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The present invention relates to a new biomarker for the
medicine and the biology of reproduction, in particular for in
vitro fertilization (IVF) outcome. It relates to methods for
predicting IVF outcome and for selecting the subject for IVF.
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BIOMARKER FOR THE MEDICINE AND THE
BIOLOGY OF THE REPRODUCTION

FIELD OF THE INVENTION

[0001] Thepresentinvention relates to the medicine and the
biology of the reproduction. The present invention relates to
a predictive marker of implantation failure and successful
term pregnancies, in particular following in vitro fertilization.

BACKGROUND OF THE INVENTION

[0002] Diagnosis and management of infertility is a preva-
lent health concern in young adults. Ongoing progresses of in
vitro fertilization (IVF) techniques are challenging reproduc-
tive alternatives for infertile couples. In vitro fertilization is
nevertheless associated with increased risks of clinical com-
plications that represent drawbacks to their indication in
women, including risks of multiple births, ectopic pregnancy
spontaneous abortion, and preterm delivery. Considering
these clinical risks, and the high economic cost of these
advanced technique, IVF treatment is still difficult to access
for most infertile couples. Although better comprehension of
mechanisms that influence fertilization and implantation has
provided a more accurate view of parameters associated to in
vitro fertilization success, search for biomarkers that may
predict pregnancy issues after IVF, before initiation of treat-
ment, remains a major challenge. Most of the markers that
predict embryo implantation or miscarriage (Tong et al.,
2004) occur after initiation of IVF treatment, thus limiting
counselling anticipate stress and clinical problems associated
with pregnancy failure. Prediction of the chances for infertile
women to give birth to a viable baby after IVF treatment is
thus a major issue in the optimisation of the medical response
to increasing demands of infertile couples.

[0003] Therefore, there is a strong need for markers that
may improve counselling of infertile couples, as predictors of
miscarriage and implantation failure rates associated with
IVF at a stage that precedes decision to initiate IVF treatment
and engagement of associated clinical complications.

[0004] Thesuccess of an embryonicimplantation passes by
the transfer of embryo holding sufficient qualities to be
implanted. The capacity of the embryo is appreciated prima-
rily on embryonic morphology and the kinetics of division.
The culture of embryo until the stage of blastocystes has
several potential advantages among which the selection of the
most viable embryos and having the best chances to be
implanted, synchronization embryo-uterus, the possibility of
evaluating the capacities of the embryonic development in
case of multiple implantation failures. One can hope when the
transfer was carried out with embryos of good quality (quality
defined on the morphological aspect and the speed of devel-
opment), that the latter will be implanted and allow a preg-
nancy. The evaluation of the intrinsic capacity of the embryo
to emit a set of signals supporting its implantation within the
endometrium is still difficult to evaluate.

[0005] Therefore, thereis a strong need for markers thatcan
help to assess the quality of the embryo, its viability and its
capacity to be implanted.

SUMMARY OF THE INVENTION

[0006] The present invention provides for the first time a
biomarker allowing the non-invasive evaluation and predic-
tion of IVF outcome. Besides its prognosis value, a major
value of this biomarker is the possibility of its dosage prior
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initiation of women hormonal conditioning treatment. The
use of this biomarker will improve counselling or manage-
ment of IVF associated-risks and thus provide consequent
benefits for infertile women health care. In addition, the
inventors identified MICA (MHC class I chain-related pro-
tein A) as amarker of infertility and pregnancy complications.
Therefore, the present invention concerns MICA as biomar-
ker in the medicine and biology of the reproduction.

[0007] In a first embodiment, the present invention con-
cerns a method for determining in vitro fertilization (IVF)
outcome comprising in vitro assaying for MICA in a sample,
the level of MICA being indicative of the IVF outcome, in
particular indicative of implantation failure rates, IVF failure,
and/or miscarriage. Preferably, the sample is selected from
the group consisting of:

[0008] asample of blood, plasma, serum, endometrium
biopsy, uterine fluid, vaginal and cervical secretions,
cervical mucus. Douglas’ pouch, and peritoneal fluid in
case of ceolioscopic exploration (endometriosis, adher-
ent pelvis, infectious sequela) from a woman who
receives the transferred embryo;

[0009] asample of blood, plasma, serum and semen from
a man offering the semen;

[0010] asample of blood, plasma, serum, endometrium
biopsy, uterine fluid, vaginal and cervical secretions,
cervical mucus, Douglas’ pouch, follicular fluid, and
peritoneal fluid in case of ceolioscopic exploration (en-
dometriosis, adherent pelvis, infectious sequela) from a
woman providing the oocyte; and

[0011] a sample of embryonic supernatant or embryo
culture medium.

