., tralSGrpsRenSl34483
activator proteins) are bound to the regulatory sequence(s). By
"pharmaceutically acceptable carrier" is meant a caryi rlﬁbat IS

15 ,
physiolo§italyaRcEHRpR 1B HHRPE SRS AR 1s.meant1htge ratio of

etaining

thegapentis@Eapenias efdhacanpalnebnithaytiohdiigatministared ACHEAT
exemplary pharmaceutically acceptable carrier substance is gﬂ%siolo ical
r

sadireetenthan PRy siorsgreaiaRizapatie Baniels SIS MG AN 8%%33%
;g(‘%x%%%?nhg%%ﬁ&gﬁ% n; et andde ;ﬁ?lgj%%‘ijaﬁﬂf EXBMRLR, dA ReringignRS.

eutical Sciences, (20th edition), ed. A. Gennaro, 2000

5 LippincoBy tYWiliabhs S dvikinenbrangiestis ipde:syis msaahthe GrBmRT (FIt-1

factar (P1GE); is meant ' wih, f S ous to
b T R s e RN
PiaHdinboical actiiityePtEmisarghicosyinti) 26 highouimedisaliry Mo

to the VEGF family and can be found.in two distinct_isofar 10 -
A B S SRR A AT P S0 U LSty ihas e bnpsi or
syg,gmﬂ%g@@hoblasts in the placenta and PIGF biological activities include
induction ofgroliferatio_n migration, and activation of endgot %I{i%cells o(s)
10 particulafy (rOBAGBINEREN SReETIEgh ST P A58 [SSHEES
By, RAyeHisT sisimeaalagenslieasatio axprsiaiianwietetionappropriate
addition in a soluble endoglin, sFit-1, P1GF, or VEGF nucleic acid
moteteteleh e & ivdiesanetional RSB ARSI RS Heve RSP pr d LIS FgaIGrY
ecgaejm e%aé $ uch polymorphisms are known to the skilled artisan and are
deSeh eg, ? r 5 example, by Raab et al. (Biochenz..1.. 339:579-588,
1999) anB PashartateGonllyiammentiie aaniss’ 3o mend, a oguicrAhat is
polymarphism may be present.in the pr, f .
15 RO RRE T e St i B LI HRR AhAR
therapeutic properties of the compound with which it is administered. One

exemplary pharmaceutically acceptable carrier substance is physioclogical
saline. Other physiologically acceptable carriers and their formulations are
known to one skilled in the art and described, for example, in Remington’s

20 Pharmaceutical Sciences, (20th edition), ed. A. Gennaro, 2000, Lippincott,
Williams & Wilkins, Philadelphia, PA.

By “placental growth factor (PIGF)” is meant a mammalian growth
factor that is homologous to the protein defined by GenBarnlk accession number
P49763 and that has PIGF biclogical activity. PIGF is a glycosylated

25  homodimer belonging to the VEGF family and can be found in two distinct
isoforms through alternative splicing mechanisms. PIGF is expressed by cyto-
and syncytiotrophoblasts in the placenta and P1GF biological activities include
induction of proliferation, migration, and activation of endothelial cells,

particularly trophoblast cells.
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3' region of a gene. Known examples of such polymorphisms in the
endoglin gene include a 6 base insertion of GGGGGA in intron 7 at 26
bases beyond the 10 3' end of exon 7 (Ann. Neurol. 41:683-6, 1997). By

WOHPEHARREY related hypertensive disorder" is meant any corfdfiGiH03/034483
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disease or pregnancy that is associated with or characterized by an

increase jn blood pressure..Included Ganditiensd fleleti
pre-ecla#%s%gl?ﬁ]&%glﬁﬁamprésrr%?f%% %%e@}géc%%r%g% glé\%?e . clehon ot
preiagiampsialordampdegipesiatiohaP T hyparensioncleic agd molecule

syndrome, (hemolysis, elevated liver enzymes, low_platelets '

pl itk EiRTE %M&%@f@?ﬁ‘&?&bﬁ?a%%}f%ﬁrﬂﬁf?ﬁ e rlsrllgé %rrag%#%&'
regirigligaranshRRaRARey it A sl eilpasiationedad erd SGa)idforlt
should be noted that although pregnancy with gg%ﬁwg; not f(:)tfta?[n(Eur
asvonimbs Wik aspperiérdarchen iﬁc?&i?%?%i > defnitiBhc 26 e
PrErSGIaMRSIRC 1S RSaNtIhe Myt systeadissistatihaids whpracterizethe

by hyperterision with proteinuria or edema, or both, glomerular

dysfomstiensdsrainasdemepiaratis i rBIce S SAOABROP L ML skted
o Preuancy oL NLERES oL AIRESH! ERRERTIOAITEObe endogin

a, “such as premature, mild, mod and severe
pregelaopsia aetingidee ive SGSERMtom Preoadanpéihagenbrampd the
occurs after the 20th wegek of gestation . Regraclampsia is generally
defirfdt 84 &5fRe %@iﬁ%%ﬁ%@n%%l%v&%ﬁéymptoms: (1) a systolic
blood presguadBRhey 4 nadinganchsiiakitolidBPisvoamibg aftsiton of
weeks gestation (generallg,measured n two O%Siotn%zd'a]bGSaho%%ase in
aparp2Ee)F e SRRRE LR ?ﬁlﬁ‘ﬁﬁoﬁ-art%éj)"ﬁ}ﬁiﬂﬁ Hdrsss
30QMg At RSteN ihardebamdHiNg sollestionqak asippleddatesiaifinetuding
sample 29 WO 2006/034M7 PCT1US2005/034483 havinga . 1
proteinlsterstie TIPS DL IC EHE P15 RELORREA of HOPEEh SEMaRP2
proteinuria by 1 cRRYSIR R RERNIRSAdEAaner atiy:
de?llﬁggl %1%81(%%%I (ﬁggﬁtﬁ’ﬁ%eﬁgig@ r%m i-g(den_erally measured on two
oceAsieles;) daliaBthnupdapatt) oni@)iplpimiaisienaPaEBaREy Byt intra
measurement of 3.5 g or 5 more protein in a24- ] echan
e oA e SR B e DR an e
preeclaNipsiac hypsiteidionmtddiinteaitiagh pregnancy with 2 SGA infant is

not often associated with hypertension, it is included in this definition.

By “pre-eclampsia” is meant the multi-system disorder that is
characterized by hypertension with proteinuria or ederma, or both, glomerular
dysfunction, brain edema, liver edema, or coagulation abnormalities due to
pregnancy or the influence of a recent pregnancy. All forms of pre-eclampsia,
such as premature, mild, moderate, and severe pre-eclampsia are included in
this definition. Pre-eclampsia generally occurs after the 20" week of gestation.
Pre-eclampsia is generally defined as some combination of the following
symptoms: (1) a systolic blood pressure (BP) >140 mmHg and a diastolic BP
>00 mmHg after 20 weeks gestation (generally measured on two occastons, 4-
168 hours apart), (2) new onset proteinuria (1+ by dipstik on urinanaysis, >

300mg of protein in & 24-hour urine collection, or a single random urine saniple
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generally occur within seven days of each other. In severe pre-eclampsia,
severe hypertension, severe proteinuria and HELLP syndrome
(hemolysis, elevated liver enzymes, low platelets) or eclampsia can occur

WEAMIHAHSEBUSIY or 10 only one symptom at a time. HELLP sYREIORWIg34483

 adiHdIiveirE Yo R d L8 RIS

10

15

20

25

30

characterized by evidence of thrombocytopenia (<100000 cells/I),

increased LDH (>600 |U/L) and i ase T (>Q1UIL)- Tols
smﬁ%ﬁe@@%ﬁﬁg{ﬁgﬁateaﬂ%é%‘a%é@@&é@e@ e e A
sexgieifRim el the sxakgvaiaraiarrédterapricotimysia isFgstaempljadsamed
also include dysfunction or damage to several 15 orgﬁ?ns g{!ti%%%essgﬁjsgrh_
zﬁﬁ’@%l,gﬁéfﬂﬁ‘(??f&lr SCrodi9) And the
COMER) RSV AHSBYSED) Rotirtirialiiakadesmacans) corahiairdamonhaged. or

The etiology of the seizures is thought to be secondary to the

developmEnimoince AdbPANE JETAR HHEREOH ShERA RTINS EELaens itk
the, Kdney. 20 BY. RIBTAILS PiS-GRIANRNRSIS MEAHASSCRE PRl
A B B P i pRclia
"polypepidetar polieptice ttagnndimadh ptbeant BnyewaraerariareRtan

two amino acids, regardless of post- t} ificati .
T e R L e S A
oCsIeRriRgINehpentidaar heptdactrconsttlaing saromn-naturaidEsueRgy or

olypeptide or peptide. By "re sample” is. meant an le, :
CAERESCH TVt IS o 07 G T R R g g vidence of
refgreRasSHHRaT£a0 besapuelssan pielaked TOH o8aTie/blbjett, a
sample frqm a pre nant subject not 30 having any pregnancy related to the
hymm@éx&.zé%&w&h 435S IR ST BF B RS BBoR 6T ©
POLIR2005(034483, /Clampsis. o aareple Someaieanantsrifiactdies as

having a'pregnancy related hypertensive disorder, such as pre-eclamf?s'a
or ‘Gathmpsia, 2 Bobjarsinstsalie i o dy HESHATHRS (ARASKEN BY V#n
pregnancy (e.q.. in the firstory. tri bafare-the deteplien of
a ﬁ?@@ﬁgg&g rnga et &;gésr{%%g%%egggd%bgggﬁ%%as pre-ggcac&r?psm or

eclprpnsia), @ dbjeettinal iemegnsstenddhgs cerebral edema and cerebral
hemorrhage). The etiology of the seizures is thought to be secondary to the

development of cerebral edema and focal spasm of small blood vessels in the
kidney.

By “premature pre-eclampsia” is meant pre-eclampsia with onset of
symptoms <37 weeks or <34 weeks.

By “protein” or “polypeptide” or “polypeptide fragment” is meant any
chain of more than two amino acids, regardless of post-translational
modification (e.g., glycosylation or phosphorylation}, constituting all or part of
a naturally occurring polypeptide or peptide, or constituting a non-naturally
occurring polypeptide or peptide.

By “reference sample” is meant any sample, standard, or level that is
used for comparison purposes. A “normal reference sample” can be a prior
sample taken from the same subject, a sample from a pregnant subject not

having any pregnancy related hypertensive disorder, such as pre-eclampsia or
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no history of a pregnancy related hypertensive disorder, such as
pre-eclampsia or eclampsia, a subject that is not pregnant, a sample of a
purified reference polypeptide at a known normal concentration (i.e., not

Wipadivathest a pregnancy related hypertensive disorder, suBRTABS2005/034483
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pre-eclampsia or eclampsia). 10 By "reference standard or level" is meant
a value or number % ved from a r?fe enC{a m le. A norm éj{g,ra
orm Ject

ARGy fo & YRIGES G R
theyiseatehediteiber samples w@e@ampm I@asﬁangmﬁ;hesfﬂﬂjewmt is

criteria: gestational age of the fetus, maternal age, terna "?\f %rst or
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eclampsia or eclampsia, and a family history of pre-eclampsia or

edmma sachpsgvelsmsic e SEIHPRSI8landuRicsF (ratis 1 selanid has
or SHGY'Y nt%m‘%g%%/ﬁ {llé{)? (L{rom ARG RALISKAQWELED A8 R eclampsia
ancyy re per

ensive dlsorder such as pre-eclam gépsua or

e@amsmsmtasubpamw the peeEpleI26 subjelet Hheaaiindoisdesrine
follo erla statlonal a e of the. f a al
blBB /& B ({mb%élnangw(fr%%rﬁg bfg)aﬁ?é?éﬁégﬁugr% %ﬁfg

prﬁ%ﬁﬁ%y@&lﬁt@ﬂﬂ?ﬂoﬁﬁ&ﬂﬁ%%gﬁ@f ﬁueﬁeuwprqano}aMmg:nosu@&frapsia)-
pregnancy related hypertensive, disorder, and afamllxmgto(rj\é from a

prBynaREsFFRRLE REHEKR R BIEEH 25 B 8L B B i s héant

the.ahilifua sause an pyerall desreasestprdiatbilef204 be greates, or
more preferably of 40%, 50%, 60%, 70%, 80%% ;@r eater hange in

thevavesodpises fiorneamalabisidhRd ubject by

ass ARRARGtIR SR @@ﬁﬂéﬁﬁﬁ'&n@%ﬂéﬁ)age
20 ?%éts §}§7 P%(C@'Elglls%g%)é/ 34483 Bé%g?sample i%meantatlssue biopsy,

cethaienih} ﬂmdi@@smlmmem% pfsE ahﬂ@& BHE A0Sy
cerebrospina )O[galotherﬂl%?e‘g BP@@'P&@ ge[ﬁ;m@g@ Y,
p

th& B854 2ample includes ‘soluble endoglin nt elc acid molecules or
polypesfidrscerbbingsiBatsmainnisresog RIS (sHRIRs): & prlamps. A

o S BN WPRIRIL 10D SO GOVEIES (2 hiber

derived from a subject that is known to have a pregnancy related hypertensive
disorder, such as pre-eclampsia or eclampsia,.that is matched to the sample
subject by at least one of the following criteria: gestational age of the fetus,
maternal age, maternal blood pressure prior to pregnancy, maternal blood
pressure during pregnancy, BMI of the mother, weight of the fetus, prior
diagnosis of a pregnancy related hypertensive disorder, and a family history of
a pregnancy related hypertensive disorder

By “reduce or inhibit” is meant the ability to cause an overall decrease
preferably of 20% or greater, more preferably of 40%, 50%, 60%, 70%, 80%,
90% or greater change in the level of protein or nucleic acid, detected by the

aforementioned assays (see “expression”), as compared to an untreated sample
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greater than 15 nucleotides in length, and most preferably greater than 19
nucleotides in length that is used to identify the target gene or mRNA to
be degraded. A range of 19-25 nucleotides is the most preferred size for

WERINEE43Y siRNAs can also include short hairpin RNAs in BB Hgip4483

LA

10

25

strands of an siRNA duplex are included within a single RNA molecule.

SsiRNA includes any, form of ds I u
larger d NRM% ia ?y pur |ed 2\ %?ﬁé%?%ge%a%%gdg§%hg$éga
R %ﬁ@ﬁﬁ@h&@?ﬂﬁﬁepmﬁuam&ﬁm driide hascadtmrapiRal Althd} diffgher

from natura ' occurring 15 RNA by the additi el tlon ubstl utio
IR S Ceh e e R D R
thmﬂﬂg'&@d@gﬁ%ﬁa@w@@ rhoaeiiah (Sﬂpblﬁpetputcﬂlﬁ emfﬂa(csthof the 19,
20, 21, 22, gs 24, or 25 nt RNA or internally (at one or more nugl (ﬁ’&(\j%s
of the RIBK)“smal breiiameRNod ﬁ%@?#f%ﬁg QNR%I&EG%}E %éﬁ 33
hydraxylQr %Jc@ﬁso clo§ ides im20 tae RN Rl GHes: gt tbenpiasRNbreferably

invention C prise non-standard nucleotides, includin

ncgmmuthﬂy beomrehegtifes doirnsloabBiasi s &é%ﬂf@c%l@& iv2ly,
Sl'a%%%p D B S B et

Aventior ree only be sufficiently” similarto natural RNA that it
adethedatlility temediatd RN Avntesftenteips iR A A ed et h &emR N AS.

RNAI refers to nt tar cleav of
a SHeRifi ﬁ?ﬁ %8?(5&@"? ﬁﬁﬁj}gg&ﬁ?ﬁe mtrosdt]j'%:%n b%)rr@a%?ntgr%‘je%r?ﬁg
RNAS depdAaiackeel oridrmiganide R N8 unetbiidreiniRiNddiadudes

RNAI" refers to the ability to distinguish or identi h|c RNAs 0 be
oy T ShOBTO ST A OBIORED B BRI

nﬁ%ﬁ% N MRIGEUIEsSHRARNE RO RIEA] @ﬁlﬁﬁ@ibm@@@tﬂ&:ombmanﬂy
ourid that specifically binds a soluble end olype%%eb'
SOQID@@%B@MMW fotbiete by oBatsk 0 B oRfgFuLTing

5 prIeR BIBieaReH 100605 RS ERR aﬁaﬁepmﬁ@qm@mm
Y, or so

Yantibo oluble éndoglin interacting protein. By "soluble
F|tnh¢m5mdﬁ)§ (SsolkaltevatmnsviEGRREY iersihiemeof non-nucleotide

material, such as to the end(s) of the 19, 20, 21, 22, 23, 24, or 25 nt RNA or
internally (at one or more nucleotides of the RNA). Ina preferred
embodiment, the RNA molecules contain a 3” hydroxyl group. Nucleotides in
the RNA molecules of the present invention can also comprise non-standard
nucleotides, including non-naturally occurring nucleotides or
deoxyribonucleotides. Collectively, all such altered RNAs are referred to as
analogs of RNA. siRNAs of the present invention need only be sufficiently
similar to natural RNA that it has the ability to mediate RINA interference
(RNA1). As used herein, RNAi refers to the ATP-dependent targeted cleavage
and degradation of a specific mRNA molecule through the introduction of
small interfering' RNAs or dsRNAs into a cell or an organism. As used herein
“mediate RNAZ refers to the ability to distinguish or identify which RNAs are
to be degraded.
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soluble form of the Flt-1 receptor, that is homologous to the protein defined
by GenBank accession number U01134, and that has sFlt-1 biological
activity. The biological activity of an sFlt-I polypeptide may be assayed
WaOsitg/BigI0 standard method, for example, by assaying sPUTTUBRMEA@GHE3
VEGEF. sFlt-1 lacks the transmembrane domain and the cytoplasmic
tyrosine kinase domain of.the.Flt-| receptor, sklt-1 can.hi )
PIGF il G 3 S0Rt EA TR b o Al Sty
and s saerefore funationalesiffestiptiiets e FitlbanddDRpeyeppide. A
sF1t-1 was initially purified from 15 human umbilical ndotheg1 | %Is a{J}gj dv-
(asor e meEbE ORISR GRBB S RTTIVD. A TLR Rerah o0

SRk ﬁﬁ%gﬁaé}%é%kt-ﬁlf&@ D ResRAYHsaiiblestidbgtn bladimean
degradation products or fragments that result from enzymatic cleavage of
therflbodsreuepbroan 6nAGE WiciRigitr SREPTBlogical activity. In one

o - | : I
PRI L s o ey,

cleave the extrace r domain of

pastiablefBitd ofttheiFdtiatiorerByr; Sheiciibamyobgess i theaproscsp Apidaby
or antibody which. recognize inds ide;af:thed lan:hut
R A O SRR
sae)®ideuarpliiey 26 hiciBgidapshipmiedehiel bansslipieiing sy
polypeptide of the invention. In .one exampl antibody t cifically
10 b aHESHOBIE SR ol OB OB R B b DOUREaqu S E
a”ﬁ%fﬁé%ﬂﬁ;@@ﬁbﬁéﬁi@@Gmﬁ?@faﬁ%eﬁgicﬁﬂ?g?i?bmﬁs tgwrseli_ub leiemtodimain
recognizes a region within amino_acids 1 to 0 in that is ynigue
to eb1hpElEhdsgmp Ot ot thea #—4%%9%3@%@%[. 133?%8%%%@%@@8% but
PG é%&%?%ﬁ&%@é@éﬁ%ﬁ%ﬁ%&%gmi@aﬁ@mmafemwmagﬁbﬁmpt
limited to, a human or non-human mammal, such as a cow, a horse, a
shédoramifioadbatF d-domdok PR secemtnstledbl- thikadanmel auified from
15 ProOnant RASHRAT UM, ARG SR /IAtRAS 2 FibdaeaBptially
id AP RS SNGcTsic acid or amino acid sequence that, when
optimsaiybaligretls farexampteussihsreenpedthodimciudes any sFli-1 family

member or isoform. sFli-1 can also mean degradation products or fragments

wn

that result from enzymatic cleavage of the Fli-1 receptor and that maintain sFlt-
1 biological activity. In one example, specific metalloproteinases released

20  from the placenta may cleave the extracellular domain of Flt-1 receptor to
release the N-terminal portion of Fli-1 into circulation.

By “specifically binds” is meant a compound or antibody which
recognizes and binds a polypeptide of the invention but that does not
substantially recognize and bind other molecules in 2 sample, for example, 2

25 biological sample, which naturally includes a polypeptide of the invention. In
one example, an antibody that specifically binds soluble endoglin does not bind
membrane bound endoglin. In another example, an antibody that specifically
binds to soluble endoglin recognizes a region within amino acids 1 to 437 of

endoglin that is unique to soluble endoglin but not the full-length endoglin.
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described below, share at least 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity with a second
nucleic acid or amino acid sequence, e.g., an endoglin or soluble

Werdbglitt¥8quence. 10 "Substantial identity" may be used t8¢EfBp2H5/034483
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30

various types and lengths of sequence, such as full-length sequence,
epitopes.or immunggenic peptides, functi . i i /
regulatos%ty sé&gze%ée S g&?(%gaiﬁ%%apb%%@%ﬁg%wdﬁ gi)(frﬁ(g}r%%ﬂbd @human
SefyRACESHRAreRMidentitybetwerwtvichpolypephides Dpigelgicagddiog, or
sequences is determined in various ways that are within the 15 skill in thaent
1 5 (SRS TS AR B N RO EO R S0 Bt
SithWaterman Alignment (Smith, T. F. and M. S. Waterman (1981) J

Mol Biol 147:195-7); "BestFit" (S[pjth and Waterman, Advances in
Applied Bastweiantaligsendior o8 IFad i COHBKa G Sl BRR Rfdtcher

Pl : agof \

S B o e
AligsoniéretiSedovh stoot, afAtastril %S P70 0ish S & 10 98)@3/03 Rueheisl e
215: 403-10),BLAST 2, T-P iR - BLAST 2,0
A%?EN%%?G?@’ %%@Pk@%"r E‘i\ell%lga |§11%DNAS@§AE)£(§§%%vﬂare. In ictacid
adglitigtinthedd skijiegde, the an cadusiemnise sy prophalepseamaesrs for

ing, alj nt,. 25 includi lgorith ded 1 i

RS GERE S, P Fe oA S ElE Seq e hendTE AR of

gepeRhder aigieinsuthrigiy e glepomppiispesseduenaes gl bpattidast
10 amino acids, preferably 20, 30, 40, 50, 60, 70, 80, 90, 100,.110, 120,
13onetonalsiyDens o636 IeSY, #6810 Y SRBSPAST Sty BEEE br

mg?@%?éﬁy&@%ﬁ%%ctg&@m obcorppaiRen 30:seduances yotypeptides
generally be at least 25, 50, 100, 125, 150, 200, 250, 300, 350, 34 W
2006108450 FRCTAYSRETS OB SERIEg0 A5 B0 B5DTEH S S BB R
80019 10%19’ E'gfolﬁsgaﬁgg A ﬁﬁi&?%%aﬂ%@%@%%r@%dﬁé%uch as
uriderstood that for the purposes of determining sequence identity when
coRmpiivgateBhbh ddigrencet (GatRNABaqubNeeS - Meiprmea niRIdotdwol
is equivatent to.a utacil nucleotide. C ive 5,5 jttions tynically
e A it 1 TG e A AR R
Mathematics, 482-489 (1981)) as incorporated inte GeneMatcher Plus™,
Schwarz and Dayhof (1979) Atlas of Protein Sequence and Structure, Dayhof,
M.O., Ed pp 353-358; BLAST program (Basic Local Aligmment Search Tool;
(Altschul, S. F., W. Gish, et al. (1990) J Mol Biol 215: 403-10), BLAST-2,
BLAST-P, BLAST-N, BLAST-X, WU-BLAST-2, ALIGN, ALIGN-2,
CLUSTAL, or Megalign (DNASTAR) software. In addition, those skilled in
the art can determine appropriate parameters for measuring alignment,
including any algorithms needed to achieve maximal alignment over the length
of the sequences being compared. In general, for proteins, the length of
comparison sequences will be at least 10 amino acids, preferably 20, 30, 46,
50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 200, 250, 300, 350, 400, or at
least 437 amino acids or more. For nucleic acids, the length of comparison

sequences will generally be at least 25, 50, 100, 125, 150, 200, 250, 300, 350,
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glycine, alanine; valine, isoleucine, leucine; aspartic acid, glutamic acid,
asparagine, glutamine; serine, threonine; lysine, arginine; and
phenylalanine, tyrosine. By "symptoms of pre-eclampsia” is meant any of

WREMsHERANY: (1) a 10 systolic blood pressure (BP) >140 midH a0 34483
diastolic BP >90 mmHg after 20 weeks gestation, (2) new onset

CHOGTCe00R: 57 vt i o it Aol (gt 1311
resaliignRkhymnasansionandeproinubnby the wesksgasidattumiiline
symptoms of pre-eclampsia can also 15 include renal g]}éw’%tlon and

glGATBIRIER EHRRSTRCHGSE SPHDREREGHIV By odyrStoIR SRFLIERGS, 2
meant ihe gevelapientehRny-af ibe falRiRac RYMBOTR MkieRive

pregnancy or the influence of a recent pregnancy: seizures, coma,

5 theovbsooyiopehipicaib isgbife SpeatHBHAR? sdBmntimiPBerenmEREfa.
By transforming.g fact TGE-(3) i ta: j
R L T i S s
fannipaofeitey glutatlyinestthpatcinepolypastides ioun dubifiswislgame,
vertebrates, and prototypic of a large family of metazoan growth,
diﬁ@?@ﬁﬂgtion, and morphogenesis factors (see, for review, Massaque et

al. Ann Rey GsilBione 607r642161990) Massanteneta tHrdoliswCel Kiola
4:172-178 (1994); 25 Kingsley Gene Dey. 8:133-146 (1994); and Sparn ef
10 o S ERISRRTTE (o5 (LB R AR e SO B
TGy (BeappedamilyNas)aleip askebproasniets (and oaiRelgLpetimosis,
distinct sub-families with highly related sequences. The most obvious
subXapmefimentain ticardfidiowgine cParIPRUB IARFINIER
compyl four geres t rer3R similasits TEF-(31
e S e o e
2006034507 PCIY USROG B3 s ecaHinD oo oY $irfy dedamsty can also

RS IBARG IR0 Sty o
andsBiiR4nwhit botamjisiitice thesfurihationedépestopit kope bt caltiiages
Wh?%g&'ﬁ? t tge 0 %?égtgpxgnsclg rc])rotrhien :ngg}gggéegf g ?gcent pregnancy: seizures,

coma, thrombocytopenia, liver edema, pulmonary edema, and cerebral edema.
By “transforming growth factor § (TGF-#)” is meant a mammalian

20 growth factor that has TGF-p biological activity and is a member of a family of
structurally related paracrine polypeptides found ubiquitously in vertebrates,
and prototypic of a large family of metazoan growth, differentiation, and
morphogenesis factors (see, for review, Massaque et al. Ann Rev Cell Biol
6:597-641 (1990); Massaque et al. Trends Cell Biol 4:172-178 (1994},

25  Kingsley Gene Dev. 8:133-146 (1994); and Sporn et al. J Cell Biol 119:1017-
1021 (1992). As described in Kingsley, supra, the TGF- superfamily has at
least 25 members, and can be grouped into distinct sub-families with highty
related sequences. The most obvious sub-families include the following: the

TGF-§ sub-family, which comprises at least four genes that are much more

30  similar to TGF-B1 than to other members of the TGF-P superfamily; the activin
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5 60A sub-family, which includes a number of mammalian homologs, with
osteoinductive activity, including BMP5-8. Other members of the TGF-(3
superfamily include the gross differentiation factor 1 (GDF-1),
WeRR@IMSR-2, dorsalin, nodal, mullerian-inhibiting substanRET(NABYS @83
glial-derived neurotrophic growth factor (GDNF). It is noted that the DPP
and 60A sub 10 familjesgre related more closely to one _noth[er.%alg.}lgguA
otABP P FOBIIRENE BRSNS HabL otten Hesh GrotDed
toggHeILAS AL Ofniaseespeatinalsn ehmaleguesaaltethBVR{(dhp and

vgl related). Unless evidenced from the context in which it is used, the

tesreTERIEE Hes BME Tt BIMB s puf st SHFS S5 HERAHSH 5
98@&5%'%8 BRlRY é@&%%%@%é Qhihe TEREHR dBRiReHaskly 85 ARPIARSIAIR. The

(Massague et al, Annu. Rev. Biochem. 67:753-91, 1998; Josso et al, Cur
5 r. GeA.sDefAiR7 Wi, ingbresarymbrirdimastoalieguiaa Y reriith

differentiation. motility, tis g o ' | i,
o L S s pg

prelifgsationlinineanicdhl types difittcan stiomufateothk (SyihdSis@P20/VGR-2,

-magrix proteins. By "therapeutic amount” is me amount that when
HTOHer B ST AT e e iy oo
suffigignidpraausewaiafiiti GIoirahtitaibie debaciierDR Fhand)fiptants
of pre-eclampsia or _eclampsia as described herein. A "therapeutic

10 aniBmAes AREARS FHLBIT BT S5 BLAR RO TEAL AR R Ao B e

suffefing B pIeReIamPaR L RENR 215 gEceRitRCAISRB0f a larger
reduction in the expression levels of endoglin or sFlt-1 or an increase in

theebiprassiof levsrr b\t & drpanb salrsleisd b alsssyryidenced
de%%rlig %ﬂehc%rﬁj&tsig W@ﬂqp fé/ g§é‘§,%ﬁglﬁq§ﬁ9~%5£9%é§%m%ﬁ hout this

"treating” Is meant administering a compound or a pharmaceutica

cosprositati dorié txpendierpurpbregeruaiiierigiseasenberseffdre TGF-p

“therapeutic.treatment" refers to. administering,treat t10.35 j%c7t.753_91
15 alré%%%u%]ﬁ#éfrﬂ?gaﬁ%rr%g Redse o 1 u|c‘:5‘r%vae[1t g%%k?jggcﬁ'sé?:%n ition. ’

Prefgyablysthetaisubject dpdiGgnabed. a5 STLTE(TTg M) a Pietafmetions to
Coggﬂ%gtgogqgvg‘?}gC(%za%iee%enﬁation, motility, tissue remodeling, neurogenesis,
would repair, apoptosis, and angiogenesis in many cell types. TGF- also
inhibits cell proliferation in many cell types and can stimulate the synthesis of
20  mairix proteins.
By “therapeutic amount” is meant an amount that when administered to
a patient suffering from pre-eclampsia or eclampsia is sufficient to cause a
qualitative or quantitative reduction in the symptoms of pre-eclampsia or
eclampsia as described herein. A “therapeutic amount” can also mean an
25  amount that when administered to a patient suffering from pre-eclampsia or
eclampsia is sufficient to cause a reduction in the expression levels of endoglin

or sFlt-1 or an increase in the expression levels of VEGE or PIGF as measured

by the assays described herein.
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with hypertension, such as pre-eclampsia or eclampsia, based on

identification of any of the characteristic symptoms described below or

the use of the diagnostic methods described herein. To "prevent disease"
WeRdrs/f343fophylactic treatment of a subject who is not yet B BUSPRG %483

susceptible to, 10 or otherwise at risk of, developing a particular disease.

Preferably a subject js. determined.to be at risk of developin .
pre-eclanéﬁsii‘% t&@aﬁ?ﬁ&%aﬁ%ﬁ%}%s%%%%sﬁ%%%%ﬁéé% ghharmaceutical

hetgimp bk Tdh & elapastanshesobedimentsea daitagers shase for
administration to a mammal_either for therapeutic or

25 ro hyl actig
U R PSR S A e TREEeABUEMTA LN iready
coggriag e biasansElal ipraR e wirjae musasEand PRERUEDLY, the

which the embryo receives nourishment from the mother; the cells
5 conmbetbitolinemeiiafonEETing Hlash B BRI ISP ish sfapciated
gr G bl ] mall . E3at8h Rkhigficar
hoqr%\{c}%g*&%%% @Q%gv%f cto%@%%?# %@%1%%1%%({‘{ Nos. 5,1332,67110;a o
5, 200384 &1 Sh P Se6tcant Chanmpbokderssibed b ¢Riv| ORbp rguetits, 48:
1120-1128, 199 nd has, VEGE hiological activity. VEGE _exists as a
gly 1@%8%%8 %gﬁggls#ee?car%bc? %1%5 85 at egg?%o&lg}gll?%grsgntr%tégﬁgﬂveIy
sphseglistioima-Tinechiadgisabact viycoknativeMEGRinchudes S tptible to,
promotijon of selective growth of vascular.endothelial cells qr umbilical, . .
10 Lo GRS CORL BT GUGHOR EA DU e S0t HErlebiect i
VEGRrnchedas oy Ve bifamiltopembes-otliaaionm de@laMpGi vhing the
VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF189, VEGF165, or VEGF

12 $jagmestas appineis Sesmifed DEgie: Jbgs i Be Fe ORI T ITeHBEREs:

al. 130 BlokHe RAR A GE TPAY 2 1k SR AN e %ﬁé@h ' Fophylactic
Metastasis 15:153- 37 WO 2006/034507 PCT/US2005/034453 158,

1998)pwdsch is described in U.S. Patent Nos. 6,447,768; 5,219,739; and

15 194,59, Derehy nsarPaald v relpience, AR InekiRd e uiabn.

forms of as the elective VEGF and Flt-selective VEGF
dedtaifiedyinimit eretied. the:. Binin€ hemdd7 632 428230whool hasnsag
heg‘%@e%\/zgsc; n'%urishment from the mother; the cells contribute to the formation of
the placenta.
By “vascular endothelial growth factor (VEGF)” is meant 2 mammaiian
20 growth factor that is homologous to the growth factor defined in U.S. Patent
Nos. 5,332,671; 5,240,848; 5,194,596; and Charnock-Jones et al. (Biol.
Reproduction, 48: 1120-1128, 1993}, and has VEGF biological activity. VEGF
exists as a glycosylated homodimer and includes at least four different
alternatively spliced isoforms. The biological activity of native VEGF includes
25  the promotion of selective growth of vascular endothelial cells or umbilical
vein endothelial cells and induction of angiogenesis. As used herein, VEGF
includes any VEGF family member or isoform (e.g., VEGF-A, VEGF-B,
VEGE-C, VEGE-D, VEGF-E, VEGF189, VEGF165, or VEGF 121).
Preferably, VEGF is the VEGF121 or VEGF165 isoform (Tischer et al., J.

