WO 2008/084105PCT/EP2008/050304 Biomarker for the medicine and the biology of the reproduction
Field of the Invention The present invention relates to the medicine and the biology of the
reproductiog:f ipdseseAt invention relates to a predictive marker of implanfatiopsajldresand
successful term pregnancies, in particular following in vitro fertilization. Background of the invention
Diagnosis and management of infertility is a prevalent health concern in young 10 adults. Ongoing
progresses of in vitro fertilization (IVF) techniques are challenging reproductive alternatives for infertile
couples. In vitiSifermasien fondiwetinsiest cidve dmel thich biobagad ok ithef rmipivatheotitications
that represent drawbacks to their indication in women, including risks of multiple births ectopic
pregnancy spontaneous abortion, and preteim delivery. Considering these clinical risks, and the 15
high economic cost of these advanced technique, IVF treatment is stilt difficult to access for most
infertile couples. Althegh betes eamprghgnsion of mechanisms that influence fertilization and
implantation has provided a more accurate view of parameters associated to in vitro fertilization
success, search for Biomarkeesithatwersypredictpregnahey issdesaftend Vicbéfiotedpitiafiothof
treatment; remajr. 13ajor: n St.0 _markers that predict embryo implantation or
miscarria%e (r}l'%%ﬁie@[‘%}%{ 26%% %E%UL%E%%Y%%%R%%% i‘;V{B tr%é t#@rﬁt&%ﬁu@nﬁrﬁ?ﬁnég@clom e .?118“
anticipate stréédundwlinicalpioblbms pssveited wWithapieghaelidailugs »Predittivhiofiihe chances for
infertile women to give birth to a viable baby after 1VF treatment is thus a major issue in the
optimisation of the medical response to increasing demands of infertile couples. Therefore, there is
a strong need for markers that may improve counselling of infertile couples, as predictors of
miscarriage and impRAEAREIP Hnd e/ Hieda¥eEEaR d with I'VE at a stage that precedes decision to
initiate I'VE treatme nogagement of associated clinical complications, 30The success of an
embryonic implanta%%%ggggeg%@%gg%a%ﬂg e%%légr%ﬁ rl)i}gy holdi jéegﬁ i%%er?ta %%éﬁ?é;g% e’ f?‘ﬁ%ﬁﬁnted.
The capHtity edulie pmigryodspappresiated 2 primartytdizamnbrybiio mohpholeg\sandhtiekinetics of
division. The m til the stage of blastocystes has several potential advantages among
which the selbehs o I Rt bie o e el (e B0 arAneAots He i ama.
synchronizatiessesritgortbrus;taeqdossivility ofiwvaluatinmgling icapabities pfthetembranic to
development jp.ca iple i atj flures.. On , when the transfer was carried out
with embryosﬁgg‘%o%dﬁgq qéﬂmaﬁ%%guahty e’fiAe@%%rli%%eislr%%p%ﬁ%(%ﬁ%ﬁ%géie%%éngc%ﬂg%p]%%e&% 1)
developmentpppritaseuattdowilitherird phasttet adadiatiow Gopredrrancyh TFhecbualulatioksofatik tintrinsic
capacity of the: it ¢ f.Sigr ing its.implantation within the er trium is
T i to S ol R O IE e e
quality of the egptssy&itsribintyraladdespapaditihor de heiptanedpShenmanyol mFtHepresetiat
disclosure prayiies dor B fitshime abiamakarAlowig he.0pnnvasive, valuafign apd pregiction of
IVF outcome. Besides its prognosis value, a major value of this biomarker is the p033|b|1|ty of its
dosage prior IHitFAHSATBfAMSIHIBI A APt rial cofvditicuiie tregaeren e dee bbmigibivnihikenayill
improve cou | manrge VA Ol -f] nravi ( uen nefits for
infertile Womr(}e%%%léaaglt %are. Ig aﬁ(}gll%gocr)l(iﬁ%elﬁén%%?dgﬁgﬁ%%@?ﬁﬁég%gg@%%%aignﬁle%%tted
protein A as ehahanasr dfstertilibe aneripregiianeycdorpiitavensantheirdtorey tel present diseigsure
concerns MIGAas bigmaskerin #1¢ MEAIGRAG 14 LIR0GY Ol NG [ RIOANGIONnsc 11l Blfstaspect
there is provided a method for determining in vitro fertilization (IVF) outcome comprising in'vitro
assaying for SBRIBRWAEA MR RIS tersiatre midl prerin o) ilurp| Soeriipliasned for serunssample
from a womap,whesegeikeshisdirndsgkioesaive R tapsfered embryanthe '&V%@fas%%@_? MICA
being indicative of the IVF outcome, in particular indicative of implantation failure rates, IVF Tailure,
and/or miscatidgeln the Iﬁ%@%%ﬁﬁﬁa‘%ﬁé@ﬁ, Prekisds provied 8 mstsedTerdsalastng 4 sublsls for a
IVF comprising;ipjvitro assaying for soluble MICA in a blood, plasma, or serum sample from a woman
who is intended to receive a transferred embryo, and selecting the subject having a level of MICA
indicative of a succe S¥AIRIE SPeialilfysiroBg neR Bmirgrispetiatiens iEprovideaiasibnmafor
determining sgfeNOrRgENaozoid BrAlty Ak o Aatermining ihe.nreRabiil.Af male jnfsriliyin a
subject, comprisirlj%in vitro assa)éing for soluble MICA'in a semen sample from the subject, the level of

soluble MICAB&HY ndicatiigtBasdirsrdse dseivipde dritqialiy ofamreRifardlitpsaccnaa fdurth

aspect, there.isprrvidedia smethedh ferdstermining the probability of pregnancy complications,
including miscarriage, vascular pregnancy diseases (VPD), preeclampsia (PE), severe preeclampsia,
vascul ntra-uterir?ghﬁrﬁﬁﬁﬁer%té’r%éﬁom RY JEEGFEAEATOPHSEVRY phectrwipsial erbrp
syndrome, gidicosteatosist gravidis Reparenative. mirawuierine foetal daath AWEDR)pregnancy
diseases or infertility associated with auto immune pathologies in a subject comprising in vitro
assaying for soluble MICA in a blood, plasma, or serum sample from a pregnant woman or a woman
wishing to be pregnant, the level of soluble MICA being indicative of a probability of pregnancy
complications. In a fifth aspect, there is provided a method for differentiating vascular from non

vascular intra-uterine growth retardation (IUGR) in a subject comprising in vitro assaying for soluble
NMICA in 2 blond nlacma or ceariim ecamnle from a nreanant woman or 2 woman wichina tn he




In a third embodiment, the present disclosure concerns a method for determining semen or
spermatozoid quality or for determining the probability of male infertility in a subject, comprising in vitro
assaying for MICA in a blood, serum, plasma or semen sample from the subject, the level of MICA
being indicative the semen or spermatozoid quality or male infertility. In a fourth embodiment, the
present disclosure concerns a method for determining embryo quality or for selecting an embryo
suitable for embryo transfer, in vitro fertilization, or implantation, comprising in vitro.assaying for MICA
in the embRIGERIRIHEERIANS 3 Sgéfn?f]%g‘cfeg}]g?%?sl\ﬁ’l&vb%?ﬁgﬁ |ggg%eé}ff tﬁ%%éﬁ%ryo quality
or of the suitability afthe Ersryoyfasambryoctransiensiul sivarfepiizations eminiplantatioton  In a fifth
embodiment, fne preseib dissiosiie.caneeime Amelarior ferlity prognesis. and delgpinng the
probability of pregnancy comp |8é3|ons, mcfuﬁlng miscarriage, vascular pregnancy diseases (VPD),
preeclampsiafBE)tintra-Utepinsigiowth mitzmaigriUeR)|tmssddiatethbrnoiwityPrasciampsia,
FELLD syndrofme, SRt siapiRsii s adies enivenpiis LAY e paIal asalhy Rrpanancy

diseases or in ty associat auto-immune pathologies in a subject comprising in vitro 4

assaying for @bty Qém@gmiﬂﬁmﬁftmm%mgt%miéﬂé%ﬁ?@é‘ﬁi_ﬁfyjé’ﬁ?)ﬁ@@?fbncy _
complicatiofiyeyeioMh@nR &ieH ol Pediment e siep Ahagray iR mMIGA Mdhesample comprises
a step selected from : assaying for soluble MICA protein in the sample; assaying for cell-free nucleic
acid encodfigiTansRESSHYiAG Ter A I AT HoSH RIS Hrede St R A g At Bl lantatipiia. most

preferred egrbodimentqthe-stan o assaying.iprdMiGh4R. the sample comprises contacting the sample
with an anti-MICA antibody, preferably a monoclonal antib@%/, mare preferably selected from the

group consisting dPIREE: SRIDE AT ERIME! SHEIGHAR e SFPEPLEART T €6IUBIEMICA in the
sample cantke peHYmediyiRlL A Rssaysdgrefemmbly fiyrsandwich ELISA assay. In a sixth
embodiment, the present disclosure concerns the in vitro use of a kit comprising at least one element
selected from theg&%{)&g sisting of an anti-MICA antibody, a set of primers specific of a nucleic acid
encoding MICA, a probe specific of a nucleic acid encoding MICA and a WC protein, preferably a
MICA protein, in taanesdiaindissidshiolpgy afctherrepeadiiuction: Pratenalily; thiekinis thsathfer selecting a
subject suitable for a IVFt,. for dgternaingjn inf\ii{/r]g feEtiIizati%w S(lé%lg).t%utlggrgoe .for a?dueete,rmiartli(r}l semen or
spermatozé?&aﬁbvéﬁi?%a}g? éoag&ln%r% &'&&men or gﬁecr%nft‘ozgl Suiale rf{?ﬁ, or’dlefgnlmning the
probability eflnwalé infebiidityaitia subjeptsfiritetefiininegpermiyoigumlityy forsetestingranembryo
suitable folgbRYRanaat. |0y e ferization ok IppiALaLon, af fah ie0lNdAga. fihledthaving a
high complication rlsrlgdurlng pregnancy, in particular a subject susceptible to miscarriage, vascular
pregnancy diswasesnprefetidnysinidmiaickering ghosvirodtirdatistiruGRYcAss deiakelgrdinot with
preeclampsia, HELLESypaome. Qavidic sicaRsitoararidicraphirpathypidntautedng foetal death.

Preferably, the ant-MICA antibody is a monoclonal antibody, preferably selected from the group
consisting 6t GROOISRN A and SREIEOOPHEHENY 2 IGEBaR TUFITRR EaHIHsd ResdiiBidhgcA
protein. Deggription:efithe-Figses-Riowe A MeansMik serumelenalscindaienimiifferaceerding to
implantation success and IVF issue. sMIC serum level evaluation was obtained during the follicular
phase of th&&P4eBPBeeding 1VF initiation in the serum of 170 infertile WO
2008/084105PCTiER2008/05Q804 Hanomenicandidaigdo MFdabitinng levelsaferiningion. Dot plots

represent lan values in sMIC. positive blood samples and err rs,.25-75 interquartile ranges of
median. G%@é’ W‘é?@%tffgﬂ?éﬁl&iﬁa gf]aopﬁggﬁllnﬂiél?ﬁ é%%n%@%ﬁ&t@é%%ﬁp@ %E}F%‘?épresented
as women thatdaiptotétnpharih afteodi Ep(HMi) ovvanen stirap lexiperiencesac cessfgb avplamtation after

1VF (AMP+), The IMP-E group.is further subdivided in 2,greups: t ive birth born baby
after IVF (I§ tggyfs:do'\fov&g?nevﬁ t g %%gﬁgﬁéé}ﬁ%c%ﬁ?gﬁg%ﬁgr é’f}&m ?r%%%ﬁ%ﬁ%ﬁ%%ﬂ%) Median
sMIC valuetsérf iomeerthatifailasigile bidieaeithel badanist wof mkereitn Yillméuor midearriage) are
also represgnted as IMP- or MIS. A group of fertile women control donors, not pregnant 10at blood
sample collection, that had experienced at least 2 previous successful pregnancies were also
evaluated (Fcrt CHl) foresmirCaspeciidgre B PigHepfevastspfie spedoimd miNerciopaditife samples

of women vaﬁmfﬁs%%i% PIRYRANGH %&@mﬁa{éfﬁ@&miﬁeat%eggﬁwshqw@m@aumastamw@mmormal
pregnancy and matched for term (NP). Vascular pregnancy diseases were further 15subdivided in,

intra-uterind §rWeR reberdadBIRTSE ) (preieeldnFrIE one) amlirandiehilfstbe I8 RiffiuFD).
Figure 3 : (RigiaA) Medignanchintaremardile kange-effprotainitnaparday in preeclampsia group
dependent of SM1C status. Comparison between sMIC positive and sMIC negative plasma was
performed using non-parametric Mann-withney test. (Fig. 203B) Frequency of bilateral early diastolic
uterine notch, in preectampsia sM1C positive group and sMIC negative plasma from preeclamptic
patients. Detailed Description of the Invention The present invention is based on the identification of a
biomarker in the field of 75 the medicine and biology of the reproduction. Indeed, they found that the
MICA level could be used to predict the IVF outcome, in particular to determine the probability of IVF
success or failure, embryo implantation success or failure and miscarriage. In addition, this marker is

useful to assess the fertilizing capacity of the semen, and to select the embryos which are the most
viahle and have the hecect nrohahilitxs of 20 imnlantatinn Thie markear ic alen acenciated tN nreanancy



MICA has been extensively described in patent applications WO 98/19167 and WO 03/089616, the
disclosure of which is incorporated herein by reference. linigene Cluster for MICA is 1is.549053 and
representative sequence can be in Embl Q9UDZ9. Soluble MICA is a truncated protein. Soluble MICA
lacks the transmcmbrane domain and cytoplasmic tail and includes the three extra-cellular domains.
Accordingly, the present invention concerns methtids for determining in vitro fertilization (1VF)
outcome comprisjng in vitro assaying for MICA in a sample, the level of MICA being indicative of the
IVF outcome. Theé'mét WCQF‘P%}/mﬁFgS apr Wéh%gsﬁpn&?%roogvi ?ﬁg%%gﬁwlg%‘? 18%?%1V\?é outcome
can be a balyhisthyoh doapilgnsation deitungirdng thisparridagéy of tmake préfenitssl entoediment, the
method comog)rises assa‘yzjlri]g gor solque VIGA eoﬁm%'ﬁ m wge%m%%q %Mh&%g{gﬁ&e%gmbodiment,

the method €0 rbsﬂls%lsnassaylﬁséufgl cell-free nucleic acid encoding MICA. By "cell-free'? is intended the
nucleic acitbvehioli ivimbtecofitaineetingoiadiedtiva divawttidonal ppeferedemiboditient, thelimethod IS
comprises %@gl%' 2ct MICA assaying and comprises assaying for anti-MICA antibodies present in the

sample. The sample can be provided from a subject. In a first embodiment, the subject is the

woman who receies ety anetetrdirEnibiyey Haé sumadcin drieTBeiHeE Bchteapitidér. In a
preferred embadiment, iha2@ sanpleizsglestediom the.graup sepsising atasampiersf blood,

plasma, serum, endometrium biopsy, uterine fluid, vaginal and cervical secretions, cefvical mucus.
Douglas' pBiseRlas BelREreaFHERe RTESEaBRYRotiGSEdpic BXFIOILESH (éﬁa)&%efﬁ@gﬁ%}’%herent
pelvis, infegtioug seausialeln & Nieferrr prabagiment, the sampledsomsampladt Biradsplasma, or
serum, more preferably a serum sample. . Prge@bl , t?}‘e 4@/??? soluyble MICA is detelinined prior
initiation of AOHHENAFESHERIBRINY tBERHER T XF tg/g?f utar embddimeht prior fitiation of
hormonal cangitianingstreairent:ia deueliofMdiEApgriedteidthan 2.4bhig/midimthisiserimigample is
indicative of higher implantati ilure rates. Accordingly, the presen inventipg concerns.a method
wherein thé'ls§ﬁ%]"& & %H?é" ?eo&%éﬂ\wﬁ!oaij f?ﬂsdeh &d'te roec%’llr\l/jé::ﬂth%ﬂg3 atrftg%rgf‘élr}?le%’%gfﬁ P}%)‘Et e level of
soluble MIGA dsvaetarminsdngrior ieitratiomof, Hotmondl dosrditionihg trésbmenti adidasitevel af MICA
greater thanr§b4§ﬂrili /n}l irétlhlgnge%% %gg&l)%sis indicative of higher implantation failure rates.In a
second palfflcu are o%rirﬁent, %nor nitiation of hormonal conditioning treatment, a level of MICA WO
2008/084105PCUE R 0081658804 egjrepreyitsdrs 28 Hgrhiiondihersatintinsarnisielas firicatite of a high
probability QL alluce, desoringly dhetrseaLioKs TN sapsems FShad whatsinine sublect s

the woman who Is intended to receive the transferred embryo, the level of soluble MICA is determined

prior initiatiéi 6pbnBHE conditiinidy Hastineft SHU RUEP's MR A GregiePtndis 8 MY/l in the
serum sampleis.indicative of ghigla prohakility|ofd VI failuige Inadchird gagticireermbedinent, prior
initiation of hormonal conditioning treatment, a level of MICA greater than 6 ng/ml in the serum sample
is indicativé’@ﬁ’ékﬁ]iﬁ%cﬁrbﬁabﬁﬁ’h} @ﬁﬁscarriage. Accordingly, the present invention concerns a method
wherein the subjegt issthe wemanhvhaipintendethiasecsiveitheiprsierradeambrycsitheedO level of
soluble MICA is determined prior initiation of orm(%qg)”?%di}}i_ nci) g treg#rpa%ng %nndloaml)%y{%la?f MICA
greater tharFE AT tHE SEPURSEMBIRS Indic I Or 2 Kigh Fobabil