[0012] Inasecond embodiment, the present invention con-
cerns a method for selecting a subject for a IVF comprising in
vitro assaying for MICA in asample, and selecting the subject
having a level of MICA indicative of a successful IVF prob-
ability. Preferably, 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, and peritoneal fluid in case of ceo-
lioscopic exploration (endometriosis, adherent pelvis, infec-
tious sequela).

[0013] In a third embodiment, the present invention con-
cerns a method for determining semen or spermatozoid qual-
ity 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.

[0014] In a fourth embodiment, the present invention con-
cerns a method for determining embryo quality or for select-
ing an embryo suitable for embryo transfer, in vitro fertiliza-
tion, or implantation, comprising in vitro assaying for MICA
in the embryo culture medium or supernatant, the level of
MICA being indicative of the embryo quality or of the suit-
ability of the embryo for embryo transfer, in vitro fertiliza-
tion, or implantation.

[0015] In a fifth embodiment, the present invention con-
cerns a method for infertility prognosis and determining the
probability of pregnancy complications, including miscar-
riage, vascular pregnancy diseases (VPD), preeclampsia
(PE), intra-uterine growth retardation (IUGR), associated or
not with preeclampsia, HELLP syndrome, gravidic steatosis,
gravidic nephropathy or intra-uterine foetal death, pregnancy
diseases or infertility associated with auto-immune patholo-
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gies in a subject comprising in vitro assaying for MICA in a
sample, the level of MICA being indicative of a probability of
pregnancy complications.
[0016] In a preferred embodiment, the step of assaying for
MICA in the sample comprises a step selected from:

[0017] assaying for soluble MICA protein in the sample;

[0018] assaying for cell-free nucleic acid encoding

MICA; and
[0019] assaying for anti-MICA antibodies present in the
sample.

[0020] In a most preferred embodiment, the step of assay-
ing for MICA in the sample comprises contacting the sample
with an anti-MICA antibody, preferably a monoclonal anti-
body, more preferably selected from the group consisting of
SR99, SR104 and SR116. Optionally, the step of assaying for
soluble MICA in the sample can be performed by ELISA
assay, preferably by sandwich ELISA assay.
[0021] In a sixth embodiment, the present invention con-
cerns the in vitro use of a kit comprising at least one element
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 MICA and a MIC
protein, preferably a MICA protein, in the medicine and
biology of the reproduction. Preferably, the kit is used for
selecting a subject suitable for a IVF, for determining in vitro
fertilization (IVF) outcome, for determining semen or spet-
matozoid quality, for selecting the semen or spermatozoid
suitable for IVF, for determining the probability of male
infertility in a subject, for determining embryo quality, for
selecting an embryo suitable for embryo transfer, in vitro
fertilization, or implantation, or foridentifying a subject hav-
ing a high complication risk during pregnancy, in particular a
subject susceptible to miscarriage, vascular pregnancy dis-
eases, preeclampsia, intra-uterine growth retardation
(TUGR), assaciated or not with preeclampsia, HELLP syn-
drome, gravidic steatosis, gravidic nephropathy or intra-uter-
ine foetal death.
[0022] Preferably, the anti-MICA antibody is a monoclonal
antibody, preferably selected from the group consisting of
SR99, SR104 and SR116. Optionally, the kit can further
comprise a soluble MICA protein.