30  Biol. Chem. 266, 11947-11954, 1991; Neufed et al. Cancer Metastasis 15:153-
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5 also includes any modified forms of VEGF such as those described in
LeCouter et al. (Science 299:890-893, 2003). Although human VEGF is
preferred, the invention is not limited to human forms and can include

WEREAAAal forms of VEGF (e.g. mouse, rat, dog, or chick®al/igy005/034483
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"vector" is meant a DNA molecule, usually derived from a plasmid 10 or

bacteri into which f f i d _
B S e Tl s B B e S LY
may descapablelsf auianormausheplitation in i sefindddedstrenvetaicidorms

organism_such that the_cloned sequ is repraoducjble. A .
O ROE S BRch oL AT FRRUE 1 4 SHIv St B e
upgrrapstegtion e achénesimenteed2an, RONA s axpiessadrdheEGF
features and advantages of the invention will be apparent from the,

fonbwiti tsissrptiom ot ifed JRTar et CHIBE AAB S MRS OFS SRBER g R outer
claimg. g%%z@ﬁi&f Reseoptian of e DraningsiT hepatentoraplicationdiee

contains at least one drawing executed in color. Copies of this patent or

patererdioisatiohl puittid A driweh fesror andeangesivin phprewaet) BRrprof
Offi n request and payme necessary fee. 25 FIGURE 1is a
scm@%6%\,?}115%%9@ﬁ%%g?ﬁng%l%%ﬁ'sp; signal peptide, ZP: zona
pellucidaRiofwaittofLis patentia[BeAvagiesite.(asminity atsdvad dor alpdasmid
release of soluble endoglin, .TM: transme ne domain, Cyto;
fysari il i EE N S TS
2AShavisibe: Rredisted CEiNAseaue e en(SEIRublRstctibsotitble and may
endoglin. FIGURE 2B shows the predicted aming acid sequence ('5%18 ID
Nbe SRR RisIabRIERIBENHS FRIGRER R %%ﬁ%ﬁéﬁ%?&fs%mﬁeg%ﬁ gith
mENA I8yelsdnRRlacerias fom ﬁ?fﬁlﬁiﬁb@é&n.@n@&%@%ﬁbﬁﬁg AtBsolQTer

mild pre-eclamptic pregnancies (p) and placentas from severe
preveckipticnéimarsses qpy_odmg region such that, upon transfection mfo a

recipient cell, an RNA is expressed.
Other features and advantages of the invention will be apparent from the

following description of the preferred embodiments thereof, and from the

claims.

Brief Description of the Drawings

The patent or application file contains at least one drawing executed m
color. Copies of this patent or patent application publication with color
drawing(s) will be provided by the Office upon request and payment of the
necessary fee.

FIGURE 1 is a schematic showing the endoglin protein. SP: signal
peptide, ZP: zona pellucida domain, CL: potential cleavage site (amino acid
437) for the release of soluble endoglin, TM: transmembrane domain, Cyto:

cytoplasmic domain.
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FIGURE 4 is a western blot showing endoglin protein levels in the
placenta. Samples are from two pre-eclamptic patients, p32 and p36, that
presented to the Beth Israel Deaconess Medical Center in 2003 and

WihaRe¢188459°0 serum from a pregnant woman. The Western Blot/#zg05/034483
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probed using a N terminal antibody obtained from Santa Cruz

Biotechnology, Inc., (Santa Cruz, CA ws both t band.in
the placgﬁﬁﬁ@gr’érﬁsgﬂgﬁéqgﬁeé}&%ﬁ&hﬁsa%% B?ggg%??mépﬁac‘erﬁa@n%f
thesteresanyies FIQURE Bisha-gsanb thedshaiaihedimalangnce (SEQ

concentrations of 15 soluble endoglin in women with normal pregnancy,
mile é\@-é%]&?ﬁ5@1&?&%@@E}S%-eclampsia and non-pre-eclamptic

pregnangiesopErlicaled Sy tesmndeliverv A aodiRecimensivere

obtained within 24 hours prior to delivery. Soluble endoglin was .
medmmidsuiivny aarErRigreReRant AN, PlasaemEomNnid grg-eclamptic
DNDGOO), t le pdeglineuels At 2ses ().
sid%ﬁ%?f?t%/ee@%ﬁap%rgﬁgglg%%?%aﬂeﬁms at theﬁtimg 0 cIinicélg‘IS ®
disease. FHE 4G isiavgsapn Shmwingving arslgkoiphitcbniiyglinin the
concentration for.the five different stu roups of pregnant w
e b et G R AT
FIGlREIZdsataeapttishanih P theomsaniiditebfeatrrati @00 fonrttierfivernal

25 different study groups of pregnant. women throughout pregnanc ring
S R SRR S o B SISO RE BTS2
showing dhemesn RIGE sansenirsionatim divehaifesenisiydg graua,

of pregnant women throughout pregnancy during the various gestation
age &y dbpt Wasuietghw & YA 1@@%&9@%@@@@&&?@%@%@

P Ao ek oo
clinical sYHPIGRE . HIGUREL il shgraphsrrowirgiing pesgentrations of
oA A A I O S Scvr
pre-eclampsia and non-pre-eclamptic pregnancies complicated by pre-term
delivery. All blood specimens were obtained within 24 hours prior to delivery.
Soluble endoglin was measured using an ELISA kit from R & D Systems, MN
(Cat # DNDGO00). These data show that soluble endoglin levels are
significantly elevated in pre-eclamptic patients at the time of clinical disease.

FIGURE 6 is a graph showing the mean soluble endoglin concentraiion
for the five different study groups of pregnant women throughout pregnancy
during the various gestational age group windows.

FIGURE 7 is a graph showing the mean sFltl concentrations for the five
different study groups of pregnant women throughout pregnancy during the
various gestational age group windows.

FIGURE 8 is a graph showing the mean PIGF concentrations for the five
different study groups of pregnant women throughout pregnancy during the

various gestational age group windows.
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FIGURE 11 is a graph showing the soluble endoglin anti-angiogenic
index values according to the number of weeks before clinical premature
pre- eclampsia (PE <37 weeks). 10 FIGUE 12 is a graph showing the

WRIREPAtISH A soluble endoglin levels throughout pregnancy fSri#f05/034483
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pre-eclampsia (PE>37 weeks) before and after symptoms. FIGURE 13 is

a graph showing the alteration in the spluble endoglin anti-angiogenic .

index |e\}%ﬁ€3hﬁ$§haHB&%P@W&%#?W?%@%@%%&&“@%&EO bh anti-

W%ﬁgfag&fi%rﬁlasﬂ A SWHRians: MEHREbeisAgianhshtwingteprior to
e

soluble endoglin levels detected in women during gestational
hypitersipmaisiBefore gestational hypertension (1- 5 weeks preceding

gestationgiyReriension NG, 33136 Week-ah RGN soluble

normotensive controls. 20 FIGURE 15 is a graph showing the soluble
erztoliglinniandiogdnitdnaextieefsipokeo rtdarg BESHBHEIC pre-
hypertensio d-befor stational hypertension (1-5 weeks preceding
ge%ﬁé?trlno%sél?ﬁ%rée)ﬁgg%l%%ring 33-36 week of pregnancy)) and _
normote MU RENiIrbls. Fi@iREME isgtyrasiushowidgghe solieigiogenic

endaglin levels detected 25 during the 33-36 wgek gestational win S |
GG S SHE SN e T i S Bt e
178 sapirshewngdissoluble endoglin anti-angiogenic index levels
detected dur{rlﬁa the 33-36 week gesta 'onail windows in women with !
severe SO UG SEA SR SBARGIEALR A RO %W@%ﬁéﬁ”
P%&&gﬁ%ﬁ@?&%{ﬂ:ﬁ% FIGLRERS isampanh geminobeksppepntratidmfter
of sFlt1 and solubl

S e endoglin in'the same pregnant patients plotted ,
aganytteath other. FIGURE 19 shows photomicrographs of double
immunoflupreseence; staining of6REolin. Gad)and smeRIBJRwICISA6HAn
(green) fg%re-eclambt%é%h%%acentgs{?aken at 25.2 weeks. The antibo%y
usenttamisteniendodgin lstaibshstehikiarginereiofhintermd pie-edniprsia

en “E 7 %%g (S | gé%gleeng%% ];%etp gymptoms.

FIGURE 14 is a graph showing the soluble endoglin levels detected m
women during gestational hypertension and before gestational hypertension (1-
5 weeks preceding gestational hypertension (during 33-36 week of pregnancy))
and normotensive controls.

FIGURE 15 is a graph showing the soluble endoglin anti-angiogenic
index levels in women during gestational hypertension and before gestational
hypertension (1-5 weeks preceding gestational hypertension (during 33-36
week of pregnancy)) and normotensive controls.

FIGURE 16 is a graph showing the soluble endoglin levels detected
during the 33-36 week gestational windows in women with severe SGA, mild
SGA, and normotensive controls.

FIGURE 17 is a graph showing the soluble endoglin anti-angiogenic
index levels detected during the 33-36 week gestational windows m women

with severe SGA, mild SGA, and normotensive controls.
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appropriate gestational windows were derived from patients with pre-tens
labor. FIGURE 20 shows photomicrographs of double
irmnunofluorescence 10 staining of endoglin (red) and smooth muscle

WEAMNETHEER) for pre-eclamptic placentas taken at 41.3 wedKs!/FRg05/034483
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antibody used to detect endoglin stains both full- Iength endoglin and the
soluble endo lin. Contro as for a nal
WlndOWSFVEQ REE 16 ﬁ&?ﬁ%ﬁ#&%ﬂﬁl% ?Sgg?ﬂg %%&?Iﬁl%ﬂﬁ gohble
is anaBetaorARR:Qhihe Mt ast param Srokmt o ﬁgﬂ'ﬂmrmhltﬂhen and
western blots experiments for endoglin using bot -eclamp
pacentaf e s e o A BRIt
U BUORy jemand westerWigtIexnearioans)fesr phdeslitnptic

usmg pre-eclamptic p acentas The three different N and P samples 20

reptmamlwdmlm|mgks:ofb@ﬁﬁhéaé@éléeﬁﬁ%éﬁéwﬂ%a%létams
moRCinAl AR S RIS IRE JoRSIARRIGE IRaHRBE ARdARIY oA

e use r the western blots. Both these antibodies were
ra@gﬁo@gamgdﬂteﬁ*dﬁérmmdbmgmweﬂﬂwe@ dsgtirpphiomsivai pretde
bath the full length and the truncated soluble endoglin protein. 25
FI E 22 is a graph showing the results of angiogenesis assays using

HUVECsHraipwih fagiowseshitechinaigigels: shdoadén ﬁﬁmm;sﬁyemmmme
performed |n the presence of soluble endoglin or.sFltl or h and
ertisth@gPfBd alr?ﬂ-ff £EReg! W&%é&ﬂ&%&ﬁ? ¥ ?8 e

%W&%Q@ﬁé%%ﬁﬁ@\%ws%ﬁﬁﬂé@%@é@t@ﬁ@@a%ﬁ@fglﬁgm@@d
S represents 1 g/ml of sFltl. E +S r%o@esent the_combination_of 1 g/m| of E

+ I‘ﬂ@ﬁnmﬂémt avsloafirosedibasaishle sndnssinindepanbiplicentas or the
5o BIGHRE AR AR R eWINad R MIBHAASC WRh pre-term

per eabllity ng 5 several organ beds assessed using Evans blue Ieakage
in iatee.as described in the materials and methods. C- control (GFP),

E- solublefegxiﬁggrh sFItI I OS+E %Elﬁlw ae&g{j&!ﬁoegqg&gﬂ%npata

represents eano pen
immunoprecipitation and western biots experiments for endoglin using both

pre-eclamptic placentas and serum. FIGURE 21B is a photograph of the
autoradiogram from immunoprecipitation and western blots experiments for
endoglin using pre-eclamptic placentas. The three different N and P samples
represent individual patients. For both figures commercially available
monoclonal antibodies were used for immunoprecipitations and polyclonal
anfibodies were used for the western blots. Both these antibodies were raised
against the N-terminal region of the endoglin protein and detect both the full
length and the truncated soluble endoglin protein.

FIGURE 22 is a graph showing the results of angiogenesis assays using
HUVECs in growth factor reduced matrigels. Angiogenesis assays were
performed in the presence of soluble endoglin or sF1t1 or both and the

endothelial tube lengths quantitated. C- represents control, E- represents 1
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experiments. FIGURE 24 is a graph showing the percent change in rat
renal 10 microvessel diameter were subjected to microvascular reactivity
experiments in the presence of TGF-(31 (B1) and TGF-03 (B3) from
Wabdwe/¥3438Tng from 200 pg/ml - 200 ng/ml. These same expPemifEtns/034483
were repeated in the presence of soluble endoglin (E) at 1g/ml. These

data presented are a mean of 4 independent experime 15 FIGURE 25
o B SIS HE A, SHERSRR e Lt T e Bt dF Peee
miggrayeasaladaihe presanrceral & ng/ehaf M EEE (VhafGEpR el d)aewh of
the combination (V+B 1). Also shown is the effect of this combination in

théppedareecsfiang frPedEFBFsFItL (S) and soluble endoglin (E) (V+B

1+S+E). fheidearepiessiisha iean ol indapensdant exprrsasnisy 20
FIGURE 26A is a photograph of a peripheral smear of blood samples

5 takeveatlthecambegs saentred ismereanablualsdknaady Wins afelescribed in
Phatan. LA Hhend g cahadanenivees (GUN)-dRUIRE S0P fnd

co

photograp a peripheral smear of blood samples taken atthe time of
saftificesFlomprelybimtndaglinje Beth withasrn sonmbiatiohlohsEreadent
adenoviruses expressing soluble 25 endoglin and demonstrates active
he?ﬁﬁgﬂ}?ign & evidenced by schistocyes and increased reticulocyte

count. ArreghReElQ 46 pre geiisdivstany the HatdREG bk sacrarsdries of
phot,omicrogra(%hs showing the renal histologz %H E stair%?1 of the various, .
10 anirAgQiEip s HREGH SN PABIEH I MGURE SR M JRACthA e reg eriments m

hi%ﬁé%%s@{c%fcp@ﬁqugmm WithTERRTIERes SO olameiang from 200
endotheliosis. FIGURE 27B shows the renal histology for the 42 WO
2008084500 me PAl S5S A1A2 S SHRENS SreIsgRR Al @uBRqIpSRREF of

nOsswygﬁaag%@Bfaﬁ%@ﬂﬁzthﬁi&m@ URE2Y rShowsthsrrenal

histology for sFitl injected rats showing moderate endotheliosis (shown by
arriodepeaddnFGIEREBATD shows the renal histology for the soluble

SR S e
theljpncseyteeplllightrmiesegaphbsverstakenii 6@ ooiiMBGE (V), TGE-
Bl (B1) and the combination (V+B1). Also shown is the effect of this
combination in the presence of 1 pg/ml each of sFit! (S) and soluble endoghin
(E) (V+B1+S+E). The data represents 2 mean of 4 independent expertments.
20 FIGURE 26A is a photograph of a peripheral smear of blood samples
taken at the time of sacrifice from pregnant rats injected with the combination
of sFlt1 and a control adenoviruses {CMV). FIGURE 26B is a photograph of a
- peripheral smear of blood samples taken at the time of sacrifice from pregnant
rats injected with the combination of sFlt and adenoviruses expressing soluble
25  endoglin and demonstrates active hemolysis as evidenced by schistocyes and
increased reticulocyte count. Arrowheads represent schistocyte.
FIGURES 27A-D are a series of photomicrographs showing the renal
histology (H &E stain) of the various animal groups described in Table 8.
FIGURE 27A shows the renal histology for the control group with no evidence

30 of glomerular endotheliosis. FIGURE 27B shows the renal histology for the
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magnification). Detailed Description 10 We have discovered that soluble
endoglin levels are elevated in blood serum samples taken from women
with a pregnancy related hypertensive disorder, such as pre-eclampsia or
Wakrdmafesdialt Soluble endoglin may be formed by cleavage oPfF&US2005/034483
extracellular portion of the membrane bounds form by proteolytic

enzymes. Excess soluble endoglin.may be.depleting the placenta of.15. .
RS B S TP R O B TS ot st
Thigsselublecendagings amaxeelisnt dirgnosticirjatket preghende

related hypertensive disorders, including pre-eclampsia and eclampsja.
FURREFEN Enios 08 SBOVE &Y FTEREBEITD ab Lt o ETE Yo rone!

30%194 1 60deglin, Lipging o, ph factans: arRisdhaly srvsesaluiiamely
endoglin‘€xpression or 20 biological activity, or agents that increase levels
5 of groitn idownbanievsed gomeatesr W@@?@ﬁé@ﬁaﬁbﬁé@{b@smﬁom

hypertensive isorgaer C nke- I&%]ﬁ , I igl (EQS(‘HH

Su o%%ltesn%‘%%%@o e?%%%rg r?cs)ltl%i%&;ﬁtlg% to, ?r%&gﬁg?{%e go%l?le endo%%r??
oligenudieatites.for antisense or RNAI that reduce levels of soluble
endoglin, compounds that increase the levels of growth 25 factors,
compounds that prevent the proteolytic cleavage of the membrane bound

form of endoglin thereby prevdméiagigdeDelesipeiofisoluble endoglin, and
small molecules that bind solyble endoglin and.blpock the grqwth facto

10 pinding S8 bAYE %%%Yﬁﬁ%%&tf%%ﬂg??&seﬁf&%?&ﬁéoer%?lﬁw%gs%ﬁ‘ﬁagt?%\}&éié)f’d
soluble, SRARAINERA dRIsciRRHEPRR ey Hiagnesisentiimanegsivent

of a pregnancy 30 related hypertensive disorder, including pre-eclampsja
andisetdenpsish @8NP ABNBIHIBASGPirErTa s SOHD SA48E VR Rfstormed

R S e e O
thatithieadetailetzdessrigioresasphibls spgnelinfmnip endenlssing ihsrplasenta of
5 Andorvarants of aoluPle L0Reln: ARk Ao ¥ &Rl af BliRERiPRoReS 4%s,
soluble endoglin is an excellent diagnostic marker pregnancy related
hypertensive disorders, including pre-eclampsia and eclampsia. Furthermore,
we have discovered therapeutic agents that interfere with soluble endoglin
binding to growth factors, agents that reduce soluble endoglin expression or
20 biological activity, or agents that increase levels of growth factors, can be used
fo treat or prevent pregnancy related hypertensive disorders, such as pre-
eclampsia or eclampsia in a subject. Such agents include, but are not limited
to, antibodies to soluble endoglin, oligonucleotides for antisense or RNA1 that
reduce levels of soluble endoglin, compounds that increase the levels of growth
25 factors, compounds that prevent the proteolytic cleavage of the membrane
bound form of endoglin thereby preventing the release of soluble endoglin, and
small molecules that bind soluble endoglin and block the growth factor bmding
site. The invention also features methods for measuring levels of soluble

endoglin as a detection tool for early diagnosis and management of a pregnancy

30  related hypertensive disorder, including pre-eclampsia and eclampsia.
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The present invention features assays based on the detection of soluble
endoglin to pregnancy related hypertensive disorders, such as
pre-eclampsia, eclampsia, or the propensity to develop such conditions.
W/ RiRs fhRéStiethods 10 described herein refer to pre-eclamp8ialdied05/034483
eclampsia specifically, it should be understood that the diagnostic and

monitoring methods of the inventign apply to any pregnancy related
hyperten 8@5}5@@ ﬁ@@m*ﬁ%ﬁ%ﬁ@(@ ?&gé%g?fﬁ%s eolgecaﬂy to
hypaisRsisRcpIRYSRACY, WlTE serai ar, gestatibaal aged SedJkilitahin the
HELLP, chronic hépertens.ion, pre-eclampsia (mild, moderatg, and 1

sevdrbptdhe epilapSlasTraig 61 ALSGIRP SRS, HEBIRF O oLaros:
levels/@re.maas wesbitie SyRisaisapRle anrdupedasap indicator of

pre-eclampsia, eclampsia, or the propensity to develop such conditions. A
5 subject having pre-eclampsia, eclampsia, or a propensity to develop 20

su condi{jons will show an increase in the expression of a soluble

en 5%%%0%5?3S/peptide. The soluble endoglin polypeptide can include

full-lengtselpteene nologiind Sopadetiorsprotastd, caltdradiitestiiepitegluble

isoforms of soluble endoglipn, gnzymatic.cleava roduets of sol .

R e A O e B S

€
y that specifica

engaalinpalyneplidedpaysie tsdevidopmibie ciaditigis. o cetiampsiads
or eclampsia or to identify a Sllé?(ied at risk of developin S#Cgﬁﬁfngi 'on?(.i b
10 O RSTRABIBEH A AR B BYP RTINS tha0fh EBITRS Br e iAo QUL be

MORREIRAH RBIREY &Qgﬁm&w&miﬁ&ﬂmﬂggﬂ%@ﬁm imiRatiisn apply
commercially available from Santa Cruz Biotechnalogy, Inc. (cat# .

SCIROUT ) FERAIHEY T BAITRBILCRS YACHSUIHRY AR tEIE BN Mothdmited o,

exoression of < oni . e .
Mo S A U Gl
anihRiAsHEM Providsia hasisfosigagnesinlpmesiedanigsmodgrate, and

(5 eclam s?a or egﬁt( of %Eaveloping such conditions. Again, an increase in
> the TENI&P o the SBITBTE endoglin polypeptide is diagnostic of a subject
having preeeskasipsido golarifisia free, bpundensitytsd devlopsovtrsured in 2
condjtions. 5 Elevat(?d Iea/els of.s%l.ubjte e oI%Iin re a Posit'ﬁve indicato;; of
préjlbjec’{ sampie and used as an indicator of pre-eclampsia, eclampsia, or the
propensity io develop such conditions.
A subject having pre-eclampsia, eclampsia, or a propensity to develop
20 such conditions will show an increase in the expression of a soluble endoglin
polypeptide. The soluble endoglin polypeptide can include full -length soluble
endoglin, degradation products, alternatively spliced iscforms of soluble
endoglin, enzymatic cleavage products of soluble endoglin, and the like. An
antibody that specifically binds a soluble endoglin polypeptide may be used for
25 the diagnosis of pre-eclampsia or eclampsia or to identify a subject at risk of
developing such conditions. One example of an antibody useful in the methods
of the invention is a monoclonal antibody against the N-terminal region of
endoglin that is commercially available from Santa Cruz Biotechnology, Inc.

(cat # sc-20072). A variety of protocols for measuring an alteration in the

30 expression of such polypeptides are known, including immunological methods
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eclampsia or eclampsia. For example, if the level of soluble endoglin is
increased relative to a reference (e.g., 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% or more), this is considered a positive indicator of
Worelidlatipsia or eclampsia. Additionally, any detectable aREFETHOM 034483
levels of soluble endoglin, 10 sFlt- 1, VEGF, or P1GF relative to normal

levels js indicative of sia, pre- eclampsia, or the propensity to .
R AR N Ch i A S ST R eelgposia
sogshlel angenliorange fodeiéraimadiriog divonen-Auregnantistatesand the
from 10-20 ng/ml during normal pregnancy. Elevated serum levels, .

or s RS W ETRA LR GRS ATeRD AT R R Fme pre-
preferably;greatenhan s alpbasimated sf sl biv R BeadHibis:,

considered a positive indicator of pre-eclampsia. In one embodiment, the
5 level of sBigbricshguairrssalehlsuradaBliBcrbieeiA wiiRdiraterel sre-

sFt- E o] ' ' [ inati
e e e
describatdrelaive ublicafionnealser Y& 220408804605 Uis 60%, 70%,

Publication No. 20040126828, hereby.incor te rence i I

eVl TR ASTSTE) rona S p o B T el & HEBE e o

ang-gestationAalismkihe fetddealsolendtsutzn andeidudesbibble endoglin,
diagnostic ric. one embodiment, a metric incorporati oluble

10 e, G, O BTG, B EERO R  R a FR  AS AR o

determipaiwhathes sropiatienshfbelvwearlevelsinfaisdleasiivallef Bigulating

proteins is indicative of pre- eclampsia or eclampsia. In one example, the
mERTETS GPPICATERS PLADEIR1E cpdeshin FameR fotda’ Ng@&%%ﬁqlf%%e nop-

g%&@%&&@gﬂémqwmgﬂma&ﬁaggﬁ%s\?g%% indlex$hat iSrum

stic of pre-eclampsia, eclampsia, or the 45 34507

PGavelsapestesiwsal Hrafahary ter delvasprandhaviamsmsl ipmanestl
of solubl in.is. i relati .
15 O SRDIB SPARGND. Ao ARaH GIANEY A GIRERIGRBIMDIS (Bitidered o

or even by as much as 10-fold or more),
angatie-RAMisatpeaferrthesidifpsriore preferably greater than 20, then

the subj efzg 51%06%3{)% i%je}l \ Qgg/ ?e%?b%cégﬂgl%adndogﬁn is measured in
combination with the level of sFli-1, VEGF, or PIGF polypeptide or nucleic
acid, or any combination thereof. Methods for the measurement of sFlt-1,
20 VEGF, and PIGF are described in PCT Publication Number WO 2004/008946
and U.S. Publication No. 20040126828, hereby incorporated by reference in
their entirety. In additional preferred embodiments, the body mass index (BMI)
and gestational age of the fetus is also measured and included the diagnostic
metric.
25 In one embodiment, & metric incorporating soluble endoglin, sFlt-1,
VEGEF, or PIGF, or any combination therein, is used to determine whether a
relationship between levels of at least two of the proteins is indicative of pre-
eclampsia or eclampsia. In one example, the metric is a PAAI (sFlt-1/ VEGF +
PIGF), which is used, in combination with soluble endoglin measurement, as an

30 anti-angiogenic index that is diagnostic of pre-eclampsia, eclampsia, or the
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5 eclampsia, or to be in imminent risk of developing the same. The PAAI
(sFlt- Il VEGF + PIGF) ratio is merely one example of a useful metric that
may be used as a diagnostic indicator. It is not intended to limit the
WihoeletidastVirtually any metric that detects an alteration in tReTppgf34483
soluble endoglin, sFlt-1, PIGF, or VEGF, or any combination thereof, in a

subject relative to a.10 normal cgontrol be used as a diagnastic. .
AR R BB o S SO LB SheoEin i
anti:apsiegenisingdex a(effirdnt Osehfsieluble, ersiglih palyigepticte)) PIBH, or
An increase in the value of the soluble endoglin metric is a diagngstic
in@rerdyorprRieR B0 TRIGr B RaTp s btk Ribte! thatgirr i SpBrase
1%%%@/@%3@9%&% i sliganpsiicindicaieretddwraaos BrorsR@bsia,
eclampsia.”Ano

ther examp1e Is the following index: (soluble endoglin +

5 SRICIH)IPRBE oF he bedeiesgantiunisier iuplopRBE Bk TheidAgsFit-
thﬁx%@ﬁﬂ%%@%@%ﬁé@g&g@%ﬁiﬁQmagat&mﬁ e levels ok

soluble éndogl _ ypeptide in any bodily fluid,
indstding, dditgab@iclimiedtts, dtisesantemdsdsmiandathairaeniiotic fluid,
or cerebyospinal fluid. .S methods. include immunoassay, ELISA .
PR TR e s oL Aol B bty dogtin,
Plgar, $ftt, and/RERaHvwe eazpiiaticatereassaystechpicuehtueticos
those described in Ong et al. (Obstet. Gynecol. 98:608-611, 2001) and.S
10 e TS SRIERETIE S568D0AEIUN, TSR AR5 SRR i the
prefersesdrathadiiosmegsy ing myslssehiolnbis: esdedlin, VEGELIIGF,

or sFlt-1. Preferably, soluble endoglin is measured. Oliganuclegtides or

lorgée s prRinReAEATIENSM AHaRERSEHR 1BART2BIGE, 1BF Ve RideRtn
acjd SEQYENCEINAY.NE Hahas MRRENALARY 5P RIRRIERIEXRISSRIB

but also to identity subjects having'a genetic variation, 30 mutation, or
potyhegfihisndén abcenddiprefarabPabr et 0ECF dHgensetisciadisatoyol
2006/034507 PCTIUS2005/0344 t re.indicati
- s1a. oL ? (solubl
15 A UGN NG Pec ARGl 1 BN PR aRges (colubl
polyiiesinisneBImay Riffeet Hhelaideaeisl ampibifbeptitéudx fre$¥idhdévieds

orgggﬁgg%%lﬁgtgﬁlﬁ%hig aIXg]orphlsms are known to the

Standard methods may be used to measure levels of soluble endoglm,
VEGF, PIGF, or sFit-1 polypeptide in any bodily fluid, including, but not
20  limited to, urine, serum, plasma, saliva, amniotic fluid, or cerebrospinal fluid.
Such methods include immmunoassay, ELISA, western blotting using antibodies
directed to soluble endoglin, VEGF, PIGF or sFli-1, and quantitative enzyme
immunoassay techniques such as those described in Ong et al. (Obstet.
Gynecol. 98:608-611, 2001) and Su et al. (Obstet. Gynecol., 97:898-904, 2001).
25  ELISA assays are the preferred method for measuring levels of soluble
endoglin, VEGF, PIGF, or sFlt-1. Preferably, soluble endoglin is measured.
Oligonucleotides or longer fragments derived from an endoglin, sFlt-1,
PIGF, or VEGF nucleic acid sequence may be used as a probe not only to
' monitor expression, but also fo identify subjects having a genetic variation,

30 utation, or polymorphism in an endoglin, sFlt-1, PIGF, or VEGF nucleic acid
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skilled artisan and are described, for example, by Raab et al., supra, and
Parry 5 et al. (Eur. JInnnunogenet. 26:321-3, 1999). For example,
polymorphisms in the endoglin gene have been described and many of

W aB/aidssociated with the dominant vascular disorder KOS E5/034483
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hereditary haemorrhagic telengiectasia type | (HHT1). Many of these

mutations lead to the productian of a.soluble farm, of endoglin that :
RIS kG MO B A o BB Ao e B B s o
engatihgliah catiseangananoiesfiiy hrhatentd {Raskiaiatolypppalidn
another example, a survey of the GenBank database . .

(WRRREREBP RIS RIR goRioteeiab astiess: SYShROWHEBINFBIH SRR i the
gengrpRdieRronoler sesienad Firakliple DRIEGION0ROEHEHE, and Parry

variation, mutation, or polymorphism relative to a normal, reference _ . .
saﬁﬁple(ﬁyrcaﬁmgégeéz@_fa%é;?g%ésié988%3&7&1‘ SFBREREIRAFRIGIPIISIS In
eC%ﬁéﬂ&?dééﬁﬁ 6, PHAPERELY IR AEURIORRIGEAABIASIA O LRCIATIRSIRed with
Such genétic dlterations may be present in the promoter sequence, an

opthe feacking fremeylimtdinic daduevee ao hardzagabedBoraiisiv of a

gene. Information rel genetic alterations tQ:di .
B IO ARG ML Se e e K e
sugh cesidiierfornishatédginahghputnsiabtificealthiagianstin deertesets or
biological activijty of soluble endoglin, sklt-], VEGF, or P1GF, or
CoRBTRATR (RO B L LAt e R AP oy 5 o HET
Pre-fEampRiapEeslampsia) oihe atedispesitie) daihesam G A Gmmaikt,

one skilled in the art, having detected a 25 given mut%ion, can then

asdatplafe GV HTBHECH! HEHIlBREAraYER/fia B tha D e AeBnTRRETRS

th %@éoaia%é%wﬁm&@mwimvm@q ofRcREREMRAG

eclampsia. In one embodiment, a subject having pre-eclampsia,

eclaniptia, oreatiopensio) e oSl e A RTNANIFSHENah sample

or TRy S RaaTh oS T Ay o e

PGFaSR0510 34488 paratickatipsiirnPddEnpsMEGF levels. Methods for

e S el NS B 1BRT B0 A ARG AU PGS, am
open reading frame, intronic sequence, or untranslated 3 region of a gene.
Information related to genetic alterations can be used to diagnose a subject as
having pre-eclampsia, eclampsia, or a propensity to develop such conditions.
As noted throughout, specific alterations in the levels or biological activity of
soluble endoglin, sFlt-1, VEGF, or PIGF, or any combination thereof, can be
.oorrelated with the likelihood of pre-eclampsia or eclampsia, or the
predisposition to the same. As a result, one skilled in the art, having detected a
given mutation, can then assay one or more of the biological activities of the
protein to determine if the mutation causes or increases the likelihood of pre-
eclampsia or eclampsia.