?y ofmiscarriage. The
level of solubte MICA priitedy, danhalsetieideterdriinddafte thmpiancthtiornTherefore, in a fourth

particular embodient, after implaniation. aJeve| RLYIGA 18, aisaterand nglmkin he serum
sample is indicative of a F‘Ilé?] pro%]a ility olescarrlage. ccordingly, the present invention concerns a
method whereiirtheersiliiecnisIHE) wornemendon retseine® thigerasrsienedoeibryb, ithe savglof soluble
MICA protéin.cualse Redataimined ater mplaniatan-andalsyel ot reaiRn g 2 ng/mi i
the serum sample is indicative of a high probability of miscarriage. 20in a fifth particular embodiment, a
low level ofinip@atig andfedtive wies.hiyl plibapilipdpa sireedasst IVEaRprtitGa2PR6r Mitiation of
hormonal c%gg{m%tgggg;b%@tc&@@{?gMICA in the scrum sample tower than 28 ng/ml, preferably
lower than 6 ng/ml and more preferably lower than 2.45 ng/ml, is indicative of a succes f'%il IVF,
preferably a high probabiI?ty%f’@l?c@éégﬂﬂdEVES"QBﬂ' %F&o@%%&rﬂ?ﬁ%nﬂ@ﬁ‘&%ﬁﬁ% hs a method
for selecting a subject suitalpiadoradl e cRmpIIsiRg dRs Vit assayiog fordaiGAdn poaubjeetdsample and
selecting the subject having a Ievﬁgl f MICA indicative ofl,a successful IVE rog)a llity. The method can
comprise a previous step B pPo¥ ir%‘J s SE%rSHh e QSEIRIS. T L R BS IR r 2 woman
which is candidate for IVRdhbe:sapudéscantbeiselesteekB) firam thevgroup ebnsistingeofthcsample of
blood, plasma, serum, engrca)ln;getgugne}bnigﬁ%y, uterine fluid, vaginal and cervical secretions, cervical
mucus, Douglas' pouch, and peritoneal ffuid in case of ceolioscopic exploration (endometriosis,
adherent pelvis, infectious sequela). In a preferred embodiment, the sample is a sample of blood,
plasma, WO 2008/084105PCT/EP2008/050304 8 or serum, preferably a scrum sample. The sample
can be used directly or can be subjected to previous treatments. In a preferred embodiment of the
method for selecting a subject suitable for a IVF, the method comprises assaying for soluble MICA
protein in the sample. The level 5 of soluble MICA is preferably determined prior initiation of hormonal
conditioning treatment. For instance, a soluble MICA level in the scrum sample lower than 28 ng/ml,

preferably lower than 6 rig/ml, and more preferably lower than 2.45 rig/rill, is indicative of a probability
nf a cricececefiil 1VVE In an nther nrefarred embodiment the method comnricace aceavina for cell-free



WO 2008/084105PCT/EP2008/050304 9 The present invention further concerns a method for
selecting the semen or spermatozoid suitable for IVF of an oocyte, comprising measuring the level of
MICA in a blood, plasma, serum or semen sample of a man offering the semen, The method can
comprise a previous step of providing a sample from the subject. Indeed, the presence of MICA has
been associated with an implantation failure. Pref%rably, the sample showing the lowest level of MICA
is selected for IVF. In a preferred embodiment, thé method comprises assaying for soluble MICA
protein in the sample. In ansthpeprétdnet eiabodisen tel rretitodisomprises adsayingfor cell-free
nucleic acid encoding MICA, 10In addition, the present invention concerns a method for determining
the probability of male infertility in a subject, comprising measuring the level of MICA in a blood,
plasma, serum or semen&AFIHIE fROMIENE-stlBjEet: THEethbeiivEbhisnes dirdtidliidtep of
providing a blood, plasma,sgimaat Semensampletftan the-subjeatutndeathtihepresante of MICA
has been associated with, maés inertiIith In atprefc?r{q{-:d 15 embo imelrin,S égei @gth?gaggmprises
assaying for soluble MICK’BBP%‘f in'in" easar%%fe?qﬁaangfﬁeip p%%sfeef)reaegm od?menx[? fié method
comprises assaying for céthfleremicisic adidremcaaing MigRctious Inagthied drbodimentahe subject is
the woman who provides the 4 ﬂ-%'{ﬁe I@&r%‘;‘giﬁft can also be the receiving woman. Indeed, the
presence of MICA can be useful to /0 aSsess the quality of the oocyte, and thereby of the embryo, the
presence of MICA being teiesIve srabrwer sSHEBHISHE! 6F Grabile saHurs ryidiiBtantation. In a

preferred embodifpeni:the: sanmplenisseleetpe fsamitheognoyposensistingai @i Jamplecahblood, plasma,

scrum, endometriym bigpsy, uterine fluid, vaginal and.ce secretions, ceryicgl mucus, Douglas'
pouch, folli%ﬁﬁth““ﬁg‘i’& ,aa%r%?pcé’m%@gﬁfm id’ fﬁogﬁsﬁgyé?%ée rc%%ségﬁcs aé%%r%ﬁoﬁ" 6?e’aﬁtclino‘"‘fgﬁé%?riosis,
adherent pelujscinfectipascsequbid)Cih pditictiary thesansslelddy M@I!imlﬁrﬁﬂﬁmlﬁoﬁmsmnce a
follicular g phtajoed o 'Rl PURGHI e AR ARCY IR BARASTLF RN FRmbe Brawded by

vaginal puncture after ovulation induction by HC! e sample can also be provided from
embryonic Silsaraatemt bicemibrygrét e doreiamatf £PaRlURFERHBdiREREhE&Y6Pematant or
the culture Mmegdiuin sames:HopmbaosaImingte bedsansiessed aterbediqeagsketiokRe sample
can be used directly or.can be,sub'ecte%i to previous treatments such as freezing, purification, heating,
concentratfSiRiRS Y’%’t@fﬁf@%é@%‘i #105PCT/EP2008/0511304 10  Therefore, the present
invention also coricerrisrd emgthdiahfor déteimisingdémiosyoequalityrsyamedsediny thicavelinf MICA in the
embryo culture medi , r t I ' I S post
frtization e B O B0 P st el bon e oA ot e methoc
comprises H888inePfoPEEble MICA3SFaYeN ifPth¥ Katnple 2 aAStHENSPefRitEnteMbttifient, the
method compiisiesassannadrecellieccnueRitcaciseancoding M@ denparticupsntheesibryo quality
is used to determine the patential for successful implantation of an embryo. Preferably, the level of
MICA in th8¥HSr 06 P FHE UM or supernatant is indicative of the quality of the embryo, and
thereby the probahilityoofbuecbsdiukbd0 implantatidrsdbthe: emiseyos Pretdrad lipthisthighenis the level of
MICA, the Igysi s (e gally #f theembrya, angier el PrabaRii of surgessiyl ippiantation of
the embryo. The present invention also concerns a method for selecting an embryo suitable for
embryo trafRstaizaHitr6 e PRI o raRBTES A% O, THEnTStRBB & IRpHShG 18 HEasliPthe level of
MICA in the gmbryRulivee fmsdimaar sinsvepammpasticulas thevieweliof dieHdgiatlisative of the
suitability of the embryo f r_embr%/ottransfer, in yitro feétilization,for implajgtatigq_{.ﬁrgtfggab(l}yé, the
embryo sh8iifG 1A IBHERHIE o i ERGR the FulkilR We dith 7 sBledtE foF 8BRS ransfer, in vitro
fertilizationjropiimpamtation. Indeed, the presence of MICA has been associated with an 20
mplantation failuig, |n agrefeatamboiment. e neling camprses ARsRnEbIohRalRlE MICA
protein in the sample. In another preferred embodiment, the method comprises assaying for cell-free
nucleic aci@megeewing M GlatermininghdhsrgzeheBntin ﬁﬁﬁﬂ‘?é?‘ébrﬁ%ﬁﬁﬁ%“ﬁ%ﬁﬂoﬂlﬁflﬂ%)@ comprising
selecting ap, ambRvQAvith:a mephas afdhaipresentipventiescant-tanse)ring thaemppyovaio a
25compatible human uterus. In.an other as%e_ t, the#]resent |E1¥§Lnﬂ n.concerns ma%tllacl)cds for
determininéefﬁ@%‘%aﬁ%@f Braviady MBI Bl oS TR Ay Miscarrage VAScHaY Siégnancy
diseases, preeckismpsia;ivascataropation-vascalauintieeufesine deeththretardatior ISR )passociated
or not with pieeciamnsia L synsiamen radilic stealpsisui0.acavidie peppropany or
intra-uterine toetal"death, In a subject comprising in vitro assaying for MICA in a sample, the level of
MICA being indicative of a probability of pregnancy complications, including miscarriage, vascular
pregnancy diseases, preeclampsia, vascular or non-vascular intra-uterine growth retardation (IUGR),
WO 2008/084105PCT/EP2008/050304 11 associated or not with preeciampsia, HELLP syndrome,
gravidic steatosis, gravidic nephropathy or intra-uterine foetal death. In particular, the present method
is useful for determining the severity of preeclampsia. Accordingly, the present invention concerns a
method for determining the probability of severe preeclampsia in a subject comprising in vitro assaying
for MICA in a sample, the levet of MICA being indicative of a probability of severe preeclampsia. The

method can comprise a previous step of providing a sample. The sample used in this method can
he calactad from the arorin concictina of the blood nlacema cariim nlacenta cord'e hlonod endothelial



20 Preferably, the detection of soluble MICA in a scrum sample, for instance at least 0.3 ng/ml, 0.5
ng/ml, 0.75 ng/ml or 1 ng/ml, is indicative a higher probability of pathologic pregnancy, including
miscarriage, vascular pregnancy diseases, preeclampsia, vascular or non-vascular intra-uterine
growth retardation (IUGR), associated or not with preeclampsia, HELLP syndrome, gravidic steatosis,
gravidic nephropathy or intra- 25 uterine foetal death, more particularly a pathology selected from the
group consisting of VPD, preeclampsia, vascular ITUGR, [LTD and a combination thereof Preferably,
the detectiemsafisgllbldNIGAImasTplm tbarpld, foMAStaitengt ilehsti0:8 mgénpcbBigynet, 0.75 ng/ml
or 1 ng/ml, ig-8lspdndicative.afigher probability of severe precclampsia, in particular preeclampsia
associated wit proteinurj? reflectirE renal failure and/o 30‘bil,ater{al eaMr;I;y diastolic uterine notch which
is a reflection of pfacE AT HETHERAS MR JaRicHiRr Smbtaiiientoh VEY of SoliISAMBIA protein in a
serum samplegneztersthare8wr li@my/ml is indicative of a high probability of pathologic pregnancy,
including miscarriage, vasgularpregnaney-disrases REResampsig, dntra-uterine growth WO
2008/084105PCT/EP2008/05Q3 ? retardation (JUGR), associated or not with preeclampsia, HELLP
syndrome, gravidic steatoassi?,yé’?fév?cfiﬁaﬁ ?ﬁ&'ﬁﬁ% B thirestesd fobtdeath.  The present
invention also concerns aamsethodfoedifferEniatitidycdscptasdirom thenaragieular intra-uterine growth

retardation (IUGR} i a,subjpetemRrsingiitra S assayingfonMiGAiRe sample. dhegvel of MICA
being indicative of a probability of vascular,11.1GR., Priferabl the sample is a sample of blood,

plasma, or SEPERT R TR e Lo AMPLamiBle ARUHE-BlErer BRI REFSERBR of TOUMIERAICA in the
sample, preféttaisly, atleasp@Bmgimked:Say/imip0 76 nuydmt ardsiging1ofs SRdizalire édvasdular IUGR.
Preferably.dhelgvelafsaliplaid GAris determingdsaftel emRnia it implantation: .. As ipdicated
above the step of assaying MICA can comprise assayin [EQLe soluble MICA protein in the sample. In a
preferred & 'BHW‘iEEm%??Wa%e&{%ﬁ ¥ol'sit ‘Véclgl ADYSEEH in the fluid sample comprises
contacting the sainpieswith ambaditidehC Aamibedy dinchopreferec-embodimelitotheestém dfitassaying for
saluble MG S PR BN AR PR Y S R o0 sy
e echniques for analysis and quantification of proteins, especially soluble proteins, are we
cnown by 16 T STTSE TR ST i S HAIE SRR e e SRSSER LG Tefsoluble
MICA in thewdeipkeid pecfelime 1§ soupling diGntioady, torpitcebheadsi{Ciminexiteclindiogy),
Western blgl, dahelahJadigipmynaassaydRlMoROFAkRaRalRisand qiher immuneassay techniques
well known by. the man skilled i éﬂ,‘e Strt: For instance, a E l-SfA assay,(i?r&dbe Perforniled as
following : & %‘ftsé%‘ﬁr]jéseisﬂh T} ilize N ITERL S R Bol&igrdHE AUt ARV SRS 1A antibodies
are added tottherivells saften bindirgreasdznidshintjtto femeniectiop-gpesticailyobimingattmidound 25
anti-M1CAgniibrdies ae deleciednirisctian issofamachieuadibydhe.agdition of 3dategiable
antibody specific .of antl-l\éI]CA agtl_bo dies. For mstancg, it canW%? ij’%?tectﬁ by a tt}er antibody directed
against the ES BHRADE FIRPLER KA BBt CHOP S SHERY 3 HRR RS SE RIS SRRE S s goat).
Alternative Kriifieasinti; Mt GApdantitiory cafrbalaloéiied. SoRefeabyipca SagdwicipltdSm assay can be
performed gg-folloydpghn@ntiMiAcantitodiss ara dnupeniize d0R wells-0f a-PolySprens-Rycrotitre
plate; a test.sample is added to the wells; after binding and w QDH;% to remove non-specifically
binding, th€'Bdtiny RFE ai‘é‘%*é?e&?8’8"8%%&?9&‘8%?%&%‘&”3? b BEABEBhIE Btel Hthieved WO
2008/084106RCFEF 20081050304 K Brisy s idiiditiohooisagietelitabiphamisbeyspecifisariranti-MICA
antibodies.¢EqLjigsiance, it can be detected by a third antibody directed against the Fe part of the

second antibody (for.instance, an anti-mouse 1gG antibody from goat) Alternatively, the second

A MICA antibod B8 LR AT A A P L R PR Se Rienton can
be polyclorahorthsogioaipratsihtibotieREan TR 16f aang GIRIS tpreferatiligBe bit lg@ dartitiey can be
specific of Mggﬁg@m@%%p@mp}gtwm. These antibodies are able to bind the extra-cellular part of
MICA. Alternatively, they can bind both MICA and MICB. Means for preparing and characterizing
antibodies are weé— / i@nt'b? AL 14 gow and Lane Antibodies: A Laboratory Manual., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY (1988)). More specific examples of
antibodies Bigutlre Ifoll dldmg sROC; 604 6 GEdndn3 bW 0i 8108861 8iran SR 8RIO4 and SRI

16 in Hue %h@ée@%ﬁi-@rﬁfﬁé_ﬁg%l\ﬁh‘@ M GA @vﬁm%iﬁ@amﬁﬁ%@ﬁ%ﬁﬁﬁQQQY@iE’i'EEﬁ%EQbW
selected from the éo%p onss?qﬁol\%RQQ, SR104 End SRllﬂG ngs, ﬁ;{he anti-MICA antibodies can be
labelled. TREHY CSIsEe RGeSV B R RN ihLLd e enzyme, or a ligand. The
anti-MICA antibodies can also be unlabelled and may be used in conjunction with a detection agent
that is labelled. For instance, they can be detected by a second antibody directed against the Fe part
of the anti-MICA antibody (for instance, an anti-mouse IgG antibody from goat). 20 As indicated
above, the step of assaying MICA can comprise assaying for cell-free nucleic acid encoding MICA.
The nucleic acid encoding MICA can be RNA or DNA. The Genbank entry for the mRNA encoding
Homo sapiens MICA is NM 000247. The GenelD for Homo sapiens MICA is 4276. Such cell-free
nucleic acid encoding MICA can be free in the fluid sample and/or comprised into circulating 25

microparticles, in particular micropartictes present in blood or serum samples. Nucleic acid encoding
MICA ran bhe accecaved hv anv meanc weall-known hy the man <ckilled in the art Enr inctance it can he