DESCRIPTION OF THE FIGURES

[0023] FIG. 1: Mean sMIC serum levels in patients differ
according to implantation success and IVF issue. sMIC serum
level evaluation was obtained during the follicular phase of
the cycle preceding IVF initiation in the serum of 170 infertile
women candidate to IVF. sMIC are levels are in ng/ml. Dot
plots represent median values in sMIC positive blood samples
and error bars 25-75 interquartile ranges of median. Graphics
were obtained using GraphPad Prism Version 4 Software.
Groups are represented as women that fail to implant after
IVF (IMP-), women that experience successful implantation
after IVF (IMP+), The IMP+ group is further subdivided in 2
groups: women that give birth to a born baby after IVF
(BBaby) or women that experience miscarriage after success-
ful implantation (MIS). Median sMIC values in women that
fail to give birth (either because of implantation failure or
miscarriage) are also represented as IMP— or MIS. A group of
fertile women control donors, not pregnant at blood sample
collection, that had experienced at least 2 previous successful
pregnancies were also evaluated (Fert Ctl) for sMIC.

[0024] FIG. 2: Higher levels of MIC are found in MIC+
positive samples of women with vascular pregnancy diseases
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(VPD) in reference with women that undergo normal preg-
nancy and matched for term (NP). Vascular pregnancy dis-
eases were further subdivided in, intra-uterine growth retar-
dation (IUGR), preeclampsia (PE) and intra-uterine foetal
death (TUFD).

[0025] FIG. 3: (FIG. 3A) Median and interquartile range of
proteinuria per day in preeclampsia group dependent of sMIC
status. Comparison between sMIC positive and sMIC nega-
tive plasma was performed using non-parametric Mann-with-
ney test. (FIG. 3B) Frequency of bilateral early diastolic
uterine notch, in preeclampsia sMIC positive group and sMIC
negative plasma from preeclamptic patients.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention is based on the identification
of a biomarker in the field of 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 implanta-
tion 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 viable
and have the best probability of implantation. This marker is
also associated to pregnancy complications. In particular, it
can be used for defining the probability of intra-uterine
growth retardation (IUGR), intra-uterine foetal death, preg-
nancy diseases, infertility associated with auto immune
pathologies, gravidic vascular diseases and preeclampsia.
[0027] MICA has been extensively described in patent
applications WO 98/19167 and WO 03/089616, the disclo-
sure of which is incorporated herein by reference. Unigene
Cluster for MICA is Hs.549053 and representative sequence
can be in Embl Q9UDZ9. Soluble MICA is a truncated pro-
tein. Soluble MICA lacks the transmembrane domain and
cytoplasmic tail and includes the three extra-cellular
domains.

[0028] Accordingly, the present invention concerns meth-
ods for determining in vitro fertilization (IVF) outcome com-
prising in vitro assaying for MICA in a sample, the level of
MICA being indicative of the IVF outcome. The method can
comprise a previous step of providing a sample.

[0029] The IVF outcome can be a baby birth, an implanta-
tion failure or a miscarriage.

[0030] 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. By “cell-free” is
intended the nucleic acid which is not contained 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.

[0031] The sample can be provided from a subject.

[0032] Inafirst embodiment, the subject is the woman who
receives the transferred embryo. The subject can also be the
oocytes provider. 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, and
peritoneal fluid in case of ceolioscopic exploration (en-
dometriosis, adherent pelvis, infectious sequela). In a pre-
ferred embodiment, the sample is a sample of blood, plasma,
or serum, more preferably a serum sample.

[0033] Preferably, the level of soluble MICA is determined
prior initiation of hormonal conditioning treatment. In a first



US 2010/0112605 Al

particular embodiment, prior initiation of hormonal condi-
tioning treatment, a level of MICA greater than 2.45 ng/ml in
the serum sample is indicative of higher implantation failure
rates. Accordingly, the present invention concerns a method
wherein the subject is the woman who is intended to receive
the transferred embryo, the level of soluble MICA is deter-
mined prior initiation of hormonal conditioning treatment
and a level of MICA greater than 2.45 ng/ml in the serum
sample is indicative of higher implantation failure rates. In a
second particular embodiment, prior initiation of hormonal
conditioning treatment, a level of MICA greater than 28
ng/ml in the serum sample is indicative of a high probability
of IVF failure. Accordingly, the present invention concerns a
method wherein 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 treat-
ment and a level of MICA greater than 28 ng/ml in the serum
sample is indicative of a high probability of IVF failure. In a
third particular embodiment, prior initiation of hormonal
conditioning treatment, a level of MICA greater than 6 ng/ml
in the serum sample is indicative of a high probability of
miscarriage. Accordingly, the present invention concerns a
method wherein 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 treat-
ment and a level of MICA greater than 6 ng/ml in the serum
sample is indicative of a high probability of miscarriage.
[0034] Thelevel of soluble MICA protein can also be deter-
mined after implantation. Therefore, in a fourth particular
embodiment, after implantation, a level of MICA greater than
3.2 ng/ml in the serum sample is indicative of a high prob-
ability of miscarriage. Accordingly, the present invention
concerns a method wherein the subject is the woman who
receives the transferred embryo, the level of soluble MICA
protein can also be determined after implantation and a level
of MICA greater than 3.2 ng/ml in the serum sample is indica-
tive of a high probability of miscarriage.