In one embodiment, a subject having pre-eclampsia, eclampsia, or a

propensity to develop such conditions will show an increase in the expression

of a nucleic acid encoding endoglin, preferably soluble endoglin, or sFli-1, or
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example northern blotting or real-time PCR is used to detect endoglin,
preferably soluble endoglin, sFlt-1, P1GF, or VEGF mRNA levels. 5
Hybridization with PCR probes that are capable of detecting an endoglin

WEr W8RIBEEndoglin nucleic acid molecule, including genom{SEEtReATEE 483
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or closely related molecules, may be used to hybridize to a nucleic acid

sequence derjv m lect havi e-eclampsia or ecl -
R G BB Gt PR e LRy P e b D
is srasiedffrom adighlnspeeifiesteiion ie Jusitebetefukatory. régions or
from a less specific region, e.g., a conserved mo{(i{&él d the st&inoqency of

hEERIG BEBRTS PR PR GRS L KBRS Lo SE SAI0 )
dﬁé%é%ﬁ?&%ﬁfﬁﬁ%ﬂ&@%bx@ﬂdgm,%ear@@thyxﬂmwna@@@quence,
a

elic variants, or other related sequences. Hybridization techniques may

be used Hykmdartom bR T nReheaibe srajsrabiaahfkiectps an endoglin
eC&%E{&aﬁé%&dﬁggqk?u%mgq@m%lemeiﬁom% nBHRA%EE-Hsed &

monitor expression levels of a gene encoding a soluble endoglin,
potypetidelfed ecinoples bypayortheseddadlybisdizadalsanesleir asiprgyupnce
yet another embodiment, subjects may he di f iy 20

o B e L s O SR e
of @sveamsiaglineh sohdilernddpinpeditacifitroteotie Wiegher it is made
measurement of any of the nucleic acids or polypeptides described -herein
R G T S et e RS BT A e T e
levels as-GemBaAretio et velerentt dadaisearanione yoishe it adization
indicator 25 of pre-eclampsia, eclampsia, or the propensity to,develoaaﬁr the

suehaBRdfiRaon THRE TRl otghy BItHRCSHHHI e RIby S HERBS Stoe

”“ﬁ%s&%gﬁrieffésew i the-Redib: fuids ot sehiecthaMing-piamclamimsia,
eclampsia, or the propensity fo develop such conditions may be _
incrdatsdcsbyuasdittie Bxbrobigatbavic Jougres 5% PErByHES Aslsai snspgsions
60%.,.70%, 80%., 90%,95%. 969 %, 98% j :
e A S S b S s T i g gPets imeihe da
P GH$S21R06A84v B3 wraldtivertonitprevivasssaniplinty oftaigens foeading 2

Sasrg?ug?edggc{tl)lg B 833 Qpeeptide (for example, by Northern analysis, Ausubel et

al., supra).

In yet another embodiment, subjects may be diagnosed for a propensity
to develop pre-eclampsia or eclampsia by direct analysis of the sequence of an
endoglin or soluble endoglin nucleic acid molecule.

The measurement of any of the nucleic acids or polypeptides described
herein can occur on at least two different occasions and an alteration in the
levels as compared to normal reference levels over time is used as an indicator
of pre-eclampsia, eclampsia, or the propensity to develop such conditions.

The level of any of the soluble endoglin polypeptide or nucleic acid
present in the bodily fluids of a subject having pre-eclampsia, eclarpsia, or the
propensity to develop such conditions may be increased by as littie as 10%,
20%, 30%, or 40%, or by as much as 50%, 60%, 70%, 80%, 90%, 95%, 96%,

97%, 98%, 99% or more relative to levels in a normal control subject or
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same subject. The level of a soluble endoglin polypeptide or nucleic acid
in the bodily fluids of a subject having pre-eclampsia, eclampsia, or the
propensity to develop such conditions may be altered by as little as 10%,

WoHs88% 'or 40%, 5 or by as much as 50%, 60%, 70%, 80%F8B380Yk4s3
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96%, 97%, 98%, 99% over time from one measurement to the next. The

level of sFlt-1, VEGF, or PIGF measured in combinati ' . |
A A S G RN AR
eclampsiai estthe Y apensifis tetidie opdsytin pobgitotidaraybel altered by the
as 10 little as 10%, 20%, 30%, or 40%, or by.as much as SO%H 60% 37%;1){%? io
SO0 G50h 2B Ry BRI B or & H AR TR SF

SRl M Sfch S5RIBEAN 8RR AksRAtE) 2 hatleval e R VEGE, @rd0%,
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o, o

boulilyyiesdsushaas i6¥eto Baving /pré Lbiatipsid eelah psia, ot

pro | V. iti 1y be altered by as little as
e e ot 60%, 70%, 80%, 9%
95%, 96919 Texs s Bdy\aveTtinel e oprsunrdein parmbreiirthe Hasthe
In one, embaqdiment, .a subje il i ne,. :
o L S B e ) e o s

20:plegpshcypierimthe dhset dfywiereslsin psialijon tos bnadisotddry as
example, the s I be ajissue or cell collec in4ee cy
oD A BAeaD bt 31 e e S B SR N P ry Br e
tissyes 9ng,Ccolissingiusieplacenaldisaves plimbriababliseeadofisElial , VEGE,
cells, and leukocytes such as monocytes. In h for le, .
AR PHBTIB AP SeTThoSHp o] BT Ol Rl e A e B R i
of pregnant women durineth sstbaeeanssiar it brasstersiad Bfa subject
pregnancy. Preferably, the assay is carried out during the first trimester,,
forexarggies-atlengss. rolapnsiaveeihs BIORSSHIEI A YRR Risigons

YL e R A o

thes8eC I 4riR0ss1E00H,tBE%hiRE HirRdSte P T, S23mplebiins, PEmma2,

34%113&931\1/;/3?1:1 ggpg%?élgg}éPCTll152005/034483

In one embodiment, a subject sample of a bodily fluid (e.g., urine,

plasma, serum, amniotic fluid, or cerebrospinal fluid) is collected sarly in
pregnancy prior to the onset of pre-eclampsia symptoms. In another example,
the sample can be 2 tissue or cell collected early in pregnancy prior to the onset
of pre-eclampsia symptoms. Non-limiting examples of tissues and cells
include placental tissue, placental cells, endothelial cells, and leukocytes such
as monocytes. In humans, for example, maternal blood serum samples are
collected from the antecubital vein of pregnant women during the first, second,
or third trimesters of the pregnancy. Preferably, the assay is carried out during
the first trimester, for example, at 4, 6, 8, 10, or 12 weeks, or any interval
therein, or during the second trimester, for example at 14, 16, 18, 20, 22, or 24
weeks, or any interval therein. Such assays may also be conducted at the end

of the second trimester or the third trimester, for example at 26, 28, 30, 32, 34,
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36, or 38 weeks, or any interval therein. It is preferable that levels of
soluble endoglin be measured twice during this period of time. For the
diagnosis of post-partum pre-eclampsia or eclampsia, assays for soluble

- WEeIRthay be carried out postpartum. For the diagnosisTSfHUS2005/034483
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propensity to develop pre 5 eclampsia or eclampsia, the assay is carried
out prior.to the onset of pregnancy. In one.exampls t-th ItQFi
antbr B AR O T1Er T ey 4 e Bl eoe ey GF Bhoele
pregacsicy itelche dibgrassiofipseidelpmpsial timae Partibeldagrastphe,
serial blood samples can be collected during pregna and(%he#eveés %fe
TS BB N ERETAC HERATARAE B ETI AL A REp™ 123
example. aispmpiedss0lesiad dgrind die seeqndiEmaster dandlearlydn

the third trimester and in increase in the level of soluble endoglin from the

firsclanmsimgrteclrennERs IBeriativecariid YU AMBSIE BreRPamiyiRrcgpancy”
the prop %51?1’..&%)#8, ‘%8%’ ﬂ{%%}ﬂf‘dﬂ%%ﬁﬂﬂ\fﬁﬂgé’%ﬁﬁﬁtiBﬁltﬂé?a@_e, the assay is

measurment of any ligands of soluble 15 endoglin (e.g., TGF-P1,

TGE=A33 oattiviring, tBaR<gnancyBiie-thelidiagadaia obpeie M a

subject, preferably urine, and. an altelrati | r :
\/%1 8}{;%%%%?1&%1" exagl&ﬁalﬁhﬁe%éii ?&)éﬁ égm#?/gego 3%8 C ?e%%ﬁ_scﬁ)nng

in the le e endaoglih ligand s indica pre- eclampsia or

eclampeigcy ind dierieass piaatiod]assdysimaphpastidedoutaizd/tjme

during the 20 pregnancy, hut are, preferably, carried out garly in .
prgé%ﬁby;%ﬁﬁ?%eﬂ%mb&’ 3?5?&2%15&%5?5%%&% ot s&&%\%@ﬁ%a et
ter PEAOIRARS RS Iarieswidelydbeineraspecias ldveltvhingufithendoglin
assay will be determined by a veterinarian, ‘bu':%ig generally correspond .

to ROttt SRERVB ARy AAKHRR SR PIO TARALA A eRETpsia,
mefhads described hersin aribg-+ised individually or in combination with

any other diagnostic method described herein for a more_ accurate
diagnosi<lbe thwentisarderdndade by srcerssmbtdanribendnabesfuble

pre-eclampsia or-eclampsiain tianythe diganestic metlieds) dgsaiibad:
50%&%@/&4@?@%@ 00’%%%%228%’ %ﬁ%?n ¢can be usedc? in
cothliigtion dvitbramysothestiagfostitymdtimdsd an altelration (e.g., increase or

decrease) in the level of the soluble endoglin ligand is indicative of pre-

eclampsia or eclampsia. .

In veterinary practice, assays mﬁy be carried out at any time during the
pregnancy, but are, preferably, carried out early in pregnancy, prior to the onset
of pre-eclampsia symptoms. Given that the term of pregnancies varies widely
between species, the timing of the assay will be determined by a veterinarian,
but will generally correspond to the timing of assays during a human
pregnancy.

The diagnostic methods described herein can be used individually or in
combination with any other diagnostic method described herein for a more
accurate diagnosis of the presence of, severity of, or estimated time of onset of

pre-eclampsia or eclampsia. In addition, the diagnostic methods described

50



determined to be useful for the accurate diagnosis of the presence of,
severity of, or estimated time of onset of pre-eclampsia or eclampsia. The
diagnostic methods described herein can also be used to monitor 5 and

Wihamuge4pe-eclampsia or eclampsia in a subject. In one exBATPIS2BP5/034483
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therapy is administed until the blood, plasma, or serum soluble endoglin

level is less than 25 ng/ml. In another, example, if.a subject is determined
toliFawkS 4AN PRISASER %%BPBF«EB]HBYJBR&S@F#%%%%AE e

0 3W§rma control

thep the therapy.car e Reministeresks atl dhessenimPHzdsdavelofsesvtaity
approximately 400 10 pfg/mL. In this embodiment, the levels of soluble

ertfoglinsemated prGRimel Alors-6PamPaRPARUFARYEE: are measured
repeatedy a5 melhoc Aok OACFIRNSIA diseass BUkOAR e
a

treatment an nagement of the pre- eclampsia and eclampsia. 15
Diaghestic gtprheinveation sideprsiidesokaiaghoate sammie ppiherapy
example, a_diagnastic test kit incl Ibodies ta solublegpdoglin
o P o s e e

befveersthe/antibo diestand: tiesiolulle sgedlin doiypeptddofvre an
detection, either the antibody or the 20 soluble endoglin pal tide |
PR b A e e R
subsirete;hpumd bte?@@ﬁz%?ﬂﬁﬁ%hﬂ@lb med BHEEII_Banjmeh‘ nhidemotiodiely 400
interaction can be estaplished by determining the amount o e

AR G GBIl PG BN E AT AE dh oy 21T
soliplee %g(ggﬂaﬁe'zmec&tiﬂesé SUWRAieRAl EABAdN Ace MBI 26t only
known method for detecting antlbodél-substrate interaction and can_ be

prafiagedsingiiitraseturmoninsHp TR BhUUY I PRETRBH R RaRTe

be detected in virtuall any bodily fluid including, but not limited to urine,
sefd a%nﬁsalgr%%‘,i %ngl?/n ,Sarhniotic fluid, or cerebrospinal fluid. The invention

also provides for a diagnostic test Icit that includes a soluble endoglin
nucleic acid t%?ettcan be used 30 to detect and determine levels of soluble
enPSRERRG A S cids. A kit that 51 WO 2006/034507

PCT/US2005(83448h detepminiafoaltetbtionstidhestdue! Fosoieple, a

eng&ggl;gggclxtgsetpﬂ? ?:arr? l‘i?ltg{gdteoan’cibodies to soluble endoglin and means for
detecting, and more preferably evaluating, binding between the antibodies and
the soluble endoglin polypeptide. For detection, either the antibody or the
soluble endoglin polypeptide is labeled, and either the antibody or the soluble
endoglin polypeptide is subsirate-bound, such that soluble endoglin
polypeptide-antibody interaction can be established by determining the amount
of label attached to the substrate following binding between the antibody and
the soluble endoglin polypeptide. A conventional ELISA 1s a common, art-
known method for detecting antibody-substrate interaction and can be provided
with the kit of the invention. Soluble endoglin polypeptides can be detected in
virtually any bodily fiuid including, but not limited to urine, serum, plasma,
saliva, amniotic fluid, or cerebrospinal fluid. The invention also provides for a

diagnostic test kit that includes a soluble endoglin nucleic acid that can be used

to detect and determine levels of soluble endoglin nucleic acids. A kit that
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a reference, such as the level present in a normal control, is useful as a
diagnostic kit in the methods of the invention. The diagnostic kits of the
invention can include antibodies or nucleic 5 acids for the detection of

WERIWB/NEEF, or PIGF polypeptides or nucleic acids as dedt¥GEERRP3483
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Patent Application Publication Numbers 20040126828, 20050025762,

and 2005017044 and PCT Publication N ers . 2004/008946 an
WESIOBEI6T P0G SR ABIINER: ﬂ%&%ﬁ?&%ﬁ%‘?&%ﬁﬂ%"g 8%%‘1%:% s‘j‘?‘ag‘fe o
needed inRedormAme 186f thessirgnasiicrmetbeas slesonbddlabave.

For example, the kit desirably includes a membrane, where the soluble

eregpiostinkinipdhe mesheds algistiNgRBHYS the soluble endoglin
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binding ki3
supported on a dipstick structure where the sample is deposited on the
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intended use of th (ﬁ C nd a reference sample or purified
protiifd4EHe ﬁgge é) &%ﬂ%ndard curve. In one example, the kit
contains Baspgyctiongifontheissernf sietkittanf disgnasisdfo perform any
pre-eclampsia, eclampsia, or the propensity to develop pre-ec] sia.or

e RS BRI TOHRRS SEATAIES AROKR: CER AT TRLEIBHOHS JET TR

usg afihs KitiemenioriNsraRe Wit FeAtRentor BREAGE seaimentiidhe
treatment of pre-eclampsia or eclampsia. The diagnostic kit magglf?lso “
inthaddiadstibe oplnbteaidraipdingmeerid vrPRORT AR hfHagmbranc.
PA& o1 soluble en%%%iA L AN0IN0L RGNS Index Rl D & BRRIGRE SamPIE is
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sa BF@%@HHS’ B a?r@l&)t%ogeno}?n%?arg ear{gr?%‘g \(;a%%, W ere%% an 30 0 e
incIegsainithe MAAasehdierendogliropatiangichenessstiedex or in the

52 WO 2006/034507 PCT/US2005/034483 . .

The diagnostic kits alsc generally molude a label or instructions for the
intended use of the kit components and a reference sample or purified proteins
to be used to establish a standard curve. In one example, the kit contains
instructions for the use of the kit for the diagnosis of pre-eclampsia, eclampsia,
or the propensity to develop pre-eclampsia or eclampsia. In yet another
example, the kit contains instructions for the use of the kit to monitor
therapeutic treatment or dosage regimens for the treatment of pre-eclampsia or
eclampsia. The diagnostic kit may also include a label or mstructions for the

_use of the kit to determine the PAAI or soluble endoglin anti-angiogenesis
index of the subject sample and to compare the PAAT or soluble endoglin anti-
angiogenesis index to a reference sample value. It will be understood that the
reference sample values will depend on the intended use of the kit. For
example, the sample can be compared to a normal reference value, wherein an

increase in the PAAI or soluble endoglin anti-angiogenesis index or in the
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soluble endoglin value is indicative of pre-eclampsia or eclampsia, or a

propensity to develop pre-eclampsia or eclampsia. In another example, a

kit used for therapeutic monitoring can have a reference PAAI or soluble
WénsegliftSanti-angiogenesis index value or soluble endoglinREI(E 20483

indicative of 5 pre-eclampsia or eclampsia, wherein a decrease in the

PAAI or soluble .endoglin anti-angiogenesis index value T a decrease in

th& BRI RPERBY TPV BT H7E SUB s EHBRP A AV B RE Feflrénce
sample can, he sseddp graicuiatherapedimeiitacinemeliestivedpsagekit

of ther?fpeutic compounds. 10 Screening Assays As discussed above,

he, .
le VSR8 arsbRIBREBHA SHHRA ITEIBIEARGE o 236 etiiB Y theraedue frPadoglin
sup 95!1‘@\%‘&1@5‘?5%&%‘%1% eclampstiac Rl SR QRens tyaiq develanwueh

conditions. Based on these discoveries, compositions of the invention are
5 uspfeldflathpskigh-twleugisputibu ot derwrephingol dhdra@uble
compounds to.identity those thatmogllate e eXRISISIRD Ao bl gtin
en gqﬁl Bo%ypepl%%lle r'nucleic acid molecule whose expression is
altestekinfalsubjpdt davingla pleteci anibsiacderokenspsial Acanhembet tf

methods are available far carrying.out screening a s_to identify new
CaRIERE DSBS AT TS e oA S oh CHLBIe S0 Sragae
nucleic acid molecule. In one working example, candidate compounds
are added at varying concentrations to the culture medium of cultured

10 cells expREGABBSARIIE endoglin nucleic acid sequence. Exemplary cell
cultures inglyde.aBRABIGRISHR Gy RO oMIR: 8adobEE eliRleadd or
HIJVECSs. Cells that express high levels of the membrane bound form of
25reivogideds s tpasad dovatibl probamiase e ¢ somaiancclampsia, or a
metalloprotei tr lax domay linto
for?rgog)oﬁ% ‘%%’ﬁ%%ﬁﬁ?@ﬁ?ﬁfﬁsga S ggrsl tlgﬁ%gng%g%sed toH]sS(car;feQr?% new

candidpmidmimaﬁﬁdﬁr@eﬁé)maamesﬁahf@ therhigbdbupushar dxanaprs,

by microarrayanalysis, Northern blot analysis.{A I ), or
15 RO AT SO0 R e T et B
acigkprelemsiends adiybiddiadtigtirppobee i@ 2086k08ABGHolecule whose

PCT/US2005/034483, . , . . .
expression is altered in a subject having a pre-eclampsia or eclampsia.

Any number of methods are available for carrying out screening assays

to identify-new candidate compounds that alter the expression of a soluble

20 endoglin nucleic acid molecule, In one working example, candidate
componnds are added at varying concenirations to the culture medium of
cultured cells expressing a soluble endoglin nucleic acid sequence. Exemplary
cell cultures include trophoblasts (e.g., BEWO, JAR, and JEG cells) and
HUVECs. Cells that express high levels of the membrane bound form of

25  endoglin can be treated with a proteinase (e.g., a matrix metalloproteinase) that
cleaves the extracellular domain of endoglin to form soluble endoglin. These
cells can then be used to screen for new candidate compounds. Gene
expression is then measured, for example, by microarray analysis, Northern
blot analysis (Ausubel et al., supra), or RT-PCR, using any appropriate

30  fragment prepared from the nucleic acid molecule as a hybridization probe.
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The level of gene expression in the presence of the candidate compound
is compared to the level measured in a control culture medium lacking the
candidate compound. A compound that promotes a decrease in the

WEMNBESIBAT of a soluble endoglin gene, nucleic acid molec & TEFS2005/034483
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polypeptide, or a 5 functional equivalent thereof, is considered useful in

the invention; such a molecule may be usec:@{%exa 1288 ind s

thaTpISAL Wb SRt FrETEIA JRIRGPERTarR i ANR SRatISIRM: SRS
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att vel of polypeptide production using the same general 10 approach
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po?ypeptl e. For example, immunoassays may be used to detect or
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maylegpsieddn anpistandard immunoassay format (e.g., ELISA, western

blot, or RIA assay) to measure the level gf the pol tide. In. som
embodin @R bR TATBIOmBtEes Hek e S B Bl goay be
or biglogicalaetivity el asshiblerntqsiidpalvpapite isconsidgeadral
particularly useful. Again, such a molecule may be Z%ed,_ for exzilm le,
asapBrRIel S RNdersy IR RS b B e it hAn TSR Dlotng or
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In yet another working example, candidate compounds may be screened
forpthlyperthde secifisampliniBIEEsHIBYS BRATHSHSSSIyDERtRfe oF faonitor the
efficacy of su didat | HRRR SRR dnism.
intg}r;gé% With 2t %ﬁlc%?sg é%?yﬁ%qgﬁg&cyﬁ %‘ﬁ%%%%%gﬁi%ivalent thereof.é =

Subpblaclanteractiomoalvniab asibiiyiesgapddassing deseribathehwiesthadiare

binding techniques and functional assays (e.q., those- ' i
Au%%}?%ﬂ%%f)gl{?%@ﬁ%fplﬁugﬁ@ %(?ﬁ[?g ﬁrﬁéﬁ? ‘a/%gr?g @Z%g%%%%ﬁ%%dmay

be igsiaddRsvitvordemiss @hiiNEI0SSpecifitaltyHiridar akeptidetofthesure the
invention. In another embodiment, a ORé%qdidate com ouncgdlsa¥ested for

its BRI tAGRPERSE TS bIBISYREL: S, & Compoun promotes a

decrease in the expression or biological activity of a soluble endoglm

polypeptide is considered particularty useful. Again, such a molecule may be
used, for example, as a therapeutic to delay, ameliorate, or treat a pre-eclampsia
or eclampsia, or the symptoms of a pre-eclampsia or eclampsia, in a subject.

In vet another working example, candidate compounds may be screened
for those fhat specifically bind to a soluble endoglin polypeptide. The efficacy
of such a candidate compound is dependent upon its ability to interact with
such a polypeptide or a functional equivalent thereof. Such an interaction can
be readily assayed using any number of standard binding techniques and
functional assays (e.g., those described in Ausubel et al., supra). In one
embodiment, a candidate compound may be tested in vitro for its ability to
specifically bind a polypeptide of the mvention. In another embodiment, a

candidate compound is tested for its ability to decrease the biological activity
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WO 2006/034507 PCT/uS2005/034483 of a soluble endoglin polypeptide
by decreasing binding of a soluble endoglin polypeptide and a growth
factor, such as TGF-(3, TGF-(33, activin-A, BMP-2 and BMP-7. In
WankgtleéB4§0tking example, a soluble endoglin nucleic acid iSPSEXpréEEEH+83
as a transcriptional or translational fusion with a detectable reporter, and

d in an jsolated cell (e.g., lian gr.insect cell he .
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compound, and the expression of the detectable reporter in that cell is
corigdpdéFto’the 10 expression of the detectable reporter in an untreated

control Cﬂ-ﬁ&ﬁm@iﬁo&gﬂw& thalidsrr eagesitneaxlpessianiof a

soluble endoglin detectable reporter is a compound that is useful for the

5 treztpresiedfasre Ealantintian etianpsional srsten i Braukdnciahte ranorter.
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nucleic or nucleic acid. 15 In one particular working example, a

candiatboferhptunkh thas hirais aterassohubiepnudetibisaypastiee hhy el

identified usi chromatography- based technigue,

e EOGTTATA PO EETaE O e gEhho A et U fopnd, and

teqhpiguasdipm cetiscehginedirdtp@iprasththecialy peptides®ig . {ithose
described above) and maybe immobilized on a 20 ¢column. A solution of.

10 GaRERISEB B R AR R RSN B G Bee CORITRR. i o Condidate

compannchanasiiicioedbe seiblgrendes it pabienidedsgltedtfietblethe

basis of its ability to bind to the polypeptide and be immobilized on the
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released from the column and collected. Similar methods may be used to
isotaderassiompdamebboien g tocafpesigie ptiakclpierif 8y noslwis s

isolated this method (or a t ropriate: [ i
R e
addiﬁslmbﬁhmogﬁmcﬁ@aypa;ﬂid@mmdbmﬁﬁaéamgﬁ cheomadsidgyaphy-
dogrease e sclviy.of 30,8 spluble endogn ROYRSRISE: SUMPENRon may

be purified by standard techniques from cells engineered to express the

polypeptide (e.g., those described above) and may be immobilized on a

70  columm. A solution of candidate compounds is then passed through the

~ column, and a compound specific for the soluble endoglin polypeptide is
identified on the basis of its ability to bind to the polypeptide and be
immobilized on the colummn. To isolate the compound, the column is washed to

remove non-specifically bound molecules, and the compound of interest is then

25 released from the column and collected. Similar methods may be used to

isolate a compound bound to a polypeptide microarray. Compounds isolated
by this method (or any other appropriate method) may, if desired, be further
purified (e.g., by high performance liquid chromatography). In addition, these
candidate compounds may be tested for their ability to decrease the activity of

30  a soluble endoglin polypeptide. Conmpounds isolated by this approach may also
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55 WO 2006/034507 PCT/US2005/034483 be used, for example, as
therapeutics to treat pre-eclampsia or eclampsia in a human subject.
Compounds that are identified as binding to a polypeptide of the invention

Withoata3dffinity constant less than or equal to 10 mM are cONSIHETE}S/034483
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particularly useful in the invention. Alternatively, any in vivo 5 protein
interaction detection system, for example, any two-hybrid assaé/{ gn:gg .bem .
e of the

|
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inyentiansRotential Aataaanistsdnsedecaanics Blediieso papiigpsptide of

peptide mimetics, polypeptides, nucleic acids, and antibodies that bind to

a SonibrentveAHsyRR AlfEs eenytaatlnen aaary eanmbie dNdBghATe
Polypeptides SalHbie.crdagln DNASERUGRERS Mayalse B Used inihe

discovery ang development of a therapeutic compound for the treatment

of et | antaysidion deskuthpsisysTire, dAt SHEa PRy, RSt essiymay be
can be used.as a target for creen drugs. Addific e, PNA

se 13? Zh%cggoelgggdﬁggﬂ%p glrﬁ%ﬁg %%Et?ermflfr%a?{r%g%%s gf %e%%%ed protein
origh#aerdelgarno or other translation facilitating sequences maybe

isolated hy standard techniques.(Ausubel et al.,. supra). Optionally,..:
compourkS R BE ARG N AR e oD Piiae
copfirmedapusphitiaanasdel feridorpounddddaisdhatédsé the 26tuble

biological activity of soluble endoglin. Small malecyles of the invention
pr@éﬁﬁ@%@%%@éﬁ%ﬁ%@ﬁ@lﬁ@m OG0 HBRY ?gepreferably

between 300 i 4030 dafioAss e ABesmpyaiRmbl/ReivaeRAdfuardry and

700 daltons. It is preférred that these small molecules are grganic

malevelesmesRis: tonapoutiels AMRRIRFLS e JERERANE SRS TRIPSia or
le of.d i i daali i -
Caggf)%rglﬁ%% fn“‘fl’ige%%{%%ég% &%&#%g&gﬁ 18 RRdeglnpoleniide.ass: fo

identi natural product or synthetic (or )
sethisyntbatic) ektags ok didimivdl fivhariodér fegpences encoding the amino

terminal regions of the encoded protein or Shine-Delgarno or other translation
facilitating  sequences may be isolated by standard techniques (Ausubel et al.,
supra).

Optionally, compounds identified in any of the above-described assays
may be confirmed as useful in an assay for compounds that decrease the
biological activity of soluble endoglin.

Small molecules of the invention preferably have a molecular weight
below 2,000 daltons, more preferably between 300 and 1,000 daltons, and most
preferably between 400 and 700 daltons. Itis preferred that these small

molecules are organic molecules.

Test compounds and extracts

In general, compounds capable of decreasing the activity of a soluble
endoglin polypeptide are identified from large libraries of both natural product
or synthetic (or semi-synthetic) extracts or chemical libraries or from

polypeptide or nucleic acid libraries, according to methods known in the art.
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30 polypeptide or nucleic acid libraries, according to methods known in
the art. 56 WO 2006/034507 PCT/U52005/034453 Those skilled in the
field of drug discovery and development will understand that the precise

WO SEEst extracts or compounds is not critical to the sEEBRR§15/034483
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procedure(s) of the invention. Compounds used in screens may include

known compounds (for example, known therapeutics used for gther
plerbREr e S te B Rk e R
che{Ricak HHACISBLEY MPGK SaRPDE srpoeddisingdhermeshesithe
described” herein. Examples of such extracts or compounds include, but

arsWePHMEAHOTSABTaRR. CR NG AR Y BRERRry AT Uik S et risea reY
fermantation RathsmARchAX ML lc AAMBOLNdR AR MEAR B aeificationid

existing compounds. 10 Numerous methods are also available for

getimeasng endiomiens Hirédtedasysihickisielly Sempayhinesurdmsial
S e LA UL EIANICR  CARA B W A 0 Bbscribed
- p | -

.7 chemical e€x
limited to, sacc arld%, ipid-, peptide-, and nucleic aid-base

cobapelindBx Sypthetd aorhpaumndibrariesmrendsimokidialy tasi ot difagied
Brandgn Associates (Merrimack, NH).and .15 Aldrich Chemical . ..

RS, SRR D e SPap e A paa M Sk FESBhvation broths,
of hagterinhdupeaplanidgnd aring exidattaies comingngiatbypeaitekle
from a number of sources includjgﬁblgri tics (Sussex, UKg Xen

(SUFIETOIOTIMORT Btlen BEaRl oh R TR SO G Teelor
an@;ﬁﬁﬂmw a1, R AvkaRbUdesa M EstIcifony AR BABBmical

synthetically piroduced libraries are produced, if desired, according to

meshoadswingHBGRIERP! BinEashitarwhfsdton B iRmtidimeRd

O e o,

additinmeiristyskiligtibictfioarBotedoy distveiss Mﬁ@v@@@m@é

R e s e,

compinssignitherenffomihe dintiratipfunfabplicate srot sepeaks:ofmtterials

B N o Bl ST up g AV, SHOYIL R BT RINEY (Sussex,
UK), Xenova (Slough, UK), Harbor Branch Oceangraphics Institute (Ft. Pierce,
FL), and PharmaMar, U.S.A. {Cambridge, MA). In addition, natural and
synthetically produced libraries are produced, if desired, according to methods
known in the art, e.g., by standard extraction and fractionation methods.
Furthermore, if desired, any library or compound is readily modified using
standard chemical, physical, or biochemical methods.

In addition, those skilled in the art of drug discovery and development
readily understand that methods for dereplication (e.g., taxonomic
dereplication, biological dereplication, and chemical dereplication, or any
combination thereof) or the elimination of replicates or repeats of matenals

already known for their molt-disrupting activity should be employed whenever

possible.
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possible. 57 WO 2006/034507 PCT/US2005/034483 When a crude
extract is found to decrease the activity of a soluble endoglin polypeptide,
or to bind to a soluble endoglin polypeptide, further fractionation of the
WpoHith/e#eeid extract is necessary to isolate chemical constRGEtS2005/034483
responsible for the observed effect. Thus, the goal of the 5 extraction,
fractionation, and purification prqces e care%! teriizatiop nd

is th ch?%tra ub"ile
identifiga%??%ﬁa?’émgfl@?ﬁt i PRGN TR e &Peads

th%ﬁﬂ%ﬁﬂﬁ] ble sndogilia Rl BShtitle cMRiRRd S 61y astionafiethand

purification of such heterogeneous extracts are known in the art. If |

defsiveidonetaTpeliMesnsEive 1690 uEaRlARB AR 1RSSR RS hent
of 2 DA G S AGIRIORSIY slemesieraie Chamicall doeckiegle
according to methods known in the art. Therapeutics The present o

5 inventiotideafiresanetiovd sraiplednpoBH DI F67 tpehargisiul Shevegstirgon
pre'eag] én?zi%a?{o%%?mgﬁéa el %Hﬁ %iﬁﬁiﬁ%ﬂé'}%&%@ﬁr%ﬁ?ﬂé{b&@cre%es
endBolitRr HciEased in s%jects ing pre-eclampsia, eclampsia, or

haytieg aipleisposiosi desdokliopiimesidmyMgtnidihaf fecteassiothund

expression levels and/or biological activity of a soluble.endoqgli .

O BERRRD T LR ROTERS B SR RE hB e fhdesired

inventionuidchaganis widnguide cempaunds ficheas ddife@oT Chu(Ba)

activin-A, BMP2, or BMP7, that can disrupt soluble endoglin binding to
10 ligareisc BRRRGRT A4BBEY ORE RIGEHCBRARRAHAT MR CT R SR BRCATG

biqgﬁ)@q{q{gl&lggﬂpglin; antisense nucleobase oligomers; and dsRNAs
used to mediate RNA interference. Additional useful compounds inccude

any compounds that can alter the biological activity of 25 soluble endoglin,
for, eagﬁgle% as measured by an angiogenesis assay. Exemplary

tre mg%sods are described in detail below. These methods can

also be c@tnbjpreskbuiith vaethodfsbdecnsbedsiind Wﬁti@%ﬁaﬁgéﬁng or
e e et el as SRS,
2004R1268280lin are increased in subjects having pre-eclampsia, eclampsia, or
having a predisposition to such conditions, any agent that decreases the
expression levels and/or biological activity of a soluble endoglin polypeptide or
mucleic acid molecule is useful in the methods of the invention. Such agenis
20  include compounds such as TGF-B1, TGF-B3, activin-A, BMP2, or BMP7, that
can disrupt soluble endoglin binding to ligands; a purified antibody or antigen-
binding fragment that specifically binds soluble endoglin; antisense nucleobase
oligomers; and dsRNAs used to mediate RNA interference. Additional useful
compounds inlcude any compounds that can alter the biological activity of
25 soluble endoglin, for example, as measured by an angiogenesis assay.
Exemplary treatment methods are described in detail below. These methods
can also be combined with methods to decrease sFlt-1 levels or to increase
VEGE or PIGF levels or decrease sFit-1 levels as described in PCT Publication
Number WO 2004/008946 and U.S. Patent Publication No. 20040126828.
30
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30 58 WO 2006/034507 PCT/US2005/034483 Therapeutics targeting the
TGF /i signaling pathway TGF-(3 is the prototype of a family of at least 25
growth factors which regulate growth, differentiation, motility, tissue

Wiep&dsHng, neurogenesis, wound repair, apoptosis, and aR§iIFYEHeSHE3 83
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20

25

many cell types. TGF-(3 also 5 inhibits cell proliferation in many cell types
and can stimulate the synthesis Cé[ r_natr}'x prot?lns. Unless evidenced from

thésrsutiasATaRIE e ARE YSHATE P M sed throughout this
specificatipvgl| bedIpAsEHERb L Senryallyaiiente any@nt dorembeich

of the TGF-(3 superfamily as_appropriate. Soluble endoglin binds several
spegiinenoves SHIETEEYS TRy iFRIGdRE RS FLENFERLEESSS.
a%%iﬂnﬂ\ggaﬁ- %%ﬁ%%; LA RSY-E eI RED ete RpdleVElDRIRGiIso
fetus or placenta of these necesSary mitogenic and angiogenic factor.
Thelptessrdliprohifion fieatiresametsddsrasiaoibemirriimal aevidr Hriheses of
ligands to bind to soluble endogli eutralize: ffects; I

e BT LB P R e S e et
inveRtionGPuifieddedme afghoyt sbisibteeiidetiin gl sutlerssopE R A3

family pragteins, including but.not limited to TGE=(31, TGE=(33,.activin-A,
Bl\ﬁ@é?ﬁﬂﬁ BB 4 é&&ﬂhiﬁgﬁ%ﬁ) Oit(%)I 1[?1?@[%?&%% 5 fgfr(‘}]’g%%g treat or
PreyerifiateclopIsia sideirmpsis RidtigdicfithiambyprofeinsTGF-B
include any protein with an amino acid , sequence that i 9Ir%g§us,
GRS RIS B e P St Bl SAb 0 dpay serve
Tﬁg debRlei5E ﬁ%l%iﬁ@fé%ﬁ@ﬁnﬂ&gn@ bt MEBHRE, thatS@ic and

in .

uce angiogenesis. Non-limiting examples include human 25 TGF-(31

(CangipgericGactpand uprese AR esE qu argres wotheds slcresipg the
Syﬁitﬁ?@ssbﬂi‘\igéqlgg&\{]\l/ L 298RI834 §8ﬁlﬁgyﬁ§£gpéﬂg%%tmﬁze the effects

of soluble endoglm.