Sincorporated by reference. As indicated above, the step of assaying MICA can comprise for
anti-MICA antibodies present in the sample. For instance, the anti-M1CA antibodies can be detected
by EL1SA agsayusingibCA proteins, preferably recombinant MICA protein. Mathads fQspreparing
such MICA proteins have been extensively described in patent 10 applications WO 98/19167 and WO
03/089616, the disclosure of which is hereby incorporated by reference. Alternatively, the step of
assaying for antiMIC faaditibodiesivitheMéihpte tavreeaperforngéd bybcoyptingropidiG tpreféitably MIC
A, to microbe umin chnology). A commercially availaple kif Lapscreen (One Lambda, ref
LSMICAQ01) ?sgﬁ“s%fd f%%ﬁfa%‘f%lﬂﬁ% Al and o %ﬁﬁfﬁﬁ sf“;e{"rhaél)e"%‘?"% TFniRBSSSHER an
assay for antiimiGaantibedlies: casrbetedfectiveifar fhrepitoaftibodiés assay So@utaimtnespathology
associated to jnfertili liac disease, APS, ...). This assa Isp be valuable in case. of women
having a grawllg I%%E)%%%{ %%E%% V%%W% r%l tn of%igi%g elf?x&}o:iélf/s (1preelég?g}?n%%@?ﬁ*agfiﬁ%?%éoﬁic?ﬁ(fefﬁegc&%ition,
the preseht inverttiosficoneeisaimetfiod foF détéPmininget in20 profpabiliy-bkinfettiiti dodaisubject

suffering of ag Ay im,[,p disease or disorder, comprising measyfi level of MICA in a sample
from the subjett, iﬁ(’e Ie\%l %} @%C?A"bvgin%%ﬁd%aﬁvgogg al%rfg bﬁéﬁy%owﬁ]%%ﬁ%y ?o(rnih‘g%%?eé at
Optionally, thexinetisodecanscorriprs e ficprevious Ste prof! pntatiding e Samipledirons MBE Swiject. iFhe
sample can be, seefad iom e droupconsistind.of blogd, plasma seum, endometrium 25 biopsy.
uterine fluid, vaginal and cervic fsecretlo S, cervical mucus, ougfas' pouc%, fomcdfar fiai , péritoneal
fluid in case oti¢estipssopicdenplbiBtion Mitd Sermemn. ¢h Epiefemedtembodindentthesnethpent

compriseg assayingfer seluble MiCA;Rrotein.int le. In an other preferred embodiment, the
method comprises ass_,aying #or ce%-('fﬂr}éee1 W t2%%@%%%&%}?&@@&;%&%/%6&6%‘%3nﬂ%féiﬁ”’*“’ap%,ld
encoding MICAs A aelsitiondbprafdnaddembodithdnt, thellethod comprises assaying for anti-MICA
antibodies present inhe sampje .. T&%l@rgfsﬁﬁ@rb‘{@ | ncerns the use of a kit comprising at
least one element seletted from ﬁwgrg(oup consisting g‘fg gﬁéﬁm&@% nggﬁm d s%est%g‘gﬂ%%lfs 5
specific of a niéleitaacidee needinerMitR2RPIYBE specificrohee nuitleicmniot endodidg: i Gdraat a
MICA protein ipdhe mediciaeand-iplogy aihe aafoduction, ILalsg.sancats. akitiaring, medicine
and biology of the repfoduction comprising at least'one element s ected from the group consisting of
an anti-MICA awdbodyd asetpfpiinears speeificroadaueteid @68 eruoditgiy BAPE protieispecific of a
nucleic acid epgeding, 19 g{g%(ﬁgg MICA protein. The MICA protein can be a soluble MICA. The kit
can further comprise a leaflet, any suitable negative and positive controls, standard protein and/or
detection reagent. TigHug prefériad embdgiientthénkirgurnplises zn entidvikErantibodyy The kit can
further comprise saluble MIG REpLSisLreferably & MICABIgtein, Splub ) bg produced
by recombinaint expregsiprgf of% trugncated MICA. Sblublé MIC% cg?i b%:exeser'g/lsgg(é@}C fﬁ%n%%ﬂ?tggﬁe host
cells, such asShaéterRgaj@ashistamatiasapeirbestnge norTonfasititete arificatibnga tegy. Slich as Myc
or His tag cans e inelidad,in e gading.SeauenesSHehsolble MIGA.can heHusslil fordhe positive
controls. Recom?bina!ril{t%ol“uble MICA mol§fules caﬁ be preparedfas%!%eéscribe%’in Hue e{gé& E2(5303 20
(p. 1910), thetdfstlcsGreMbKnafeRtiEaRtbTHe rate Pesiabytiefeaesnie. The kit can further comprise a
microtitre plate, optionally having an anti-MICA antibody immobilized on the microtitre plate wells.
Finally, the kit can comprise any suitable immunodetection reagents or solvant. The present invention

also concerns in particular t%e use of the kit for the probability of in vitro fertilization (1VF) failure,
embryo 25 implanta%glﬁ?féﬁ (R e RHAL T MR SIHE S owth retardation and preeclampsia.

Preferably, the anti-MICA antibody.isamopgignal @@qge&xﬁ%ﬁ&%reﬁgﬁsl}ﬁg%ggrf{&mé*}%ﬁf%p

consisting of 5R99, SR104 and SR116. In a particular embodiment, t t further comprises a soluble
MICA _p?étein?hpﬁ@%*ég@n%nﬁ\)@ﬁﬂmf Aédheonperrsatienudedstd kirackoreting b ieldieserievs0
invention for selagiRgALRIeELatalerer 8 INGATOr detehminRa Nl Riiatian () oytcome.
for determining semen or spermatozoid quality, for selecting the semen or spermatozoid suitable for
IVF, for deterhVifintgaRsp b EBlE-of WAl farifityahoa sulspess fr Geterenmingneinsbryegpudity, for
selecting an %mﬂfmﬁsaﬁé%ﬁg&ewa@é@u1W9a%9£§/9%4%&~ﬁﬁ%éf&§98%%9?1%4 LG ranglgr,n vitro

c

fertilization, or implantation, for identg%/mg a subject having a hig mplication risk during pregnancy,
i

in particular &GBjebis BeRHEItBIthistEriBgemass culeh ipregdaheyedideadest pradekilaysiol
intra-uterine grayihiel dplRnAMER), Assaciated Qr ﬂaqfiggébdﬁéﬁ%Bﬁmﬂﬁiﬁoﬁéﬁhkﬁaﬂaﬁame1

gravidic steatosis, g,ravidic nephropathy or intra-uterine | death, for determining the severity of
preeclatnpsigorgiferdntiitidgase ks pehehEh v adcilarintraReting Gronen deiiard AR IUGR)
and for detergpipingdhgProbability.af E\fﬁgﬂﬂﬁx}hﬂd@s%@&%&wn@ AN AU RHAE HISERG IR
particular a celiac disease or an antiphosphotipid antibody syndrome (APS). The present invention
also concernBHNRIRICHSEAIAY SGRMBIeMIEASeH ARSI TEIFRF Ok ast one anti-MICA antibody selected
from the group consisting of SR99, SR104 and SRI 16. Preferably, the kit comprises two anti-MICA
antibodies, in particular SR99 and SR104. Optionally, one of the two antibodies is labelled (e.g.
biotinylated antibody). In a preferred embodiment, the kit is suitable for sandwich ELISA assay. The

present invention further concerns the use of this kit in a method according to the 15present invention.
In additinn the accavinAa of MICA in anyvy one nf the methonde and 11ceace nf the nrecant invventinn fcan bhe



WO 2008/084105PCT/EP2008/050304 17 Examples Example 1serum levels of soluble M1C are
predictive markers of  implantation failure and successful term pregnancies following in vitro
Sfertilizationy g 20ekltesine NK (UNK) are the predominant lymphoid cell populatiarsfasngsaighe embryo
implantation site and progressively disappear after mid-ggstation. Innate immune mechanisms
operating in the mother are thus thought to have a strong influence 10 in acceptance of the
semi-allogencic foetélr gartibatar caMRsredeplossireabgnipe prtepphl/ttoptsoBl@s PEGENES, avldich
prevent foetahgtiagl il malerahimmLIns SYSIEM: incdaIERRN6s ofsoble HEALG. anann NK
inhibitory ligand usually expressed at the Yetomaternat inter ace, In embryo-supernatants, Hasbeen
correlated to kibiistar &8 dhhbrycsimipladiififionrdteyaitentiiivitrecfertilization MR HRLE HETBIZR002;

Warner et at, R ction ernal killer immunoglobulin receptors (KIR).on uNK and
foetal HLAC ST e A s, R S o o,
In additioh, uNRdceilsrsesratcaihgivgenivdectbesland cytokinds!thatofavour implantation and
placentation (Ashkar 3: Loularn : anna et al.,.2006; dee-BatajIIe) _t{al.,
2004; Moffett-King, %&%§%%93Fh@%%%%ﬁeﬁkégg?%rsg%%&c‘eén é%?%Sn%%ayé?ﬁeﬁ%%ﬁ]%flﬁNﬁicfells
should thus répreisesiion diaibaskdomnstcoessisiimplaniationsandirdgnadbiyA in Eunctidralthe
implications of pf(ﬁ%s'o S - S-J _i S J I I een widely
explored in o%%%%l%ggf (Car'l:%érr;)e&&t” 2@5%2]%%5?& Cér%}ﬁ%% gll?%ﬂo%%?%%%h %ﬁ%aﬁcggé]g)gag#d%agﬂ% -f'r‘%m%nity
(Hue et al., 2002 1Meresse epety 2004). Streds induced NKG2D ligands expression on allogeneic or
autologgus cells ha _ ENK el cytotoxici kine/c ' duction
(Andre o ot 2000 Lniay 20 e e D e 002,
Dual activatory and Stirmulstoryaheehzrismahabe beshrdssosiated:tossngageiventiobl80E6ldble M1C
by the NKG2D, pecentof, \ndeed. the 1rleASS,0L@,50luble form of MIC (sMIG) Ip the; serum, of some

cancer patients has been shown to induce internalisation of the stlmu!latory NKG2D receptor in effector
NK and T lymhoeteesaiuys intpairia g iswhinandit dn dPadaptidrasti-umbudadiuneudsisorsds and
an escape meghania Q. A008I0R41 OSEATIFR20NH0R0304 1R favouRa AL BLaw, (ron e
at, 2002; Wu etal.. 2004). Such down regulation of NKG2D by placental-derived SM1C has also
recently!Beencsitjtissicth ardars smrling esespe sisthrmizichaswiapdowareddlsté matbedasmmune
responses during.pregaancy{incheva-Nilsson etal., 2006). ~ However, sMIC stress-inducible MHC
class 1 related molecules has never been investigated with regards to reproduction failure. For the first
time, the inventors idVEstigaréticihsthsioseterrism e Abswld be evidenced in women that fail to
become pregnant orfo.giyg bisithiidable, babyaftelinutofetlizafiPnleil e warMiaifrials and
Methods 10Subjects and Methods The present prospective study, approved by the local ethics
committee, W Hafoiie dUBHCEl Ghistléative Berfss vempseis patie s anderiehmm 4 ViE or 1ICS1
at the Cepter gf:fssisted RapiodusiveMsdicineskascancaption Haspirahin Marsalies (January 2004-
October 2005). A cohort of 170 infertile women, all gancﬁdates for IVF, 15 was recruited for this study
after given comSERCERATC AT G atEHE tvdhe dinEasTain S h RSIEHIEAL niegectiTaril Ry aisd  ubedfactor.
None of the wamendnglided had elisiery @hRravious Pregaanyilasma samplesyas sliected

during the follicular phase of the cycle preceding I'VE. All patients received a similar stimulation
regimen. Ovahls shifktio it iBurfoTAYEH: by SiREEFEBs M BIRRRIISH (Bosamskrdha PHENRa, 20

Paris, France,Pyreaonekfraaneniianes: Pafisbancehsiatigd-after pituitary down regulation with
Gnrh ag)qnist analog. Complete pituitary desensitization was confirmed by both low plasma oestradiol

below 56’ pg/ml and ‘UEE0Hd B iHmh Qi on P xlifdé ovarsraisdaniPEdntiTen Hhoemmitktrial
thickness belgyy ghashaipncHeman sherignic genadatreplindRRA0 HHCGE) Wasasmipisigrad when

at least three follicles 25 exceeded 16mm in diameter. Oocyte recovery was g;:rformed by transvaginal
ultrasound giREHERTARE GeaiBk afdsTESia M5 3 HEHRS ey HEQ EEm ikt tHERpRase was
supported withdiaitral progesteronaramithe dayaterabyo sansirelherempry fransienwas
performed on the 2i-id or 31t day Fﬁpst,-oocyte collection. A single serum HCG measurement was

performed 15 0SSR BT o tRaFdRe DA BHHREI BObFe YAy WhS defiiebdithdh Bikshtraiterine

gestational saewithietabheartheatwvasgetectegiby dransvagingl 4fiLasanoramby . id¥&ion of
2008/084105PCT/EP2008/050304 19 Collected oocytes were cultured in a four-well multi-dish with

600 L of cultd K TRStliA MEHEE A SERIRT st frite L ubp et SRR hatt comansdd fidrhéne to
four oocytes.sdHmOKAGS k tBChiigaei was Used forinsemimation Qacyies fertlizatian wasehsgrved
16-18h after insemination under. an. inverted microscope and fertilization rate 5 was calculated.
Embryos Wer%%?rgﬁﬁﬁ% ST 481 8HY2H s %?fﬁ&?@?ﬁh@%&?ﬁ%ﬁeé@f&@W&saaé%\éﬁgsga YH&ip to four
embryos were chosen for transfer. The embryos were graded according to the number of blastomers
and the amount of fragmentation. The grades used were: grade | (no fragments), grade 2 (<20%),
grade 3 (20-50% fragmentation), grade 4 (>50%fragmentation). 10ELISA assay of soluble MIC levels
in plasma Construction, expression and purification of soluble MICA molecules : Recombinant

soluble MICA molecules have been prepared as described in Flue et al, 2003 (p. 1910), the disclosure
of which ic incornarated hearein hy refereance Prodiiction of anti-MICA mAbe - Anti—-MICA monoclonal



15produced as described in Hue et al, 2003 (p. 1910), the disclosure of which is incorporated herein
by reference. Detection of soluble MICA by ELISA : To detect soluble MICA in the serum, two
different anti-¢ besgnAbrivere used in a sandwich EL1SA. High-binding polystyrepaiplatesdGreiner;
Sigma-Aldrich) were coated with the capture 5R99 Ab (5.,20 ug/rnl in PBS, 100 ul per well) for 12 h at
4C, washed five times with PBS plus 0.05% Twecn 20, b?ocked by addition of 100 ul of 5% BSA for 1 h
at 22C, and warshied thaRBS-006%iT vwieerc20n Thenstandardifserial dflutioies girsiotbibieyrMICAHrom 100
ug/m1 to 0.1 ngiml in,PBS-0.05% . Tween 20) and the serum samples (100 tit.per well) were then
e for 2 o oA A B S PR R R Tt AR s
ng/m1 in PBSy 200w per wealewds aoldedtifor (s atrotmaeémperatutbe Rlate s ivelebiashiétiand
incubated forgé)[ mm. at, room temperature with streptavidin- conjugated HRP.(1/30,000; rsham
Phartnacia Biote%ﬁ.ﬁ\%g lé(g, %ﬁ%%%%ct%%%ﬁ%?géa%}g 13} Jenzi maé%rgﬁ Isf'f%%ed( “fé?%e%m@ for 15
min at 37C. Reaetioriwasétogpst withd SWH28QL (50iudicparwell): TihghgbsbebditgeoWasF
30measured 400 n Thlg (afte‘c ion,threshold of recombinant soluble. MICA protein was 0.1 ng/n-d.
WO 2008/084 B0 b0 L Sl o Bl A R S S e
evaluated for statisioal sighificanbd Oy nestvath ANOMAStind et 'sstieston Mamwitiney cdrk sum
test, depending an whether the data were nqr c distriputed, using the GraphPad Prism software
version 4.0b. SgC Il- quére’ ana%ﬁisdwag %Seg@% %ﬁﬁp’aﬁé&ﬁ?gﬁé ?r%%lﬁ%%tﬁgs%g?v?%esnav%ﬁ%gé
independent grbups: Recoiscbpafaoracharacteristiciouivd analysiss(ROCIwas asethtoandiyse
SMICA gpnceiration shispffapints.ang thels seositvibyishesificioy, Guliof dsiarmined e ysed to
evaluate relative rig)ﬁé and? odds ratio. Sigh%#cati%e 5 v;a]i[fuesowgre 2161%%% <8%§éeI 5%1?{1? Btgt&%nlf—ligher
AEC serum lesle: derdoohdii infersanormerd thatrexpetienseimplamtation fadgeéiaftef B/Eigh Of the
170 patients i%ﬂgﬁ‘ﬂtﬁ&%ﬁg‘égﬁﬁ d successful embryo implantation following IVF, among which 30
ongoing pregnancies gave birth to a viable baby at term 15 and 8 miscarriages occurred after
successful implantatidis. IPreée patikvs edfefiepssel istarhagecal 8BAinofiatients attetA, two

patients at 6 ang.anspaleilhal baf-fahalagvsspars fealsetiohacl S/ I0R3°8) whkenotin

favour of genetic losses. Patient's characteristics are summarized in Table 1. crum sMIC was
measuréd with'esiig thasaddivietEL ISAS sovoibedpiues ettt 2004 2 Sigly-foebB8ios) gatients

undergoing 1}453991‘&%%%%'1%3%'5@ SRrwJevels (mean &A-Af N9NDhIQNSEURRSY 93,45 Langes =