[0035] 1In a fifth particular embodiment, a low level of
MICA is indicative of a high probability of a successful IVFE.
In particular, prior initiation of hormonal conditioning treat-
ment, a level of MICA in the serum sample lower than 28
ng/ml, preferably lower than 6 ng/ml and more preferably
lower than 2.45 ng/ml, is indicative of a successful IVE,
preferably a high probability of successful IVF.

[0036] Therefore, the present invention concerns a method
for selecting a subject suitable for a IVF comprising in vitro
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 is in par-
ticular a woman which is candidate for IVF. The sample can
be selected from the group consisting of a sample of blood,
plasma, serum, endometrium biopsy, uterine fluid, vaginal
and cervical secretions, cervical mucus, Douglas’ pouch, and
peritoneal fluid in case of ceolioscopic exploration (en-
dometriosis, adherent pelvis, infectious sequela). In a pre-
ferred embodiment, the sample is a sample of blood, plasma,
or serum, preferably a serum sample. The sample can be used
directly or can be subjected to previous treatments.

[0037] Inapreferred embodiment of the method for select-
ing a subject suitable for a IVF, the method comprises assay-
ing for soluble MICA protein in the sample. The level of
soluble MICA is preferably determined prior initiation of
hormonal conditioning treatment. For instance, a soluble
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MICA level in the serum sample lower than 28 ng/ml, pref-
erably lower than 6 ng/ml, 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 cell-free nucleic acid encoding MICA. By “cell-
free” is intended the nucleic acid which is not contained into
a cell. In an additional preferred embodiment, the method
comprises an indirect MICA assaying and comprises assay-
ing for anti-MICA antibodies present in the sample. The level
of MICA in the sample is preferably determined prior initia-
tion of hormonal conditioning treatment.

[0038] In a second embodiment, the subject is the man
offering the semen. In this embodiment, the sample can be
selected from the group consisting of a sample of blood,
plasma, serum and semen. The semen can be selected 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 a lower fertilizing capacity. In a preferred
embodiment, the method comprises assaying for soluble
MICA protein in the sample. In another preferred embodi-
ment, the method comprises assaying for cell-free nucleic
acid encoding MICA.

[0039] Therefore, the present invention also concerns a
method for determining semen or spermatozoid quality by
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. 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. In particular, the
semen or spermatozoid quality is used to determine its fertil-
izing capacity. Preferably, the level of MICA in the sample is
indicative of the quality of the semen or spermatozoid, and
thereby the probability of successful IVF. Preferably the
higher is the level of MICA, the lower is the quality of the
semen or spermatozoid, and thereby the probability of suc-
cessful IVE.

[0040] 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. Preferably, the
sample showing the lowest level of MICA is selected for IVFE.
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.

[0041] Inaddition, 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 pre-
ferred 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.
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[0042] 1In 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 usefulto 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 ceolio-
scopic exploration (endometriosis, adherent pelvis, infec-
tious sequela). In particular, the sample can be a follicular
fluid, for instance a follicular fluid obtained by a follicule
puncture after oocytes harvest. This fluid can be provided by
vaginal puncture after ovulation induction by HCG.

[0043] The sample can also be provided from embryonic
supernatant or embryo culture medium. In a particular
embodiment, the supernatant or the culture medium comes
from embryos aiming to be transferred or to be freezed.
[0044] The sample can be used directly or can be subjected
to previous treatments such as freezing, purification, heating,
concentration, dilution, etc. . ..