Purified proteins

In a preferred embodiment of the present invention, purified forms of
any soluble endoglin ligand such as TGF-P family proteins, including but not
limited to TGF-B1, TGF-B3, activin-A, BMP2, and BMP7, are admimistered fo
the subject in order to treat or prevent pre-eclampsia or eclampsia.

Purified TGF-B family proteins include any protein with an amino acid
sequence that is homologous, more desirably, substantially identical to the
amino acid sequence of TGF-B1 or TGF-B3, or any known TGF-f family
member, that can induce angiogenesis. Non-limiting examples include human
TGF-B1 (Cat #240-B-002) and human TGF-f3 (Cat #243-B3-002) from R & D
Systems, MN.
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Therapeutic compounds that inhibit proteolytic cleavage of endoolin We
have identified a potential cleavage site in the extracellular domain of
endoglin where a proteolytic enzyme could cleave the membrane bound

WoaHeédfitfoglin, releasing the extracellular domain as a soR{BIE 3G/ IGKB3
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5 sequence alignments of the cleavage site suggest that a matrix

metalloproteinase (MMP) may be responsible, for,the cleay, and
oA RS T HIBS T AT RN % SRS A ERI e may

also be inoluae inithefleayperavaIMMES dtfe ialsecknapsdiilar domain
collagenases, gelatinases, and stromelysins and there are currentglﬁ?%%g
,cell

farmil Iy: R%WWQ@QM%%W@W §@gl@\/ﬂ&%‘ﬁh§ ﬁHeR%@Bﬁ
TOASISAIRAS AT 1 20R) AoRialarar MMREMMPO sk Rown:

p-regulated’in placentas from pre-eclamptic patients (Lim et al.,
Arsedud@athalistBien800E 181 dea o) sitp sLggtvithaf MIANEYNs controlled
through. activation o . 0 AL dnbiitors,
ST A B B R s e
of MMBis arglairimbindiam pivtdins. cThepsiarerdkrdssteehtvyeisube

inhibitqrs (TIMP 1-4), which arﬁﬁgﬁed |€nalw |ttakergst al..; supra. One

ordRERRE MMM HIERGIER T o hiernbrane ype?R/{ Tthathas

begaishowesiaaEaverkeinglycaid tasnolee dertnlshafessimitatith ¢cs known
enodglin (Velasco-Loyden et al., J. Biol. Che 279:7721-T73:

(o523 VRGN AP, B ANFNEBe B A S et MR ) A
inhibitersJiave beeniteniifieehandate alse e we weddouMibittakslaetals from
supra. Examples include antibodies directed to MMPs, and_various
compcraeis i Rakienh Hirbetal bitimhdtal o/ 1746 S8 A obey))- The
Pringmast -2: (Bristal iob),
ana{%g%%égg%@ﬁé%g \%ﬁlﬁc) areotl:%é}qresc‘1 r%{laf %%éﬁngigaﬁli?ri%%iﬁ%fe

potahitatimicoéMiiRactatnbpsiess sndiastie sismuhanpihtas ahd

up-regylation af solu glinlevels, t ent i ' S -
L e D SR (IR AL MR R S broreins.
knqwysrtoairhibitiheractisitycabanybibidé@s Z006ID 348 Avhich are reviewed

PCTIUSZ0051034453 MW coliepsiy i lastese INOHETAA o

membrane type-MMP1 that has been shown to cleave betaglycan, a molecule
that shares similarity to enodglin (Velasco-Loyden et al., J. Biol. Chem.
279:7721-7733 (2004)). In addition, a variety of naturally-occurring and
synthetic MMP inhibitors have been identified and are also reviewed in
Whittaker et al., supra. Examples include antibodies directed to MMPs, and
various compounds including marimastat, batimastat, CT1746, BAY 12-9566,
Prinomastat, CGS-27023A, D9120, BMS275291 (Bristol Myers Squibb}, and
trocade, some of which are currently in clinical trials. Given the potential roie
of MMPs, cathepsins, or elastases in the release and up-regulation of soluble
endoglin levels, the present invention also provides for the use of any

compound, such as those described above, known to ithibit the activity of any
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endoglin, for the treatment or prevention of pre-eclampsia or eclampsia in
a subject. 5 Therapeutic compounds that increase soluble endoglin
binding proteins The present invention provides for the use of any

weowipddsd known to stimulate or increase blood serum leveiSI6f oGl 483
endoglin binding proteins, including but not limited to TGF-(31, TGF-(33,
activin-A, BMP2, and BMP7, for tpe rea e?rjt or Eprevegt}gﬂi a?fe £ soluble
prfd R RSEPRIh %Eﬁ%@@s?ﬁ’éggi dBriSotiRaE €S {'be Gse afone or i
cogpRinatiorwithdhe puifiebppteingi deseibed dboysiararylahibsother
methods used to increase TGF-P family proteins protein levels described
hefelisth one example, cyclosporine.is used to stimulate TGF-(31
production at a dosage of 100-200 mg twice a day. In addition to the use
of compounds that can increase serum levels of 15 soluble endoglin

5 birfieppeatainsmpeidsritiohipeosdesabidisecndeLihipdnedrietens
hypertension medicati . e%lj C inai i j
methods He e A e P B R o e RS0

hy pestehsioor ducirgserbhrahayrinc lestelnwtbglublzactdettimbinding proteins,

hydrochloride,. or labetalql, F ese medicat d
R GHATY PB4 el o By e Aoy B
therspanfReiwiens oinstevetidog. diigtapdntipsinmpauntsthatiiter the

anti-angiogenic activity of soluble .endoglin 25 Additional therapeutic .
10 CoRTPORRNIC &AL ES AP P s AP SR
Presglanatissersn hyinoslevaiaddetriaaiseublnceadediGhp fded

to a matrigel tube formation assay will induce an anti- angia%enic state.

Tepratsinppuriandaralicietraihef Bareinth &aRRa 5 HiRPkcs fyRresporne 1s used
2006 / o . i stat
by%’fo%@ga% ’ggg}f) A /o,%%/&ﬁ%&% mwyession inghecaniangieganisstate

50%, 60%, 70%, 80%, 90% or more indicates
that the chmgditithdartredseeiisemsyisaihalcermnsretie BreBRdes of

15 AN BReI a8 A DS ARG IS COmP Ry Bn AR BRRHHE REIRE ACIKSF any
chronic hypertension medications used in combination with any of the
therapeutic methods described herein. Medications used for the treatment of
hypertension during pregnancy include methyldopa, hydralazine hydrochloride,
or labetalol, For each of these medications, modes of administration and

20  dosages are determined by the physician and by the manufacturer’s

ingtructions.

Therapeutic compounds that alter the anti-angiogenic activity of soluble
endoglin

Additional therapeutic compounds can be identified using angiogenesis
assays. For example, pre-eclamptic serum having elevated levels of soluble
endoglin are added to a matrigel tube formation assay will mduce an anti-

angiogenic state. Test compounds can then be added to the assay and a
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Recent work has shown that the delivery of nucleic acid (DNA or RNA)
capable of expressing an endothelial cell mitogen such as VEGF to the
site of a blood vessel injury will induce proliferation and

weeriddtelialization of the injured vessel. While the presenP{fiVERHGEH/ 034483

10

15

20

25

30

does not relate to blood vessel 10 injury, these general techniques for the

delivery of nucleic acid to.endothelial cells ca i resent. .
inqéﬁ%r%mﬁ@&éﬁﬂré&gkﬂ%&%ﬁﬂ?&a’s@é@?ﬁﬁ@%b?'e%(?é%%’ngb %,
binging groieissiichar Hafckdd & Rh3eoapbvind AubMRZattBMREical

The techniques can also be used for the delivery of nucleic acids

e RNy p%@fé#@?ﬁ&?ﬁhﬁﬁ@éé%%"cﬁ%éﬁ BBTRDRHSN P IR Rhibit the
activity of any MMP, cathepsin, or elastase involved in the cleavage and
release of soluble endoglin, for the treatment or prevention of pre-
eclBrapgiauticeviafpivsiaifsa subject. These general techniques are

_describe E%e#t‘ %o?l%ﬁa%t %}lg%n%ﬁ%%f?ggﬁﬁg g‘?ﬁﬂ@%@ﬁ'&@gﬁl\?}x or RNA)
incorporated herem by reference. In the present invention the nucleic
acighpabieles ey eustiejaciti@iNNabrdlNjopetusting geNGHIE DN site of a
cDNA, and mRNA, encqding a solu endoqglin bindin oteins such as
o VoA A A B TP AR TR e pan i of 8

. e nucleic aci
enggdieg resdesinadproieipraasiy: hevebthinaideising redatine piosédersslin

the art, e.g. recombinant DNA, PCR amplification..25 Modes. for* .
e B G S P AP P B e Al s o oiadnti!
hergify 55?1’15%9159@&%@&@?:3%&&{@%@@&%%1%@ami&@w&iw@iusmhs

For example, to simplify the manipulation and handling_of the nucleic acid
encodiinghsobalnrndogindeigiting pemielprotash ahd ﬁﬁci&e BEH3, activio-
prefer, inserted 4 o

P B e R S e e

pramcidr suids beccdpablerotidnvinghexplessiciesithedsianie Bpavglie

T e G

expIRbEIRARY oMRikbiAReiatipledfaf the treatment or prevention of pre-
eclampsia or eclampsia in a subject. These general techniques are described in
U.S. Patent Nos. 5,830,879 and 6,258,787 and are incorporated herein by
reference.

In the present invention the nucleic acid may be any nucleic acid (DNA
or RNA) including genomic DNA, cDNA, and mRNA, encoding a soluble
endoglin binding proteins such as TGF-p1, TGF-P3, activin-A, BMP2 and
BMP7. The nucleic acids encoding the desired protein may be obtained using

routine procedures in the art, e.g. recombinant DNA, PCR amplification.

Modes for delivering nucleic acids

For any of the nucleic acid applications described herein, standard
methods for administering nucleic acids can be used. For example, to simplify
the manipulation and handling of the nucleic acid encoding the soluble

endoglin binding protein, the nucleic acid is preferably inserted into a cassette

62



5 suitable promoter is the 763-base-pair cytomegalovirus (CMV) promoter.
The Rous sarcoma virus (RSV) (Davis, et al., Hum. Gene Ther.
4:151-159, 1993) and mouse mammary tumor virus (MMTV) promoters

widayoalsde used. Certain proteins can be expressed using €R&is Hefipe+483
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promoter. Other elements that can enhance expression can also be

included (e.g., enhancers or a system 10 that results in high, levels
xRS R B o P e B T TR e e

CORRE3 @SP?%EQ&?S%@%KI@%M@:@E& BRBL2rerthethninsired target
clors

plasmidve , that includes, for example, an E. coli origin of re%

(sbesiSathb Btk seeati oMol SPRERPCRA R ROLED SrASFF MEMTatC Figished.
Sﬁfir%%l%%igoéﬁeaﬁ%iﬁhoﬁ\é@&%@ﬁ%&émﬁ BlRsBig ViDL mApRIS 45
e a selectab

inClu e marker such as the Q lactamase gene for ampicillin
resistabtepprovigedsttia: TH3-hrskersslyisontErRaBas foPAHVSLERPETedhe
the. metabolism of th ' eina.{re . t nago

oL R T A B o s B Pee detuer o)
sughdaasdiessysiematisoiosedinP QTN qationokios Wooslsebe sedo

The nucleic acid can li%mtroduc into t e.cell%i‘t;éi(a arn 1@1%?”%)%6& elements

app AR P TR Ao FERPIB e 8 Nany Suth methdds are well known

in ihe aik Sankwekrtaiosupitalanddiiathotedt alg., Bécomtinant system
DNA", Chapter 12, 2d edition, Scientific American Books, 1

2).
R BB A G BESTRHSRABIE) et B2 AP el The
PhosphALe RISSIPNRANQE, 22 lBLIERRAIAIRE: HREBAR LR &IGBR322, or other

transfection, gene gun, microinjection, viral capsid-mediated transfer

polsirencsinstidisdcicinsiort BroweespEEFaEIBI. B8 A re QN BRE

pr%%ﬁgarﬁ%]g sléig,%%ﬂﬁ_&{fp&rﬂ.i%J@QEEP@i%%%%%&E tRMBual,

see Mannino Foderite, (Bio Techniques, 6:682- 690, 1988),

Fel0oier Syndhi Glarb(B dthiswasoResrdsabl ¥80us! na pasmubyyaatTaay also

P A5 b S RS AR e oL TAASt SemiorToey P

vegtRiseindeabyecioes)saniberasdamptibhegtidodgts dict etivjestivaifitot the

thir?erpa%igltii&g lgg ﬂ?{rﬁ g?é;%\{gr?l%ue?n%eg\ég{gd. The cassette can also be bound to 2
nucleic acid binding moiety in a synthetic delivery system, such as the system
disclosed in PCT Publication No. W0O95/22618.

The nucleic acid can be introduced into the cells by any means
appropriate for the vector employed. Many such methods are well known m
the art (Sambrook et al., supra, and Watson et al., “Recombinant DNA”,
Chapter 12, 2d edition, Scientific American Books, 1992). Recombinant
vectors can be transferred by methods such as calcium phosphate precipitation,
electroporation, liposome-mediated transfection, gene gun, microinjection,
viral capsid-mediated transfer, polybrene-mediated transfer, or protoplast
fusion. For areview of the procedures for liposome preparation, targeting and
delivery of contents, seec Mannino and Gould-Fogerite, (Bio Techniques, 6:682-

690, 1988), Felgner and Holm, (Bethesda Res. Lab. Focus, 11:21, 1989) and
Maurer (Bethesda Res. Lab. Focus, 11:25, 1989).
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Gene delivery using adenoviral vectors or adeno-associated vectors 5
(AAV) can also be used. Aeenovi.ruses are present in a large number of
animal species, are not very pathogenic, and can replicate equally well in

Wdividiegp4®@d quiescent cells. As a general rule, adenovirus@€rEseNs034483
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gene delivery are lacking one or more genes required for viral replication.
Replication-defective recombinant adenoviral vectors used for the .

delivery ol RRHRIENS ERASGITIBTANRT BIGIENT: ELFe B prSGEad el
ac%@&%ﬁ%ﬂ%%é@%ﬁ%&ﬂﬁﬁﬂ? §5eRt Rt ehed iHRraGniAk fluid or
Acad. Sel. USA, 89:2581-2584, 1992; Stratford- Perricadet et al., J. Clin.
Invissave0aeEelesnery992; and Rosenfeld et al., Cell, 68:143-155, 1992).

For an e&;@}%&ﬁ&@fy%ﬁq fORNS ST IRYIR LR IERE- ddsSeiRAIEDENGEs

6,399,585. 15 Once transterred, the nucleic acid is expressed by the cells
at thersite wh idampforsepeliddisiimess atfapepient incrdasecbiBBMSend fnimal

levels of a soluble endoalin binding protein, u T
coRERg B K0 BB hap SAPEATY [SEer (e gividing and
geqoleseitheltells sexpeassibudd, théemrateises Lité festgake d glucey fore

only a limited time. Typically, the.protein is 20 expressed at therapeutic. ..
VAT TGS VBT R AL TR ol AL DV dotective
tweNeRisin 3 -aRplisatar efihe i feambeietitizedd0aRemisle endoglin
additional periods of ex rotein. Therapeutic

tior pression of the therapeutic,
B BE TR R STBIE SRS EA 5 FH dccices (see

invention also, featiises the useaf snlisenseqaueizabases oligemeksalford-
downregulate expression of soluble endoglin rnRNA directly. By binding

to Mgmdpteeh@lmdrﬂﬁﬂclé%@aéi&@&i@eg%% (R8s eamskRnseaiig et al., Cell,
stranc ] C ' r inhibi 0.
Pl S A S
strang [iyekhASe. 14, B8 Bsferably the antisense nucleobase oligomer is

capable og?%%%?%%%?%%%ﬁ]e%"u gf)ﬁz?%) /ig%gféggss% E/Ut%gz %0 /so%%ﬂgéite of

endoglin e ¢8 expresses Increased levels of
solyhleyedagini kR eferablyiife decrenseinselubledstoglitepobieifia soluble

expression is. at least 10% relative tg cells treated with a control . . .

oli ﬁ’d’ed%fgfﬁﬁﬁ?/ Because the vectors contaming the mcleic acid are
not normally incorporated into the genome of the cells, expression of the
protein of interest takes place for only a limited time. Typically, the protein is
expressed at therapeutic levels for about two days to several weeks, preferably
for about one to two weeks. Re-application of the DNA can be utilized to

provide additional periods of expression of the therapeutic protein.

Therapeutic nucleic acids that inhibit soluble endoglin expression

The present invention also features the use of antisense nucleobase
oligomers to downregulate expression of soluble endoglin mRNA directly. By
binding to the complementary nucleic acid sequence (the sense or coding
strand), antisense nucleobase oligomers are able to inhibit protein expression
presumably through the enzymatic cleavage of the RNA strand by RNAse H.

Preferably the antisense nucleobase oligomer is capable of reducing soluble
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20% or greater, more preferably 40%, 50%, 60%, 70%, 80%, 90% or
greater. 5 Methods for selecting and preparing antisense nucleobase
oligomers are well known in the art. For an example of the use of
wartisenseaucleobase oligomers to downregulate VEGF expréssionssei453
U.S. Patent No. 6,410,322, incorporated herein by reference. Methods for

assaéin levels of protein expression are also well.known%i%ithe Ffrt fnci 1
InOABENE HEHF B ERTGSFHATb GPUC LTS TOETISHETHE presuiite
inveniiom alsprigatines thedestoal RN AvitadeiangaitRNeRideipatiion is at

expression of soluble endoglin. RNA interference (RNAI) is a recently
diseavietBorrrarupisne I pEsEaANSEh BrioMAIJeiBenEntsAt 4o rEyranly
Whih dgublestrang NP, CRioESEONSingoto 89enenos BiRMAer.
ofl-%%b/inf% s%i%htroggé%%%%%g org’an‘isrﬁ resu’lting in the degradation o?‘r
5 theViethresfondmigetiaNad preperR AbHisauso Huplapbass sbigsangrigere well

anti-sense_strands af a dSRNA mo e are pr i ‘
st bR e B
anehhipmingeuie FBEE & padssiddteendivelP aymithitidERIAS, whipporated
are 21 to.23 ntin 20 lepgth and have 2-nucleotide 3' tails, can be .
o BRI P 19 T P e T ) D gm0
are oW RS 18 uideaRNAS Haigbark siter feiath RNms (s idNAR)itHien, and
siRNA duplexes then bind to a nuclease complex composed of proteins

10 thatkdfrfet and destroy endogenous mRNAs having homology to the 25

SiRNA withija the capplen:AhaugReHie-idantitiQf She AtaiRs IEHB RN AI)
complex remains unclear, the function of the complex is to target the
hotedisgbiissrpRessiansiE seleblisrendeelins S palviHg SHEER hhiSein

one of the siIRNA stran is therg
R L O B s M )
deguasirthl dotitik 3frandad #Nep édiRgEhesrvap tuiingtedand or mMRNA of

S e 1 RO B i
siRhAe s dlse e shenisaly rymrthesizddbobiainestfromuadcortipanye
thastt(r:aqsdrg igfa Qég %Rerﬂcz)ﬁa?:gfg aNréiszrocessed mto sm;all RINA fragments or

segments ranging in length from 21 to 23 nucleotides (nt) and having 2-
nucleotide 3° tails. Alternatively, synthetic dsRNAs, which are 21 to 23 ntin

20 length and have 2-nucleotide 3 tails, can be synthesized, purified and used in

the reaction. These 21 1o 23 nt dsRNAs are known as “guide RNAs” or “short
interfering RNAs” (siRNAs).

The siRNA duplexes then bind to a nuclease complex composed of
proteins that target and destroy endogenous mRNAs having homology to the

25  siRNA within the complex. Although the identity of the proteins within the

complex remains unclear, the function of the complex is to target the
homologous mRNA molecule through base pairing interactions between one of
the siRNA strands and the endogenous mRNA. The mRNA is then cleaved
approximately 12 nt from the 3’ terminus of the siRNA and degraded. In this

30  manner, specific genes can be targeted and degraded, thereby resulting in a loss
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(e.g., Dharmacon Research Inc., Pharmacia, or ABI). The specific
requirements and modifications of dsRNA are described in 5 PCT
Publication No. WO01/75164 (incorporated herein by reference). While
WEsRIMAAIBTecules can vary in'length, it is most preferable t&G5& SHRNII4483
molecules which are 21- to 23- nucleotide dsRNAs with characteristic 2-to

3- nucleotide 3' overhapgin endst aII eith deox ine or 1
uraEprotHs §?FPWA§?%%%#&%WI§ ﬁycﬁ1 gsr(%%% mgFe oAy

S'@ has-ta Meﬂb@ﬁﬂéﬁ%&ﬁ@ddﬁﬁﬂﬁwﬂﬂs&%mmmﬁemsmmmm

er to further enhance the stability of the R e 3' overhangs can be

sté%zé@@&@mné?é%‘é}tw BAanasih ehbb ment, the RNA is
stabilizedrhy é@%‘&@t@% f@ﬁeﬁ%@%'ﬁ%&ﬁé&ﬁcﬁ% 36guR3IRERE described in

guanosine. Alternatively, substitution of pyrimidine nucleotides by

5 m&dlﬂ‘eﬁlﬁﬁh@higsl eig ‘@tﬂagﬁfaﬁéﬁ%@n@@mer@tq@hﬁaaéaw&ie%a}ig%\;}e
iy GG aﬁiﬁt@fi e N9t atiesidhe liciene ok RNAI
The absence o ydr

grou ignificantly enhances the nuclease
reﬁﬁ@&ﬁ@ﬁﬁh&bmlﬁngqriﬂsweleqtd@eiﬁ?é‘émﬁwﬁhmﬁv@?@R Riao 3-

can be pre d usjng any of et etf th in.P ' .
N&Wﬂf@%‘%ﬁgfé@rbﬁ%gi}%%te lr%%i y ?é e ee)OX SZ% u&%ﬁgg&)ﬁmgﬂ'
Stmm@@q@pteai@abmtwwmmiogﬂam SnogtsRteaded siRNA as

annealing procedures as descri n Elb et at (Genes
10 TR B GB4F SIRRIRG LS INA GBS OE oA i S EFe:

al- e SHAEe e gt&tﬁt)a«yemfeqsmsm@awmmmm seiines afanet

target gene in a cell-free Drosophila lysate from syncytial blastode
Drdggmqi@embiayeeezeiah@e’i%iim%héhﬁ BhieHsse )ééﬁﬁi:}x Bi%{t%é%%d

ﬁcﬁg%lt\f qlﬁﬁ%ta@n&ﬁgwtg%%ﬂ%@“ﬂ?t%ﬂﬁi%@r@d@ﬁﬁuﬁon

ate using techniques known to those€ of skill in the art. For éxam Ie

gebéteymmpnﬂmfemsﬂmm@e byevadifiabarateshe 21, 9B S RAROA HE ¢
S LN AR gy o
exelifripmen tcirﬂategra’iﬁhy)ab gsiytcer@f gRidigdtoceritghogatiognidivdrdifirnpances
P et TN RS ethad YIRS SEGE R M RDAS:
Alternatively siRNA can be prepared using any of the methods set forth
in PCT Publication No. W0O01/75164 (incorporated herein by reference) or
20  using standard procedures for i vitro transcription of RNA and dsRNA
annealing procedures as described in Elbashir et al. (Genes & Dev., 15:188-
200, 2001). siRNAs are also obtained as described in Elbashir et al., supra, by
incubation of dsRNA that corresponds to a sequence of the target gene in a
cell-free Drosophila lysate from syncytial blastoderm Drosophila embryos
25 under conditions in which the dsRNA is processed to generate siRNAs of about
21 to about 23 nucleotides, which are then isolated using techniques known to

those of skill in the art. For example, gel electrophoresis can be used fo -

separate the 21-23 nt RNAs and the RNAs can then be eluted from the gel
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A variety of methods are available for transfection, or introduction, of 5
dsRNA or oligonucleotides into mammalian cells. For example, there are
several commercially available transfection reagents including but not
wWinitedr 59 TransIT-TKOTM (Mirus, Cat. # MIR 2150), TranSta@85enenshrgs
(Qiagen, Cat. # 301525), and OligofeetamineTM (Invitrogen, Cat. # MIR

12252-011). Protocols for each transfection reagent.are available fro
elifenUR A EROROTo iREntiAe ?aéﬁﬁﬂ%%?%ﬁ%@?ﬁ
COPMNAEIAE BIARL0: et SE AN 0f Sk Roan o GiinanitA @éndan be

can reduce or inhibit expression of soluble endoglin. Preferably, the

dedvedde Fripritie ehioghitgrdtéii expression is at least 10% relative to
cells treajed with.a,eontral A4S RNA. 21 URNGy MRIGRIeIIaR gt A, of
most preferably at least 40%, 50%, 60%, 15 70%, 80%, 90%, or more.

5 Mol for abgayigjdetidss mtp_rmmm_ aﬁ@_m@; fresvaen
(e L A naudeRSIR i BRI DI S B0 ACEH S st
the present invention,”the nucleic acids used include any modification that
enfrafuessiie FHOM/(difunclian IR RdAe)c Bridsmensyngay2(Qiagen,

Examples, i e modifications ta the phosphate backb h

A SO R B R R W B et e SRR 1
therapetils competrdsiselidnneanit pregnalsyl2 Sibmitiitionaatifacturer.
full-length endoglin si%naliﬁn]%has been shown to_enhance trophoblast

10 invasivndssthe PIRTE RS Rt Ifhires koMM i SRS 21 eSS By to the

199k 38:4Q (/B8 b 3eluble Jindsrtieafane-Hkaldieeconnamesit
trophoblast invasviness during ear )é%%%{&%ncy. Accordingly,

corpoeistmsahaeiweiesndoghingRr aedrcrnty 1A prEgiaseyiosin
gfgy%@g%@%%ggso%%%m fRave asregnancyJelated byrariensly e SisnderN A

034507 PCT/US2005/034483 propensity to develop a
pregraRdiAratated preperblyshis disofdepshaysherabbnefisias féP Enlraticiriy 7,
pl tation. les of ¢ sitions that increase; sqiub in .
15 A e G R o B B e oL cls e €8 sion
are also well known in the art and include western blotting,

immunoprecipitation, and ELISA.
In the present invention, the nucleic acids used include any modification
that enhances the stability or function of the nucleic acid in any way.
20  Examples include modifications to the phosphate backbone, the internucleotide

linkage, or to the sugar moiety.

Soluble endoglin based therapeutic compounds useful in early
pregnancy
25 Inhibition of full-length endoglin signaling has been shown to enhance
trophoblast invasivness in villous explant cultures (Caniggia I et al,
Endocrinology, 1997, 138:4977-88). Soluble endoglin is therefore likely to
enhance trophoblast invasviness during early pregnancy. Accordingly,
compositions that increase soluble endoglin levels early in pregnancy in a

30  woman who does not have a pregnancy related hypertensive disorder or a
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endoglin encoding nucleic acid molecules, and compounds or growth
factors 5 that increase the levels or biological activity of soluble endoglin.
Assays for gene and protein expression The following methods can be
wigstdao3evdluate protein or gene expression and determinePEffiCazynI®R4483
any of the above-mentioned methods for 10 increasing soluble endoglin

binding protein levels, or for decreasing sgluble endoglin protein levels.
BIBERPSBHIN i G HERs b B e EFERSY CRIHE o fin,

using RRIROES sHeh Lﬂ%ﬂ@%ﬁrnﬂﬂ&ﬁgﬁs QfiBRHOeRRSRYh ISR ease
ec

specific antibodies. Blood serum from the su E@t can also be measured

forsabrbverioEiic eyds iTdmeamitia FRAbEMPOBMPr I HREFhoiRitble

ligand kn j '
L e e

5 imthemninassaysisivySpetifitolastibbaisty ity afisdebleisadeslangiogenesis
assays can be performed to determine if the subject's blood has
converted from an anti-angiogenic state to 20 a pro-angiogenic state.
Susksagsdys peadandipestelhaumirdiample 4. A positive result is

considered an increase of t&ast 0%, Z%Jb,g)r fer b{% 0%, maore
preferably &t IOAQHESBFE9% GHLP oL e‘?%ﬁ% SR 6URTH0%,

80% RN A ATE iRl e SRt big efdeghbov&nddiionédrridRods for
activin- A, BMP2, BMP7, ar any protein ligand known é%?'nd to solubl > ble

10 entisgarsiaeEo o Rivadeain 18%81'8@%1%8’@@% By S

least 0%, %gg{g{ﬁ\@éx,e%q%, 30%, 40%, 50%, and most preferably at least
60%, 70%, 80%, 90% or more from an anti-angiog;nic state to a

pro-angiddlenié staeendising the sRbifebismgRsYErb s taedy obsalyble endoglin,
2006/0345% IaCTL{l%
st ods

& %%%%@ﬁ“é%%re%%aﬁg%qm%am%ﬁagm

the sﬁ’l%er%ff can also be measured vels of hucleic acids or
polypepfidesiinetidngBiGR ES1NTIRRES; swhivier fanBiap e B@Tred for

s SO ARl e ST e Beeds oL
blagehsame!em afitheBuklieet dnglitheNdsthod the RINA feranorthemm levels of

proteins include ELISA, western blotting, or immunoassays using specific
antibodies. In addition, in vifro angilogenesis assays can be performed to
determine if the subject’s blood has converted from an anti-angiogenic state to

20  apro-angiogenic state. Such assays are described above in Example 4. A
positive result is considered an increase of at least 10%, 20%, preferably 30%,
more preferably at least 40% or 50%, and most preferably at least 60%, 70%,
80%, 90% or more in the levels of soluble endoglin, TGF-B1, TGF-f3, activin-
A, BMP2, BMP7, or any protein ligand known to bind to soluble endoglin. A

25  positive result can also be considered conversion by at least 10%, preferably
20%, 30%, 40%, 50%, and most preferably at least 60%, 70%, 80%, 90% or
more from an anti-angiogenic state to a pro-angiogenic state using the in vitro

angiogenesis assay.
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blotting, PCR based amplification, or RNAse protection assays. A positive
result is considered an increase of at least least 10%, 20%, preferably
30%, more preferably at least 40% or 50%, and most preferably at least

We086716%)7 80%, 90% or more in the levels of soluble end ORIV UFBHE/(34483

5

i0

15

20

25

30

TGF-f33, activin- 10 A, BMP2, BMP7 nucleic acids. Use of antibodies for
therapeutic treatment The elevated levels zhgolﬂble endoglin fé)und in th

serum saMPRSsSTRIR BT RagrRRE Wom AFid OSSR EEtP: %for
SU%%%%%@Q@&&%W%@@TMpJau@sﬁﬂg'awibinqa,

to and deplete the tropho ells and maternal endothelial cells o
furRNBHa MR oreeis lecepdrsiifor TREORSHEF HEGRIBHIETRAPthods to
ang| Sl rieR! HER &%%%E&W%&MA
as%%%ggcgi s%]?te{)éggw toﬁsrgluble er?gggll?%eag-nﬂcfcneutralize the aétivity of

sofiubie @eddgtid fergp]windifiy teTeR-jindrieysao kv R forpRmEm

BMP7), m revent Qrtreat pre-eql i ia, b "
or NG B e R S A RER IR S posive
BMEG]: Suahhsiddnaieasksrendd aflotcmt drnandietds 0 drpptiobibgy 30%,
roliferation, migration and angi nesis required for placental o
TN R e a1 By BESHTHE A e 60%: 70%,
endgihetiphsell hradh 25 Thechreseplubiesibsplirg VidHs-pnDaTidiSthativin-
bind specifically to the ligand-binding domain of soluble endoglin. The
antbdihéR% RS REAFfige the activity of soluble endoglin and the
most effective mechanism is believed to be through direct blocking of the

binding sites for TGF-j31, TGF- 13, activin-A, BMP2, or BMP7, however,
otHésend chiditiodis Smnth e peridc3vesiineiéthods for the preparation

and use of.antibodies for the ' '
PCT/US%%%%%E%% lgﬁ%éggﬁ%gﬁn se e?glf;?g?e\én/g ﬁl%?%?r?g%%pies
PatakéNiromh ers & 05429558 0br387 {16865 67 aamek 5, 852068 s spkible

e L b e R DRSSO copovis

antibpding) pankiessaey dbaasidechibdof dmetdesitgrowth factors required for
the proper development and angiogenesis of the fetus or the placenta. The use
of compounds, such as antibodies, to bind to soluble endoglin and neutralize
the activity of soluble endoglin (e.g., binding to TGF-BI, TGF-p3, activin-A,
BMP2, BMP7), may help prevent or treat pre-eclampsia or eclampsia, by
producing an increase in free TGF-B1, TGF-B3, activin-A, BMP2, and BMP7.
Such an increase would allow for an increase in trophoblast proliferation,
migration and angiogenesis required for placental development and fetal
nourishment, and for systemic maternal endothelial cell health..