10.7-19.9 ng/ml). espite the fact that parameters associated to IVF outcome where normalized in

these groups Téslevemanedhosvie Teveahs imgositnes satletes shyniticdrmiysaifferediH opietsithat had
successiul erabrygdmplaniaign dnedianEeRnerihP R PSTEEOUS P ANGEs:.1 a1 1 -3s.eqmpared to

the implantation failure group (12.0, 3-24.2, p<0.021). The inventors thus further investigated whether
sSMIC levels vEIg &S ayaENs praBibtgivefihfplagtatiohadiitye fisvTipssitive women. They thus
defined:82.45 ng/micut-pffivalie Allowing.ial,luaiion by BQE pRalysis (ersitity, 82, gageificity
50%). SM1C> to 2.45 were associated to implantation failure (odds ratio: 4.6, 95% Cl 1.08- 3019.79,
p=0.031). SMRCOBabiHHY IVl comT HMTL Wererbivtiys RizeDEItet it Ihershehisyditiviplantation
after IVF (Fign Lo 2008084 19RNC L RR2Q08/3070 44, Jable.d ~Sharagtetishiesal tig 170

infertile women recruited in the study I-Non Pregnant Implantation Failureﬁ\/liscarnage fter
Implantation EBItive/ pregifhmegie preferably lower than 2.45 ng/ml, is indicative of a successful

IVE, preferably a high probability of successful IVFE.

25 Therefore, the present nvention concerns a method for selecting a subject
suitable for a IVF comprising in viro assaying for MICA in a subject sample and
selecting the subject having a level of MICA indicative of a successful IVF probability.
The method can comprise a previous step of providing a sample from the subject. The
subject 1s in particular a woman which is candidate for IVF. The sample can be seiected

30 from the group consisting of a sample of biood, plasma, serum, endometrium biopsy,
uterine fluid, vaginal and cervical secretions, cervical mucus, Douglas’ pouch, and
peritoneal fluid in case of ceolioscopic exploration (endometriosis, adherent pelvis,

infectious sequela). In a preferred embodiment, the sample is 2 sample of biood, plasma,



Live Born Baby | P- value' i Number of patients 1328 30 .7V.4 Age (years) (mean sd) Tubal factors
(%) Male factors (%) 32.073.742 29.25 41.25i32.003.721 - 66 32.51+3.373 24.6 44 0.88 i.

Unexplainegy 0ohoRuatian of infertility (years) (mean sd) 29.5 4.382.22] 34u4-@3 {p2dsnddads4.64+3.58
la 0.67 Basal FSH levels (Ul/l) (mean sd) 7.15+2.197.23g1.86 ,6.99+2.85 10.93 Basal LH levels (UM)

(mean sd) 4.94+1.37
or serum, preferably a serum sample. The sample can be used directly or can be

subjected to previous ireatments.
In a preferred embodiment of the method for selecting a subject suitable for a
IVE, the method comprises assaying for seluble MICA protein in the sample. The level
5 of soluble MICA is preferably determined prior initiation of hormonal conditioning
treatment. For instance, a soluble MICA level in the serum sampie lower than 28 ng/ml,
preferably lower than 6 ng/mi, and more preferably lower than 2.45 ng/ml, is indicative
of a probability of a successful IVF. In an other preferred embodiment, the method
comprises assaying for celi-free nucleic acid encoding MICA. By “celi-free” 1s intended
10 the nucleic acid which is not contamned into a cell. In an additional preferred
embodiment, the method comprises an indirect MICA assaying and comprises assaying
for anti-MICA antibodies present in the sample. The level of MICA in the sample is
preferably determined prior mitiation of hormonal conditioning treatment.
In a second embodiment, the subject is the man offering the semen. In this
15 embodiment, the sample can be selected from the group consisting of a sample of blood,
plasma, serum and semen. The semen can be sclected from the group consisting of fresh
ejaculated semen, fresh semen after preparation for spermatozoid capacitation,
epididymal semen before or after freezing, and testicular semen before or after freezing,
Indeed, the presence of MICA in the sample is indicative of & lower fertilizing capacity.
20 In a preferred embodiment, the method comprises assaying for soluble MICA protein in
the sample. In another preferred embodiment, the method comprises assaying for cell-
free nucleic acid encoding MICA.
Therefore, the present invention aiso concerns a method for determining semen

or spermatozoid quality by measuring the ievel of MICA in a blood, plasma, serum or

b2
Lry

semen sample of a man offering the semen. The method can comprise a previous step of
providing a sample from the subject, In a preferred embodiment, the method comprises
assaying for soluble MICA protein in the sample. Tn another preferred embodiment, the
~ method comprises assaying for cell-free nucleic acid encoding MICA. In particular, the
semen or spermatozoid quality is used to determine its ferfilizing capacity. Preferably,
30 the level of MICA in the sample is indicative of the quality of the semen or
spermatozoid, and thereby the probability of successful TVF. Preferably the higher is the
level of MICA, the lower is the quality of the semen or spermatozoid, and thereby the

probability of successful IVF,



4.77+1.10' 4.45+1.46 ,0_84 Gonadotrophin (Ul)2120+962.9 2125+831.6 2299+678.2 0.63
Eudometrium (mm) 10.60+1.91 11.40+0.89 10.86+1.86 11.74+2.37 10.69 10.52 .. 1 Duration of

stimulation {gaysikAdddrd.68 10.42+1.92 Estradiol (11) on HCG day,2001839524683:394
1917+1018.4 0.651 Number of oocytes collected (mean $d)9.55.418.25+3.19 10.2+4.49 0.61!

Fertilization rate(%)77.25+16.9272.56+31.62 74.13+16.76 ns1 Number of embryos available for
transfer (mean sd) Meapefartmvost wangfeired Girceeds 74 2160444 0ld kbt n3.98 ,Fed@h3cb3 0,251

spermatozoid suttable for IVF of an cocyte, comprising measuring the level of MICA in
a blood, plasma, serum or semen sample of a man offering the sermen. The method can

commprise a previcus step of providing a sample from the subject. Indeed, the presence

L1

of MICA has been associated with an implantation fatlure. Preferably, the sample

showing the lowest level of MICA is sclected for TVF. In a preferred embodiment, the

method comprises assaying for soluble MICA protein in the sample. In another
preferred embodiment, the method comprises assaying for celi-free nucleic acid
encoding MICA.

10 In addition, the present invention concerns a method for determining the
probability of male infertility in a subject, comprising measuring the level of MICA in a
blood, plasma, serum or semen sample from the subject. The method can comprise a
previous step of providing a blood, plasma. serum or semen sample from the subject.
indeed, the presence of MICA has been associated with a male infertility. In a preferred

15 embodiment, the method comprises assaying for soluble MICA protein in the sample. In
another preferred embodiment, the method comprises assaying for cell-free nucleic acid
encoding MICA.

In a third embodiment, the subject is the woman who provides the oocyte. The
subject can also be the receiving woman. Indeed, the presence of MICA can be useful to

20 assess the quality of the oocyte, and thereby of the embryo, the presence of MICA being
indicative of a lower probability of viability and/or of implantation. In a preferred
embodiment, the sample is selected from the group consisting of a sample of blood,
plasma, serum, endometrium biopsy, uterine fluid, vaginal and cervical secretions,
cervical mucus, Douglas’ pouch, follicular fluid, and peritoneal fluid in case of

25 ceolioscopic exploration {endometriosis, adherent pelvis, infectious sequela). In
particular, the sample can be a follicular fluid, for mstance a follicular fluid obtained by
a folhicule puncture after oocytes harvest. This fluid can be provided by vaginal
puncture after ovulation induction by HCG.

The sample can also be provided from embryonic supernatant or embryo culture

30 medium. In a particular embodiment, the supematant or the culture medium comes from

embryos aiming to be transferred or to be freezed.

The sample can be used directly or can be subjected to previous treatments such

as freezing, purification, heating, concentration, dilution, etc...



10.25 1.8+0.421 2.0+0 sM1C serum levels predicts chances to have a viable born baby at term after
IVF In addition to predict implantation failure, the inventors further prospectively 5 assayed whether
increased sivid Gslaveisigould predict IVF outcome as birth of a live baby. Ingegéatigiimplantation was
successful (38 women), 8 women experienced a miscarri%ge after 1VF and 30 gave birth to a viable
baby. When positive, soluble serum MIC values observed before [VP were found to be significantly
lower in the group of Morntemeththt gessetinthy after R mmdiams 2 mgfhald fomdemaximaggesbd«6ng/m1)

in 10 reference tp.women who experienced-misearriage or implantation failure after IVF (median=1 1
ng/m1, min-m iil(d%yl%%gr%armnlg?gﬁie) eﬁ(?le ?ﬁ%ﬁ ors ql% &“&%P e{i}%%ﬂiéetélaet e valug'or %@E’hat may
predict chancésotachieviviff successiolpdeyiamt i frdtebokiof nuisdarrifiget onimpléntatipnfantre.
Using the samg, cut- 2.45 ngli ltivity-82% and specificity = 75%), the chances to have a
viable baby vels Hoher HE A oA oy bNE Cor et A S i e
2.45 ng/m1 thresholg (oddslvatio IS8, I€H85%6n 218341 8| p GO Highiestd alubs bBfisi] Qe
observed in wgn jeving ongoi egnancies were 6ngjint (Fi '})I‘ ﬁég alues of sSMIC are
associated to 1%rf:E?lrg?:{gldrarlcl'Cag 3%% ﬁ%}éﬁéﬁég%eﬁ%%&%u qI?ﬁ:() ﬁ%gé the eé ??%%enlcy%f\% Mﬁ%cb%asr itltl\]?é: women
did not significarttydifferlify 20 vetation dattrimpiatitatioricstiotdss (369645 therimplaiatation Success
versus 36 mimelanalon (il orouBoMORe mnialenyes Suseessi (38 cases) apencies

0

of sSM1C positive were higher in the group of women experimenting miscarriage
2008/084105P TR PR008/05080 172 tHakin ¢hmdrwithasdctesshyl térenpréghdnsies (269¢;55:0.03).

Further fore.WAERRRSIHNE ST SVAC SEIUD hevals.Brier (VFere shawn e fighey j the

group that experienced miscarriage after WE O , mMm-max. o g trill than in
the group suceedsiuliyf dbhisuingypregaisycbmediam=obibmin. 4haxrengtd 1m8@giml. dhéinventors
thus further eyglyated whether the risk of miscarriage could be predicted from sMIC serum levels.
While higher sM1C serum Levels were not associated to occurrence of miscarriage in the total
population of pregnahbsviPrsntinnabaBralsr PYFsas inveritord touldlstiow thagmien piittation is
successful aftey IV higher SWL.C wels assagiaiadith misgartiage accying i 1aney
obtained after WE, 10 Indeed, u’si}lg a cut-off value of s?MlCBSerum' e\”/e% > 32 éé:%ﬁf@%%lty 83%
and spetificityassyEMil cliid prediétrdiséariizg e ahersusdagsfuridplantaticnpderiaomipared to
term pregnangy(dls 1935 o AO26, 98AGh 174 AOMiNBIRIIN AL ST RS SRyt ihen
women had sIVIIC scrum levels > ong/ml. Discussion 15The mechanisms by which sMIC influences
embryo implafit@ibn. rétnaiffe uselidarNatral Kidesaspldrefaressentisl ritdae akiyvstg dkcof
implantation, %%!ﬂé@&%?%ﬁ@@ iﬂ%&@ﬂﬁ% m&iﬂ?@%{&%@a‘:?&"% o transfer, in vitro

cytokine/chemokine/angiogenic factor production and trophobast modelling {Sargent at al., 2006).

stvlIC is one dftHbZatifTe BUSTRIGRNES Tolnrs ActivamisgeRIcE? DFEck btsr Povidarpesipieksdth 6n NK and
20 CD8and 7§, TiivmRhecues<The gngaaement pbaGHvaNg N KRR decaninis.by, Nk 72D digands,

among which soluble M1C, is a co-stimulatory signal for NK-mediated cytotoXxic activity, proliferation
and cytokine pRbtR YA AN Rl So04aBeebbrintthtT PodsTRAEaEENERO0BE Sutatand et
at., 2002; |ips%35@g@|33;gggé. mftenatvely, SMIGApducedifiarnalisation of its NKG2D receptor has
been described 25 as a mechanism down regulating anti tumoral NK cell activity (Wu et al., 2004).
Down regulation of NRGDISEY placaHed-tehrsLetanie Mrcthad o6 dehtigosasissiigtreattiissran
immune escapgupeehanism favaniing faetalsurvivalhidinehevarNilsaon at ahe 2008k TS, 4
modulation of the uNK-cell cytokine repertoire or lytic activity, resulting from interaction between the
NKG2D*eceSPeHi it 14gaRd4cHay affect the 30implantation environment and be detrimental to

successful pregnanqy, afteliddFaspect The MaiRfinging,abthedpveniorscisdhysshatiberstigssipducible
immunostimulator){jéB{lHC class | Chain- Related molecule, is prevalent before IVF in women that will
i

experience inprRAREBh ShP et cy Tl 8afunP YLD IBNTET MO vascular pregnancy
2008/084105RGTER 2008050304, 73 greater than4anaim are-predistive ghhigherimplaatation

failure rates matrix, and that sMIC serum levels > ong/m1 never resulted in term evoluting pregnancy
white levels ﬁ%‘jg)ﬁrrﬁs\ﬁ%fét%%féﬁlél%%g?ai’é"ﬁe\ﬁ}ﬁ‘ﬁll\ﬂg"féﬁgﬁéf%lfﬁfﬁ@f%%‘i"e,%?f@?%fﬂ%fﬁﬁbn is
successfyl, wamen;thatpeanaiiCole vels: 23 2-00ipdaraiatihigh risks vt eypgrimenting miscarriage

after IVF. The origin and infertility status -related mechanisms that may contribute to enhanced sMIC
protein levels it &P bf tvomrdmatwiinbt e niedd Sdcbedutin fieghsed arabaPE tiffre
remain unravgtesaibe releaselisMIC fremdhe membiang.el MiGcerxpressingsels havaheen
reported to involve cleavage by metalloproteinase (Waldhauer et al., 2006). Altered 10
metalloproteiRESE QRS h¥&hREh et~ PV patEFTETRARS r&COrfEht iR atoR kit
(Shibahara et al.. 2005). Further investigation of the mechanisms generating soluble MIC and the
impact of sSMIC on immune functions associated with implantation failure or pregnancy toss after IVF
arc now challenging issues to explore. The fact that sMIC is also a marker of auto and alto immune
processes, as contributed by co-authors