[0045] Therefore, the present invention also concerns a
method for determining embryo quality by measuring the
level of MICA in the embryo culture medium or supernatant.
The level of MICA is measured at least 44-46 hours post
fertilization, preferably 60, 70, 80 or 90 hours post fertiliza-
tion. In a preferred embodiment, the method comprises assay-
ing for soluble MICA protein in the sample. In another pre-
ferred embodiment, the method comprises assaying for cell-
free nucleic acid encoding MICA. In particular, the embryo
quality is used to determine the potential for successful
implantation of an embryo. Preferably, the level of MICA in
the embryo culture medium or supernatant is indicative of the
quality of the embryo, and thereby the probability of success-
ful implantation of the embryo. Preferably the higher is the
level of MICA, the lower is the quality of the embryo, and
thereby the probability of successful implantation of the
embryo.

[0046] The present invention also concerns a method for
selecting an embryo suitable for embryo transfer, in vitro
fertilization, or implantation, the method comprising measur-
ing the level of MICA in the embryo culture medium or
supernatant. In particular, the level of MICA is indicative of
the suitability of the embryo for embryo transfer, in vitro
fertilization, or implantation. Preferably, the embryo showing
the lowest level of MICA in the culture medium is selected for
embryo transfer, in vitro fertilization, or implantation.
Indeed, the presence of MICA has been associated with an
implantation failure. 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.

[0047] The present invention further concerns a method of
IVF comprising selecting an embryo with a method of the
present invention and transferring the embryo into a compat-
ible human uterus.

[0048] In an other aspect, the present invention concerns
methods for determining the probability of pregnancy com-
plications, including miscarriage, vascular pregnancy dis-
eases, preeclampsia, vascular or non-vascular intra-uterine
growth retardation (IUGR), associated or not with preec-
lampsia, HELLP syndrome, gravidic steatosis, gravidic neph-
ropathy or intra-uterine foetal death, in a subject comprising
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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, preec-
lampsia, vascular or non-vascular intra-uterine growth retar-
dation (TUGR), associated or not with preeclampsia, 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 level of MICA being
indicative of a probability of severe preeclampsia.

[0049] The method can comprise a previous step of provid-
ing a sample.
[0050] Thesampleusedinthis methodcan be selected from

the group consisting of the blood, plasma, serum, placenta,
cord’s blood, endothelial cells and amniotic fluid samples. In
a preferred embodiment, the sample is a sample of blood,
plasma, or serum, preferably a serum sample. The sample can
be used directly or can be subjected to previous treatments.
[0051] The subject is preferably a pregnant woman or a
woman wishing to be pregnant.

[0052] 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. In an additional pre-
ferred embodiment, the method comprises an indirect MICA
assaying and comprises assaying for anti-MICA antibodies
present in the sample.

[0053] Preferably, the level of soluble MICA is determined
after embryo implantation. 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, 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 steato-
sis, gravidic nephropathy or intra-uterine foetal death, more
particularly a pathology selected from the group consisting of
VPD, preeclampsia, vascular [IUGR, IUFD and a combina-
tion 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, is also indicative a higher probability of
severe preeclampsia, in particular preeclampsia associated
with proteinuria reflecting renal failure and/or bilateral early
diastolic uterine notch which is a reflection of placental insuf-
ficiency. Ina 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, preec-
lampsia, intra-uterine growth retardation (TUGR), associated
or not with preeclampsia, HELLP syndrome, gravidic steato-
sis, gravidic nephropathy or intra-uterine foetal death.
[0054] The present invention also concerns a method for
differentiating vascular from non vascular intra-uterine
growth retardation (IUGR) in a subject comprising in vitro
assaying for MICA in a sample, the level of MICA being
indicative of a probability of vascular TUGR. 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 0.3 ng/ml, 0.5 ng/ml,
0.75 ng/ml or 1 ng/ml, is indicative a vascular [IUGR. Prefer-
ably, the level of soluble MICA is determined after embryo
implantation.
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[0055] As indicated above, the step of assaying MICA can
comptise assaying the soluble MICA protein 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 antibody. In a preferred embodi-
ment, the step of assaying for soluble MICA in the sample is
performed by ELISA assay, preferably by sandwich ELISA
assay. The ELISA techniques for analysis and quantification
of proteins, especially soluble proteins, are well known by the
man skilled 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, radioimmunoassay (RIA), FACS
analysis and other immunoassay techniques well known by
the man skilled in the art.