The present invention provides antibodies that bind specifically to the
ligand-binding domain of soluble endoglin. The antibodies are used to
neutralize the activity of soluble endoglin and the most effective mechanism is
believed to be through direct blocking of the binding sites for TGF-B1, TGE-

B3, activin-A, BMP2, or BMP7, however, other mechanisms cannot be ruled

out. Methods for the preparation and use of antibodies for therapeutic purposes
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including mice, have been used for the treatment of various diseases;
however, there are limitations to their use including the induction of a
human anti-mouse immunoglobulin response that causes rapid clearance
wangha@sduction in the efficacy of the treatment. For exampleg BURAjeH/034483
limitation in the clinical use of 10 rodent monoclonal antibodies is an

anti-globulin response during therapy (Miller et al., Blood, 62:988-995
198%; @w&w@uaﬁ@\@éa%é@mé%m%%@?@éfs& PeogE) NFIRPSTS ﬁg 4,297;

atte %%%0 §URETE Hhis Do iRy, A0RSTHGIRG AEIREFiSH Mtikodiatce.

in W an animal antigen-binding variable domain is 15 coupled to a

hussiibodivstaat demalyclong). Fangvecinsals menoskerakantibogicsrs.

Natl. ,%cad Sci. USA, 81:6851-6855, 1984; Boulianne et al., Nature,

31@?%&?%%6, 1984; Neuberger et al., Nature, 314:268-270, 1985). The
5 productiomianscime:isiiniiatimeariccattibp thescadertest filost lodiows

Competitive inhibition of ligand binding to solubl doglin is.useful,
SO Gr LR e A B Aoe G 5ok B LI AELL e e Honler
iNGIeasars Mresthine tescuecienshihelial thysfootiaf ahdashiftirmouse
the balance ofuﬁ)ro-angiogenic /anti-angiogenic factors tqw

aras .. .
anglogERRSIeDAIRGERRANST et FIRGEIEHAT & RAIBRREABA e Hsdiah in the

inverion.cande (Mardas, ane iirativea dreatmpitierpieonclameiidtal use of

eclampsia. The cocktail 25 may include as few as two, three, or four

10 diffextant anoibedios bREtases 1658 R egpbubin SRS MBS, In
2Cifiohe ansposls Sbie gyl RumRIan.an beucomeed ora0sss

ypertensive drug (e.g., methyldopa, hydralazine hydrochloride, or
labE2&)) or any other medication used to treat pre-eclampsia, eclampsia,

e e SRS S 0 SO
antibpgigsithatsieificallyvidinchtartheiskl-dnteseptondiay vee girediosdibys
oot e e s e e gontal
Proc. Natl. Acad. Sci. USA, 81:6851-6855, 1984; Boulianne et al., Nature,
312:643-646, 1984; Neuberger et al., Nature, 314:268-270, 1985). The
production and use of such chimeric antibodies are described below.
Competitive inhibition of ligand binding to soluble endoglin is useful for
20  the prevention or treatment of pre-eclampsia or eclampsia. Such an increase
can result in a rescue of endothelial dysfimction and a shift in the balance of
pro-angiogenic /anti-angiogenic factors towards angiogenests.
A cocktail of the monoclonal antibodies of the present invention can be
used as an effective treatment for pre-eclampsia or eclampsia, The cocktail
25 may include as few as two, three, or four different antibodies or as many as six,
eight, or ten different antibodies. In addition, the antibodies of the present
invention can be combined with an anti-hypertensive drug (e.g., methyldopa,
hydralazine hydrochloride, or labetalol) or any other medication used to treat

pre-eclampsia, eclampsia, or the symptoms associated with pre-eclampsia or

30 eclampsia,

70



497, 1975) and Campbell ("Monoclonal Antibody Technology, The

Production and Characterization of Rodent and Human Hybridomas" in

Burdon et al., Eds., Laboratory Techniques in Biochemistry and Molecular
wBiclogy3dotume 13, Elsevier Science Publishers, Amsterdapa1i985)5a51483

well 10 as by the recombinant DNA method described by Huse et al.

(Science, 246, 1275-1281, 1989). Monoclonal antibodies may be

prepared from supernatants of cultured hybridoma cells or from ascites

induced by, intra-peritoneal inoeiilation of hybridoma cells into mice. The
hybridom%{té (%?ﬁ%%ﬂegdﬁescr%ged originally by 15 Kohler and Milstein (Eur.

J. ITnmuivbdn6chhk!5aeibvdirs)thassbeerii etz hiapiide & rddgeerhybmay

cell lines.that.secrete high levels of monqclanal _antihodj ' any
RO G R TR Nt SUABBEIE o e e e ol

5 animaleiotuficed dnahtibatiycpiisetlibinf cblts thet dffdsearé gemerally 6in 495-
keeping with established, 20 and copventipnal technigues for antjbody
SR b RDRRBH, RS LA b S0 BANE Wikl
hop@vah iy M@ UHsdas sies b iTchiding R PRmnsuBUS dfaasibady

producing cells therefrom can be_manipulated according to th %rloceSfes
of BHEdAvEHHbn FolseRAb e ir BASRIGSSrBUBABhFeY ARG ocular

'”%{918%513 AR b YRt Y Ines; gr ARG MR Z3HAR dAIURS 5), as well

lymphoid™cells are fused with myeloma cells to generate a hybrid cell line
10 thasdantbe reativiisand fisbiveeitiodtdesaribedmiteljue Hrabibee trge 240,

quantitie lonal antibodies. For purposes of this invention, the

imr?%yr?e yglﬁnr}%%gélls selected for fusion are lymphocytes and their

normal diferentiated probedips tadearbeitivepdrerhiypmptv o mudatsiof puigared
PSSR R s T o s
CORgBAUaIRS @t convenienTseuigeridoantitolinipredisingbed lsrigihally by
e st e e TP ol NS i,
degyedfiaRpianma saliss MuTngdveloRarel Higas sas of monocional
antibodies against many specific antigens.
The route and schedule of immunization of the host animal or cultured
antibody-producing cells therefrom are generally in keeping with established

20  and conventional techniques for antibody stimulation and production.
Typically, mice are used as the test model, however, any mammalian subject
including human subjects or antibody producing cells therefrom can be
manipulated according to the processes of this invention to serve as the basis
for production of mammalian, including human, hybrid cell Imes.

25 After immunization, immmune lymphoid cells are fused with myeloma
cells to generate a hybrid cell line that can be cultivated and subcultivated
indefinitely, to produce large quantities of monoclonal antibodies. For
purposes of this invention, the immune fymphoid cells selected for fusion are
Iymphocytes and their normal differentiated progeny, taken either from lymph

30 mnode tissue or spleen tissue from immunized animals. The use of spleen cells
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5 be obtained, for example, from the American Type Culture Collection
(ATCC; Manassas, VA). Human myeloma and mouse-human
heteromyeloma cell lines have also been described (Kozbor et al., T.

winmanoksi33:3001-3005,1984; Brodeur et al., MonoclonakAntilsoahs/034483

10

15

20

25

30

Production Techniques and Applications, Marcel Dekker, Inc., New York,

pp. 51-63, 1987). 10 The hybrid cell lines can be majntained.in vitro in cell
cuméefﬁ@araswéaﬂif@ﬁ%ﬁd@ﬁr& EenaFRiA e BRg CRYETHE f yEce ©

m%ﬁﬁ%ﬁkﬁﬂﬁ@&é{ﬁ{ﬁxﬂ wiifignalivadeasriesmediaaucindsnyeloma cells

hypoxa e-aminopterin-thymidine (HAT) medium. Moreover, the hybrid
cefiivedechn besitdredemtnprasamentgatignof thasest bubtidnddagloma
ways, including freezi n [ er liqui NI,

I T O o b A s
sebeatisnint dydnocianaban fitvodyh T Aeseomtddariibbyeis rdlostiereA TCC;

from tissue cylture supernatant by conventional methods. such as :
R AR S S AL e R S Bina cell fines
theydike o 20 Thenaniieetydiaiosoprapared imany:oiattazs 0inc/BioNsg 1984;

mice, rats, rabbits, goats, and humans. The antihody may be a. mempber .
o B R Aol DU RGOSR0 1 e R R AL IGRPRUR acions,

l9E,randthrieubdassesherest, apdnieferablyzis an IgG antibody. While

the preferred animal for producing monoclonal antibodies is 25 mouse, the

inventionTanbreadinatbtings fae DRuRaHaRaESaRE MY B Geligrampdia.

may, pro rahle; ihgrligsicambs: ARARGH Y disingriety of
hu%%ﬁr;}e#%%g%&;éﬁ{gﬁ? 2?%#? '?hfé%?g%rggil Antibodies and Cancer e
TheuapysnAlsndequas medip sTrhos ypespniine préseptcnvdhisndine
techniqgues developed for the praduction of chj [Canti ie :
SHETg ESSENES R v B e resorved in
antigemnspeeifisity sogethenalithay? MMmABREIBR4ER7and storage under liquid

P eao0goeiis qencs Lom & Inan st moleHe AN

Nerlgrass @éxﬁi;eﬂﬁaﬂ& B2t f0808onb8RAT akebiedet alhdaitteacdl4,

4551-1%%13;9?25 ?gbgggpeg %?ﬁ%iggugrgu%@ gt}ggmatant by conventional methods
such as precipitation, ion exchange chromotography, affinity chromatography,
or the like.

The antibody may be prepared in any mammal, including mice, rats,
rabbits, goats, and humans. The antibody may be a member of one of the
following immunoglobulin classes: 1gG, IgM, IgA, IgD, or IgE, and the
subclasses thereof, and preferably is an IgG antibody.

While the preferred animal for producing monoclonal antibodies is
mouse, the invention is not so limited; in fact, human antibodies may be used
and may prove to be preferable. Such antibodies can be obtained by using
human hybridomas (Cole et al., “Monoclonal Aniibodies and Cancer Therapy”,
Alan R. Liss Inc., p. 77-96, 1985). In the present invention, techniques
developed for the production of chimeric antibodies by splicing the genes from

a mouse antibody molecule of appropriate antigen specificity together with
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scope of this invention and are described below. 5 As another alternative
to the cell fusion technique, Epstein-Barr virus (EBV) immortalized B cells
are used to produce the monoclonal antibodies of the present invention
wirenviondoet al., J. Gen. Virol., 64:697-700, 1983; Kozbor artiReresa34483
Inununol., 4:1275-1280, 1981; Kozbor et al., Methods Enzyrnol.,

121:120-140, 1986). In general, the procedure cons@&s of isolating 3|DO
Emstesn -fom ginusonnrERedx BIelseiG ea BRSSO RTRE ET&H iRge

a%ﬁ%ﬁ?&%ﬂ%’éﬁ%&%@ﬁ ARtedyRecRingSels 0 AUnERBAND, 604-608,

containing the virus. The cells are washed, and cultured in an appropriate
celldTekardedirh, Sabgedidnth 2oitafly iPSasrairbaridnedive asnit e the

cell C““”ﬁ%%%@%@?”%%%%?&’ &Q&a%%a%gﬁf the Epstein-Bair vital

nutieR? Snti en, an transformed antibody secreting cells can be
5 identifiedAusingtbandanhmsthoddceBiviisiothedmni QtherpattiioBetoy rus

producing monoclonal antihodies, such as recombinant DNA -
G TR S0 SO e foR A g aiice of
inW@@&%ﬁﬁiﬁ@&ﬁbgbt@%ﬂﬂfﬂgeﬂayﬁmmmsém@am, 1983;
immunogen, or may be _attac to g carrier protein gr to other pbj ,
OB A OE  aB SULE or Ao g e DRt b e
kn%yy% LEXREaSANe eNdpERNOUS RIRIRIN Surhrasdaumarbusilicaistining
endot

eIiaI’cellsl(trophoblasts. or HUVEC,; Burrows et al., Clin. Cancer
10 ReEpAEI6BHIGENI T8 FeovsapicararcozenabyArdpirasd cell line, and

CANTANAAI00 Gl xprsss b wae deund, exdain oa:

betreate roteolytic ' enzyme (e.g., a matrix metalloproteinase) to

clevivesthElexta ketvd av bbrvhian dhaisine b io dichpg terriais| ¢alb Felie
Additi ’nallé’%]%lé}%gecié%]ea%%g n\?g"g.?gs%e 3 E?(g}rSQ& Qgﬁs ﬁnﬁ%ml Qhiture can

potit C nserted INto KNOwn vectors for expression 30 73
WQ:2006/I34568Y (REF/6$S2A05] a4 B8 cm Ryst catld usirigastanidged, and
recombinant DNA techniques. Suitable h St%%ﬁiéor soluble enG(‘JIo_gllnethodS

15 exfHras Rt AP DAL SRV IR SIS E3Y.08 ?d BEBE AKICETS (o
E. gRibv2nd iaspmaige:celsHeds foN insditBallgjonoclonal antibodies, such as

recombinant DNA, are also included within the scope of the invention.

Preparation of soluble endoglin immunogens

20 Soluble endoghin may be used by itself as an immunogen, or may be
attached to a carrier protein or to other objects, such as sepharose beads.
Soluble endoglin may be purified from cells known to express the endogenous
protein such as human umbilical vein endothelial cells (trophoblasts or
HUVEC; Burrows et al., Clin. Cancer Res. 1:1623-1634, 1995; Fonsatti et al.,

25 Clin. Cancer Res. 6:2037-2043, 2000). Cells that express membrane bound
endoglin can be treated with a proteolytic enzyme (e.g., a matrix
metalloproieinase) to cleave the extracellular domain, thereby producing the
soluble form. Additionally, nucleic acid molecules that encode soluble

endoglin, or portions thereof, can be inserted into known vectors for expression

30
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In addition, peptides can be synthesized and used as innnunogens. The 5
methods for making antibody to peptides are well known in the art and
generally require coupling the peptide to a suitable carrier molecule, such

‘was2tsenamioalbumin. Peptides include any amino acid sequeRC&/titae(8/034483

10
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substantially identical to any part of the soluble endoglin amino acid

sequence corresponding to GenBank accession numbers AAgﬁg%SO anﬂ
Nin bestosils osinmeisasannseredmaP NS 60669178130y apst colis

0%%%8‘111%” egbéﬁ\%%?g%&&mﬁ%ﬁ{& éé&ﬁ%%iﬁﬁ@eﬁeﬁgﬁﬁaem)gny

length, prefer I no acids or greater, more prefe Iy 25 amino
adiestorigirealier(cagd Fnost:p rstérabrymelizo cgls fogadVHHb 266300,

400, 437.amino acids or.greater. ' 'g]ﬁﬁmbg@ S The
are at Ie%rslt EO Ir%i(;}%p%plrgee e?%%l?é;% m%%%yaen%%n%@(%ggrfﬁrably 9 %gfg o
054636 97 Hal98 YA iadyrtd GRtiiteriicaldltheo sagusheadiaady of
the human endaoglin sequences. Th tide nbe ¢ rciall

LB ST FAIEE S TR QLR C Rrai  (R at h s Jach e
exampieathenieTifigitieolichphiasmmettiad {SelerqeeR82tRalisSsibstantially
1985). The procedure may use commercially available synthesizers such
asidenti BldscEmhPesoY R ifég’l%’él m?n%fla/ﬁ%%}ﬁage of the
blogked aming.acids being ashisvrsl with bydragenfirsidm N the 1958
peptides purified by preparative HPLC using a Waters Delta Pre &(}9
indmimaesit, 54 SCTES AN YEaB A BreB DR bt IR dnER A AB06T3

equivalen iag’{‘fm@%%g@%l? g‘ggﬁm&%ﬁl?ﬂe“ﬁﬁg" HNGHEBAbTY 10 amino

equivale the anti cribed in this specification. Functional
equivdlentgieatenprdyprefridbly Withraimirar s @setRaEces S Stantially

identical tq the ami ' f ' iahl

e B R o e Teo 20 s AR et
birelipgehayagieristics aeidpatakicte these lehth6074 W@:20060I5E2 %,
PCT/US2005/034483 antibodies, and includ le, chimeriz
AR S S ST L Sl e 10 T EhgcAr 1o he
Meihnds,of Brogcigmsusi{bncitnalieseivelenis aradisgtided chorbe

example, in PCT Publication No. W093/21319; .
commercially obtained or made using techniques well known in the art, such

as, for example, the Merrifield solid-phase method (Science, 232:341-347,

1985). The procedure may use commercially available synthesizers such as a
Biosearth 9500 automated peptide machine, with cleavage of the blocked
amino acids being achieved with hydrogen fluoride, and the peptides purified
by preparative HPLC using a Waters Delta Prep 3000 instrument, on a 15-20
pm Vydae C4 PrepPAK columa.

Functional equivalents of antibodies

The invention also includes functional equivalents of the antibodies
described in this specification. Functional equivalents include polypeptides
with amino acid sequences substantially identical to the amino acid sequence of
the variable or hypervariable regions of the antibodies of the invention.

Functional equivalents have binding characteristics comparable to those of the
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European Patent Application No. 239,400; PCT Publication No.
W089/09622; 5 European Patent Application No. 338,745; European
Patent Application No. 332424; and U.S. Patent No. 4,816,567; each of

watials/is4serein incorporated by reference. Chimerized antilpadi@s2005/034483
preferably have constant regions derived substantially or exclusively from
human, antibody constant regions and variable 10 regions derived

subrsihation andirsliadve ipTreraTdes SHUBFRECSH (VAR RibtBtFohAn
a ’%l&[ﬂ%ﬁégﬁ%%ﬁ% Ehuman: Suebirurapized aniibodiesere.ahimesitonal
imtnunoglobuli h

ns, iImmunoglobulin chains or fragments thereof (such as
FvedtabalBats aR(abeydasedttier etisigels. bBIRG Subtisgtiendde. o 093/21319;
anfibodies) which contain. minima ] j - :
R e e e

5 walldopydn iPatbetatipfiticaeiavis 388, VisvianoanahHsmitoApphcatiielgy.
Asthma Immuynal,, 81:105- 119, 19 nd Carter, Nature,Reviews Cancer
P BRSNS & e B0y RS et g gored

anypeAsign@sidues introduced into it from a source that is non-human.
These non-human aminp acid residues are 20 often referred to as import

residues CARRrERS GRIOARII8 REH RN 27 R SRS YR AERECBS Fsii e

Humanizalian, can baessenialnnsreinadiolowineg Hia: Retbadsknowble
in the art (Jones et al., Nature, 321:522-525, 1986; Riechmann et al.,

10 Nager63280elsebseogs!ls einsEyin Eea hogemeen ey sgyariable
1530 E9CRLRY SRRl ne o SRRRAT el fliseaUoARRRAL R
25 c%rrespondlng sequences of a human antibody. Accordingly, such
huchamiedd iantibosiibshatesHimaroegitbedieshatnsreinfingaeairigigreessuch
than an intact..hy variable domain has been substi y. T
co ﬁ%@ﬁo ﬁ%ng"g%q %bcg %S r;ﬁ‘ll el %%%- eﬁ%mal}l%n g%’ss e@%é%?(ﬁge(})?}?n]% eo,dles)
U. SiiRatenhie: 4:846:565qkendbAa0 #DA6/3450 uman immunoglobulin.

s Eopa e gclee e aiboce s sy v
are sHpslityted by Fesituesiramisnalogoussies MyhdeThonihedies 105-
(Pr]?ls9t?’llg9u8rrén%péasrgtreli‘?}%?tigﬂlé’ }%egzge%ug %%’ncle?’?%?i 1 8—'129, 2001). Generally, a

humanized antibody has one or more amino acid residues introduced into it
from a source that is non-human. These non~human amino acid residues are

20 often referred to as import residues, which are typically taken from an mmport

variable domain. Humanization can be essentially performed following the
methods known in the art (Jones et al., Nature, 321:522-525, 1986; Riechmann
et al., Nature, 332:323-329, 1988; and Verhoeyen et al., Science, 239:1534-
1536 1988), by substituting rodent CDRs or other CDR sequences for the

25  corresponding sequences of a human antibody. Accordingly, such humanized

antibodies are chimeric antibodies wherein substantially less than an intact

human variable domain has been substituted by the corresponding sequence

from a non-human species (see for example, U.S. Patent No. 4,816,567). In
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5 Additional methods for the preparation of humanized antibodies can be
found in C.S. Patent Nos. 5,821,337, and 6,054,297, and Carter, (supra)
which are all incorporated herein by reference. The humanized antibody

wis seleated?from any class of immunoglobulins, including g Tig&ogD34483

IgA and IgE, and any isotype, including IgGl, 19G2, IgG3, and IgG4.
Where cytotoxic 10 activity is not needed, such as in the present
inyeatite, insconstdrinithodiesierpranialbhonege wEbodissdnTrbich some

hu ized antibody ma i r 3
ISR e s R
eftagiphinctionsisradtino ahdterdicafPrekit, iC e . HumanZiaibddigs-596,
can also be produced using various techniques known 15 in the art,

indiod g phage display libraries (Marks et al., J. Mol. Biot., 222:581-597,

1991 anchWinishatabAbiuldRele repunolonlef 4334bEe1984ibolie can be
techniques of Cole et al. and Boerner et al useful for the .

p ré%‘&i%ﬁ@ ot HUFHER hoeforal ant ﬂ%ﬁée@%?%@?’eﬂﬁ. ﬁ?ﬂ%‘ﬁé?ﬁ’g Lfeyhich
et Al o7 1D5Aed #idr 88 9Prd8Rhe2OTRe iahlemanmbodies aetd

human include any mammal from which monoclonal antibodies may he

médten Exsidierssobimmanitaale BHes tnelvding hehih Hritude Dol exaihles

~rabbig, éﬁ;@%ﬁéfﬂ&%ﬁ%&grzg@mg%? AMOHSE IS WRiBH efhotoxic
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Funcli ents o odi€s also include single-chain antibody 25,
fragptieittsisalsoerowd, ascinglédhaipregsit daiesiosr kg ORfaiciram 1S
antib ragments are recombinant polyy i Al I -pl
R e BT ey T e e gpomoes
anfasiioady: ariohie bpayychaitymenind aciccseguemte (M-} sestmredomains
at least one fragment of an aptibody variable light-chain se ce {VL

it SRR S5 07 e, R RARLS A TR Ak

be a shornty figxibie PeRiide c4f MO POPRIB34RDUSRIE WA20QbBAARS known

selected to assure that the proper three-dimensional foldi f the VL and
VHndbpratneneBing gatEsRirg RKEds $Mete ﬁ\%taﬁ]m:ﬁﬁét

”?Oi?%%i?&@‘?irl%’@(?%ﬁ@%&&“&?é@{%&%f}i@?%%ﬁbﬂﬁ@%@-zﬁs, 1994),
e

singlé-chain antibody

The techniques of Cole et al. and Boerner et al. are also useful for the
preparation of human monoclonal antibodies (Cole et al., supra; Boemer et al.,
J. Immunol., 147: 86-95, 1991).

Suitable mammals other than a human include any mammal from which
monoclonal antibodies may be made. Examples of mammals other than a
human include, for example a rabbit, rat, mouse, horse, goat, or primate; a
mouse is preferred.

Functional equivalents of antibodies also include single-chain antibody
fragments, also known as single-chain antibodies (scFvs). Single-chain
antibody fragments are recombinant polypeptides which typically bind antigens

' or receptors; these fragments contain at least one fragment of an antibody
variable heavy-chain amino acid sequence (V) tethered to at least one
fragment of an antibody variable light-chain sequence (Vi) with or without one

or more intercommecting linkers. Such a linker may be a short, flexible peptide
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fragment is derived. Generally, the carboxyl terminus of the VL or VH 5
sequence is covalently linked by such a peptide linker to the amino acid
terminus of a complementary VL and VH sequence. Single-chain antibody

wibagha@nisocan be generated by molecular cloning, antibodypRgiTage @S piagss

10

15

25
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library or similar techniques. These proteins can be produced either in
eukaryotic cells or prokaryotic cells, inclyding bacteria.. 10 Single-chain
aﬁ?é%ﬁ#r@g@ﬁ%ﬁ?s@éﬁ’é%ﬁ?ﬁ?ﬁ%ﬁ@éﬂﬂéﬂ%g ﬁaétﬂﬁﬂg% é&P %&e}? oAby =
the yarahle regio eﬁ&rtﬁg&mﬁg@m@ anihosias deseribethinibise

specification, but are lacking some or all of the constant domains of thosg
arhilndigssriveeiboristan vduritaimsibenbererdish A sonngiGydiin antibody
bindin t _constitut I i &y v
L e e ore cerdime
sosequahtite probkd enslpdeicidtey swithaperusts dindmtibo thestoonmpnig

part or.all of a constant domain..For mple, single-chain ani
reGFREES s 1 DO B e P S Bt Bl ooy
malgcwiestandithe pesnietiain saistaireginmg, cmoibeduphsetdisplay
biological activity. Additionally, single-chain antibody 20.fragments are
coRBRAEY 4515 B ARG L A B B S Y RGP IRt & e &
gr%@,}gﬁ@@m@é}w@r ity ibaeiwhplsi@dtiasiesallowing single- chain
antibody fragments to localize and bind to target antigen-hinding sites

more effiiBEy-chais Aoy, PAGHRBITS TR S BB GCLHSG AT RERSRAPS &t
large scale i Brokanylie relisnthys fasiitaling dReioR adUeeies described in

Furthermore, 25 the relatively small size of single-chain antibody

fratjrivepiscifiskBerthewh dessadikaly saare whalbos b cersiast gsveias & those
immune res e inarecipient. F i i inc
B

chatagigristiesiajthesetafthd tihclewmitonywiSke hrftdgdentsShmle-chain
ol 12, 2302 A S (e BRSO T N
copfain@l sbe CPREIS NS whaledngigedyoralthofigk dragmedtsreontaiting
fewer than all of such regions, such as three, :
example, single-chain antibody fragments tend to be free of undesired
interactions between biclogical molecules and the heavy-chain constant region,
or other unwanted biological activity. Additionally, single-chain antibody
fragments are considerably smaller than whole antibodies and may therefore
have greater capillary permeability than whole antibodies, allowing single-
chain antibody fragments to localize and bind to target antigen-binding sites
more efficiently. Also, antibody fragments can be produced on a relatively
large scale in prokaryotic cells, thus facilitating their production, Furthermore,
the relatively small size of Single—chain antibody fragments malkes them less
likely than whole antibodies to provoke an immune response in a recipient.
Functional equivalents further include fragments of antibodies that have

the same or comparable binding characteristics to those of the whole antibody.

Such fragments may contain one or both Fab fragments or the F(ab’), fragment.
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four or five CDRs, are also functional. Further, the functional equivalents
may be or may combine members of 5 any one of the following
immunoglobulin classes: IgG, IgM, IgA, IgD, or IgE, and the subclasses
wihese@dsBneparation of functional equivalents of antibodies Equivsdertisadss
antibodies are prepared by methods known in the art. For to example,
fragments of antibodies may be prepared enzymatically from whole

arftiloGetigslyPtheferiibigde Guigaionisconinnsd s Gleisep Medheis BiiRody,
engadin zfe%rd%‘_@gglgu'{%@&E%H,%gﬁwa%%éagafwm% Satinadies swae,

be* pre elefing all but the desired portion of the DNA that
entodes fhe: Tid¥angth aintidfodyiidaBaDNA encoding chimerized antibodies

may be prepared ecaombining .DNA substantially or. e 1
encodingg H&%%rh tﬁ%@%&%&%@i%ﬁ?‘é%&ﬁmagﬁég )iér?ga g%ﬁa ﬁffge%%nr}}s}ers of

5 detivedrpubstantiallywipxelisivelyibniithe aseauépGe loMhéararigile or IgE,
region of a mammal other than a human. DNA encoding humanized
arﬂfﬂ%ﬁi@ﬁ‘ﬁﬁ%ﬁ%ﬁﬂéﬁ&l"éﬁ by recombining DNA 20 encoding constant
regions and variable regions other than the CDRs derived substantially or
exclusively from the corresponding human antibody regions and DNA

encodingFoBREdeIVA T Sisisamisay b e e i dBRPREIRS a mammal other
than a hyman, sultable seureasolL MR sarle By o nakie Naodm TAGRRAMS For.

of antibodies 25 include cells, such as hybridomas, that express the

10 fuwmngmaﬁggmmtﬁhﬁamﬁmmatmﬁwwqw@gdwmm%m whole
o ol R R e D e
segtiondingyshen eguied os. b Knvwmcndtimiisgsetisay tidtwdescipede
n e pilshed pnt S sl st b, 1A ORRORT
anfibedies @y erdselaed and purified using standard art-

5 DNA encoding chimerized antibodies may be prepared by recombining
DNA substantially or exclusively encoding human constant regions and DNA
encoding variable regions derived substantially or exclusively from the
sequence of the variable region of a mammal other than a human. DNA
encoding humanized antibodies may be prepared by recombining DNA

20  encoding constant regions and variable regions other than the CDRs derived
substantially or exclusively from the corresponding human antibody regions
and DNA encoding CDRs derived substantially or exclusively from a mammal
other than a human.

Suitable sources of DNA molecules that encode fragments of antibodies

25 include cells, such as hybridomas, that express the full-length antibody. The
fragments may be used by themselves as antibody equivalents, or may be
recombined into equivalents, as described above,

The DNA. deletions and recombinations described in this section may be
carried out by known methods, such as those described in the published patent

30  applications listed above.
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Inown methods. For example, antibodies can be screened using standard
art- known methods such as ELISA against the soluble endoglin peptide
antigen or 5 western blot analysis. Non-limiting examples of such

wigchrigsuasare described in Examples Il and Il of U.S. PateatAlgeo05/034483

10

i5

20

25

6,365,157, herein incorporated by reference. Therapeutic uses of
antibodies 10 When used in vivo for the treatment or prevention of
pre-eclarptizody sERanpdhseiatisidies of the subject invention are

administeredl Joilie: SRS therapenlieal ofleatie AMQUMSdard art

Preferably, the antibodies are administered parenterally or intravenously
bykeomtinumisdriusion cXhmplosentibeiitsseaychesinsencdepong s iapdw drat-
severity of t isease, a QVer. th of j Lhe .+
i e R e R T
to wbeautl Bioigke vfi subjeativeighg, praterbdspDs0thdccdboguss mg/kgsefibed

o PP R P R

emgisiendn association with a 20 pharmaceutically acceptable parenteral
vehicle. Such vehicles are inherently nontoxic, and non-therapeutic.
Examples of such vehicles are water, saline, Ringer's solution, dextrose

solution, and. %6 humanSermadupIn. Nonaqueous vehicles such as

ape
fixed oils and é{hyl oleate may also be used. Liposomes may be used as
carriers. Wieenalsiefeinayctmtha FrRBRarheuRS IO Rd B esdtoRHs or

Supsiances AL ehhanasdsnta sy R eGSRtk Teks
an pregervh Ives. The antibodies typically are formulated in such
vehitizsainchecemtratialy offabibve dnoegit. td tdarain o apidyodies are
2006/034507 PCT/US2005/034483 Combination.therapi To :
i e eI o B E T E

copaiRtiapayihiaky dhendtansardupresectitmpsitaodissisznpslahe overall

Iy sich e e o e sl st e .08
range of about 0.001 to about 10 mg/kg of subject weight, preferably 0.01 to
about 5 mg/kg of subject weight.

For parenteral administration, the antibodies are formulated in a unit

dosage injectable form (solution, suspension, emulsion) in association with a
pharmaceutically acceptable parenteral vehicle. Such vehicles are inherently
nontoxic, and non-therapeutic. Examples of such vehicles are water, saline,
Ringer's solution, dextrose solution, and 5% human serum albumin.
Nonaqueous vehicles such as fixed oils and ethyl oleate may also be used.
Liposomes may be used as carriers. The vehicle may contain minor amounts of
additives such as substances that enhance isotonicity and chemical stability,
e.g., buffers and preservatives. The antibodies typically are formulated i such

vehicles at concentrations of about 1 mg/ml to 10 mg/ml.
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20040126828, 20050025762, and 2005017044 and PCT Publication
Numbers WO 2004/008946 and WO 2005/077007. Dosages and Modes
of Administration 10 Preferably, the therapeutic is administered during

wpregnancpfor the treatment or prevention of pre-eclampsiaPOraEERHpSians
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or after pregnancy to treat post-partum pre-eclampsia or eclampsia.
Techniques and dosages for administration vary depending on the type of
copobirhfioy. therses] compound, purified protein, antibody,

antisense, RNAIar puyclelc acid vecion 1530 asewelikaonuy aethose
skilled inﬁ) g %frgtgg?'hréﬂ %eagl%ﬁé?étermined. ?herape%ff% compounds of the
prederihiseendion coaphebeniribtensd thitrstaptrichigeeeniagigsia or
acceptable djluent, carrier, of excipient, | it dos il 1295%- d inchud
AR TR 10 AP S el SEE SRl Blsan and noiude
loghk byegikans irjesiicsdnid e RamioApfilicitiotrBubhoat aelenp try 20

continuous infusion is the_ pr ferr(é for administering th )
B LML 51 e eSO MO T B Lo hsagn M
in theyfopmaierpilk tatdlely oassg1itpad, or sustained release tablet for
oral administration; or a liquid for intravenous, subcutaneous or

parenteral administration; or a polymer or other sustained 25 release

veﬂglﬁ%;gg locahadaoisk atinRidyigtaeds well known in the art for making

formulafions are found, for example, in "Remington: The Science and
Practice Brefeabhaciie(@omnsutie . AAORN SRS PPOgESp BRI bR
nglga@ﬁe%tvt\)/r”k'r%%’epggﬁ%%lrﬁr%gecﬁﬂ sEPENLBlians;fosnaken ancy to
adminis rann?nay,‘ or example, contain 30 exciplents, sterile’'water,

saliret polyakylemepgtycdsmsph asqotiyeibiviefecBoiywes 2006108456 7ot
PCT/US2005/034483 .glycal, oils of vegetable origin, of hydrogenate
e e R R AR
lactidle{alvaalidacpelyroaino apdhyayy aihidene;fRilyéxy pramdine acid vector)
copolymers may be used to control the release of the gampounds.