15 of this study in celiac disease (Hue et al., 2004), where higher prevalence of infertility is reported
(Meloni et al., 1999), suggests sSM1C may be the signature of a higher auto or alloreactive potential of
the mother ¢y eiggithesfoetal embryo. Altogether, considering high ecopemigand, psyshological
implications of IVF, this study is the first to provide arguments that seric sSMIC quantification may be
20 considered as a novel parameter with applications in the non-invasive evaluation and prediction of
IVF outcome.®Besidéslitsrpragnesis pedodammajol-Udlie® of thikdiomarkerdis thepossibiityafiits
dosage prior initiation of women hormonal conditioning treatment, These features should thys improve
counseling of HH el B ShSo S A RS JE o i LA R DA TP e
women healthigarennmeBEkasplei2y: Salubsis Mip€ zistfoundiag highe piequensiesimrplasmeanoiwomen
Vascular preguapey diseases, . Pleanancyieates a unique situaon n whichoxtensie
angiogencsis an Establishment of maternal immune tolerance allow successtu }Petafang placental 30
developnient.iCrose tallshetween frbiihobiast fetalpcellshandwmaterndlfvmuneceatidicegutate” early
pregnancy pla%cezg)g%hge\é lg Vr,gleent3{,é/e<3}§é:rl}gllo Egnesis and immune tolerance of the fetus. Inadequate
placentation leads t0 Vascular prggnancyp Iséases (VPD) that include preeclampsia WE), intrauterine
growth retardation (1@ R)etimetl recucrenpr W@ 20081684405P BT HER20081056304 24 pregnancy loss,
which represent a leadin e of.fetomatemal morbjdity and mertality. Preeclampsia is
characterized by hyp?eﬁ%é%ﬁ%ﬁggﬁ%dpl%%ggﬁa?%%?&'fggﬁdgoj\?vg%%ggg?gggga%%g Big)sﬁﬁrég%é%%? ggl\(/aances in
understandingihow inkdetuate placehtat vasculatizationdincotoptetalspirht arteryaremode|itig)i may

lead to %%SCur%%ﬁ%g.q%n%f%%%%%sgﬁb&?g&@9%0;4%5&@%Q%&ggvgf%f%?odo@!;og%%%[ removal is still

the only treat to manage severe preeclampsia and major intra uterine gri restr}c?%%mExample
2a Materitdsbiydavietiiod s0S abjBatssampSo sl ebh G qoladmat levelscwrcliocevaiiated o 49
women that eﬁ%@%h%ﬁ?&%fﬁc?ﬁﬂ!ar pregnancy diseases (VPD) that include vascular Intrauterine growth
retardation (IUGR), Preeclampsia (PE), or intra uterine foetal death (IUED) and compared to a control
group of plasma froriB3woesers withandriyal ongoing wrsghagicies amatcvaeshfog 15 pragranoyt term

(mean 29 weeks). Mttogis e PERSeTnethas lastolAnerial insdpressyls ragfer than 90

mm Hg, and a systolic pressure greater than 140 mm Hg, associa proteinuria (more 20
than 300mg/2ahnirimtditensevereneiat rpzleomblicaiohne axs duiatethwitingre ssessiskgf

adverse outcqpe (A" PAIMIAINEL AR RIRWACeROfe, aaﬁé&g%@mzzggg@%xﬂ%&?ﬂﬁ LD

syndrome (H = hemolysis; EL = elevated liver enzymes; and LP =lo _ einstein eral., 2005)
and oliguria tHagthesdecspeped failirdirveistlfan | IGR wastéfwstbasealrssonoy fapkitimdEstrement

<2571 perce%ﬂ@b&ﬁe@%&?&’i‘?ﬂ?ﬂf’e‘ L&ggpﬁgsociated with at least one biological or sonographical
marker of "placental insufficiency" as abnormal uterine, or umbilical artery Doppler (Chien et al., 2000),

or elevated plasma tin 18¢ ' K ] FwbygscuplUGRgroup
levated pl fisebmektin 1BvdbyeistlrduEtatVi00] s Bredusioadcrifer s obuasculpleUGR
were theresgpee.of copgeqital MAllormatiensgi caremosomeal QQH@@P%E“%{&%%@&%& fpgent
cytomegalovirus or toxoplasma infection, trauma, 30drugs or alcohol abuse during pregnancy and
fetus constitutiBfialy Sniglitdr Qéstationabages Woi20u884 L 0SRET/EPIDI8I0B0304hoBgic |UFD
was defined Wé%'ﬁ%%?“%ﬁ%ﬁﬂg}' natonAs.A ishig iets withaut gacgiac activiyy.after 1o, weeks of
gestation with fetal biometry according to term, occurring after severe growth retardation. Results
Table 2 Freq@éntfds Giseiv/edifatsovPD gronhwerahigher thaiih)a tessaciataghet eontrsiroup.
Normal Pregnancigs WBVaseulep syndrome, gravidic steatosis, gravidic nephropathy or intra-
25  uterine foetal death, more particularly a pathology selected from the group consisting of
VPD, preeclampsia, vascular IJUGR, TUFD and a combination thereof. Preferably, the
detection of soluble MICA in a serum sample, for instance at least 0.3 ng/ml, 0.5 ng/ml,
0.75 ng/ml or 1 ng/ml, 1s also indicative a higher probability of severe preeciampsia, in
particular preeclampsia associated with proteinuria reflecting renal failure and/or
30 Dbilateral early diastolic uterine notch which is a reflection of placental insufficiency. In
a particular embodiment, a level of soluble MICA protein in a serum sample greater
than 2.5 or 10 ng/ml is indicative of a high probability of pathologic pregnancy,

including miscarriage, vascular pregnancy diseases, precclampsia, intra-uterine growth



pregnancy IUGR eases PE IUFD NP 5349131917 MIC+n=119568 % MIC+ 1,9 8.8 38,5 31,6
47 Mean 1.0 10.27 6.39 15.25 8.95 Std. Error
WO 2008/084103 PCT/EP2008/050304
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retardation (ITUGR), associated or not with preeclampsia, HELLP syndrome, gravidic
steatosis, gravidic nephropathy or intra-uterine foctal death.
The present invention also concerns a method for differentiating vascular from
non vascular mtra-uterine growth retardation {FUGR) in a subject comprising in virro
5 assaying for MICA in a sample, the level of MICA being indicative of a probability of
vascular IUGR. Preferably, the sample is a sample of blood, plasma, or serum,
preferably a serum sample, More preferably, the detection of soluble MICA in the
sample, preferably at least .3 ng/ml, 0.5 ng/ml, 0.75 ng/ml or 1 ng/ml, 15 indicative a
vascular IUGR. Preferably, the level of soluble MICA is determined afier embryo
10 implantation.

As indicated above, the step of assaying MICA can comprise assaying the
soluble MICA protem in the sample. In a preferred embodiment, the step of assaying for
‘soluble MICA protein in the fluid sample comprises contacting the sample with an anti-
MICA antibedy. In a preferred embodiment, the step of assaying for soiuble MICA in

15 the sample is performed by ELISA assay, preferably by sandwich ELISA assay. The
ELISA technmiques for analysis and quantification of protemns, especially soluble
proteins, arc well known by the man skilied in the art. In an alternative embodiment, the
step of assaying for soluble MICA in the sample is performed by coupling of antibody
to microbeads (Luminex technology), Western blot, dot blot, radicimmunoassay (RIA),

20 FACS analysis and other immunoassay techniques well known by the man skilled i the
art.

For mstance, a ELISA assay can be performed as following © a test sample is
mmmobilized on wells of a polystyrene microtitre plate; anti-MICA antibodies are added
to the wells; after binding and washing to remove non-specifically binding, the bound

25  anti-MICA antibodies are detected. Detection 1s often achieved by the addition of a
detectable antibody specific of anti-MICA antibodies. For mstance, it can be detected
by a third antibody directed against the Fc part of the second antibody (for instance, an
anti-mouse IgG antibody from goat). Alternatively, the anti-MICA antibody can be
labelled.

30 Preferably, a sandwich ELISA assay can be performed as following : anti-MICA
antibodies are immobilized on wells of a polystyrenc microfitre plate; a test sampic is
added to the wells; after binding and washing to remove non-specifically binding, the

bound MICA 1s detected by a second anti-MICA antibody. Detection is often achieved



0.03.17 4.43 5.21 5.99 Minimum 0.35 0.4 1.37 0.35 Maximum 50.00 23.70 32.69 50.00 10As shown
in Figure 2, higher levels of MIC have been found in MIC+ positive samples of women with vascular
pregnancy ¢¢geasgsiskExample 2b Materials and Methods 15SubjectsrpFalQMasyinformed
consent, 169 women were consecutively included in the study conducted over a two-year period
(2004-2006). 81 patients presented vascular pregnancy diseases (VPD) that were further
subdivided in Bygoupsiidorpatie nksanitth P EndBodatipatsivitl waseMar AUGR,dB:20Ppatiantanvith
intrauterine fetal death.(WPM..PE, JUGR IUED was defined.as desgcribed abgve in the example 2a.
25 patients prﬁgﬁtgﬁ ?é%v%%édbﬁo%gbgscﬁ%?%%% F%?atg% 0] Sér%ﬁ&ﬁ% 3%8?%%?%‘&%15&%% 4
cases, fetal pélymedformative syridronre iG casdsydpxXionr pfectisisorgivein, 3leases;ranaifétus small
for gestationa A%ﬁﬂﬁaldo E%Q‘%i”f LGases .Non- 25 vas_cular IUGR was diagnosc_ad as
ultrasonographic measurement <28 percentile for gestational age with a normal fibronectin level,
uterine aid umbilicallZxtenyt Bdppleravelonitys WOL20081084165R CTERPRONSINT038426nal dhe
control grou isted of 63 healthy pregnant women seen for. routine gynecalogic.examination and
followeég untiFI) lglg):%\?)eg}%lr%)}'cé% ilr%rﬁgr% r%ga p?e%%grﬁ%f %ﬁ%)%’ﬁf%%%ﬁ rg)ﬁerlrn%/fl p%%%%r%ﬁ%g %@r%e}erecruited
between 17 afrrdifioveeR4I6Fgestationadanatdhiter v s oithadpragivadtieswittbihas dfipatiaats with
VPD. Plasma gollecti I ere collected at time of di is of v lar pregnancies
diseases, or ié%?gct?égg %%aé g%r?)(? gﬁ?mﬂgf?ﬁ gﬁ?t%ﬁ%éﬁé%%ﬁéﬁ%% ggr]tﬁlkg%%in 1 aﬁﬁgu%be term
matched normal preghzmsigsr Saenpleswerk dollectedzinty §11R0dmslArsodilifinown in the art

10 (Harlow and Lane, Antibodies: A Laboratory Manual., Cold Spring Harbor Laboratory

Press, Cold Spring Harbor, NY (1988)). More specific examples of antibodies arc the
following : 2C10, 6D4, 6G6 and 3HS in WO 03/089616, and SR99, SR104 and SR116
in Hue et al (2003). Preferably. the anti-MICA antibody is a monoclonal antibody,
preferably selected from the group consisting of SR99, SR104 and SR116.

15 The anti-MICA antibodies can be iabelled. The label can be radioactive,
fluorescent, chemilluminescent, an enzyme, or a ligand. The anti-MICA antibodies can
also be uniabelied and may be used in conjunction with a detection agent that is
labelled. For instance, they can be detected by a second antibody directed against the Fe
part of the anti-MICA antibody (for instance, an anti-mouse IgG antibody from goat).

20 Asg indicated above, the step of assaying MICA can comprise assaying for cell-
free nucleic acid encoding MICA. The nucleic acid encoding MICA can be RNA or
DNA. The Genbank entry for the mRNA encoding Homo sapiens MICA is
NM_000247. The GenelD for Homo sapiens MICA is 4276, Such cell-free nucleic acid
encoding MICA can be free in the fluid sample and/or comprised into circulating

25 microparticles, in particular microparticles present in blood or serum samples, Nucieic
acid encoding MICA can be assayed by any means well-known by the man skilled in
the art. For instance, it can be assayed by real time quantitative PCR, RT-PCR, by
Southern or Northern blot or a combination thereof by using suitable primers and probe.
In a preferred embodiment, it i1s assayed by quantitative PCR or RT-PCR., The one

30 skilled in the art can casily design suitable primers pair. For example, a primers pair
suitable for assaying MIC A RNA by quantitative RT-PCR by sybergreen can be the
following : MICA 970F and MICA 1127R,



10citrate (3.8%) centrifuged and stored at -80 according to standard procedures. Capture ELIS,41br
siVIICAM Soluble M1C concentrations were measured in the plasma using a sandwich

enzyme-linked #uus@absorbent assay as previously described (Hue et al 32004} dixgsdda.detection
threshold of recombinant soluble MICA protein, used as standard in each experiment, was 0.1ng/m1
ng/ml ve. Statistics 20Analyses were
aphP: 1 Digg mplenmenting the non

Fa

performed with

parametric Kfuskal-wall owed ot 391 moelcontinyious
variables, the Mann-Whitney test to conpare 2 unpaire e Wilcoxpp: matebed pairs test

for the NKG2D/8¥p¥édsiottand the=@D 1 (Fa deyrandatigriass s Datadwebe expréssed as the
median [rangﬁjeggqﬁg%ny%ggl sd é;(epg ’é%lﬁ% n g1eagéstrlg)3tﬁ| bT). /ASsociation between categorical
variables was.tested after cross tabulation by the Pearsan chilsquare (and. by fisher exact test if n<5).
Correlation was improved by spearman test. A 95% confidence interval (p<0.05) was considered

significant. Multivariatg analises Qhrarii. 9gsiation. systolicrrd diastoliclerd PresaHIe Qe

gestational age at sampling, term of delivery and baby weight at birth parameters were performed to
identify indep&itd8iftitiarkdicadsteiatsd ¢ dererordtsciomeingCNH pfashia. bpgo extensively
2008/084105R6:T4pR2008/029304 2T 38sHItsvo  dnerepseddiequency, af plasma WG ipwarpen with
vascula:l\gregnancy diseases lasma levels of sSMIC were evaluated in 3 groups of term-rmatched
women with NEEOUER 51 {8 5/85819ar IUGR. No significant differences were found in age, number of

gestation, body masg index-and gestatianal age st sampliinoetueennosmalpreghangiesvED and
non-vascular IUGR. The systolic and diastolic blood pressure was significantly higher in women with

VPD. As expd&iatrtHesnigdiant ofth Aby s Bifcwdighta saerge shationar MY e At aeiibedcivera slhpnficantly
lower in the gruRwith VDI d0ansnaniMasoular RIGAcOmRaterh 0 NoNnaMeoRaRGles MsQ.0011.

The main clinical and biological characteristics of these patients are summarized in Table 3. Table 3
Characteristicd s SHidy Popiabsnh NOiramsrighnfeies rasanmsregnaseyrthsd aa e Nen
vascular UG Rp valteNumbenof patients 1 63/81 FH0AEE &y sdngansdlre of which is hereby

mcorporated by reference. Alternatively, the step of assaying for anti-MICA antibodies

in the sample can be performed by coupling of MIC, preferably MIC A, to microbeads

(Luminex technology). A commercially available kit Labscreen (One Lambda, ref

LSMICAQ0T) is useful for assaying anti MIC antibodies in a serum sample by

15  Luminex. Such an assay for anti-MIC antibodies can be effective for the autoantibodies

assay in autoimmune pathology associated to infertility (coeliac disease, APS, ...). This

assay can aiso be valuable in case of women having a gravidic pathology with
immunologic etiology (preeclampsia, habitual abortion).