[0056] For instance, a ELISA assay can be performed as
following: a test sample is immobilized on wells of a poly-
styrene microtitre plate; anti-MICA antibodies are added to
the wells; after binding and washing to remove non-specifi-
cally binding, the bound anti-MICA antibodies are detected.
Detection is often achieved by the addition of a detectable
antibody specific of anti-MICA antibodies. For instance, it
can be detected by a third antibody directed against the Fc part
of the second antibody (for instance, an anti-mouse IgG anti-
body from goat). Alternatively, the anti-MICA antibody can
be labelled.
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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).

[0061] 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
Genbarnk 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 micro-
particles, in particular microparticles present in blood or
serum samples. Nucleic 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 is assayed by quantitative PCR or RT-PCR.
The one skilled in the art can easily design suitable primers
pair. For example, a primers pair suitable for assaying MIC A
RNA by quantitative RT-PCR by sybergreen can be the fol-
lowing: MICA 970F and MICA 1127R.

Position Tm E E
from Primer Tm Product Product anyl anyl PCR
Primer ATG Sens Position Sequence express Primer3 FEtot E3' length Tm tot 3" Conditions
MICA 970F 931 F Exon5 SEQIDNol 60.6 62.8 4 2 158 87.4 3 1 62°7"
MICA 1127R 1088 R Exon7 SEQIDNo2 61.3 63.7 4 1
[0057] Preferably, a sandwich ELISA assay can be per- [0062] The nucleic acids of the sample can be purified or

formed as following: anti-MICA antibodies are immobilized
on wells of a polystyrene microtitre plate; a test sample is
added to the wells; after binding and washing to remove
non-specifically binding, the bound MICA is detected by a
second anti-MICA antibody. Detection is often achieved by
the addition of a detectable antibody specific of anti-MICA
antibodies. For instance, it can be detected by a third antibody
directed against the Fc¢ part of the second antibody (for
instance, an anti-mouse 1gG antibody from goat). Alterna-
tively, the second anti-MICA antibody can be labelled.
[0058] The anti-MICA antibodies useful in the present
invention can be polyclonal or monoclonal. Antibodies can be
of any class, preferably IgG1 or [gG2a. They can be specific
of MICA, in particular soluble MICA. These antibodies are
able to bind the extra-cellular part of MICA. Alternatively,
they can bind both MICA and MICB.

[0059] Means for preparing and characterizing antibodies
are well-known in the art (Harlow and Lane, Antibodies: A
Laboratory Manual., Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y. (1988)). More specific examples of
antibodies are 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 anti-
body, preferably selected from the group consisting of SR99,
SR104 and SR116.

[0060] The anti-MICA antibodies can be labelled. The
label can be radioactive, fluorescent, chemilluminescent, an

enriched before to apply these techniques. The detection of
nucleic acids encoding MICA has been extensively described
in patent application WO 98/19167, the disclosure of which is
hereby incorporated by reference.

[0063] As indicated above, the step of assaying MICA can
comprise for anti-MICA antibodies present in the sample. For
instance, the anti-MICA antibodies can be detected by ELISA
assay using MICA proteins, preferably recombinant MICA
protein. Methods for preparing such MICA proteins have
been extensively described in patent applications WO
98/19167 and WO 03/089616, the disclosure of which is
hereby incorporated by reference. Alternatively, the step of
assaying for anti-MICA antibodies in the sample can be pet-
formed by coupling of MIC, preferably MIC A, to micro-
beads (Luminex technology). A commercially available kit
Labscreen (One Lambda, ref LSMICAQ001) is useful for
assaying anti MIC antibodies in a serum sample by Luminex.
Such an assay for anti-MIC antibodies can be effective forthe
autoantibodies assay in autoimmune pathology associated to
infertility (coeliac disease, APS, . .. ). This assay can also be
valuable in case of women having a gravidic pathology with
immuno logic etiology (preeclampsia, habitual abortion).
[0064] Inaddition, the present invention concerns a method
for determining the probability of infertility in a subject suf-
fering of an autoimmune disease or disorder, comprising
measuring the level of MICA in a sample from the subject, the
level of MICA being indicative of a probability of infertility
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for the subject. Optionally, the method can comprise a previ-
ous step of providing a sample from the subject. The sample
can be selected from the group consisting of blood, plasma,
serum, endometrium biopsy, uterine fluid, vaginal and cervi-
cal secretions, cervical mucus, Douglas’ pouch, follicular
fluid, peritoneal fluid in case of ceolioscopic exploration, and
semen. In a preferred embodiment, the method comprises
assaying for soluble MICA protein in the sample. In an other
preferred embodiment, the method comprises assaying for
cell-free nucleic acid encoding MICA. In an additional pre-
ferred embodiment, the method comprises assaying for anti-
MICA antibodies present in the sample.