PRSP AL TR (o bIBdBE Haab e A Bp R i
lipid nanepauiclesRQsRRIAEHE Gythe seechtQBRmifdlieay be administered

with a pharmaceutically acceptable diluent, carrier, or excipient, in unit dosage

form. Administration may be parenteral, intravenous, subcutaneous, oral or
local by direct injection into the amniotic fluid. Intravenous delivery by
continuous infusion is the preferred method for administering the therapeutic
compounds of the present invention.

The composition can be in the form of a pill, tablet, capsule, liquid, or
sustained release tablet for oral administration; or & liquid for intravenous,
subcutaneous or parenteral administration; or a polymer or other sustained
release vehicle for local administration.

Methods well known in the art for making formulations are found, for
example, in “Remington: The Science and Practice of Pharmacy” (20th ed., ed.
A R. Gennaro AR., 2000, Lippincott Williams & Wilkins, Philadelphia, PA}.
Formulations for parenteral administration may, for example, contain

excipients, sterile water, saline, polyalkylene glycols such as polyethylene
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biodistribution of the compounds. Other potentially useful parenteral
delivery systems include ethylene-vinyl acetate copolymer particles,
osmotic pumps, implantable infusion systems, and liposomes. The

wepnpentaaton of the compound in the formulation varies dependsgoapsnss
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a number of factors, 10 including the dosage of the drug to be
administered, and the route of administration. The compound may be

opglomalycadrminisasiellaSngnapRAaUREEame hERBRRISRESal SSHErPALbIe,
i”noﬁ'égé Gl %Hﬁ@i ﬁa%m@éﬁhﬁwmé dbabiase-cammonly used

armaceutical industry. Examplées of acid addition 15 salts include

orgahjoracithy kucrpadyaseticoiadties papalisrerareks brmeshiieoTaEidisic,
sucginic, benzoic, palmitic, er Igylic IGs n ]

i A O T ST S R
asiiannieicids cashdijmethylgettides, lgrdheniike; rand heorgmhio @uitiol the
such as hydrochlori¢ acid, hydropromic acid, sulfuric acid.phosphori

S RFE RS et EOHIIAES RO B N SN e cetver
Fogulations fafcosalysecinehidedahietsaiiainingaiiieiastivemotic pumps,

ingredient(s) in a mixture with non-toxic pharmaceutically acceptaﬂﬁ%
rs

ex eI SR EQB ST 4) EP RSP RS MPRE FORATHITAHRAL 8
(€-GonHSERSEARE SORIER IBFERING: ROy AldaNiSnaRber of factors,

anti-adhesives (e.g., 25 magnesium stearate, zinc stearate, stearic acid,
silizednipdrSyedesegevelbrtrasndordmiysenduieioRs rousiafuse

mav1alscS %@(ggvided as chewable tablets, or as hard gelatin capsules

SO . . . . . . . . .
wherein the active ingredient is mixed with an inert solid diluent, or as soft

gelatin capisutesnphend mihebactivedngis didmiigstalcddis3ophrimegeaitionlly
an oil medium. 81 WQ 2006/034507 RCTAJS2005/0344,

TG BR R Eoh AP HRn S VESBTANE
faciessinaieing thedaveialifieatihaiitieabimjestran Ethensieverftyood thidition
symptoms_of pre-eclampsia. In general, once pre-eclamp

o GBHASRS BRI B TS A8 e BEE PRSP il gplic

theascorbic, succinic, benzoic, palmitic, suberic, salicylic, tartaric,

methanesulfonic, toluenesulfonic, or trifluoroacetic acids or the like, polymeric
acids such as tannic acid, carboxymethyl cellulose, or the like; and inorganic
acid such as hydrochloric acid, hydrobromic acid, sulfuric acid phosphoric
acid, or the like. Metal complexes include zinc, iron, and the like. |

Formulations for oral use include tablets containing the active
ingredient(s) in a mixture with non-toxic pharmaceutically acceptable
excipients. These excipients may be, for example, inert diluents or fillers {e.g.,
sucrose and sorbitol), lubricating agents, glidants, and anti-adhesives (e.g.,
magnesium stearate, zinc stearate, stearic acid, silicas, hydrogenated vegetable
oils, or talc).

Formulations for oral use may also be provided as chewable tablets, or
as hard gelatin capsules wherein the active ingredient is mixed with an inert
solid diluent, or as soft gelatin capsules wherein the active ingredient is mixed

with water or an oil medim.
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5 purified protein is used to treat or prevent further progression of the

condition. Treatment can be continued for a period of time ranging from i

to 100 days, more preferably 1 to 60 days, and most preferably 1 to 20
wadey®s.0845mtil the completion of pregnancy. Dosages vary dependues opi4ss

each compound and the severity of the condition and are titrated to

achieve a steady-state blood serum 10 concentration ranging from 10 to

20 ng/mIButuiseagndoglfediniog iedoipgnng fheecompmibd flgpends on

P1GE, or both, preferabl - referabl L
-l B S Ry R R R R B e
The disgn o$titeepthpidsdesdorieect renpmacadm lpenesel tmengnitarcihmpsis or a
15 eclampsia or,eclampsia during therapy or, tg determine the f
R R G e SRS TR R

5 adpinistaresband hesBAN iedeierrinent duringrtheogetsserot fhiesappdition.

the PAAI is less than 20, preferably less than 10, then the thera iC
oSS SRS e T HE A SHEETE 06 86 TREHE bl e

therapeulicraQiagnre wickisyadiminisierest aRehihe salubledargogliontil the

anti-angiogenic index is determined during the course of therapy. If the

soRsBIe SheB g aPE A Yo RREpRIET Y iag onoaphaierapiyndsand the
th%@v]eg%g@%%m%ﬁ%a&%&%ﬁ&%@ﬁi@@é@s@%@&fﬁﬁ%\@sem

dosage ject monitoring The disease state or treatment of a subject

10 havimypreaticampsing Sotamiisia, Xt rgfroselishy endegbopades 4 to 500

o R S8, LRI R BioRd SO MORINE A0 FRmRAPRORT Cldte
presefiribly badilyfipidniuehdamosines fitesiyas 30 Hhpgatit MRGBOCBIGE, or

is manitored. 'ggf soluble endoglin monitoring can be 82 WO
206818 BCTYI1S2005/034483 combined with methods for

mOﬂitOfi”ﬂH@@iﬁgﬁfﬁﬁﬁi%ﬂfeﬂm gEitSbMERRiarcRAIGRpelpeptitdioSietpre-
monitoring may be useful, for example, in assessing ttg;éefficacy offa

15 paPGURRR RS i 4508]e AH6TR RESERE Ay B B0 BYe S8R5% s ©
;2%{&%5%&5 Halsissisasetbacxpiastion elasvhiecengealiunucleic
administered and the PAAI is determined during the course of therapy. If the

PAAI is less than 20, preferably less than 10, then the therapeutic dosage is
considered to be an effective dosage. In another example, a therapeutic

20  compound is administered and the soluble endoglin anti-angiogenic index is

determined during the course of therapy. If the soluble endoglin anti-
angiogenic index is less than 200, preferably less than 100, then the therapeutic

dosage is considered to be an effective dosage.

25  Subject monitoring
The disease state or treatment of a subject having pre-eclampsia,
eclampsia, or a propensity to develop such a condition can be moniiored using
the methods and compositions of the invention. For example, the expression of
a soluble endoglin polypeptide present in a bodily fluid, such as urine, plasma,

30  amniotic fluid, or CSF, is monitored. The soluble endoglin monitoring can be
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5 molecule or polypeptide are taken as particularly useful in the invention.
Examples The following examples are intended to illustrate the invention.
They are not meant to limit the invention in any way. 10 Example 1.
wincmeassddevels of endoglin mMRNA and protein in pregnantPeDumenwitiazags
pre-eclampsia. In an attempt to identify novel secreted factors playing a
pathologic role in pre-eclampsia, we performed gene expression profilin

of praceried NsshanethadniorpralpERe HsERTRANBralctahlisia iRt sor
no thg?%%@ﬁé%%@h@ﬁ%ﬁfﬂ%%&%ﬂ!%%ﬂ?&?ﬁn W€essing

foun ne for endoglin was upregulated in women wit .
prebectfifivgsiaofrpatticwdacshfigrinheunasg ariiopsetssitbgifesse progression.

pre-eclampsia erforme :
e A T S e A e AL acid
5 sepdbigetdtein teiets:pfidendegliketFigyrarddutegreusclamptibpregesmn.
women as compared with normotensive pregnant women. Pre-eclampsia
was defined as (1) a systolic blood pressure (BP) >140 mmHg and a
diastolic BP >90 mmHg after 20 wegksirgphigtion, (2) new onset
proteinuria (1+ by dipstilc on yrinanalysis, >300mg of 25 protein in.a 2
hour uring 86 HELASHDE RAHRIBIF ﬂﬁ@ﬁ%@@%%rﬁ%ﬁﬁ@ F%ﬁdngﬁf@,oﬁn bey

(3)Feslvtinnpf RYRsHensiIoNaRE R HaiRyRey 12 weeks postpartum.

Patients with underlying hypertension, proteinuria, or renal disease were
10 excluded. Patients were divided into mild and severe pre- eclampsia
baseth biRG PigRFURE A 1B0SR % RLDERA R NRACER BRI T cithnt
of protein on a 24 hour urine collection or urine protein/creatinnie ratio
grestaneB3viiih POO6MBER0RPCT/US2005/034483 than 3.0). The mean

urine protein/creatinine ratios.in the mild pre-ec ia: gr 4. .ol
+/- 0.2 ar:% it e % r{eefcé 1preexité anr%réllas'eg‘p%g%e? vé\%éﬁegggli%ﬂ%a\%‘lg eOr% gnro ¢

gestationatiagesiaf the parforsgrgups axpresaifoimidimpotipl88:8al tissue
L5 A e e ClamBSa 3 s SVt 3 S S SR WsiEen
using Affymetrix U95A microarray chips. We found that the gene for endoglin
was upregulated in women with pre-eclampsia.
In order to confirm the upregulation of endoglin in pre-eclampsia, we
performed Northern blots to analyze the placental endoglin mRNA levels
20 (Figure 3) and western blot analysis to measure serum protein leveis of
endoglin (Figure 4) in pre-eclamptic pregnant women as compared with
normotensive pregnant women. Pre-eclampsia was defined as (1) a systolic
blood pressure (BP) >140 mm#Hg and a diastolic BP >90 mmHg after 20 weeks
gestation, (2) new onset proteinuria (1+ by dipstik on urinanalysis, >300mg of
25  protein in a 24 hour urine collection, or random urine protein/creatinine ratio
>(.3, and (3) resolution of hypertension and proteinuria by 12 weeks
postpartum. Patients with underlying hypertension, proteinuria, or renal
disease were excluded. Patients were divided into mild and severe pre-
eclampsia based on the presence or absence of nephritic range proteinutia (>3g

30  of protein on a 24 hour urine coliection or urine protein/creatinine ratio greater

&3



5 +/-0.6 weeks, and pre-term 29.5 +/- 2.0 weeks. Placental samples were

obtained immediately after delivery. Four random samples were taken

from each placenta, placed in RNAlater stabilization solution (Ambion,
wusing349%)7 and stored at -70 C. RNA isolation was perfornsth asimg /034483

Qiagen RNAeasy Maxi Kit (Qiagen, Valencia, CA). 10 Northern blots

probed with a 400 base pair probe in the coding. region of epdoglin ‘
(UihgBriePhs To7 BRa B PAPHIT Froboing B%BWEE%HGEE%%iIWPW
sh

ejparease/inpagrniairodogie MRNANWATaERBIOtdEoDEd:/- 2.1.

with an antibody to the amino terminus of endoglin showed an increase in
botRhplacenzisiridonaltezaarsdheniasoERBrERtEHA pYdelRYS: normal 38.8

e R e

5 the+platentaksanddsprememi Bhadetiamptivasitie MiacThahvesipiesbisTe
analysis used to measure. the, levels ofendoglin protei '
R o AR R B B 8 R B o
smedleit proajeina(G3asBain R Alaspreddhivim thesplatentéanbliserimstin, TX)

pre- eclamptic pregnan en, We have demonstrated that this ller
a OO At el ORI O 5 RGN o L, BN B
likely Ag; legt @%gﬁ)}w&h@l@j@p@ml syncitiotrophoblasts and endothelial
cells and 25 circulated in excess quantities in patients with %re-ecl_ampsia.

10 This soluBlerfesr BiaihaBf A s AtPrIRANRIRReHgBR e EE o of

by %H&gl%\tlgjﬁg%éﬂ@tﬁﬂd SIRRL arRPOEessetY IRranwsmalivastil@ontrol
health. 84 WO 2006/034507 PCT/US2005/034483 Example 3. Circulating
corsbemtestioninotessiuis@eaavighsidegbmalNty. NEavianybistiprobed with

PfeaeC'a{%fé%% @éefﬁgmfe{ﬁﬁété%frﬁ%f&?%@%e%gl%%v@afsﬁﬁafé&%'ﬂ{ie&h

% anti
solublé endoglin ir e serum of normal} mildly pre-eclamptic, or

sevdehnpreandlamipticalvemen lerels qferidopbd EiSk analysisembiood
15 SO AR SR DACEH G B HTACEEE co SHLET e O Bt
range proteinuria (>3g of protein on a 24 hour urine
Example 2. Demonstration of a soluble endoglin polypeptide in the
placentas and serum of pre-eclamptic patients.
The western biot analysis used to measure the levels of endoglin protein
20 in placentas and serum from pre-eclamptic women suggested the presence of a
swnaller protein (63 kDa), that was present in the placenta and serum of pre-
eclamptic pregnant women. We have demonstrated that this smaller fragment
is the extracellular domain of endoglin. This truncated version is likely to be
shed from the placental syncitiotrophoblasts and endothelial cells and
25  circulated in excess quantities in patients with pre-eclampsia. This soluble

form of endoglin may be acting as an anti-angiogenic agent by binding to

circulating ligands that are necessary for normal vascular health,
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collection or urine protein/creatinine ratio greater than 3.0). The mean
urine protein/creatinine ratios in the mild pre-eclampsia group were 0.94
+/- 0.2 and 10 in the severe pre-eclampsia group were 7.8 +/- 2.1 (Figure

WB) 2@EIBAWas performed using a commercially available ER4SAKG0TBHAF483

5

10

15

20

25

R & D Systems, MN (Cat # DNDGOO) as previously described (Maynard

tal, J. Clin. Invest. 111:649-658, 2003). 15 Example 4. Model for .
BRI R ACiEA BRSPS SRS N B CRIF A O U MO it

angmm&lgwmgﬁqﬁyﬂ@%ﬁggﬂmggel (7 mg/mL, Collaborative

Biomedical Products, Bedford, is placed in wells (100 pUwell) of a

pre-chilleth4gdseibarsimpata ke pritd apbE riaiBesr By eadoehB Som the
miny I 0] izati srphiicglve a‘%ﬂﬂ‘? ' I
(36%%%L th?f r? é%%%b§%%méé%%g&%%%%gium W?fr?%r%(/)%gierum, %r}i%ﬁelﬁ:% Iﬁ )
Watkeérsviitd, F1D$ Atapassigestdcs dremplaetiinthnogdt beffeosesam,
plated onto the Matrigegl. coat ell ' f -

oL PR e i e T MRS R BEC CAHRAEE e 34 Or Blo et nce
coptralstenieroserpeuttdhé ka2 @oegoiaiofi pTakiropdapih hawmdusne
analyzed. (tube area and total length) using the Simple, PCI imagin .

G S BRSO TS oPBlo b E JRp e
Solbisisndoglimmsoirinslevels agid gleonstiniieaiop oleero-etlampsland

and eclampsia in women (Romero Study). This study was eségjgﬁd to
evEldhSRFRmBICSBRE SR IEGHR EHRerSd ™ ddrih éﬁHF&a%pr etPAmp&a

@régﬁ%?fﬁéé Es%? bedssedriapredictpis Srctamnsianang RAamsiatins,

en. This study was done under collaboration with Dr. Roberto
ROMRT6Cat #ASNIMAYTHY stas Uenryeribadnbarmmebrd ¢ Branth, [nvest.

Detrojt, IVl ective longitudinal case-control study was conducted
usi%fg)faﬁggnise%e}b%gical sample database as previously described in

Chaiworapongsa et al. 10 (The Journal of Maternal-Fetal and Neonatal
Medicine, January 2005, 17 (1):3- 18). All women were enrolled in th
oroSHREI L LIPS B phgioE St |
An endothelial tube assay can be used an in vitro model of angiogenesis.
Growth factor reduced Matrigel (7 mg/mL, Collaborative Biomedical Products,
Bedford, MA) is placed in wells (100 pl/well) of a pre-chilled 48-well cell
culture plate and is incubated at 37° C for 25-30 minutes to allow
polymerization. Human umbilical vein endothelial cells (30,000 + in 300 ul of
endothelial basal medivm with no serum, Clonetics, Walkersville, MD) at
passages 3-5 are treated with 10% patient serum, plated onto the Matrigel
coated wells, and are incubated at 37° C for 12-16 hours. Tube formation 1s
then assessed through an inverted phase contrast microscope at 4X (Nikon
Corporation, Tokyo, Japan) and is analyzed (tube area and total jength) using
“the Simple PCl imaging analysis software.
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Hospital, Santiago, Chile, and followed until delivery. Prenatal visits were
scheduled at 4-week intervals in the first and second trimester, and every
two weeks in the third trimester until delivery. Plasma samples were

weeteat@dtfiom 15 each patient only once for each of the foll@aing&ions/034483

5

10

15

20

3¢

intervals: (1) 7-16 weeks, (2) 16-24 weeks, (3) 24-28 weeks, (4) 28-32
weeks, (5) 32-37 weeks, and (6) >37 weeks of gestation. For each

préizarmplstd: cheliiiperdeaitn weatemderels By HiivsRasHsipdiatunat
aglﬁlfgjé&a\ﬁfgg?g)fﬁé%ﬁgﬁgﬁg q}#%&h@@gm&f @gﬁd%ﬁampsia. The
eria for t

clinical crit e diagnosis of pre-eclampsia were 20 the same as
previousI{ diestrideavirs Geragmotdapongbaets wihelsraolnbieancogit ot altered
Plasma Endaglin Levels The. plas it are. .
thzjé\?vu%lélgo\rcr;1 IB Asmha so %Efgglegn%é{;ﬁl%?/ge%?v%ﬁgd %ﬂésa%suré)gcfi\%%ng TE)E::attch
usiagdhsiarmmderciathpsivdilabten®b ELISA kits from R&D systems,

Minneapalis, MN.(Catalog # DNDGO Stastisticgl An is Analysis of
covarian ed 16 ‘%&%&3#)%08%&8’@% %‘B@%@raa%%ﬁ%%%?%%%}g ot
solghleendedinbpaiybepatietsiiepinediisievBlopgrebafdslafipsia
and in normal pregnancy after adjusting for_gestatio at pblood 86

I
WP EOSRIOE S OTBET IS SeRTS O, §ﬁ@am@0§§a%rgﬁ%&%af anked
SamRiR SIMPIEGIRIBAMAR Q8 FishRISBXasidaBts WerBAMEIaYSEoa et al.

comparisons of proportions. The statistics package used was SPSS V.1

2
(SKS® FemehiebbinyabRair cadddsvaatabMeaicdror apas1a0ss (k56 D:3-
thafgz.- Oé%%gés%ﬂrté% Toe, cificale ﬂ?év@?&%{a{%&icaﬁfi&h& Fdnpopdatien,

edin aﬁ

are descti e 1. The group with pre-eclampsia included more
nullifeapots, BeniergarChile| et ddl bavidruhahdpléveoytrBrgpaiap visits were
Impoyt the birth weights .of the 1Q fetuses were,smaller.in th

or LA 2L A S W s SR TRl A8 every oo
carpyiagss alefargbsiatianalagd (SHArnRMsnd shieplesGlinieakiected from

characteristics of the study popﬂ
each patient only once 101 eac

lgpﬁ{]e following six intervals: (1) 7-16 weeks,
(2) 16-24 weeks, (3) 24-28 weeks, (4) 28-32 weeks, (5) 32-37 weeks, and (6)
>37 weeks of gestation. For each pre-eclamptic case, one control was selected
by matching for gestational age (+/- 2 weeks) at the time of clinical diagnosis
of pre-eclampsia. The climical criteria for the diagnosis of pre-eclampsia were

the same as previously described in Chaiworapongsa et al, supra.

Measurement of Plasma Endoglin Levels
The plasma samples stored at -70° C were thawed and plasma soluble
endoglin levels were measured in one batch using the commercially available

ELISA kits from R&D systems, Minneapolis, MN.(Catalog # DNDG00).

Stastistical Analysis
Analysis of covariance was used to assess the difference in plasma
concentrations of soluble endoglin between patients destined to develop pre-

eclampsia and in normal pregnancy after adjusting for gestational age at blood
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Normal Pre-eclampsia p pregnancy n = 44 n=44 Age (y) 29 6 26:1: 6
0.04* Nulliparity 11 30 <0.001 (25%) (68.2%) Smoking 10 1 0.007*
(22.7%) (2.3%) GA at delivery (weeks) 39.7=1.1 36.9 2.7 <0.001 *
WHBipHE¢HIT (grams) 3,372 383 2,710 = 766 <0.001 * Birthweithtzotott34483
percentile 0 16 <0.001 (36.4%) * 15 Value expressed as meansd or
number (percent) GA: gestational age 87 WO 2006/034507 |
PETPEDRE @5 BUGERIT AL RIS SRRt TE iR AUBF pRLIL SR ifrpxact tests
Pre-eclamprig el eHesbaskithd 8Pls Gookhishs W 7A% kAt ihn patianised
had severe pfe-eclampsia, while 10 patients had severe early-onset

pravecBithgsia tefipRE EnendehicagondeksSismamase Einrygumed for ap

characteristi gé igats with pre-eclampsia Blood pressure (mmHg)
Sy‘é%glﬁac%gé%t ﬁa@tto ic 100 8 Mean arterial pressure 118 9 Proteinuria

5 (dipstick) 3 0.8 Aspartate aminotransferase' (SCOT) (U/L) 29 31
Pl&esadisount, (x103) (/L) 206 59

The clinical characteristics of the study population are described in
Table 1. The group with pre-eclampsia included more nulliparous women and
delivered earlier than the control group. Importantly, the birth weights of the
10 fetuses were smaller in the pre-eclamptic group and there were a higher

proportion of women carrying small-for-gestational-age (SGA) infants.

Table 1. Clinical characteristics of the study population

Normal Pre-eclampsia P
pregnancy n= 44
n =44
Age (¥) 296 26+ 6 0.04%
Nulliparity 11 30 <0.001
(25%) (68.2%) .k
Smoking 10 1 0.007*%
(22.7%) (2.3%)
GA at delivery (weeks) 39.7+ 1.1 36.94 2.7 <(0.001
%
Birthweight (grams) 3,372 £ 383 2,710 4 766 <0.001
#
Birthweight <10® percentile 0 16 <0.001
(36.4 %) *

15
Value expressed as meanssd or number (percent)
GA: gestational age
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Severe pre-eclampsia 32 (72.7%) GAat pre-eclampsia diagnosed <34
weeks 10 (22.7%) GAat pre-eclampsia diagnosed >37 weeks 27 (61.4%)
Value expressed as mean sd or number (percent) a (n=26); , (n=42) 10

whheeanasasoluble endoglin levels in the controls and the prececlaryaticz 453

10

15

20

women measured in the 6 gestational age windows are shown in Table 3.
Amongst the pre-eclamptics, their specimens were divided into two groups
- clinical e ebiviep sibaeatapiictaprtientewilerse SHlipBRe Fe tesqbed
ecla ja) aﬁ recli icgl, -egl i X rigu 1o glinicah,;
o T B B D ek e
gestaiisimntsdndnsehtiedndogitpconciamptiends red asingset ddfriaacks.
destined to develop pre-eclampsia and become at least 3 fold higher than
controls by 28-32 weeks of gestation. Blood samples taken from women
Witk inicalipiR AQ RelaPRFietRI0N pattnid Ritht ¢edmnpeid5 fold)
elevation when compared to gestational age matched controls. 88 WO
203@&5%@{@@(&@%95/034483 Table 3. Plasma soluble endoglin
concergratigns in normal pregnancy and pre-eclampsia Normgd B 15
Pre-cli@%gt&iglinical p pregnancy samples samples Pre-eclgjppsia Pre

eclam ) ing (7.1-16 ks) 3.89 .928 0.9 5, 4.28
Solublﬂgﬁﬁgﬁ%?%%.gg 2.20.2 1V\1e.g 2.4 Gestational %%%vgeeks)
: n A

8. A LRI EHIA ge n=37 n=34 2nd blood sampling (16.
Aspartate aminotransferase” (SGOT) (U/L) 29+31
Platelet count® (x10%) (WL) 206 + 39
Severe pre-eclampsia 32 (72.7%)
GAat pre-eclampsia diagnosed <34 weeks 10 (22.7%)
GAat pre-sclampsia diagnosed >37 weeks 27 (61.4%;)

Value expressed as mean * sd or number (percent}
© (1=26); P (n=42)

The serum soluble endoglin levels in the controls and the pre-eclamptic
women measured in the 6 gestational age windows are shown in Table 3.
Amongst the pre-eclamptics, their specimens were divided nto two groups —
clinical pre-eclampsia (samples taken at the time of symptoms of pre-
eclampsia) and preclinical pre-eclampsia (samples taken prior to clinical
symptoms). The data shows that at mid-pregnancy (24-28 weeks of gestation),
serum soluble endoglin concentrations start rising in women destined to
develop pre-eclampsia and become at least 3 fold higher than controls by 28-32
weeks of gestation. Blood samples taken from women with clinical pre-
eclampsia show a very dramatic (nearly 10-15 fold) elevation when compared

to gestational age matched controls.
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M"3.36 1.11 0.1 3.79 1.37 Soluble Endoglin (rig/ml) 19.4 1.7 0.0 20.2
2.1 Gestational age (weeks) 16.3 -23.4 6 16.7 -24.0 Range n=44 n=36
3'd blood sampling (24.1-28 weeks) 3.18 .729 0.0 5.27 4.12 Soluble

wiondeglisugmg/ml) 25.9 1.3 09* 26.4 1.1 Gestational age (weeks)s2¢hd034483

-28.0 0.2 24.6 -28.0 Range n=38 n--29 4" blood sampling (28.1-32 weeks
3.71.1 <0.10.29.8 0.01* 96.125.7 0.05 Soluble Endoglin (ng/ml) 29.9 1.1
001 30.2 Tiable 3.30lasm4 sonide sudieglin sga¢ordentions B apowd 7

-32. Oe29 A 3;La4 g%_egbﬁ%%%? n733 n=26 5" blood sampling
CZAR RS 10.51 6.59 <0.001* 43.1425.6 <0.00
Soluble Endoglln (ng/ml) 34.7 1.303*34.8 1.5 1.0 34.51.2 1* Gestational

age (weeks) 32.4 -36.6 1.0M82:8!-36.732. 61’136181‘?‘0 Rarfge n=3%#iedy P
n=13 6" blood sampling (3287jéeks) 8.9, 4 ?&5323 0.006 Sfﬂj;’i@fleé
Endoglin (ng/ml) 39.4--1.0 10.61 * Gestational age (weeks) 37.Qxfkia

38.81bd @EiRamew=27 37.6-41.4 n=27 5 pQ :compared between
Ies at clinical manlfe%ﬁéﬂn?%f p?é? ecla iazénd normal pregnancy

S,{m na%f%f & ean pre- -8dam nts had no blood
samp es aval %@ cllnlcalng},anlfestatlon 1&;?5

2% blood sanmline (16.1-24

weeksa 3364111 0.1 3.79 £ 1.37
Soluble Endoglin (mg/ml) 194+ 1.7 0.0 202+2.1
Gestational age (weeks) 16.3-23.4 6 16.7 -24.0

Range =44 n=36

3" vlood sampling (24.1-28

weelks) 318,726 0.0 5274412

Soluble Endoglin (ng/ml} 259+ 13 (9% 264211
CGestational age (weeks}) 24,1-28.0 02 24.6 -28.0

Range n=38 n=24
4% vlood sampling (28.1-32
weeks) 3.7x1.1 <0. 16.2+9.8 0.01% 96.14£257 0.05
Sohuible Endoghn (ng/ml) 299 1.1 001 30.2+1.0 1.0 304+ 1.4 1.0
(estational age {weeks) 28.3-32.0 28.7-32.6 294 -314
Range =42 1.0 =33 n=2°
5™ blood sampling (32.1-36.9
weeks) 570+£242 0.6 10512659 <0.001* 43.14=x£256 <000
Soluble Endoglin {ng/ml) 347+1.3  03% 348+1.5 1.0 34,512 1=
(Gregtational age (weeks) 32.4-36.6 1.0 32.6 36,7 32.6-36.6 1.0
Range =37 n=20 n=13
6" blood __ sampline
(Z=3Tweeks) 89x45 - 1523 = (.006
Soluble Endoglin (ng/ml) 354+ 1.0 1G.61 *
(Gestational age (weeks) 37.0-40.7 388=x1.1 0.05
Range n=27 37.6-414

=27

10

pf :compared between samples at clinical manifestation of pre-eclampsia and normal
pregnancy

Value expressed as mean + sd

®2 pre-eclamptic patients had no blood samples available at clinical manifestation
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WO 2006/034507 PCT/US2005/034483 To examine the relationship
between plasma soluble endoglin concentrations and the interval to
clinical diagnosis of pre-eclampsia, plasma samples of pre-eclamptic
woatientsaidifferent gestational ages were stratified accordngriothes/634483
interval from blood sampling to clinical diagnosis into five 5 groups: (1) at
clinical diagnosis, (2) 2-5.9 weeks before clinical manifestation, (3) 6-10.9
weeks béferexennicaltheasiriiranhip, hayvern sloseaidRltoradestital
manifestati = Jall [festaii
B o R R e e
levelsirdtars fipine dprapBeitbansaksibitoretarrsatingiraptonvsin stratified
pre-eclamptics and 10 are at least 3.fold higher at.2-% eek
ey R AR A el o RS e A Sone L AR S e
5 20064034507 RCIALSPORGI0R4483) Dable #.cBlasméosohiblécehdeglifestation,
congcentrations in normal and pre-eclamptic. pre en. Blog
caAICNOMEKD EAE SyPF BUAMHTDSkE P Af Ll B ATEE ST
Solyhie fndadlinstagim)) #5835 HR2 B Wk bR 0001l Gesitionidn. The
age (weeks) 37.2 3.037.1 2.7 0.9 Range 28.9 -40.7 29.4-41.4 4] .4

n=datnshpspis BahlsckSBrAETal dAFBRRLATEI P BlP ndogtis dpvels
1Osjc§r§§099glﬁp%? lihlg EpdeglinfRgimih L 6f %y?—:r??oﬁlsziﬁﬁé’-eclam tics and

Gestational'age (weeks) 24.1 -36.3 27.1- 36.7 ge n=27n=27 3.8 1.1
10 Intervat besfenrd Eillddgheanitdstafioreakebriyre symptoms in women destined to

develop pre-eclampsia.
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6-10.9 weeks before clinical manifestation 3.61 1.05 5.893,07 <0.001*
Soluble Endoglin (ng/ml) 28.5 2.9 28.5 2.9 0.9 Gestational age (weeks)
19.7-32.6 19.6 -34.4 Range n=37 n=37 8.3 1.4 Interval before clinical
whamfesteon (weeks) 11-15.9 weeks before clinical maniferstaticnt@:354483
0.77 3.57 0.92 0.5 Soluble Endoglin (ng/ml) 24.5 3.1 24.2 3.30.8
Gestational age (weeks) 17.6-27.9 17.7-28.0.Range n=19 n=19 13.2 1

ﬂaR)aﬁbeﬁm.mB&r%Mmtfaﬁmé@@nw ﬁ%@ﬁéf&?&%ﬁﬁ}@&c pregnant

4502

Intervalbetore :

as %&thc patlem%pgq _5_19 bloodzgwglgéﬁvallagj%m*
at clln@g‘gmgﬁ 1 91 WO 20064634507 PCT/US2005/634483 T
examine the diagnogtiggaotential of plagma-goluble endoghn. 41 .4
concentratlons to identify those destined te<develop pre-ectadipsia,

REHA 65
&0 O

Gesﬁatlonal age (Weeks) 9 {\123

{(weeks)

ifilsgkintciézed) onset pre-eclampsia (PE<34 weeks) and

|at§@g@ggp_n 4.67+£2.32 15.07 10,15 <0.001*
Soluble Fndoglin (ng/mi) 316=3.8 32.8x2.8 0.2
Gestational age (weeks) 24.1-36.3 27.1-36.7
Range =27 =27
3.8%1.1
Interval before clinical manifestation
(weeks)
6-106  weeks before clmical
manifestation 3.61£1.05 5.89+ 3.07 <0.001%*
Soluble Endoglin (ng/mi) 28529 28529 0.9
Gestational age (weeks) 19.7-32.6 19.6-34.4
Range =37 =37
8§3+£14
Tnterval before clinical manifestation
(weelks)
11-159  weeks before clinical
manifestation 335£0.77 3.57+092 0.5
Soluble Endoglin (ng/mi) 24.5+3.1 242%33 0.8
Gestational age (weels) 17.6-27.9 17.7-28.0
Range =19 =19
132413
Interval before clinical manifestation
{weeks)
16-25  weeks  before  clinjeal
manifesiation 3.44%1.07 3.60+1.18 0.3
Endoglin (ng/ml) 17.6x3.5 16,5+ 4.5 0.2
Gestational age (weeks) 8.1-234 8.0-22.7
Range n=42 =42
interval before clinical manifestation 206=3.6

Value expressed as mean =+ sd

82 pre-eclamptic patients had no blood samples available at clinical manifestation
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pre-eclampsia (PE>34 weeks). For patients with early-onset

pre-eclampsia, the 5 mean plasma soluble endoglin levels was

significantly higher in pre-eclampsia (before clinical diagnosis) than in
wenrhalPprgnancy starting around 16-24 weeks of gestatio®(TaNm®&)034483

with very dramatic differences in 24-28 week and 28-32 week gestational

windows. In contrast, for patients with late-onset pre- eclampsia, plasma

soluble ehacHwIERN B HagBASHR PRERiiAlel Blesme seluhinendaaim
significaniyigbey {H%Q%%%Wm&&@mﬁb@%w?ﬁg, Hbnts

very dramatic differences’at 32-36 week of gestation (Table 6). 92 WO

2006103MBOT iRy st srostrBactiaupsia FESH vepksiand lteomset
AT MR LB S o
5 oormedwnpiaiid BoNite kndaghifigtds was significantly higher in pre-eclampsia
(before clinical diagnosis) than in normal pregnancy starting around 16-24
weeks of gestation (Table 5) with very dramatic differences in 24-28 week and
28-32 week gestational windows. In contrast, for patients with late-onset pre-
eclampsia, plasma soluble endoglin concentrations in pre-climical pre-
10 eclampsia was significantly higher than in normal pregnancy only at 28-32
weeks with very dramatic differences at 32-36 week of gestation (Table 6).
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results of these experiments demonstrate that women with clinical
pre-eclampsia have very high levels of circulating soluble endoglin when
cohipamaH gestational age matched controls. The results also

demonstrbie Belie WbMEH dERARERFRICRBRI BrEeRmgER prate fiier!
Pre;eclampsial AaveUENsIRIAsHR 3@'&?&%@%@(@&&@}@&&%@&@%11

who are predicted to have a normal pregnancy. The increase in soluble
encogiinaisl el teenhbis machst 6w ek SR OHSBISIRIRTERIC
sympioms. Finally., these resyl . /O
RSB R L s
cohgestitieniuhihehitdeatiniBrd enaletiduathatic inhihere grtydoeisétto

A R A S e G AR
at least 6-10 weeks prior to onset of clinical symptoms. Finally, these results
demonstrate that both early onset and late onset pre-eclampsia have elevated
circulating soluble endoglin concentrations, but the alterations are more

dramatic in the early onset pre-eclampsia,

Example 6. Soluble endoglin protein levels as a diagnostic indicator of
pre-eclampsia and eclampsia in women (CPEP Study).