In addition, the present invention concerns a method for determining the

20 probability of infertility in a subject suffering of an autoimmune disease or disorder,

comprising measuring the level of MICA in a sample from the subject, the level of

MICA being mndicative of a probability of infertility for the subject. Optionally, the

method can comprise a previous step of providing a sample from the subject. The

sampie can be sclected from the group consisting of blood, plasma, serum, endometrium

25 biopsy, uterine fluid, vaginal and cervical secretions, cervical mucus, Douglas’ pouch,

follicuiar fluid, peritoneal fluid in case of ceolioscopic exploration, and semen. In a

preferred embodiment, the method comprises assaying for soluble MICA protein in the

sampie. In an other preferred embodiment, the method comprises assaying for cell-free



29.66.6 30.26.3 296.3 ns Gestation (n) 3[1-9] 2[0-7] 2[0-6] ns Parity (n) 1[0-5] 0[0-4] O[0-3] its Body
Mass Index (kg/cm2) 23[17-48] 23.1[16.3-37.2] 23[18-37] ns Systolic Blood Pressure (mmHg)
12[10-13] 14{80-3let2{dH-13] p<0.001* Diastolic Blood Pressure (MmHQ) Zo8rd:8s4 b4} 7[5.5-8.5]

p<0.001* Uterine Height (cm) 32[29-38] 26[15-36] 26[15-1356] p<0.001
nucleic acid encoding MICA. In an additional preferred embodiment, the method
comprises assaying for anti-MICA antibodies present in the sample.
The present invention also concerns the usc of a kit comprising at least one
element selected from the group consisting of an anti-MICA antibody, a set of primers
5 specific of a nucleic acid encoding MICA, a probe specific of a nucleic acid encoding
MICA and a MICA protein in the medicine and biology of the reproduction. It also
concerns a kit for the medicine and biology of the reproduction comprising at least one
clement selected from the group consisting of an anti-MICA antibody, a set of primers
specific of a nucleic acid encoding MICA, a probe specific of a nucleic acid encoding
10 MICA and a MICA protein. The MICA protein can be a sohuble MICA. The kit can
further comprise a Jeaflet, any suitable negative and positive controls, standard protein
and/or detection reagent,
In a preferred embodiment, the kit comprises an anti-MICA antibody. The kit
can further comprise a soluble MIC protein, preferably a MICA. protein. Soluble MICA
15 can be produced by recombinant expression of a truncated MICA. Soluble MICA can
be expressed from suitable host cells, such as bacteria, yeast, mammalian and insect
cells. To facilitate purification, a tag such as Myc or His tag can be included in the
coding sequence. Such soluble MICA can be useful for the positive controls.
Recombmant soluble MICA molecules can be prepared as described in Hue et al, 2003
20 (p. 1910), the disclosure of which is incorporated herein by reference. The kit can
further comprise a microtitre plate, optionally having an anti-MICA antibody
immobilized on the microtitre plate wells. Finally, the kit can comprise any suitable
immunodetection reagents or solvant. The present invention also concerns in particular
the wvse of the kit for the probabihity of in virro fertilization (IVE) failure, embryo
25  mmplantation failure, miscarriage, intra-uterine growth retardation and precclampsia.
Preferably, the anti-MICA antibody is a monoclonal antibody, preferably selected from
the group consisting of SR99, SR104 and SR116. In a particular embodiment, the kit
further comprises a soluble MICA protein.
The present invention also concerns the use of a kit according to the present
30 invention for selecting a subject suitable for a IVF, for determining in virro fertilization
(IVF) outcome, for determining semen or spermatozoid quality, for seiecting the semen
or spermatozoid suitable for IVE, for determining the prebability of male infertility in a

subject, for determining embryo quality, for selecting an embryo suitable for embryo



letin at sampling (wks gest.) 31.7[]5.3-41] 30[17-41] 30[17-41] ns Term at delivery (wks gest.)
40.3[35-42] 32.3[17-41.1] 32[22-41] p<0.001 Baby weight at birth (g) 3300[2640- 4680] 1330[80-3410]
1745[400-25@P}psRdeds WO 2008/084105PCT/EP2008/050304 98  Corppatisendaaivuesn groups
was perfoillied with non parametric Kruskal-Wallis test followed by the Dunn post-test. Values indicate
median [25-75 interquartile ranges] * p<0.001 between vascular pregnancy diseases and others
groups p<0. O@Embéliwsenfilslrorfnailﬁﬁagmanm'émamtattwrsfgrddpstifyiﬂgl theaNBeg ioupn onlyhghe of the

63 women had | I%th IC level ﬂ%mglasma 5 ng/ml). H However it must be n%ﬁhI that this patlent was

followed for syste IC up%sméry %rclgfs with nofmal pr%ﬁﬁaf;ﬁigmevo ¥ o%u BV with

non-vascular WGR at h?&{dgd@t@gtab‘teas&&lQjma@maﬂwelm(ﬂd%m@/&nm)oﬁm camndrasticsMICIGiojecules
10 were dete%g(g Q ftgoet 8&&1111%?1235 2%%1 FHEBEMPQ gy cpiroa'gl c:l .qq:]c% ference todN P).
& Rty Sk ot

Furthermore, sM1 eve S were sig er'in preeclampsia’ patients (me
interquartile ranpepRBNQfinth: Bﬁ:@z@&@ﬁﬁaﬁﬁmﬂ UBDA@2ct8mgimn iho. %Mﬁ oﬁﬁﬁdam)aamﬂw,ascular

IUGR (1.63 n%'l“%h%é‘g ?w%irpf as g) g%{" e ‘Q 1%T§C%%4mtre \%]r?% V\Ml Ctlon{g%&& asma
levels in the study population: ° Fre requency of s(m positive plasma mber ropor ion
Comparison cfisMiC fleiqueneydriirefprebadel iy conirdtrtility in a subject having an auto-immune

disease, n particular a celiac disease or an antiphospholipid antibody syndrome (APS).
The present mvention also concerns a kit for assaying soluble MICA comprising
10 at least one anti-MICA antibody selected from the group consisting of SR99, SR104
and SR116. Preferably, the kit comprises two anti-MICA antibodies, in particular SRS9
and SR104. Optionally, one of the two antibodies is labelled (e.g. biotinylated
antibody). In a preferred embodiment, the kit is suitable for sandwich ELISA assay. The
present invention further concerns the use of this kit in a method according to the
15 present invention.
In addition, the assaying of MICA in any one of the methods and uses of the
present invention can be combined with the assaving of other markers known in the art.
‘The combination of several markers can still increase the predictability. For instance,
these additional markers can be selected in the group consisting of HLA-G and
20 angiogenic markers such as endoglin, PIGF and sFLTI. In order to assay these
additional markers, the kit can comprise one or several additional eclements selected
from the group consisting of an antibody, primers, and probes specific of one or more
additional markers such as a HLA-G, endoglin, PIGF and/or sFLT1 antibody, a set of
primers specific of a nucleic acid encoding HLA-G, endoglin, PIGF or sFLT1, and/or a

[
wn

probe specific of a nucleic acid encoding HLA-G, endoglin, PIGF or sFLT1.

Further aspects and advantages of the present imnvention will be disclosed in the
following experimental section, which should be regarded as illustrative and not
limiting the scope of the present invention. The contents of all references, including

30 articles, patents and patent applications cited in the present specification and in the

examples, and fully incorporated therein by reference.



normal pregnancy group Median sIVIIC plasma levels in positive samples (ng/m1) [25-75 interquartile
range] Normal pregnancies (n=63) 1 (1.6%) - 0.5 Vascular pregnancy diseases (n=81) 26(32%)

p<0.0001 22l bbsbt4dd Preeclampsia (n=40) 9(22.5%) p<0.0008 7.5[1.3 %326 Masssay IUGR
(n=23) 1 9(39%) p<0.0001 1.63[0.86-5.2] 1UFD (n=18) 8(1474%) p<0.0001 2.18[0.86-7.58] Non vascular

IUGR (n=25) 1 (4%)

Examples

Example I : serum levels of soluble MIC are predictive markers of
implantation failure and successful ferm pregnancies following in viro

5 fertilization.

Uterme NK (uNK) are the predominant lymphoid cell population found at the
embryo implantation site and progressively disappear after mid-gestation. Innate
mmmune mechanisms operating in the mother are thus thought 1o have a strong influence

10 in acceptance of the semi-allogeneic foetus. In particular, uNK receptors recognize
paternal/trophoblast ligands, which prevent foetal attack by the maternal immunc
system,

Presence of soluble HLA-G, a known NK inhibitory hgand usually expressed at
the fetomaternal interface, in embryo supernatants, has been correlated to higher

15 embryo implantation rates after in vitro fertilization (IVF) (Fuzzi er al., 2002, Warner et
al., 2004). Interaction between maternal killer immunoglobulin receptors (KIR) on uNK
and foetal HLA-C also influences reproductive success (Hiby er al., 2004; Parham,
2004; Wu er al., 2004). In addition, uNIK cells secrete angiogenic factors and cytokines
that favour implantation and placentation (Ashkar er al., 2003; Coulam er al., 2003;

20 Hanna er al., 2006; Ledee-Bataille er al., 2004; Moffett-King, 2002).

Therefore, the inventors deduced that any dysfunction of uNK cells should thus
represent a drawback to successful implantation and pregnancy.

Functional implications of the expression of sMIC stress-inducible MHC class |
related molecules has been widely explored in oncology (Carbone et ai., 2005; Groh et

al., 2005; Groh er gl., 1998) and auto-immunity (Hue er ¢f., 2004, Mcresse er al., 2004).

o]
LAy

Stress induced NKG2D ligands expression on allogeneic or autologous cells has been
shown to target NK cell cytotoxicity and cytokine/chemokine production (Andre et al.,
2004; Lanier, 2005; Meresse ef al., 2004; Raulet er al., 2003; Sutherland er al., 2002).
Dual activatory and stimulatory mechanisms have been associated to engagement of
30 soluble MIC by the NKG2D receptor. Indeed, the release of a soluble form of MIC
(sMIC) in the serum of some cancer patients has been shown to induce internalisation of
the stimulatory NKG2D receptor in effector NK and T lymphocytes, thus impairing

both innate and adaptive anti-tumour immune responses and an escape mechanism



ns 1.63 WO 2008/084105PCTTEP2008/050304 29 The presence of plasma &WC identifies a
subgroup of severe preeclampsia. It was then detennined whether the presence of sMIC in
maternal plgsmaysasagsociated to clinical, biological or sonographical markefsdhahshasasterize the
severity of preeclampsia according to term at diagnosis, systolic or diastolic blood pressure,
proteinuria quantification, uric acid and fibronectin plasma levels, umbilical and uterine artery Doppler
velocity wavefermpuamglysispdetiveryitétimohnd babitdhiruneight 1066l iThere wasnodiftérence

between sM1(ypasiive,Anflegaive pafienssor systolic or.diastolic blaod pressure, flarancctin and
uric acid level. Howevel): the median proteinuria per day, which reflects T ai ur%,dwé?gﬂlﬁ%ﬁicantly
higher in PE k¥8aspmencwitnisivIGhpositive plasmarthainin PEawomeniwithout deteatable GVHEC
(p=0.04, Figur ,e%%& 1%4%%@9&%&9%&@% ta &arfg@ estation, systolic and diastolic blood pressure,
gestational adg sampling, term o eﬁv’ery and baby weight at birth further confirmed that proteinuria
was independently assuciatedstd IfresencendhisitOVI additiohy Serdgraphicalsamal ysiscoftraternal
uterine artery RoRRISTEIQallY wavelem Lo nsiormed @t ime phP showed ihat plateral sarly
diastolic uterine notch, a reflection o ‘place al insu iciency, was more frequentin the SR -positive
group of PE (p=G087iwigunetBB) sahm frddiiehcy oiiseyera duatednial sompticatiofhisamdrgdRE patients
in relation wit [ her led. Among the 9,PE en with sMIC-positive
plasma, 3 (33%/%%%§e%nte igﬁ‘)?%%v%a%gg?’ef‘f?&%ﬁ%&’ﬁ?f?e%éﬁ%%%ﬁgﬂo one of the 31 PE
women (3.2%) without detectable plasma sM1C (p=0.03). Moreover, frequency of HELLP syndrome
tended to be more elé\git&th #d dipteeBdsitive PE group (2 on 9 patients, 22,2%) when compared to
the sM1C negative PE group (1 on 31 patients, 3.2%, p=0.1). 25The presence of stVIIC in plasma is
associated with vasclilayeldGR Melipaddress whether the presence of plasma sMIC associates with
the vascular origin of IUGR, the inventors compared sM1C levels in women with vascular and
non-vascular IUGR. Biacrigsie 2B305athe withwaserikrd GR 10o(30%) Haitestecmiiedlasma
SM1C, comparedd,aalyPRe ALALIRE el withnopavpseular UGR (OR=30dp 48)Hsf§3-135],

p=0.0038). Thus white age, term at sampling, baby birth weight and term of delivery were not different
between the 2"§réudpécting presseneePEmictinenidesipacplbsria s sigaificimytalssocitasdilisth
vascular IUGR; GHEhermaares pesitiveo )0 200810844 PAPGER2008/070304, 50; sMICplaspa
predicted the vascular etiology of IUGR with 90% positive predictive value (96% specificity and 39%
sensitivity), aftP63% wéghiive prediedverfaiue viseussivh ClinTak irsieatioss thernvaptorsindicate
that soluble Ml maleqyigs aremerefigarentydstected inrpasmafiomyemeRpithyaseular
pregnancy diseases than in those with normal pregnancies matched for gestational age. Moreover,
SM1C plasma IeVEIaPEEBARIAI AR HEBETent bEpléskiarmipane dhe Bppeaetobesa spétsfic
marker of vasgpler JH&RmLOPveeclampsiaiz & multisystern disarder-of dnknown caysefhat js unique

to human pregnancy. Among them, congenital thrombophilic defect have been associated with the
occurrence of VPGBV ETAREHNIESH BhatHis risessmmrkéisthdwordehfertined WiAoot clinical

applicatign (Leyine elake. 2008 Bigislleglubn 20Q3.2nd.2009). Furihermare,fig Biﬂﬁ% INyEidis

associated to increased risk of adverse maternal 15 and fetal outcomes (Chan et al., 2005). However
proteinuria is FEEIARE &t Y ThAEaIEEL /o1 AVer 88 Bt conE s d A IhTesHBIa Vatuecsfisradin

excretion mayprgdict sevarRRECEaMBsiasRMPisalian: Imthaistaieafi the.arhnp linical data
relevant marker of PE severity has been identified Considering the results of the inventors, the

presence of SM#Eh fateAdl 26T PR Aa Broweka s gV elrrRass rdiepant hidrkémer PHwa G rity.
Optionally, thishpararaetsr.cRueAiso1 becombined with oiher Rarametersdnorder te-actaase.the level

of sensitivity to predict preeclampsia, if needed. The presence of sMIC in maternal plasma is also
associated witRRIER, A98tHEr CubtiReHyaSOGdF diSE8¥8Y of YRt tTE GFRfifs Dirotifesiagtabhich

depends on thergbnsaUSRiERVer iy and-term ahdiagrpsis: Rlacental insuffigiency dusia.abpermal
placentation constitutes the major cause of IUGR called vascular IUGR. Most vascular IUGR are

associated with'HE B SHAE R SHMBHY SRIPEthBIB e [8y R0 AR At istiied FUtR g fepresent

the only sonographica)siginefsaveredetahintestions anenniigyy praenRieNHQme assegiated with
abnormal neurologic gutcomes, so that patients 30 may ask for pregnancy termination in such cases.

Vascular IUGKTES AT S4ERARIabAo SEa TG pre sbHite BB EMR AN Ve cdlaF iRéKers
(fibronewtin, highwie aciddevether alterationiefrutering DepnlenYalasimetly waveflamsEHewayer, in the
state of the arf, there was a lack of non-invasive and specific markers that allow to differentiate WO
2008/084105F }E%Ebggﬁgé@@&lﬁt%QEH%??Wm non vascular IUGR. For example, indices of
uterine Doppler velocimetry used in the prediction of placental hypoxic-ischemic lesions in IUGR show
63% specificity for 97% sensibility. In the absence of obvious IUGR etiology, invasive fetal
explorations are required to determine fetal_ prognosis, with non-negligible rate of premature delivery
and late fetal loss, The results of the inventors show that sMIC detection in women plasma allows
to predict the vascular origin of IUGR with 96% specificity. Therefore, the sMIC quantification at time of

MGR diagnosis constitutes a useful non-invasive tool to improve management of idiopathic IUGR.
10T heaca raciilte chnow that adariantification of eMIC moleciilee in women nlaecma ic a ricefiil non-invyacin/e



Example 3 Soluble MIC is found at higher frequencies in follicular fluid, 15embryo supernatant, semen
and in catheter used for embryo transfer in case of implantation failure. Soluble MIC levels have

been evalugiechindeligutar fluid (FF), transferred embryo supernatant (T ergbrye)alsosdtansferred
(UT) embryo supernatant, Semen used for IVF (T) or not {UT), and in catheter used for embryo

transfer (KT). The presence of 20soluble .MIC has been more frequently observed in case of
implantation failure &scdleotwd dodabiesre\WIh200 80841 06RLTHR2008/05030%) 32 Tehigire
IMPLANTATION.YIN

i C FF .
-uooooooooogb%%%o%’ggﬂ%%‘g\%%éé%vé% %%%*g%p@l%ﬁﬁw?éﬂﬁ”ﬁg%“w&ﬁigﬂi"’lW‘é igdey .4 it

YES , On.ibyocytes, IVFE or ICSI technique was used for insemination. Oocvies fertilization was
observed 16-18h after insemination under an mverted microscope and fertilization rate

5 was calculated. Embryos were examined after 48h or 72h in culture, the rate of cleavage

was assessed and up to four embryos were chosen for transfer. The embryos were

graded according to the number of blastomers and the amount of fragmentation. The

grades used were: grade ] (no fragmenis), grade 2 (<20%), grade 3 (20-50%

fragmentation), grade 4 (>50%fragmentation).

10 ELISA assay of soluble MIC levels in plasma

Construction,  expression. and purification  of soluble MICA molecules

Recombinant soluble MICA molecules have been prepared as described in Hue et al,
2003 (p. 1910), the disclosure of which is incorporated herein by reference,

Production of anti-MICA mAbs : Anti-MICA monocional antibodies have been

15 produced as described in Hue et al, 2003 (p. 1910), the disclosure of which is
incorporated herein by reference.

Detection of soluble MICA by ELISA : To detect soluble MICA in the serum,

two different anti-MIC mAbs were used in a sandwich ELISA. High-binding

polystyrene plates (Greiner; Sigma-Aldrich) were coated with the capture SR99 Ab (5
20 ng/mbm PBS, 100 ul per well) for 12 h at 4°C, washed five times with PBS plus 0.05%
Tween 20, blocked by addition of 100 ul of 3% BSA for 1 h at 22°C, and washed in
PBS-0.05% Tween 20. The standard {(scrial dilutions of soluble rMICA from 100 pg/ml
to 0.1 ng/ml in PBS-0.05% Tween 20) and the serum samples (100 ul per well) were
then added for 2 h at room temperature. After five washes, the biotinylated SR104
23 detection Ab (150 ng/ml in PBS, 100 ul per well) was added for 1 h at room
temperature. Plates were washed and incubated for 20 min at room temperature with
streptavidin- conjugated HRP (1/30,000; Amersham Pharmacia Biotech), washed, and
reacted with tetramethylbenzidine substraic (Sigma-Aldrich) for 15 min at 37°C.
Reaction was stopped with 0.5 M H;S04 (30 ul per well). The absorbance was
30 measured at 450 am. The detection threshold of recombinant soluble MICA protein was

0.1 ng/ml.
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Statistical analysis

Differences between groups were evaluated for statistical significance by one-
way ANOVA, student’s t test or Mann-Whitney rank sum test, depending on whether
the data were normally distributed, using the GraphPad Prism software version 4.0b.
Chi-Square analysis was used fo compare sMIC frequencies befween various
independent groups. Receiver-operator characteristic curve analysis (ROC) was used to
analyse SMICA concentration cut-off points and their sensitivity/specificity. Cut-off
determined further used to evaluate relative risks and odds ratio. Significative p values

were set as <005,
Besnifs

Higher sMIC serum levels are found in infertile women that experience

implantation failure after IVF

Of the 170 patients included, 38 experienced successful embryo implantation
following IVF, among which 30 ongoing pregnancies gave birth to a viable baby at term
and 8 miscarriages occurred after successful implantation. Three patients expenienced
miscarriage at & SA, two patients at 9 SA, two patients at 6 SA and one patient at 7 SA.
Pathology reports (realised for > 8 SA losses) were not in favour of genetic losses,
Patient’s characteristics are summarized in Table 1.

Serum sMIC was measured with using 2 sandwich ELISA as described (Hue er
al., 2004). Sixty-four (38 %) patients undergoing ITVF had detectable sMIC serum levels
(mean = 15.28 ng/ml, lower—upper 95 % ranges = 10.7-19.9 ng/mi).

Despite the fact that parameters associated to IVF outcome where normalized in
these groups (Table 1), mean sMIC levels in positive patients significantly differed in
women that had successful embryo implantation (median=2.5, 25-75% percentile
ranges: 1.5-9.7) as compared to the implantation failure group (12.0, 3-24.2, p<0.021).
The inventors thus further investigated whether sSMIC levels values may help prediction
of impiantation failure in sMIC positive women. They thus defined a 2.45 ng/m! cut-off
value allowing risk evaluation by ROC analysis (sensitivity 82, specificity 50%).
sMIC> to 2.45 were associated to implantation failure {odds ratio; 4.6, 95% CI 1.08-
19.79, p=0.031). sMIC serum levels > 27.7 ng/mi were always associated with lack of

embryo implantation after IVF (Fig. 1).
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Fable 1 : Characteristics of the 170 infertile women recruited in the study
Non Pregnant Miscarriage Evolutive pregnancy | P- value
Dnplantation After Implantation| Live Born Baby
Failure

............... Numiber of patients 132 8 30 NA
Age (years} (nean T sd) 32.07£3.742 32.0043.721 32.5143.373 .88

Tubal factors (%) 29.25 - 24.6 ns

Male factors (%) 41.23 66 44 7

Unexplained (%) 29.5 34 204 HE
Bruration of infertility (years) (mean * sd) 4,3822.221 4.37+2.12 4.64-3 .58 0.67
B Basal FSH levels (UL/D (mean + sd) 7132219 7.23:1.86 6,902 85 .93

Basal LH levels (UL (mean = sd) 4.94:41.37 4.77+£1.10 4£.45+].46 084

Gonadotrophin (Ul 21204962.9 2125:831.6 2200+678.2 43
Endemetrivm (mm} 10.60=1.01 11.4040.86 10.8641.86 .69
Duration of stimulation (days) 12.12+1.68 J0.42:61.92 [1.74::2.37 .52
Estradiol (UD on HCG day 20012038.5 2268+139]1 1912+10{8.4 .65
Number of oocytes collected (mmean T sd) 9.525.41 8.25£3.19 10.244 .49 .47

Fertilization rate (%) ‘ 77.25£16,82 72.56+31.62 74.13+16.76 I
Number of embryes available for transfer (mean % sd} G.77TH3.74 6.12=3.98 7413353 i073
Mesn of emwbrvoes fransferred : 2.044+40.41 1.6+0.42 i 2.04:0 Lo02s
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SMIC serum levels predicts chances to have a viable born babyv at term after [VF

In addition to predict impiantation failure, the inventors further prospectively
assayed whether increased sMIC levels could predict IVE outcome as birth of a live
baby. Indeed after implantation was successful (38 women), & women experienced a
miscarriage after IVF and 30 gave birth to a viable baby. When positive, soluble serum
MIC values observed before IVE were found to be significantly lower in the group of
women that gave birth after IVE (median= 2 ng/ml, min.— max. ranges: 1-6ng/ml) in
reference to women whe experienced miscarriage or implantation failure after TVF
{median=11 ng/ml, min-max: 0.1-96 ng/ml, Fig. 1). The inventors thus further evaluated
the value of sMIC that may predict chances of achieving successful pregnancy insicad
of fniscarriage or implantation failure. Using the same cut-off of 245 ng/ml
{sensitivity=82% and specificity = 75%}, the chances to have a viabie baby were higher
when predicted by sMIC serum levels prior IVF that are lower than the 2.45 ng/ml
threshold (odds ratio=13.§, Cl 953%=2.03-118, p= 0.002). Highest values of sMIC

observed in women achieving engoing pregnancies were 6ng/m! (Fig.1).

High Values of sMIC are associated to miscarriage after implantation success

Although the frequency of sMIC positive women did not significantly differ in
relation with implantation success (36% in the implantation success versus 38% in
implantation failure group), when implantation was successful (38 cases), frequencies

of sMIC positive were higher i the group of women experimenting miscarriage {75%)
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than in that with successful term pregnancies (26%, p= 0.03). Further more, when
positive, median sMIC serum levels prior IVF were shown to be higher in the group that
experienced miscaitiage after IVF (median=9.7, min.-max. observed = 2.5-24 ng/ml)
than in the group successfully achieving pregnancy (median=2.1, min.-max ranges 1-
6ng/mi. The inventors thus further evaluated whether the risk of miscarriage could be
predicted from sMIC serum levels. While higher sMIC serum levels were not associated
to occurrence of miscarriage In the total population of pregnant women in absence of
IVF, the inventors could show that, when implantation 1s successful after IVF, higher
sMIC were associated with miscarriage occurring during pregnancy obtained after IVFE,
Indeed, using a cut-off value of sMIC serum levels > 3.2 ng/ml (sensitivity 83% and
specificity 75%), sMIC could predict miscarriage after successful implantation when
compared to term pregnancy (Odds ratio= 35, p= 0.026, 95% CI 1.74- 703). No birth at

term was observed when women had sMIC serum levels > 6ng/ml.

Discussion

The mechamsms by which sMIC influences embryo implantation remains
unclear. Natural killer cells play an essential role at carly stages of implantation, as they
represent the predominant immune partners controlling cytokine/chemokine/angiogenic
factor production and trophobast modelling (Sargent er al., 2006}, sMIC is one of the
numerous ligands for the activating NKG2D receptor, widely expressed on NK and
CD8 and v& T lymphocyies. The engagement of activating WKG2D receptors by
NKG2D ligands, among which soluble MIC, is a co-stimulatory signal for NK-mediated
cytotoxic activity, proliferation and cytokine production (Andre er al., 2004; Bryceson
et gl., 2006; Raulet er /., 2003; Sutherland et al. , 2002; Upshaw er al., 2006).
Alternatively, sMIC-induced internalisation of its NKG2D receptor has been described
as a mechanism down regulating anti tumoral NK cell activity {Wu er af., 2004). Down
regulation of NKG2D by placental-derived soluble MIC has recently been suggested as
an immune escape mechanism favouring foetal survival (Mincheva-Nilsson ef af,
2006). Thus, modulation of the uNK-cell cytokine repertoire or iytic activity, resulting
from mteraction between the NKG2ZD receptor and its ligands, may affect the
implantation environment and be detrimental to successful pregnancy after TVF,

The maimn finding of the inventors is thus that the siress inducible
immunostimutatory MHC class [ Chain- Related molecule, is prevalent before IVF in

women that will experience implantation and pregnancy failure. Serum levels of sMIC



0

10

20

b2
L

30

O 0,Im0 0 aNC,. 00

WO 2008/084105 PUT/EP2008/050304

23

greater than 2.45 ng/ml are predictive of higher implantation failure rates matrix, and
that sMIC serum levels > 6ng/ml never resulted in term evoluting pregnancy while
levels > 28 ng/ml were always associated with IVF failure. Furthermore, after
implantation is successful, women that bear sMIC levels > 3.2 ng/ml are at high risks of
experimenting miscarriage after IVE. The origin and infertility status -related
mechanisms that may contribute to enhanced sMIC protein levels in the serum of
women that will not achieve successful pregnancy after IVF failure remain unravelled.
The release of sMIC from the membrane of MIC-expressing cells have been reported to
mvolve cleavage by metalioproteinase (Waldhauer er al, 2006). Altered
metalloproteinase activity has been reported in IVF patients with recurrent implantation
fatture (Shibahara er af, 2005). Further investigation of the mechanisms generating
soluble MIC and the impact of sMIC on immune functions associated with implantation
failure or pregnancy loss after IVF are now challenging issues to explore. The fact that
sMIC is also a marker of auto and alloimmune processes, as contributed by co-authors
of this study in celiac disease (Hue ef al., 2004), where higher prevalence of infertility is
reported (Meloni ef al., 1999), suggests sMIC may be the signature of a higher auto or
alloreactive potential of the mother to reject the foctal embryo.

Altogether, considering high economic and psychological implications of IVF,
this study is the first to provide arguments that seric sMIC quantification may be
considered as a novel parameter with applications in the non-invasive evaluation and
prediction of IVF outcome. Besides its prognosis value, a major vatue of this biomarker
ts the possibility of its dosage prior initiation of women hormonal conditioning
treatment. These features should thus improve counselling or management of IVF

associated-risks and thus provide consequent benefits for infertile women health care.

Example 2 : Soluble MIC is found at i}ighér freguencies in plasma of
women Vascular pregnancy diseases.

Pregnancy creates a unique situation in which extensive angiogenesis and
establishment of maternal immune tolerance allow successful fetal and placental
development. Cross talk between trophoblast fetal cells and maternal immune cells
regulate early pregnancy placental development, vasculogenesis and immune tolerance
of the fetus. Inadequate placentation leads to vascular pregnancy diseases (VPD) that

include preeclampsia (PE), intrauterine growth retardation (IUGR) and recurrent
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pregnancy loss, which represent a leading cause of fetomaternal morbidity and
mortality. Preeclampsia is characterized by hypertension and proteinuria after 20 weeks
of gestation. Despite tecent advances in understanding how inadequate placental
vascularization (incomplete spiral artery remodeling) may lead to vascular pregnancy
diseases, their prognosis remains severe, and placental removal is still the only

treatment to manage severe preeclampsia and major Intra uterine growth restriction.

Exampie 2a
Materials and Methods

Subjects

Soluble MIC plasma levels were evaluated in 49 women that experienced
vascular pregnancy diseases (VPD) that include vascular Intrauterine growth retardation
(IUGR), Preeclampsia (PE), or intra uterine foetal death (TUFD) and compared to a
control group of plasma from 33 women with normal ongoing pregnancies matched for

pregnancy term {mean 29 weeks).

Methods

PL was defined as a diastolic arterial blood pressure greater than 90 mm Hg, and
a systolic biood pressure greater than 140 mm Hg, associated with proteinuria (more
than 300 mg/24h). In addition, severe matemnal complications associated with increased
risk of adverse outcome for both mother and fetus were reported, particularly
association with HELLP syndrome (H = hemolysis; EL = clevated liver enzymes; and
LP = low platelets) (Weinstein ez a/., 2005) and oliguria that icads to renal failure.

Vagcular [UGR was defined as ultrasonographic measurement <2.5% percentile
for gestational age associated with at least one biclogical or sonographical marker of
“placental insufficiency” as abnormal uterine, or umbilical artery Doppler {Chien ez al.,
2000), or elevated plasma fibronectin level (Ostiund er o/, 2001). Exclusion criteria of
vascular [IUGR group were the presence of congenital maiformations or chromosomal
abnormalities in the fefus, recent cytomegalovirus or toxoplasma infection, trauma,

drugs or alcohol abuse during pregnancy and fetus constitutionally small for gestational

age.
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IUFD was defined by ultrasound examination as a visible fetus without cardiac
activity after 12 weeks of gestation with fetal biometry according to term, occurring

after severe growth retardation,

Resulis

Table 2 : Frequencies observed in the VPD group were higher than in a term

matched control group.

Normal Pregnancies Vascular pregnancy Diseases

NP VED gi IUGR PE iUFD

pp 53 49 13 19 17
MG+ = 1 19 5 G 8
Yo MIC+ 1,9 38,8 38,5 31,8 47,1

Wean 1.0 10.27 8.39 15.25 8.85

Std. Error 8.0 317 4.43 5.21 5.99

Minimum 7 0.35 0.4 1.37 0.35
Maximum 1 50.00 EE 23.70 32.69 50.00

10

26

As shown m Figure 2, higher levels of MIC have been found in MIC+ positive

samples of women with vascular pregnancy discases.

Example 2b
Materials and Methods

Subjects

Following informed consent, 169 women were consecutively included i the
study conducted over a two-vear period (2004-2006).

81 patients presented vascular pregnancy diseases (VPD) that were further
subdivided in 3 groups: 40 patients with PE, 23 patients with vascular TUGR, 18§
patients with mtrauterine fetal death (1UFD). PE, IUGR, IUFD was defined as described
above in the example 2a.

25 patients presented isolated non-vascutar IUGR, related to chromosomal fetal
aneuploidy in 4 cases, fetal polymalformative syndrome in 8§ cases, toxic or infectious
origin in 3 cases, and fetus small for gestational age in the 10 remaining cases Non-
vascular JUGR was diagnosed as ultrasonographic measurement < 2.5th percentile for
gestational age with a normal fibronectin level, uterine and umbilical artery Doppler

veloctty,
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The control group consisted of 63 healthy pregnant women seen for routine
gynecologic examination and followed until delivery to confirm normal pregnancy (NP)
ouicome. Normal pregnancies were recruited between 17 and 41 weeks of gestation to

match term of normal pregnancies with that of patients with VPD.

Plasma collection

Blood samples were collected at time of diagnosis of vascular pregnancies
diseases, or 1solated IUGR and at time of obstetrical examination for the control group
of term matched normal pregnancics. Samplies were collected into 0.129 mol/L sodium

citrate (3.8%) centrifuged and stored at ~80° accordmg to standard procedures.

Capture ELISA for sMICA/B

Soluble MIC concentrations were measured in the plasma using a sandwich
enzyme-tinked immunoabsorbent assay as previously described (Hue er a/., 2004). The
detection threshold of recombinant soluble MICA protein, used as standard in each
experiment, was 0.1lng/ml and plasma levels higher than 0.3 ng/mi were considered as

positive.