As described above, we have discovered that soluble endoglin, a cell
surface receptor for the pro-angiogenic protein TGF-f and expressed on
endothelium and syncytiotrophoblast, is upregulated in pre-eclamptic
placentas. In the experiments described above, we have shown that in pre-
eclampsia excess soluble endoglin is released from the placenta into the
circulation through shedding of the extracellular domain; soluble endoglin may
then synergize with sFltl, an anti-angiogenic factor which binds placental
growth factor (PIGF) and VEGF, to cause endothelial dysfimetion. To test this
hypothesis, we compared serum concentrations of soluble endoglim, sF1t1, and
free PIGF throughout pregnancy in women who developed pre-eclampsia and
in those women with other pregnancy complication such as gestational
hypertension (GH) and pregnancies complicated by Small-for-gestational
(SGA) infants to those of women with normotensive control pregnancies. This

study was done in collaboration with the Dr. Richard Levine at the NIH.
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pre-eclampsia and eclampsia in women (CPEP Study). 15 As described
above, we have discovered that soluble endoglin, a cell surface receptor
for the pro-angiogenic protein TGF-(3 and expressed on endothelium and

WEHEdtR8Pphoblast, is upregulated in pre-eclamptic placent&d!/FhXKE 834483
experiments described above, we have shown that in pre- eclampsia

excess sgluble endoglin is.relea from the placent nt
circulatio hﬁr‘aaﬁqﬁ%ﬁ‘éﬁaﬁ?@c&? é?(ﬂgfc?éll?ﬁpéﬁﬁ ]e é’ﬁ’é%"&%e was

may dhemSyRergiee with o atvangiogeniciasierashichibiots ated
placental growth factor %PIGF and VEGF, tg cause endothelial

dyBSHBRATCPBTaEPR ST pHBtHe SR, SR hraRdsisdredolsEhalBIEF
of spluhl&ieRdpgl @eﬁf@'ﬂﬁ%s@?@f@a’r@ = d RO PERgRARGYARONRMEN

who developed pre-eclampsia and 25 in those women with other

5 pregsradeys somplicgasintbort Bynsekmtionar RypEHEASe SqOPhwierd by
pr%%"i‘f‘?&%%%PA&%@C?)@%H}%EOfﬂ%sé%é?ﬂ&"o ﬂ%’. eIRfA0E 1088 the

- of women normotensive control pregnancies s study was done in
cotimboratiose witmtierixl RithacbhemitetantheoNielusl wwoogdos A3 50and

PCIT/U 5/034483 There were two princi aI ob tives of this study.
Il s B S e

er |n comparl n wit

nopRaitidsiveEhpBttels: @lovaled Asardnsepneentaiinnmabaaliibiecimens
endo?hn sFltl, and red ced Ievel%%é{‘é F can be detected before the

10 o QB SR ARG A ST BERE OB aRS T ERTROteTsTVe

gestafipnal hypertension or pregnancies compllcated by
small-for-gestational (SGA) infants. The second objective was to describe
the time course of maternal serum concentrations of soluble endoglin,
sF ]etﬁt?&!s free P1GF with respect to gestational age in women with
pre-eclampsia, gestational hypertension, or SGA with separate
examrnat@hrmzdpeﬁmmiscm obtalned before and after onset of clinical

S S I S eI AT LA, Mo L RO
15 This stu y Wa a case contro stu pre cy comp atlons
(premature pre-eclampsia, term pre~eclamp51a gestational hypertension,
pregnancies with SGA infants, normotensive control pregnancies) nested
within the cohort of 4,589 healthy nulliparous women who participated in the
Calcium for Pre-eclampsia Prevention trial (CPEP). 120 random cases were
20  selected from each of the study groups. The study methods were identical to
the nested case control study recently performed for pre-eclampsia (Levine et
al, N. Eng. J. Med. 2004, 350:672-83). From each woman blood specimens
were obtained before study enrollment (13-21 wls), at 26-29 wks, at 36 wks,
and on suspicion of hypertension or proteinuria. All serum specimens collected
25  at any time during pregnancy before onset of labor and delivery were eligible
for the study. Cases included 120 women who developed term pre-eclampsia,
gestational hypertension, or SGA and who delivered a liveborn or stillborn
male baby without known major structural or chromosomal abnormalities, and

from whom a baseline serum specimen was obtained. For premature pre-

30  eclampsia, defined as (PE<37 weeks) all 72 patients from the CPEP cohort
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(premature pre-eclampsia, term pre-eclampsia, gestational hypertension,
pregnancies with SGA infants, normotensive control pregnancies) nested
within the cohort of 4,589 healthy nulliparous women who participated in

Wheo@alditih for Pre-eclampsia Prevention trial (CPEP). 120°£aiideRti5/034483
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cases were 20 selected from each of the study groups. The study

methods were identical to the nested case control study recently . .
R 0t S LGOS S EENGE gt Sogpsi i
35@:34233) i TRM:RAs aVamEIhlenehapesimenss we e Rhtinathbsterension

study enrollment (13-21 wks), at 26-29 wks, at 36 wks, and on suspicion

of Fifse ARALFSH Bt PRECHTRATEA MEBRRSPECTISERY eRfatBdthin Sacfferval
time dyring, pregnapcy-ReforeoselablakapRddeli varyuyeare eligibien dfing.

the study. Cases included 120 women who developed term

préedianassisfigubestiohiiraypsbrtiisieryae SGA mprreehtlaeivaadhang &

liveborn or. stillbor it iQr r
e A N T Sh iy
wasndlitdinedcrdepréoaturie prerdtedanipsiaedefinedasv@RsBF Mmpkgre-
all 72 patients from the CPEP cohort 96 2006/Q34507 o

P BTR SO ML R TRRORAE S s Bl SR
of preresiamatsiaiaheeskibad mijeyisewetat] R006nsine Albasenaimal
gestational hypertensjon were required to have a normaj,urine protein

m RSP TRHPRA BRI O W PBR ot BR SABFYsaKonal
hyrgnfe&gaém &@g)&@bﬂ&m@%iﬁ%ﬁéﬁrﬁ %5@& ined s <L O @acher
<5 owes' ta

(severe SGA) percentile, using Zhang & les of birthweight

forsgeretion Goé, ¥aebinedonTaERInMINp Ao dhavifant GEHdEr] 674 serum
Co 5%'1%!}?%%@@%%zéem%%ﬂiﬁgmggmm% P RAHBTPIIRR6] for

gestational hypertension or SGA who dé€livered a liveborn or stillborn
balgystetinonal kgowslatesci Sterraimaiolnudtidiit bréhfomesdmHhTo -
an lies and matched, one control to gne case, hy the ¢linical center
oA, R A e s vy Soi TESRmmne MR GE UL 1o
stosaggiimgegilayieas) anddyinunhenofirec2ddichivg Bytdtakofl kEhter was

corMFBE B RO e e T EVERE A VA G CRTeT VEE,

andd¥ekn centers, perhaps due to differences in the pathophysiology of the
disease. In addition, the centers may have used slightly different procedures
for collecting, preparing, and storing specimens. Matching by number of thaws
was also performed to ensure that cases and controls will have been subjected

equally to freeze thaw degradation.

ELISA measurements

ELISA for the various angiogenic markers were performed at the
Karumanchi laboratory by a single research assistant that was blinded to the
clinical outcomes.

Commercially available ELISA kits for soluble endogiin (DNDGO0),
sFlt1 (DVR100), PIGF (DPGO0) were obtained from R&D systems,
(Minneapolis, MN).
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15 Matching for freezer storage time was done to minimize differences

due to possible degradation during freezer storage. Matching by clinical

center was done to control for the fact that pre-eclampsia rates differed
WEGMREaHRY between centers, perhaps due to differences i ¢HéUS2005/034483

pathophysiology of the disease. In addition, the centers may have used

slightly different procedures 20 for collecting, preparing, and storing

specimen¥2REiCH By HEimber of thaws was also performed to ensure

that cases.apg GrRtRIsIWEL fRyedssisuhieciad welslyiefsansadh@wter

degradation. ELISA measurements 25 ELISA for the various angiogenic

maltkestiarsip St AOEI Bk ORI daFeRR BB ISRy By hingRs considered

res&ag&%&ﬁﬁfmc\g@ blinded to the clinical outcomes.
Commercially avaifable ELISA kits for soluble endoglin (DINDGO0O), sFltl

5 (DVR100), P1GF (DPGO00) were obtained from R&D systems, 30
(Mi neg olis, MN). 97 WO 2006/034507 PCT/CIS2005/034483 Statistical
anﬁ)‘?g% -test was used for the comparison of the various measurements

after logdrithmetio taloblerondbghitd FietemdneBlghficance 7 Pai (GRS igure

considered as statistically significant. 5 Results The mean soluble

G D8 T Tt B RS e o B ML ihhs

for ghediMeodifigrantsiudihgiayRacofpiegnasitairnenagrouatiowindows as

pregnancy during the varjous gestational age group windows as 10 )
10 o SHBEAYH Th A BHBRLSFEE SRR 7 EigHres é-%. ESF e P iinséa

groyps.anshaestationahhypssiensive $oups, SResimnersdRken atienraset

of clinical symptoms are not shown here. C’ompared with gestational age-

maebinéenLeympiape cinans sBenmbiecshdbgmPar SIthiReFERit e free
i il;afggﬁcgggéﬁgpﬁg@ﬂﬂ&&é&wi@&%{f&gﬁﬂﬁtﬁmrﬁa@ﬁé@é@@%@d froe PIGF
decreased beginning 9-11 wks before preterm pre-eclampsia, reaching levels 5-
15 fold (46.4 vs 9.8 ng/ml, P<.0001) and 3-fold higher (6356 vs 2316 pg/ml,
P<.0001) and 4-fold lower (144 vs 546 pg/ml, P<.0001), respectively, after pre-
eclampsia onset. For term pre-eclampsia, soluble endoglin increased beginning
12-14 wks, free PIGF decreased beginning 9-11 wks, and sFlt1 increased <5
wks before pre-eclampsia onset. Serum concenirations of sFltl and free PIGF
20 did not differ significantly between pregnancies with SGA or average for
gestation age/large for gestation age (AGA/LGA) infants from 10-42 wks of
gestation. Serum soluble endoglin was modestly increased in SGA pregnancies
beginning at 17-20 wks (7.2 vs 5.8 ng/ml, P=.03), attaining concentrations of
15.7 and 43.7 ng/ml at 37-42 wks for mild and severe SGA, respectively, as
25  compared with 12.9 ng/m! in AGA/LGA pregnancies (severe SGA vs
AGA/LGA, P=.002). In gestation hypértensive study, compared with GA-
matched control specimens, modest increases in soluble endoglin were
apparent <1-5 wks before gestational hypertension, reaching levels 2-fold
higher for soluble endoglin (29.7 vs 12.5 ng/ml, P=.002) after onset of

30  gestational hypertension. The adjusted odds ratio for subsequent preterm PE
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15 fold (46.4 vs 9.8 ng/ml, P<.000 1) and 3-fold higher (6356 vs 2316
pg/ml, P<.0001) and 4-fold lower (144 vs 546 pg/ml, P<.0001),

respectively, after pre- eclampsia onset. For term pre-eclampsia, soluble
wenbglistiicreased beginning 12-14 wks, free P1GF decre&Sad’ btiriiHg3
9-11 wks, and sFltl increased <5 wks before pre-eclampsia onset. Serum

trati f sFItl and f P1GF 20.did not diff ignificantly .
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soluble endoglin was modestly increased in SGA pregnancies beginning

at qrapdisoks e 2. §< B ¥orighriis B4 .03), attaining concentrations of 15.7
and 437;‘9«4@5%@ é%dg&f&ﬁ@é RRVEIGR B pieSRasHIRNA, #8225
Wi in

compare 12.9 ng/mlin AGA/LGA pregnancies (severe SGA vs
5 AGIRBA AP&B02)+ I Ye st bydedensRISEudyicdorraray walubped

matched.control specimens, modest inc ' i
i S R e e S
highenfar $olebigviedeglog29 ahtisah2ib geghminBex 0P pafterlongetiob80-
gestatjonal hypertension. The adjusted odds ratio for subsequent preterm

P ATGRORRSSOORTOR BB PRKR S008 G A VPR L oo S g e &
at 2132k hicRowere pithechighestiauaciienpfogenicabdetublerendoglins
concentrations (>7.2 ng/ml), as compared to all other quartilaf, was 9.8

10 (95mlz I8 572305y erhe SORIBR EHABURRIRFRAG IHEF ek epatic with
ﬁ}?{&&éﬁ@ﬁgi asichdsiinedasishiiha presaiubiggadaalieri pk. The

ex was calculated throughout the various gestational age groups for

theefileargisier &1 Staug @rbubereThiassorple¥ feHPaANERGIH A Hblex
o R B A0 AR A L PR B AR © e

own In ted values for the soluble endoglin
anti-angidgigniesrideanddre depietiths 1@ marynas oy eEkslsble endoglin

pregnancies and.se d to get.more. dramatic with .adyancin station,.

15 SRR ehor S e SO AR S g Sh g eine
GHotherawasea aiedesisalefatatitisihgrthestng pfcpregnandy (BB-357
weeks) when compared to contro] women.

wecks). Even as early 9-11 weelks prior to the onset of premature pre-
eclampsia, there was a 2-3 fold elevation in soluble endoglin and soluble
endoglin anti-angiogenic index in women destined to develop pre-eclampsia

20  with dramatic elevations (>5 fold) in 1-5 weeks preceding clinical symptoms.

Figures 12 and 13 show the alteration in soluble endoglin (Figure 12)
and the soluble endoglin anti-angiogenic index (Figure 13) throughout
pregnancy for term pre-eclampsia (PE>37 weeks) before and after symptoms.
Elevation in soluble endoglin and the soluble endoglin anti-angiogenic index

are noted starting at 33-36 weeks of pregnancy reaching on average 2-fold

|3
th

higher levels at the time of clinical pre-eclampsia.
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Figures 10 and 11 depict the mean concentrations of soluble endoglin 15
(Figure 10) and soluble endoglin anti-angiogenic index (Figure 11)
according to the number of weeks before clinical premature

Wrélidbathpsia (PE <37 weeks). Even as early 9-11 weeks PHbUIG 34483
onset of premature pre- eclampsia, there was a 2-3 fold elevation in

luble endoglin and spluble endoglin anti-angiogenic index i .
destinod SFRID B o BOR A A B e o S e
1-5 yyeplsheessading clinigahsympierisgdrigliese:2(Righisishalstteeed in

alteration in soluble endoglin (Figure 12) and the soluble en

li .
antiargid SEHRS FEESe IR iR RS ERrOIy B LoreBRgit r]e&sgéo;% rg]festatlonai
Pre; m&@%ﬁ%wgb%%{wmé&aﬁw)wwﬁpﬁmion in

soluble endoglin and the soluble endoglin anti-angiogenic index 25 are
5 notedmstiaisgvatc®8i88weeks of pregnancy reaching on average 2-fold

higher leﬁ’&%‘é}% 8%}}% Igf ﬁl%\k?%hﬂ&%f&? I@fm%ng ?nvél(@u%@g @ﬁ%@%p(ﬁ gure

PCT/US igures 14 and 15 show a modest elevation'in _
soluensd dagliolblg urel o glanutiragoigticendeoy ignt dngideteated during

index (Eigure 15) detected in_women during gestational h i
e BB R S
praghaReyywheGeompaiedioarad tnotensi pregntnatgesigures 16 and
17 show a modest elevations in soluble endoglin (Figure 16) and the

10 soluble endoglin anti-angiogenic index (Figure 17) detected during the
33GhyRakgestational windows in women with severe SGA and not in all
women with SGA when compared to contraol preﬂggncies. 10 Summary

The resultEheramalsiadihinsncn shore thalibrseliddg rmdasdia ygisaichle
endoghn AQlaRRaIPAERISINARKIEY Bt WhaR SRRLFSHERFLO R0 el

of pregnancy, was dramatically elevated in women destined to develop 15
premeair e Precgctaepsieadtmaioaarelonatedircaipnemdagined to develop

15 DR B SRR DB P WRAEHICA AL R AL cctampsic
(PE <37 weeks) when compared to normal control pregnancy. Therefore,
soluble endoglin levels and soluble endoglin anti-angiogenic index levels (prior
to 33 weeks) can not only be used for the diagnosis of premature pre-
eclampsta, but also for the prediction of pre-eclampsia. It appears that

20 elevations in soluble endoglin levels and soluble endoglin anti-angiogenic
index levels start as early as 10-12 weeks prior to symptoms of pre-eclampsia.

The soluble endoglin levels and soluble endoglin anti-angiogenic index
levels were also significantly elevated in term pre-eclampsia (PE >37 weeks)
and modestly elevated in gestational hypertension and severe SGA when

25  measured late in pregnancy (33-36 week gestational windows). Therefore,
soluble endoglin levels and soluble endoglin anti-angiogenic index levels can

also be used to identify other pregnancy complications such as SGA and

gestation hypertension when measured after 33 weeks of pregnancy.
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symptoms of pre-eclampsia. Th luble, endoglin Jevels.and solubl
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ter@igfﬁp@g@mpsia (PE >37 weeks) and modestly elevated in gestational
hypertension and severe SGA when 25 measured late in pregnanc
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(33-36 WEER B ahona) ridaneginna kel i Ss R eIt R and
SO g&ﬁeqﬂ%t%mi—P@ﬁiggﬁizi%i@?@gséav(s%{seﬁaet@ﬁmﬁ%@ed to identify
r 10NS

other’prégnancy complica such as SGA and gestation hygi{artension

wheneytatemsbblest 3suptei st dis frarselampt ypiacrbero Y sdrve also
PSR035 IAuple LoAnualupioeAab Al bl endadlion dhe

pa% Séjyélness ofpre-e psia. We have shown that endoglin, a cell

sugagereceptoifor e ptonahgioghsiepdote v TBGE g8mad hiprsosaeion The

endothelium and 5 syncytiotrophoblast, is uprequlated in pre-ecla IC
R REe R S e e G B R buuble
engpglinds relsasemtfsom Wieh plcentadntodhei cifeniatianidhrohiph binds
shedding of the extracellular d(imai g% experimentéd Sﬁ%) dﬁfelo
P R s bR e g e o
with sFltl, an anti-angiogenic factor which binds 10 placental growth factor
(PIGF) and VEGF, to cause endothelial dysfunction. Materials and
Mevhatesirlsaath i ateedbinant Human endoglin, human sFltl, mouse

endoglin,ﬁggggﬁt}S sFItl, human TGF-(il, human TGF-(33, mouse VEGF
were obtained from R&D systems (Minneapolis, MN). Mouse monoclonal

antibody Retefohitizsd Po0T2) cadogbiol/kvonei shtibotiprse godzdjnganise

BoR R TR0 AR e 9d NRR PIRe] BB AR B RaD
systems (Minneapolis, MN). Mouse monoclonal antibody {catalog # sc 20072)
and polyclonal antibody (sc 20632) against the N-terminal region of human
endoglin was obtained from Santa Cruz Biotechnology, Inc. ELISA kits for
human sF1t1, mouse sFlt] and human soluble endoglin were obtained from

Ré&D systems, MN.

Generation of adenoviruses

Adenoviruses against sFIt1 and control adenovirus (CMV) have been
previously described (Maynard et al, J. Clin. Invest. 111: 649:658 (2003)) and
Were generated at the Harvard Medical Core facility in collaboration with Dr.
Richard Mulligan. To create the soluble endoglin adenovirus, we used the
Adeasy Kit (Stratagene). Briefly, human soluble endoglin (Thr 27 - Leu 586)
was PCR amplified using human ¢DNA full length endoglin clone (Invitrogen,
CA) as the template and the following oligonucleotides as primers: forward 5°-
ACG AAG CTT GAA ACA GTC CAT TGT GAC CTT-3’ (SEQ ID NO: 3)
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SNoampikiep EEE POSR g Ehto ik andealnsibidie ieaniae sad srhglned
B (invi y i r e :
exp%ggion colggtr@ﬂ%t encoﬁm%’ggﬁggﬁﬁg;ag%@gﬁb%ﬁaogIlrrcll%as s
PCRaBHon pjiﬁé@lruﬁm g BerTag 2B aetible dntoginras ¢hprieripiatelahls
subglanef. e RANuHE CMY vedlor (Shatagene: kPl and eal SteR)e .o

adenovirus sfer vec or adenovirus generati
exptessingsclahtbcenfingld (eE3xpasstientgenerated bisitgiherdtandarimed
protocol per manufactyrer _instructions and confirmed for expression by
SIS G PHRPLOITA o o Bl & R A 1 G o0 dacient
andipurifieeen assabkdersity gradeat aspreyious!ydestyibeg: 46u9-8610
al, Proc. Natl. Acad. Sci. USA 98:4605-4610 (2001)). The final products

wel@héred Hyedinghreataps srsE TR IhoaR @RbER PRI ANSA RGP d

20Q8,22n484-289):-bhsienisespessed 89) Plaausifo GRS as plaque
(pfii)/mL based on a formula derived from revious virus preps 15 that
welemsRa Dl e ariiasd pag é@muﬁi SeTBed G atraBtsTy @SaRRE preps

)

15O Bubanslenaaedionte o, Baltsli b Riufih BARa% B8 108y it 3D

optica sorbance method. Patien
Biosciences Clontech, Palo Alto, CA, Cat. No. K1653-1) and the optical

absorbance method.

Patients

20 All the patients for this siudy were recruited at the Beth Israel

Deaconess Medical Center after obtaining appropriate IRB-approved consents.
Pre-eclampsia was defied as (1) Systolic BP >140 and diastolic BP >90 after
20 weeks gestation in a previously normotensive patient, (2) new onset
proteinmuria (1-+ by dipstick on urinanalysis or > 300 mg of protein in a 24 hr

5  urine collection or random urine protein/creatinine ratio >0.3), and (3)
resolution of hypertension and proteinuria by 12 weeks postpartum. Patients
with baseline hypertension, proteinuria, or renal disease were excluded. For
the purposes of this study, patients were divided into mild and severe pre-

eclampsia based on the absence or presence of nephrotic-range proteinuria (> 3

30 g of protein on a 24 hour urine collection or urine protein to creatinine ratio
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20 All the patients for this study were recruited at the Beth Israel
Deaconess Medical Center after obtaining appropriate IRB-approved
consents. Pre-eclampsia was defined as (1) Systolic BP >140 and
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patient, (2) new onset proteinuria (1+ by dipstick on urinanalysis or > 300
mg of protein in a 24 hr 25 urine, collection or random urin
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proteinuria, or renal disease were excluded. For the purposes of this

stuayressaeS Werd ARkHE irlsalihy BREREVeromel BesHRsd$8d on
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protein on a 24 hour urine collection or urine protein to creatinine ratio

102Gl /Des 80T PETIHUS20DBIO3YdisRgplestareitapP B0 Hmuppdiately
syndrome.was defined when pati ) ' ; j
R e R
IU/&élib@gmﬁ]yIthg?MEﬁﬁnﬂ@d?mifmﬁlﬂMa&thﬁtﬁ caépéﬂmgénﬁmtmed
pre-term deliveries for other medical reasons were.5 i e .
RN TS BIAUBRES S fEE e B aR M ST isteposrd
deliveny ISanawapealieatad fediqnagaast.patients at the time of

delivery (0-12 hours prior to delivery of the placenta) after obtaining

informed consent. These experiments were approved by the Institutional

Review Bpang sat,theiBeih Jstasi;Deaconess Medical Center. 10 ELISA
and Western blots ELISA for various proteins (sFltl, soluble endoglin) was

done as déklﬁﬁﬁwa’@ﬂﬁéﬁ§ﬁ¢§ﬁi@éﬁéﬁl§h§mg@@rﬁﬁ%@)m§ﬁ Fag DeT
SYSiemzeY N¥'e§\%qﬁg‘?ﬂfc@8ﬁ§ ﬁg@gﬁ?ﬁ%ﬁgﬁﬂeﬁgﬁﬁ%cﬁ%'%i%s, MN.

expression of adenoviral 151 e rat plasma as
destitbetncideishadciMaynardeat sl SupleclingAbacpraeipitation gdepoviral-
o B Y M BB Rl o A S R RS iR et
Supra).

Immunoprecipitation (IP) experiments

IP followed by western blots were used te identify and characterize
soluble endoglin in the placental tissue and serum specimens from patients with
pre-eclampsia. Human placental tissue was washed with cold PBS and lysed in
homogenization buffer [10 mM Tris-HC, pH 7.4; 15 mM NaCl; 60 mM KC; 1
mM EDTA; 0.1 mM EGTA; 0.5% Nonidet P-40; 5% sucrose; protease mixture
from Roche (Indianapolis, IN)} for 10 minutes. Placental lysates were then
subjected to immunoprecipitation with an anti-human monoclonal mouse
endoglin antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA).
Immunoaffinity columns were prepared by the directional coupling of 3-5 mg
of the purified antibody to 2ml protein A-Sepharose using an immunopure IgG
orientation kit (Pierce Chemical Co., Rockford, Ilinois, USA) according to the

30  manufacturer's instructions. Columms were then washed extensively with RIPA
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P-40; 5% sucrose; protease mixture from Roche (Indianapolis, IN)] for 10

minutes. Placental lysates were then 25 subjected to .
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iMEUINERVENgSE. Polepfation ldt Wi ChrIICRL CRa iR egkdd Cotbingisior
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were eluted with 0.1 mol/L glycine-H e

elueatsfersacbiteptduvindiSend diflutods (Eonimgmhreias THedegln protein

buffer. Proteinscontaini i I 1 .
0N R RGN Eosmt R b RBIs (B SRR Cotid i
BegfttthrMasisaobhy $84is B4y Bibedhnniomp lecipfated (Samplesiwere

separated on a 4-12% gradient gel (Invitrogen) and proteins were

0 transferred to polyvinylidene difluoride (PVDF) membranes. Endoglin
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protein WegfAgtetigdkhe wesiern blots using polyclonal anti-human rabbit

endoglin primary antibody (Santa Cruz Biotechnology, Inc., Santa Crug,
CA). 10 Tetilis e uEsq BTN Q&&%&gﬁ%ﬁ@éﬁ %ﬂ‘?@ﬁ?ﬁ?ﬁ‘l

Copabarative:Bigmedigal) RradyeisBadit Médvasipiseasin-wetisd 48-
(1001/well) of a pre-chilled 48-"well cell culture plate and incubated at 37C

for@@lmm@wwmf@céwm%ﬁbﬁ?%%@d@i@l{@@,@D@Up‘fﬁ 300 |
of engalleial basakmeam. e, Soenatiseetatera ek im
ea Ith various comaoi

wefe edw atlons of recombinant protein (soluble

endoiglimessatyar Gbth}éry ikedsvilte, WOV arigstevatd e lsrians

incgg% ei%e?itlg)gs% rgclozﬁljb?ng%’fj }rasfbtein (sohible endoglin, sFit1, or bof;h) and
plated onto the Matrigel coated wells, and incubated at 37°C for 12-16 hours.
Tube formation was then assessed through an inverted phase contrast
TIicroscope .at 4X (Nikon Corporation, Tokyo, Japan) and quantitatively
analyzed (tube area and total length) using the Simple PCI imaging analysis

software.