Statistics

Analyses were performed with Prism software (GraphPad 4.0b, GraphPad, San
Dicgo, CA) implementing the non parametric Kruskal-Waliis test followed by the Dunn
post-test to compare 3 or more continuous variables, the Mann-Whitney test to compare
2 unpaired groups, and the Wilcoxon matched pairs test for the NKG2D expression and
the CD107a degranuiation assay results. Data were expressed as the median [range] and
mean ( sd) depending on the distribution. Association between categorical variables
was tested after cross tabulation by the Pearson chi square (and by fisher exact test if
1<5). Correlation was improved by spearman test. A 95% confidence interval (p<0.05)
was considered significant,

Multivariate analyses of parity, gestation, systolic and diastolic blood pressure,
gestational age at sampling, term of delivery and baby weight at birth parameters were
performed to identify independent marker associated to detection of soluble MIC in

plasma.
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Increased frequency of plasma sMIC in women with vascular pregnancy

diseqases

Plasma levels of sMIC were evaluated in 3 groups of term-matched women with

NP, VPD or non-vascular IUGR. No significant differences were found in age, number

of gestation, body mass index and gestational age at sampling between normal

pregnancies, VPD and non-vascular TUGR. The systolic and diastolic blood pressure

was significantly higher in women with VPD, As expected the median of baby’s birth

weights and gestational age at delivery were significantly lower in the group with VPD

and non-vascular ITUGR compared to normal pregnancies (p<0.001). The main clinical

and biological characteristics of these patients are summarized in Table 3,

Tabie 3: Characteristics of the study population

Vascular
Normal Non vascular
) pregnancy p value
pregnancies . TUGR
diseases
Number of patients 63 81 25
Age (yrs, meantsd) 29.616.6 30.246.3 29463 ns
Gestation (n) 3[1-9] 2[0-7] 2[0-6] ns§
Parity (n) 1{6-5] 010-4} 0[C-3] ns
Bedy Mass Index
N 23[17-48} 23.1[16.3-37.2] 23[18-37] 1§
(kg/cm™)
Systolic Blood
12§10-13] 14[10-22] 12§10-13] p<0.001%
Pressure (mmHg)
Diastolic Blood _
7[5-8.3] 8.7[6-12] 715.5-8.5] p<0.001%
Pressure (mmHg)
Uterime Height (cm) 32{29-38] 26[15-36] 26[15-36] p<0.001 §
Term at sampling _
_ 31.7[15.3-41] 30[17-41] 30[17-41] s
{(wis gest.)
Term at delivery
46.3[35-42] 32.3[17-41.1] 32{22-41] p<0.001 §
(wks gest.)
Baby weight at birth | 3300[2640-
1330[80-3410] | 1745(400-2500] | p<0.001 §
(g) 4680]
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Comparison between groups was performed with non parametric Kruskal-Wallis

test followed by the Dunn post-test. Values indicate median [25-75 interquartile ranges]

* p<0.001 between vascular pregnancy discases and others groups

§ p<0.001 between Normal pregnancies and others groups

In the NP group, only one of the 63 women had low sMIC levels in plasma (0.5

ng/ml}. However, 1t must be noted that this patient was followed for systemic lupus

erythematosus, with normal pregnancy evolution. Of the 25 women with non-vascular

| TUGR, lhad detectable sMIC plasma levels (1.63 ng/ml). By contrast, sMIC molecules

were detected in 26 of the 81 patients (32%) in the VPD group (p<0.0001 in reference

to NP). Furthermore, sMIC levels were significantly higher in preeclampsia patients

{median, 25-75 mterquartile ranges: 7.5 ng/ml, 1.37-32.69) than in IUFD (2.18 ng/mi,
0.86-7.58, p<0.01) and vascular IJGR (1.63 ng/ml, 0.86-5.2, p<0.03) (Table 4).

Table 4: Frequency of sMIC detection and plasme levels in the study population.

Frequency of

Comparison of sMIC

Median sMIC plasma

sMIC positive frequency in ievels m positive
plasma reference to control samples (ng/ml)
Number normal pregnancy [25-75 interquartile
(Proportion %) group range]
Normal pregnancies _
_ 1(1.6%) - 0.5
(n=63)
Vascular pregnancy _
_ 26 (32%) p<0.0001 22[1.15-11.47]
diseases (n=81)
Preeclampsia (n=40) 0 (22.5%) p<0.0008 7.5[1.37-32.69]
Vascular IUGR _
9 (35%) p<(.0001 1.63[0.86-5.2]
{(n=23}
TUFD (n=18&) 8 (44%) p<0.00061 2.18[0.86-7 58]
Non vascular [JUGR
1 {4%) ns 1.63

{(n=25}
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The presence of plasma sMIC identifies a subgroup of severe preeclampsia.

It was then determined whether the presence of sMIC in maternal plasma was
associated to clinical, biological or sonographical markers that characterize the severity
of preeclampsia according to term at diagnosis, systolic or diastolic bleod pressure,
proteinuria guantification, uric acid and fibronectin plasma levels, umbilical and uterine
artery Doppler velocity waveform analysis, delivery term and baby’s birth weight
(Table 3). There was no difference between sMIC-positive and -negative patients for
systolic or diastolic blood pressure, fibronectin and uric acid level. However, the
median proteinuria per day, which reflects renal failure, was significantly higher in PE
women with sMIC-positive plasma than in PE women without detectable sMIC
(p=0.04, Figure 3A). Multivariate analysis of parity, gestation, systolic and diastolic
blood pressure, gestational age at sampling, term of delivery and baby weight at birth
further confirmed that proteinuria was independently associated to presence of sMIC. In
addition, sonographical analysis of maternal uterine artery Doppler velocity waveform
performed at time of PE showed that bilateral early diastolic uterine notch, a reflection
of placental msufficiency, was more frequent in the sMIC-positive group of PE
{(p=0.037, Figure 3B). The frequency of severe maternal complications among PE
patients in relation with sMIC plasma detection was then studied. Among the 9 PE
women with sMIC-positive plasma, 3 (33%) presented oliguria with acute renal
insufficiency, compared to one of the 31 PE women (3.2%) without detectable plasma
sMIC (p=0.03). Moreover, frequency of HELLP syndrome tended to be more elevated
in the sMIC positive PE group (2 on 9 patients, 22.2%) when compared to the sMIC
negative PE group (1 on 31 patients, 3.2%, p=0.1).

The presence of sMIC in plasma is associared with vascular ITUGR

To address whether the presence of plasma sMIC associates with the vascular
origin of ITUGR, the inventors compared sMIC levels in women with vascular and non-
vascular TUGR. Among the 23 patients with vascular IUGR, 9 (39%) had detectable
plasma sMIC, compared to only one out of the 235 (4%) with non-vascular IUGR (OR=
15.43 [1.763-135], p=0.0038). Thus while age, term at sampling, baby birth weight and
term of delivery were not different between the 2 groups, the presence of sMIC in

maternal plasma is significantly associated with vascular ITUGR. Furthermore, positive
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sMIC plasma predicted the vascular etiology of TUGR with 90% positive predictive

value (96% specificity and 39% sensitivity), and 63% negative predictive value.

Discussion

The results of the inventors indicate that soluble MIC molecules are more
frequently detected in plasma from women with vascular pregnancy diseases than in
those with normal pregnancies matched for gestational age. Moreover, sMIC plasma
levels are correlated with the severity of preeclampsia and appear to be a specific
marker of vascular IUGR.

Preeclampsia is a multisystem disorder of unknown cause that i1s unique to
human pregnancy. Among them, congenital thrombophilic defect have been associated
with the occurrence of VPD. Novel inflammatory and thrombosis markers have been
identified without clinical application (Levine er al, 2006, Bretelle er al., 2003 and
2005). Furthermore, high proteinuria 1s associated to increased risk of adverse maternal
and fetal oufcomes (Chan et af, 2005). However protemnuria s not independently
predictive of adverse outcome and no threshold value of protein excretion may predict
severe presclampsia complication. In the state of the art, no clinical data relevant
marker of PE severity has been identified

Considering the results of the imventors, the presence of sMIC in maternal
plasma provides a novel clinical relevant marker of PE severity. Optionally, this
parameter could also be combined with other parameters in order to increase the level of
sensitivity to predict preeclampsia, if needed.

The presence of sMIC in maternal plasma is also associated with IUGR, another
subtype of vascular diseases of multiple ongins, prognosis of which depends on the
cause, severity and term of diagnosis. Placental insufficiency due to abnormal
placentation constitutes the major cause of IUGR called vascular IUGR. Most vascular
TUGR are associated with PE and share the same physiopathology. By contrast, isolated
TUGR may represent the only sonographical sign of severe fetal infection, aneupioidy,
or genetic syndrome assoclated with abnormal neurologic outcomes, so that patients
may ask for pregnancy termination in such cases. Vascular IUGR is sometimes ecasily
diagnosed m the presence of PE, maternal vascular markers (fibronectin, high uric acid
ievel} or alteration of uterine Doppler Velocimetry waveflow. However, in the state of

the art, there was a lack of non-invasive and specific markers that allow to differentiate
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vascular from non vascular IUGR. For example, indices of uterine Doppler velocimetry
used n the prediction of placental hypoxic-ischemic lesions in IUGR show 63%
specificity for $7% sensibility. In the absence of obvious TUGR eticlogy, invasive fetal
explorations are required to determine fetal prognosis, with non-negligible rate of
premature deltvery and late fetal loss,

The results of the mventors show that sMIC detection in women plasma allows
to predict the vascular origin of IUGR with 96% specificity. Therefore, the sMIC
quantification at time of TUGR diagnosis constitutes a useful non-invasive tool to
inprove management of idiopathic TUGR.

These results show that quantification of sMIC molecules in women plasma 15 a
useful non-invasive tool to predict the imminent onset of vascular complications during

pregnancy.

Example 3 : Soluble MIC is found at higher freguencies in follicular fluid,
embryo supernatant, semen and in catheter used for embryo transfer in case of
implantation failure.

Soluble MIC levels have been evaluated in follicular fluid (FF), transferred
embryo supernatant (T embryo) or un transferred {(UT) embryo supernatant, Semen used
for IVF (T) or not (UT), and in catheter used for embryo transfer (KT). The presence of
soluble MIC has been more frequently observed in case of implantation failure as

shown m Table 5.
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What is claimed -

1~ A method for determining in vitro fertilization (JVF) outcome comprising in vitro assaying for
soluble MICA (MHC class I chain-related protein A) in a blood, plasma, or serum sample from a woman
who receives or is intended to receive a transferred embryo, the level of sofuble MICA being indicative of

the IVF outcome, in particular indicative of implantation failure rates, IVF failure, and/or miscarriage.

2~ The method according to claim 1, wherein a low ievel of MICA is indicative of a high

probabiity of a successful IVF,

3- Method according to claim | or 2, wherein the level of soluble MICA is determined prior
initiation of hormonal conditioning treatment and a soluble MICA level in the serum sample lower 2.45

ng/ml, is indicative of a high probabiiity of a successful IVF.

4- Method according to claim 1, wherein the sample is a serum sample and the subject is the
woman who is intended to receive the transferred embryo, the level of soluble MICA is determined prior
initiation of hormonal conditioning treatment and

- & level of soluble MICA greater than 2.45 ng/ml in the serum sample is indicative of higher

implantation failure rates; and/or
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a level of soluble MICA greater than 28 ng/mi in the serum sample is indicative of a high probability of
IVF failure; and/or
- a level of soluble MICA greater than 6 ng/ml in the serum sample is indicative of a high

probabiiity of miscarriage.

5« Method according to claim 1, wherein the sample is a serum sampie and the subject is the
woman who receives the transferred embryo, the level of soiuble MICA protein can also be determined
after implantation and a level of MICA greater than 3.2 ng/ml in the serum sample is indicative of a high

probability of miscarriage.

6~ A method for selecting a subject for a IVF comprising in vitro assaying for soluble MICA in a
biood, plasma, or serum sample from a woman who is intended to receive a transferred embryo, and

selecting the subject having a level of MICA indicative of a suceessful IVF probability.

7- Method according to claim 6, wherein the sample is a serum sample and the level of soluble
MICA is determined prior initiation of hormonal conditioning treatment and a soluble MICA level in the
serum sampie lower than 28 ng/ml, preferably lower than 6 ng/mi, and more preferably lower than 2.45

ng/mi, is indicative of a high probability of a successfui [VF.

8- A method for determining semen or spermatozoid quality or for determining the probability of

male infertility in a subject, comprising in vitre assaying for soluble MICA in
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a semen sample from the subject, the level of soluble MICA being indicative the semen or

spermatozoid quality or male infertility.

9- A method for determining the probability of pregnancy complications, including
miscarriage, vascular pregnancy diseases (VPD), preeclampsia (PE), severe preeclampsia,
vascular intra-uterine growth retardation (IUGR), associated or not with preeclampsia,
HELLP syndrome, gravidic steatosis, gravidic nephropathy or intra-uterine foetal death
(IUFD), pregnancy diseases or infertility associated with auto immune pathologies in a
subject comprising in vitro assaying for soluble MICA in a blood, plasma, or serum sample
from a pregnant woman or a woman wishing to be pregnant, the level of soluble MICA being

indicative of a probability of pregnancy complications.

16~ Method according to claim 9, wherein the detection of soluble MICA in the serum
sample at least 0.3 ng/ml, is indicative a higher probability of VPD, preeclampsia, vascular
IUGR and/or IUFD.
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. ' e of claims 1-13, wherein the step of assaying for soluble
MICA in the sample comprises contacting the sample with an anti-MICA antibody
monoclonal anti-MICA antibody, more preferably by ELI ﬂ
ELISA assay.

preferably a
SA assay, still more preferably by sandwich

I5- The method according to anyone of claims 1 to 14, wherein the assaying of soluble MICA is
combined with the assaying of one or more additional markers preferably selected from the group

consisting of HLA-G and angiogenic markers such as endoglin, PIGF and sFLT].
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more preterably Tower fHaHBA% $griR felimdisitive GGR high probability of a successful IVF. 8- A
method for determining semen or spermatozoid quality or for determining the probability of male
infertility in a S‘f%le{;jt comprising in vitro assaying for soluble MICA in 37 a semen sample from the
subject, the level of SolUGIENIER BaRgaridiektive tHe ISemberainspeimataanid ayalify,or male infertility.
9- A method fmﬂe@&rﬁ&ﬁ%@:@%@&gggg&qg{&f pregnancy complications, including miscarriage,
vascular pregnancy diseases (VPD), preeclampsia (PE), severe preeclampsia, vascular intra-uterine

Sh (1KY CadsBate dcdratet WimpiieegtampsimshiEhd Bsynasome Gravidic sjeatosis,

growth retardation
gravidier@psropathficonintsauiaring,foe { regnancy diseases or infertility associated
with auto i t#}r;eopﬁtﬂ Io(?ires in a_subje_%??ogrﬁ%gr%s%g%%ﬁ%ggggﬁ%gsﬁﬁ%‘?ﬂulﬁl%nl\/lF@@l\ fcablood,
plasma, or serum sample i FSregHp keSO navendan wishiog tmemregnant, the level of
soluble MICA being indicative of a probability of pregnancy complications. 10- Method according
to claim 9, wherein the detection of soluble MICA in the serum sample at least 0.3 ng/ml, is indicative a
higher probability of VPD, preeclampsia, vascular IUGR and/or IUFD. 38 IA method for differentiating
vascular from non vascular intra-uterine growth retardation (MGR) in a subject comprising in vitro
assaying for soluble MICA in a blood, plasma, or serum sample from a pregnant woman or a woman
wishing to be pregnant, the level of soluble MICA being indicative of a probability of vascular IUGR.
12- Method according to claim 11, wherein the sample is a serum sample and the detection of soluble
MICA in the sample at least 0.3 ng/inl, is indicative a vascular "QR. 13- Method according to any
one of claims 9-12, wherein the level of soluble MICA is determined after embryo implantation.

14- The method according to anyone of claims 1-13, wherein the step of assaying for soluble MICA in
the sample comprises contacting the sample with an anti-MICA antibody, preferably a monoclonal
anti-MICA antibody, more preferably by ELISA assay, still more preferably by sandwich EL1SA assay.
15- The method according to anyone of claims | to 14, wherein the assaying of soluble MICA is
combined with the assaying of one or more additional markers preferably selected from the group
consisting of FILA-G and angiogenic markers such as endoglin, PIC& and sELT1. 39 16- Use of a
kit comprising at least one element selected from the group consisting of an anti-MICA antibody,
preferably a monoclonal anti-MICA antibody, in the medicine and biology of the reproduction. 17-
Use according to claim 16, for selecting a subject suitable for a IVF, for determining in vitro fertilization
(IVF) outcome, for determining semen or spermatozoid quality, for selecting the semen or
spermatozoid suitable for 1VF, for determining the probability of male infertility in a subject, for
identifying a subject having a high complication risk during pregnancy, in particular a subject
susceptible to miscarriage, vascular pregnancy diseases, preeclampsia, intra-uterine growth
retardation (IUGR), associated or not with preeclampsia, HELLP syndrome, gravidic steatosis, gravidic
nephropathy or intra-uterine foetal death, for determining the severity of preeclampsia or for
differentiating vascular from non vascular intra-uterine growth retardation (LUGR).



18- Use according to anyone of claims 16-17, wherein the kit further comprises: - a soluble MICA

protein; and/or

- one or more elements selected from the group consisting of antibody, primers and

probes specific of one or more additional markers preferably selected from the group consisting of
I-ILA-G and angiogenic markers such as endoglin, PIGF and sFLT I. 1 SEQUENCE LISTING <110>
Bniversi 4 de la mediterranee, et al. <120> Biomarker;for the medicine and the biology of the
reproduction <130> B0543w0 <160> 2 saq@@x@Eatersiriversion 3.1 <210> 1 <211> 22 <212> DNA
<213> artificial sequence <220> <223> primer <400> 1 catgtttctg ctgttgctge tg22 <210> 2 <211> 21
<212> DNA <213> artificial sequence <220> <223> primer <400> 2 gtggcatccc tgtggtcact c21

<110>

Université de la Méditérranée, et al.

<120> Biomarker for the medicine and the biclegy of the repreoduction
<130> BO543w0

<160> 2

<170> Patentin version 3.1

<210> 1

<21i> 22

<212> DNA

<213> artificial sequence

<220

<223> primer

<400> 1

catgtttctg ctgttgctge tg 22
<210> 2

<2311> 21

<212> DNA

<213> artificial sequence

<220>

<223> primer

<400> 2

gtggcatcce tgtggtcact ¢ 21