Microvascular permeability experiments

Balb-C mice were injected through the retro-orbital venous plexus with
1x 10° pfu of adenovirus expressing GFP or soluble endoglin or sFltl or
combinations and microvascular permeability assay was performed 48 hours
later. Mice were anesthetized by IP injection of 0.5 ml Avertin. 100 ml of 1%
Fvans blue dye (in PBS) was injected into the tail vein. 40 minuies later, mice

were perfused via heart puncture with PBS containing 2 mM EDTA for 20
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Tube formation was then assessed through an inverted phase contrast 20
-microscope at 4X (Nikon Corporation, Tokyo, Japan) and quantitatively
analyzed (tube area and total length) using the Simple PCI imaging

WarRRA34¥6ftware. Microvascular permeability experiments AT BR§UEI034483
mice were injected through the retro-orbital venous plexus with Ix 108 pfu
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ml of 1% Evans blue dye (in PE?S) as injected into the tail vein. 40
mifBRISURE LTS 3B TR GV E& % via heart puncture with PBS
containing 2 mM EDTA for 20 104 WO 2006/034507
PCT/US2005/034483 minutes. Organs (brain, lung, liver, kidney) were

5 harvestedFsid i REGHRAYGHHAGIHF IS FBITE4YS to elute Evans blue
dye. OD qfformamide, SPLIUGRRS JRERASHE & BRING A2 0B MaN Sl 8RS Hbusly

5 Renal microvascular reactivity e, periments Microvascular reactivity
exf@iryents were dupirhudeseriben PraisasErseladyRatd bral. iseprel)
UL NSRRI (100 1 SR ARSI igney
expeflmenf | groups,gﬁe relaxation tesponses of kidney microvessels
weraiexareisel sftes prermortadtorpof-thatmiciovest dis withrd@:ki4B648h

(thr ne agqnist) to 40-60% of their baseline diameter ata .
0o AT RS B RIS AL 18 Sl Bt s ot
reagheshdiifs fesRANceS 40 varielis (aageits suadyasaiEion8 as adhdB3he
or VEGF were examined in a standardized r%der.fd}llr:]d gs pplied
extFARNPHIEHYO FELMPISRROHR B bREGHInPRhEhdir-ofe were

SpraguerRAVIEY éatsiuerednisried WithidixIR8fipiRdeneiusesifd
CMV or Ad sFltl or Ad sk or Ad sFItl =Ad sE) by tail vein injections.
Pregnant rats were injected at day 8-9 of pregnancy (early second
}Strimester) zgzglp}%ggfyﬁssure measured at day 16-17 ZQ of pregnancy
(early third trimester). Blood pressures were measured in the rats
Both pregnant and non-pregnant Sprague-Dawley rats were injected

with 2 x 10° pfu of adenoviruses (Ad CMV or Ad sFlt1 or Ad sE or Ad sFlt1
+Ad sE) by tail vein injections. Pregnant rats were injected at day 8-9 of

pregnancy (early second trimester) and blood pressure measured at day 16-17

20  of pregnancy (early third trimester). Blood pressures were measured in the rats
after anesthesia with pentobarbital sodium (60 mg/kg, 1.p.). The carotid artery
was isolated and cannulated with a 3-Fr high-fidelity microtip catheter
connected to a pressure transducer (Millar Instruments, Houston, TX). Blood
pressure was recorded and averaged over a 10-minute period. Blood, tissue

25  and urine samples were then obtained before euthanasia. Plasma levels were
measured on the day of blood pressure measurement (day 8 after injection of
the adenoviruses), recognizing that 7-10 days after adenoviral injection
corresponds to the peak level of expression of these proteins. Circulating sFlt-
1 and soluble endoglin levels were confirmed initially by western blotting and

30  then quantified using commercially available murine ELISA kits (R & D
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after anesthesia with pentobarbital sodium (60 mg/kg, i.p.). The carotid
artery was isolated and cannulated with a 3-Fr high-fidelity microtip
catheter connected to a pressure transducer (Millar Instruments,
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WO 2006/034507 PCT(1JS20051034483  Systems, Minneapolis, MN).
SUrifalgrERSIRPIRES ek dasHITEy HERe CRER @fﬁéﬁél@ﬁﬁa San Diego,
quanified eyrcompeitivg Sazymedink e mMINOaASA% HiIR% dailable kits

commeércially available rat aloumin ELISA kit (Nephrat kit, Exocell Inc,
Phi(@detphiel RayonrihavstiBatiniie Wasithiasumed bpa pietdasiavsre
colorimetric.procedure kit inj S, it L [ N,
DS L P D TR Sl ), Ty Sbortic
avditablexdted(THErma fdeipitorsl kmsisyiisthe Glo &l atetht Goights Sraair atas

blood were asured using an.aytomated hemocytometer (Hemayet
L0gs PR EIShIHE AFE R TR BarBrara SHEGE S e GisHe

withn\Ahdgheiastast biasd Pressteenad dotithe sletatijanioiaoitioeytesvire

circulating blood. After the measurement of blood pressure and collection

of SHSBHSATACTSREIY SIS B garie HE TR BB HRI By .
TheJitterdnasytosmied and ringividial placemas,and datiiarsyeighedaced in

Harvested kidneys were placed in Bonin's solution, paraffin embedded,

sedROREY sard Etam e Rl b eAged, GecliDNaE SashsisineH ot Bk, PAS or
1 SSt%%%%%%gf%@%ﬁﬁs.u“S are presented as mean f standard error of
an

mean comparisons between multiple groups were made by
analysis of variance using 20 ANOVA. Significant differences are

<
reported V&?c?trz]sgcap éggz‘parisons
Results are presented as mean + standard error of mean (SEM) and
comparisons between multiple groups were made by analysis of variance using

20 ANOVA. Significant differences are reported when p < 0.05.

Results
Elevated soluble endoglin in patients with pre-eclampsia
Using the serum specimens from patients described in Table 7, we
25 measured the circulating concentrations of soluble endoglin 1 the various

groups of pre-eclamptic patients and control pregnant patients.
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the serum specimens from patients described in Table 7, we 25

measured the circulating concentrations of soluble endoglin in the various
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2006/034507 PCT/U82005/034483 Table 7: Clinical characteristics and
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(n 30) (n=11) (n=17) (n=11) (n=8) Maternal age

(yrs) 32.43 33.18 29.5 33.73 31.88 Gestatlonal as(wks) 38165 8191 ¢

29,06* 26.52* 30.99* Primiparqus \¥) %3 3 63.647H180.9 BXB Sy stolic)™

blood pressure (mmHg) 1 %7* %{4}*)166* 12’%1 stollc l@,LQ pressur@_g)
MafdRankg )42 99* 104* 103* 7% Rroteinuria {giprotein/g gseatinine) 0337:2.5*31 s
Cedafidfl 22 65k0.6 Uric acid (megdh 5.27 6.24.91:29* 6.3%.7635 Hematoerit  30.99*
PrifBgr &5 B B83.6 33.7 33.5 34.3 Platelet courfB238 230 249 69.4* 229%0.% 62.5
SysChebinire(rvg /iy b5 0.62 0182 0.64 0.67>Soluble edbglin in (adﬁ?ﬁ) 123

Diagigliy Blogg @%W%Bﬂ@g 83**, 1379 *P <0. 05°9$*P<o 0058 The averafe 7
f;i’éc : 1(% EBRAARBHE"bE solu Sg endoglln s at Ieasﬁﬁ‘&p fold high jln 72’2

HBI

clamp5|a and 3-4 fold.higher in pg @nts with, Severe 335 143

Ph{gfgcg ampS|a In pre-eclamptiggoatients cosgplicated M«ib the HELEL;+ 219
Cre2¥ieb apar the concentration ggsoluble endgglin was atdeast 5-10 folgk 0.67

higher 10 than gestational age matched control specimens. Additionally,
Solphle radeglingp (ng/ml) 18.73 36.12* 52.55¢ 96.83%% 109

*P <005, **P<0.005
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The average serum concenirations of soluble endoglin was at least two
fold higher in mild pre-eclampsia and 3-4 fold higher in patients with severe
pre-eclarnpsia. In pre-eclamptic patients complicated with the HELLP
syndrome, the concentration of soluble endoglin was at least 5-10 fold higher
than gestational age matched control specimens. Additionally, the levels of
soluble endoglin in pregnant patients correlate with the levels of sFltl (Figure
18). The R2 value for correlation was 0.6. (Note that the circulating
concentrations of sFli-1 reported here are at least 4-5 fold higher than
previously published (Maynard et al., supra). This is due to a difference in the
sensitivity of a new ELISA kit from R&D systems which lacks urea in the
assay diluent and therefore gives consistently higher values than previously
published.} In other words, patients with the highest levels of soluble endoglin
also had the highest circulating levels of sFltl. The origin of soluble endoglin
is most likely the syncitiotrophoblast of the placenta as evidenced by the
enhanced staining seen on our placental immunchistochemistry (Figure 19 and
20). These figures show that endoglin protein is expressed by the

syncitiotrophoblasts and is vastly upregulaied in pre-eclarnpsia. Our western
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difference in the 15 sensitivity of a new ELISA Icit from. R&D systems

ich lacks urea in t ass iluent and.therefore gives consisten
R 0, D (S AR s ORI b e

Soehedidin 1R ds 2000038sEY 437

excess quan in pre 5 eclamptic placentas. The

psfir a2 & PRSFIRCRIHNH (51580

15 MiCkyascHY %Aﬁ@ge WemSGH er'l(ﬁ% BealediBhAsy %QW&&imeﬁgw Bleorder to see

20

30

endoglin and sFlt.”A combination of soluble endoglin and sFltlinduced a

drafnstisbie ek im atisnern leakaes inltrd dakhgeeliveadanectheated for 48

hours with soluble endoglin and sFlt. A combination of soluble endoglin and
sFlt] mnduced a dramatic increase in alburmin leakage in the lungs, liver and the
kidney and a modest leakage in the brain as demonstrated using Evan’s blue
assay (Figure 23). soluble endoglin alone induced a modest leakage in the liver.
These data suggest that soluble endoglin and sFlt1 combination are potent anti-
angiogenic molecules and can induce significant vascular leakage.

To assess the hemodynamic effects of soluble endoglin, a series of
microvascular reactivity experiments in rat renal microvessels were performed.
We studied first the effects of TGF-B1 and TGF-3 —two known ligands of
endoglin. Both TGF-$1 and TGF-£3 induced a dose-dependent increase in
vascular diameter. Importantly in the presence of excess soluble endoglin, the
effect of both the TGFs were significantly attenuated (Figure 24). Finally, the
combination of VEGF and TGF-B1 induced vasodilation which was blocked by
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kidney and a modest leakage in the brain as demonstrated using Evan's

blue 20 assay (Figure 23). soluble endoglin alone induced a modest

leakage in the liver. These data suggest that soluble endoglin and sFltl
WEAMSIREf®H are potent anti- angiogenic molecules and canfiR§}cg005/034483
significant vascular leakage. To assess the hemodynamic effects of

sol in, I f migrovascular,reactivity experimgnts.in r
o STl t e S and
TGé$oiBblanthd@piEg3Baywpomthd ipavis of ent ogiod Bt brilitdh:iidnd

TGF-i33 induced af e-depeng(en [ se j S I%‘nga eter. .
GRS SHe T CRI08 31 eR oSSt BT eh g e LGey BsgigRsion.
the TGFs were significantly attenuated (Figure 24). Finally, the

combination of VEGF @%TG -(31 induced vasodilation which was

blofkEtBE564 685 SUBEPPEFS2005/034483 excess

soluble engdogliprancsilt (hiovie-aR) fissudasithibal s ARLANGE: 1, we
soluble endoglin may oEpose the physiological vasodilation induced by

angfSGERL GrevArOIAEIo B BIRASIAB VEGR anarF@RIBraad Avbinseirus
hyReHsAsIon: CBMMO%%H@%@M&%P Qé%eﬁgg gﬁ#ggggﬁgﬂm rdeste-. soluble

assess the vascular etfects of soluble we resorted to
adendoghhexgre ssiortey bietailrvpregnaay sl prdgnenimsn Spcagiedawley
conirol gene (CMV) or soluble endoglin ar.sF1t1 or sFltl + sojuble

et D SRR S S S P S Bk Toble
Daintgy deatth«Oraiaviaanimal bivehermiaindaed for pre-eclampsia
phenotype. Table 8 includes the hemodynamic and biochemical data.

Table S. Hemodynamic and biochemical data for adenovirus treated rat

anmaieedeiebyeyRshidii brsdemiataetd fROF ARL s BEAE rat
Albigiasticasakic U/L U/L weight /m 2000/ | in gms Control 4 86.33 84.17

15 Gremps 1434 . 5MGHMYD T Urine Piatelet |LDH | AST | Fetal
mm Hg | Alb/creat | count x U/L U/L weight
ug/mg 1006/ul in gms
Control |4 8633 84.17 1378 257 43 4,56
(CMV)
sFitl 4 134* 3478.3% 1247 324 78 3.55
sE 4 ] 112% 366.90 1406 463 95 3.20
sEItl + 4 | 145* 6478.2% 538% 1428% | 187* | 2.50*%
sE !

MAP- mean arterial pressure (diastolic pressure + 1/3 pulse pressure); Alb/Creat ~
Albumin/creatinine ratios, LDH- Lactate dehyrogenase; AST-Aspartate
Aminotransferase.

*P<0.05 when compared to control group.

Fetal weight is the sum of 4 fetuses chosen randomly per group

The average circulating concentrations of sFltl was 410 ng/ml in the sFlt1 group and
430 ng/ml in the sFlt1+sE group. Average circulating concentrations of sE was 318
ng/mi in the sE group and 319 ng/ml in the sFit1 + sE group.

Soluble endoglin alone induced a mild hypertension. sFltl induced both
hypertension and proteinuria, as previously reported. Importanily, the
combination of sFlt1 and soluble endoglin induced severe hypertension,

nephrotic range proteinuria, growth restriction of the fetuses and biochemical
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sFItl 4 134* 3478.3* 1247 324 78 3.55 -~ sE 14 112* 366.90 1406 463 95
3.20 sFltl +4 1 145* 6478.2* 538* 1428* 187* 2.50* sE | MAP- mean
arterial pressure (diastolic pressure + 1/3 pulse pressure); Alb/Creat -
WARIBY{IIASPEatinine ratios; LDH- Lactate dehyrogenase; AS TAKBaAFd34483
Aminotransferase. *P<0.05 when compared to control group. Fetal weight

is the.sum of 4 fetyses,chosen rando roup The gver
éence ot4 tﬂe '%{evslogng% t%%a%%ﬁin élrlﬁﬁ% I ee%ﬁglsla?&faLD% dﬁlevated

circllatng concen Fation thgroup a
A30n/ rah ihdive <akitl ¢ sEags T podwedGeidicdilatifgl dence nfrhtiondyofssia the

was 318 ng/ml in th roup and 319.ng/mlin the, sFlt | + SE group.
SRR T R A e RLReH P aTe
hypexiedlsiPEcRItLBALe AN detdsupieMiedis IfFienarierh AMpRrEmdyihenal

combination of sFltl and soluble endoglin induced severe hypertension

5 nepRFEUICERHEO SROETAFE SROWER SLERCHER Breqihelisissiatep soluble
biogﬁgggfﬁﬁhgﬁﬁlvggﬁ%pﬁ L@g@?; KG7F1JS2005/034483 evidence of

the development o P syndrome (elevated LDH, elevated AST
and decreasing platelet counts) (Table 8). Evidence of hemolysis in the
sollélglle enadoglin+sFItI group was confirmed by peripheral smear which
revaaled ¢ sgﬁistocytes and reticulocytosis (Figures 26A-B). Finally, renal 5
histology dlseseoedirtizeitmsesent: dlomerbiblcandogiatios ispirte] swid depre-

endoglin+sFltl. group (Figures 27A-27D). Summary , These results :
10 o RPE RHAC S0 e agTt < U B Rh CE L0 et pre-
plasehiapand Thpidganitdeexisarnetiuiphlelglisivaatentssithrppatients with

eclampsia. The highest levels of soluble endoglin were present in patients
Witﬁiﬁﬂ%m%ﬂﬁtﬁ? tmeThesteEe 8@?&%%% TR HmpetEse

Thegsuliesits RspLamensisaip isesalublaigndealiniemalaspuaiaiad

with the elevated sFltl in pregnant patients and was higher in those
patfiaratefeRBinin pregnant patients and was higher in those patients in whom

15 there is a higher circulating sF1t] levels. In addition, the results indicate that
soluble endoglin is an anti~angiogenic molecule and disrupts endothelial
function in multiple endothelial assays such as angiogenesis assays,
microvascular permeability assays, and microvascular reactivity experiments.
Importantly, soluble endoglin can amplify the toxic consequence of sFlt1 in

20  these in vitro endothelial assays. Further, in in vivo assays, adenoviral
expression of soluble endoglin induces mild hypertension without any
significant proteinuria. However, in the presence of sFlt1, soluble endoglin
induces significant vascular damage as svidenced by the presence of severe
hypertension, proteinuria, glomerular endotheliosis, development of the

25  HELLP syndrome and fetal growth restriction. These data suggests that
soluble endoglin plays an important role in the causality of the maternal
syndrome of pree-clampsia and underscore the need for agents that neutralize

soluble endoglin for the treatment of pre-eclampsia.
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15 there is a higher circulating sFltl levels. In addition, the results indicate

that soluble endoglin is an anti-angiogenic molecule and disrupts

endothelial function in multiple endothelial assays such as angiogenesis
WasWgd34icrovascular permeability assays, and microvascBfal/ Feattigg483

experiments. Importantly, soluble endoglin can amplify the toxic

conseque | in vitro endothelial.assays. Further,.in in

Vivo assa?s?%a gﬁg%ﬁgﬁ (e%;p?rge@%%n o gg}ﬁ%fé%ﬁ%?oﬁl?ﬁﬁ%&@égg ?I’(gllc c'leavage

hypefr tnsisiravitfioiat acgiosighiffeaet dugteinuokctiewsyetifivth@teases that are

presence qf sEltl, soluble endoglin induces significant vascular damage

as ggﬁ%ﬁ@gge gﬁr?geﬁ?léeé'g??c %# SRR Wﬁegﬁéﬁ%ﬁ?n?%%fgarm}ewles'
fgloﬁljﬁﬂﬁaampﬁmh@_ Hiasis, ;ﬁe\&ﬁgmmea& @ﬁpb@%ﬁﬂ;ﬂ %ﬁdﬁl@ﬂ%ﬁ&f{@@@wﬂ-
etal gr restriction. These data suggests that soluble endoglin plays

5anwgﬁﬁ§ﬁeﬁcﬁﬁeﬂ?es ﬁﬁ@a‘iﬂftﬁaﬁf‘e Haglyvan & MgrsRYdeghat shares
presiaiMARS D BdoaTHaTveRIRINE ARRS IorRaeNiSARAt Peulalze). soluble

endoalin for the treatment of pre-eclampsia. 110 WO 2006/034507

PCHY946200%wr s g anhivéivhe o AP T eetab oyl R T eldasklistargets
Iik%ﬁ@@@gﬁﬁ&@gyg&g&ﬁ&fg%;racelluIar region of the endoglin
molecule. Specific proteases that are up-regulated in the pre-eclamptic
tissue may serve as candidate molecules. One example would be the

IOmembrane type matrix metalloprqteinase-1 (MTI- 5 MMP) that has been
shown to cleave betaglycan, aerfdo %Igl%leneﬁ%%gﬁ%ﬁ' S similarity to endoglin
(Velasco-LoydencBpetcal of (BicpEhisme B8R #1133 £ (BeQ4)erkher efore
inhibitors of, such proteases serve as valuable targets_for the )
RN S] e B AE Tb G ket I ER TR e orhanse or

spesifieenibosisenis olethe-ieniients ResENIEIRs hedinpesesal
ilu tﬁ{iﬂ?ﬂn. It is not intended to be exhaustive or to limit the scope of the
in &5 the Lpsaime s Serasdrtraibre rith 1afaiseithesksvahtion

15 hagheemiARseEed Witk relarsnes 1oy %w&cﬁﬂagygfmﬁﬂﬁpmmﬁ

understood by one of ordinary skill in the art that various modifications

ca HeoRme Witreienicprar hegiesin withepiricpadtinp from the spirit and the

scope of the invention, as set forth in the claims. All patents, patent

applications, and publications referenced herein are hereby incorporated by

reference.
20 Other embodiments are in the claims.

What 1s claimed is:
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scope of the invention, as set forth in the claims. All patents, patent
applications, and publications referenced herein are hereby incorporated
by reference. 20 Other embodiments are in the claims. That is claimed
is: 111 Claims 1. Use of an antibody, or antigen-binding fragment thereof,
that specifically binds soluble endoglin in the manufacture of a
medicament for the treatment or preventijon of a pregnancy related
hypertensive disorder, wherein said p éadﬁﬁncy related hypertensive
disorder is selected from the group consisting of pre-eclampsia,

ecla estati hypertension, chranic hypertensjon, HELLP
S e AR e AN

soldblbJsedof dm 1anhbe£hymfxcanag€ra piedlnghbiagbrant theraehitbaprevention of a
specific oluble nd.a compound selected from the

P oA T A BEIL S b A LR S AgH e

disc{irdgtmeml,entcd)tﬁrm me(gpmilmsmdegl oﬁm-edﬁem;nmepmmmd itestational

u r wth f and )
e S AR BB ke bl e o
gesthigonrelaagtd o9 pT@Véntlon of a pregnancy related hypertensive disorder

wherein said pregnancy related hypertensive disorder is selected from

the group consisting of pre-eclampsia, eclampsia, gestational
hypértensibi¢ ehasrfB s B acHERipgs AgmsRc haial. phegseatijcally

binWW¥d R SaHL BesialuRlRARd SEND RS @e@?&é%&ﬁs@!ﬁ%ﬁa purified
wherein said VEGF is VEGF121, VEGF 165, or VEGF 189. 4. Use of an

sPlish aBERg bR YRR Hag frap Rk risp it R ReGiItingy 2B5hagne.

nif&hpixeRmndaglin m@am@a&hﬁﬁ@@%@&% enapRURbJRIRE Mabufaiane,

of a me ca ort atmen revention of a regnan y related
o R R o S PG AR BB g cment

or ;ﬂmﬂmmf&e}geg&dﬁmgm&im gmu:}mea@ﬂsﬂtmgdef p/ﬂeneﬁia;mamgnancy
sia, gestational h n ?Fronlc ertenS|o

o B B T i e RS vy anain

eole;[mzsta, gestational hypertension, chronic hypertensaon., HELLP syndrome, and

pregnancy with a small for gestational age (SGA) infant.

3. The use of claim 2. wherein said VEGF is VEGF121, VEGF 165, or
VEGF 189.

4. Use of an antibody, or antigen-binding fragment thereof, that specifically
binds soluble endoglin and an anti-hypertensive compound in the manufacture of a
medicament for the treatment or prevention of a pregnancy related hypertensive disorder,
wherein said pregnancy related hypertensive disorder is selected from the group
consisiing of pre-eclampsia, eclampsia, gestational hypertension, chronic hypertension,

HELLP syndrome, and pregnancy with a small for gestational age (SGA) infant.



5. The use of any one of claims 1., 2, or 4, wherein said pregnancy
related hypertensive disorder is pre-eclampsia or eclampsia. 6. The use of
any one of claims 1, 2, or 4, wherein said pregnancy related hypertensive
disorder is characterized by an increase in soluble endoglin polypeptide
or nucleic acid levels as compared to the soluble endoglin polypeptide or

nucleic acid, level |n normal rence or level. 7., he use of
claifi 6, w eH‘uS%g PRSI ?ge el?’]élﬁlée s?inﬂﬂpée oV s 1]3935 gHEFAMple
relnedevebdramssaiddsibiest 8 ptbe damplialaim8ampergin the soluble
endoglin polypeptide level in said subject is at least 20 ng/ml. 113 9. The
use of claim 6, wherein the increase in said soluble endoglin level relative

to sgid normal fefesenge sampieidavel is at leash %0 49 Etre%[ H36-0f

claim 6, wherein said medicament is to be administered prior to'the onset

Iel%fﬁféﬁitém@iﬁ‘f@f dippigeoris oh w@t&mb@aa@r igetanpdiasaiibithendoglof
r t. 12.The

P e S S L Sy My
or Mivdeusecad é:&merh 16, aviersil sﬁd&mesah@latdemaz 36 weeks

pregnant. 14. The use of claim 6, wherein said subject is greater than 36

weeks pregnant. 114 WO 2006/034507 PCT/US2005/034483

SEQUENCE LISTING <110> Beth Israel Deaconess Medical Center et al.

<120> METHODS QF DIAGNOSING AND TREATING COMPLICATIONS

OF PREGNANEY 0L 405 §1 94w#£06 W o il wbrsdme somels s ievel is

a pggpéla%l%%r level from said subject

8. The use of claim 6, wherein the soluble endoglin polypeptide level
in said subject is at least 20 ng/ml.



<160> 4 <170> Patentln version 3.3 <210> 1 <211> 1311 <212> DNA
<213> Homo sapiens <400> 1 atggaccgcg gcacgctccc tctggcetgtt
gccctgcetgce tggccagctg cagectcage 60 cccacaagtc ttgcagaaac agtccattgt
gaccttcagc ctgtgggccc cgagagggac 120 gaggtgacat ataccactag
ccaagtctcg aagggctgcg tggctcaggc ccccaatgcc 180 atccttgaag tccatgtcct
cttcctggag ttcccaacgg geccgtcaca getggagetg 240 actctccagg catccaagca

aaatygcacthggeeceqelgiay frgthercyy tbettrerc 800y tashsaltdagytbido
levEPAIRIGSaGOGRRlIgRRAR lFaRACkICA AHYBCH AR 3PR arliarades fogtcacctt

ccaagagccc ccgggggtca acaccacaga getgecatce 420 ttccccaaga
cccagatcct tgagtgggcea getgagaggg gecccatcac ctetgetget 480 gagctgaatg

accdbcagabheatsctettd ngadtgyyecmagedoagdygicactigico HAdittigsatgal
.lggaagccag cc cat ccgcacge tcgagtggceg geecgegtact 600 .
P e e S o o A s deesiane
660 ctgagggtcc tgccgggeca ctcggeeggg ccccggacgg tgacggtgaa
ggtqqgactgfh%%(l)se of claim 6, wherein said subject is at least 24-28 weeks

pregnant.

12, The use of claim 6, wherein said subject is at least 28-32 weeks

pregnant.

13, The use of claim 6, wherein said subject is at least 32-36 weeks

pregnant.

14.  The use of claim 6, wherein said subject is greater than 36 weeks

pregnant.

114



agctgcgcac ccggggatct cgatgccgtc ctcatcctge agggtcecccce ctacgtgtcc 780
1 WO 2006/034507 PCT/US2005/034483 tggctcatcg acgccaacca
caacatgcag atctggacca ctggagaata ctccttcaag 640 atctttccag agaaaaacat
W6 Hagctcccag acacacctca aggectectg 900 ggggaggRes/US2005/034483
ggatgctcaa tgccagcatt gtggcatcct tcgtggaact accgectggec 960 agcattgtct
cacttcatgc ctccagctgc ggtggtaggertengacetravecgcaccg 1020
atccagacea cieeteccaa ggaaacttat ageecggagg tgcteatgte cttgatecag 1080
acaaagtgtg ccgacgacgc catgaccctg gtactaaaga aagagctigt tgcgcatttg
1140 aagtgcatcdieacgygeetyacetcitiy Yaecesagegigagorayacy PREGNANCY
ggacagggat 1200 gacaagtttg tcttgecgeag tgcttactce agetgtggea tgcaggtgte
agcaagtatg 1260 atcagcaatg aggcggtggt caatatcctg tcgagctcat
caccaéé%ftig 0133131 210> 2 <211> 437 <212> PRT <213> Homo
sapiens “<4005>"2 Miet'Asp Arg Gly Thr Lev, Pro Lau Ala Val Ala Lau Lau
Lau Ala@er 15 10 15 Cys Ser Lau Ser Pro Thr Ser Lou Ala Glu Thr Val
His Cys Asp Lau 20 25 30

Patentlin version 3.3

«210> 1

<211= 1311

<212> DNR

<213> Homo sapilens

<400> 1
atggaccgeg geacgctede tebggetgtt goootgetge tggocagoty cageeteage
60

ceccacaagtc ttgeagaaac agtccattgt gacctteage ctgtgoggocco cgagagggac
120

gaggbgacat atacecactag ccaggbctog aagggetgeg tggotcagge cceocaatgoc
180

atccttgaag tcocatgtect cttectggag ttcoecaacgy gecoghtoaca getggagetg
240

actcteccagg catocaages aaatggoace tggocccgag aggtgottor ggtecteagt
300

gtaaacagea gtgtecttect geatcteoeay geectgggaa teoccactgea ctiggoctac
360

aatteceagee tggbcacctt ccaagagocee ccgggggtca acaccacaga gotgeoakoco
420 .

ttcocccaaga cecagetoct tgaghgyggea gotgagaggg geccceatcoac ctctgotget
480C

gagotgaaty accoccagay catccteoetbe cgactgggce aagoecaggg gtcactgtec
540

tteotgecatge tggasgocag ccaggacaty gycegoacgs togaghggeg googegtact
600

cecagecttygy tocggggoetg ccacttggaa ggogtggeog gecacaagga ggogcacatbc
660

ctgagggtoee tgeegggoca ctoggocggg coceggacgyg tgacgghgaa ggtggaacty
720

agetgogeace ceggggatot cgatgoogte cteatccotge aggghooccoo ctacgtgteo
780



Gin Pro Val Gly Pro Glu Arg Gly Glu Val Thr Tyr Thr Thr Her Gin 35 40
45 Val Ser Lys Gly Cys Val Ala Gin Ala Pro Asn Ala lle Leu Glu Val 50 55
60 His Val Lau Phe Lau Glu Phe Pro Thr Gly Pro Ser Gin Lau Glu Lau
WESE49580 Thr Lau Gin Ala Ser Lys GIn Asn Gly Thr Trp PfoFARF®@i (#3743
Lau 8590 95 Lau Val Lau Ser Val Asn Ser Ser Val Phe Lau His Lau GIn
Ala LathgtOe: 165 dad 22V 2006{834507Pest AtS 20064034483 &shtdlens
Pro LatfHis Leu Ala Tyr Asn Ser Ser Leu Val Thr. Phe Gin li5 120 125
Glu Pro.Bro Gly Vial. Asn, Zhr ThiGlu.Ley Rra Set Phe.Rrodys Thr-d30Q. o
135 140®Gin lle Leu Glu Trp Ala Ala Glu Arg Gly Pro lle Thr Ser Ala Ala
145 150 155 160 Clu e Asr, Asp Pro oln Serle Leu Leu Arq Loy Gly,
Gin AGZETAPTBE 176 175 "1y S6r Tau S&r Bhe Cys MetTad Glu Ala Ser
GIn Asp Met Gly Arg 180 185 190 Thr Leu Gin Trp Arg Pro Arg Thr Pro
Ala Le;i@?ﬁ&FA?@tGli‘/cﬁ’il’éaPﬁg TI5IOEP 205 BB TU Ry FarAfa Gl HIrs o
Lys Glu’Ala His Ile Leu Arg Val Leu 210 215 220 Pro Gly His Ser Ala Gly
Pro Arg:ftuovalThrodatdops \bakGirt teu :225 2802 352440 sSerCys: flaay
Pro GIy°ASp Leu Asp Ala Val Leu lle Leu Gin Gly Pro 245 250 255 Pro

Tyr Vaéé@igt&@d—%ﬂgﬂ@g%@@c%@t@ﬁbﬁi@ Q@&Mﬂg@iad@gﬂ;mgt tgogoattty

1140

aagtgoacca tcacgggect gaccttckbgg gaccacaget ghbgaggoaga ggacaggagt
1200

gacaagtttg tcttgegecag tgettactco agetgtggea tgocagotgtc ageaagtatg
1260

atcagcazty aggcoggtgoghb caatatccectg tcogagctcat caccacageg g
1311

<212> 2

<21l> 437

<Z212> PRT

<213> Homo sapiens

<400> 2
Met Asp Arg Gly Thr Leu Pro Leu &Ala Val Ala Leu Leu Leu Ala Ser

1 5 1c 15

Cys Ser Leu Ser Pro Thr Ser Leu Ala Glu Thr Val His Cys Asp Leu
20 25 30

Gln Pro Val Gly Pro Glu Arg Gly Glu Val Thr Tyr Thr Thr Ser Gln
35 40 45

Val Ber Lve Gly Cys Val Ala Gln Ala Pro Asn Als Ile Leu Glu Vval
50 55 60

Hig Val Leu Phe I=u Glu Phe Prc Thr Gly Pro Ser Gln Leu Glu Leu
&5 70 75 80

Thr Leu Gln Ala Ser Lys Gin Asn Gly Thr Trp Pro Arg Glu Val Leu
85 E30) 85

Leu Val Leu Ser Val Asn Ser Ser Val Phe Leuw His Leu Gln Ala Leu
100 105 110



260 265 270 Thr Thr Gly Glu Tyr Ser Phe Lys lle Phe Pro Glu Lys Asn lle
Arg 275 280 285 Gly Phe Lys Leu Pro Asp Thr Pro Gin Gly Lau Leu Gly
Glu Ala Arg 290 295 300 Met Leu Asn Ala Per lle Val Ala Per Phe Val Glu
W80 Ala 305 310 315 320 Per lle Val Ser Leu His Rfd/G&tap34483
Cys Gly Gly Arg Leu Gin Thr 325 330 335 Ser Pro Ala Pro lle Gin Thr Thr
Pro-Pro Lys Asp Thr Cys Ser Pro 340 345 350 3 WO 2006/034507
PCT/US2005/034483 Glu Leu Leu Met Ser Ley lle Gin Thr lys Cys Ala
Asp AE%’A A Mat3BE 360 365 Thr Lau Val Leu L ys Lys:Glu Leu Val Ala
His Leu Lys Cys Thr lle 370 375 380 Thr Sly Leu Thr Phe Trp Asp Pro
Ser Cys Glu Ala Glg Asp Arg Gly. 385 390 395 400 AsntysShe valleu
Arg Ser Alg; fyr Ser Ser Cys GhsMet Gin Val 405 41Q#415 Ser Ala Ser
Met lle Ser Asn Glu Ala Val Val Asn lle Leu Ser Ser 420 425 430 Ser Ser
Pro Gip, Arg 435 <2102.3 52112 3Q, £2127%DNA sZA3>frtificial a1,
Sequenge <220> c223> Prigger ‘155 160

Glu Leu Asn Asp Pro Gln Ser Ile Leu Leu Arg Leu Gly Glmn Als Gln
1658 170 175

Gly Ser Leu Ser Phe Cys Met Leu Glu Ala 8Ssr Gln Asp Met Gly Arg
180 185 150

Thr Leu @lu Trp Arg Pro Arxy Thr Pro Ala Leu Val Arg Gly Cys His
188 200 205

Leu Glu Gly Val Ala Gly His Lys Glu Als His Ile Leu Arg Val Lesu
2190 215 220

Pro Gly His Ser Als Gly Pro Arg Thr Val Thr Val Lys Val Glu Leu
225 230 235 240

Ser Cys Ala Pro Gly Asp Leu Asp Ala Val Leu Ile Let Gln Gly Pro
245 ' 250 255

Pro Tyr Val Ser Trp Leu Ile Asp Ala Asn His Asn Mst Gln Ile Trp
260 2658 270

Thr Thr Gly &lu Tyr Ser Phe Lys Ile Phe Pro Glu Lys Asn Ile Arg
275 280 2858

@ly Phe Lys Leu Pro Asp Thr Pro Gln Gly Leu Leu Gly Glu 2la Ary
280 2958 300

Met Leu Asn Ala Ser Ile Val Ala Ser Phe Val Glu Leu Pro Leu Ala
305 310 315 320

Ser Ile Val Ser Leu His Ala Ser Ser Cys Gly Gly Arg Leu Gln Thy
325 330 338

Ser Pro Ala Pro Ile Gln Thr Thr Pro Pro Lys Asp Thr Cys Ser Bro
340 345 350



<400> 3 acgaagcttg aaacagtcca ttgtgacctt 30 <210>4 <2' 1>29 <212>
DNA <213> Artificial Sequence <220> <223> Primer <400> 4 ttagatatct

ggcctttgct tgtgcaacc 29 4
WO 2006/034507 PCT/US2005/034483

Glu Leu Leu Met Ser Lieu Ile Gln Thry Lys Cys ARla Asp Asp Rla Met
185 360 365

Thr Leu Val Leuv Lys Lys 8lu Deu Val Ala His L:eu Lys Cys Thr Ile
370 3758 380

Thr Gly Leu Thr Phe Trp Asp Pro Ser Cys Glu Ala Glu Asp Arg Gly
385 380 3es 400

Asp Lys Phe Val Leu Arg Ser Ala Tyr Ser Ser Cys Gly Met Gln Val
405 410 415

Ser Ala Ser Met Ile Ser Asn Glu Ala Val Val Asn Ile Leu Ser Ser
420 425 430

Ser Ser Pro Gln Arg

435
210> 3
«211> 30
<212> DNA

<213> Artificial Sequence

2220
<223> Primer

<400> 3

acgaagcetbty aaacagboca ttgtgaccett
30

<210> 4

<211s> 28

<212> DNA

«213> Artificial Sequence

220>
<223> Primer

<400> 4
ttagatatet ggeoctttget tgtgesaco
29

ik