[0065] The present invention also concerns the use of a kit
comprising at least one element selected from the group con-
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 aMICA 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 element 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
MICA and a 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.

[0066] 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 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. Recombinant soluble MICA molecules
can be prepared as described in Hue et al, 2003 (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 immunode-
tection reagents or solvant. The present invention also con-
cerns in particular the use of the kit for the probability of in
vitro fertilization (IVF) failure, embryo implantation failure,
miscarriage, intra-uterine growth retardation and preeclamp-
sia. Preferably, the anti-MICA antibody is a monoclonal anti-
body, preferably selected from the group consisting of SR99,
SR104 and SR116. In a particular embodiment, the kit further
comprises a soluble MICA protein.

[0067] The present invention also concerns the use of a kit
according to the present invention 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 IVF, for
determining the probability of male infertility in a subject, for
determining embryo quality, for selecting an embryo suitable
for embryo transfer, in vitro fertilization, or implantation, 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 preec-
lampsia, HELLP syndrome, gravidic steatosis, gravidic neph-
ropathy or intra-uterine foetal death, for determining the
severity of preeclampsia, for differentiating vascular from
non vascular intra-uterine growth retardation (TUGR) and for
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determining the probability of infertility in a subject having
an auto-immune disease, in particular a celiac disease or an
antiphospholipid antibody syndrome (APS).

[0068] The present invention also concerns a kit for assay-
ing soluble MICA comprising at least one anti-MICA anti-
body selected from the group consisting of SR99, SR104 and
SR116. Preferably, the kit comprises two anti-MICA antibod-
ies, in particular SR99 and SR104. Optionally, one of the two
antibodies is labelled (e.g. biotinylated antibody). In a pre-
ferred 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 present invention.

[0069] Inaddition, the assaying of MICA in any one of the
methods and uses of the present invention can be combined
with the assaying of other markers known in the art. The
combination of several markers can still increase the predict-
ability. For instance, these additional markers can be selected
in the group consisting of HLA-G and angiogenic markers
such as endoglin, PIGF and sFLT1. In order to assay these
additional markers, the kit can comprise one or several addi-
tional elements selected from the group consisting of an anti-
body, 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 probe specific of
a nucleic acid encoding HLA-G, endoglin, PIGF or sFLT1.
[0070] Further aspects and advantages of the present inven-
tion 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 articles, patents and patent applications cited in the
present specification and in the examples, and fully incorpo-
rated therein by reference.

Example 1

Serum Levels of Soluble MIC are Predictive Markers
of Implantation Failure and Successful Term Preg-
nancies Following In Vitro Fertilization

[0071] Uterine NK (uNK) are the predominant lymphoid
cell population found at the embryo implantation site and
progressively disappear after mid-gestation. Innate immune
mechanisms operating in the mother are thus thought to have
a strong influence in acceptance of the semi-allogeneic foe-
tus. In particular, uNK receptors recognize paternal/tropho-
blast ligands, which prevent foetal attack by the maternal
immune system.

[0072] Presenceof soluble HLA-G,aknown NK inhibitory
ligand usually expressed at the fetomaternal interface, in
embryo supernatants, has been correlated to higher embryo
implantation rates after in vitro fertilization (IVF) (Fuzzi et
al., 2002; Warner et al., 2004). Interaction between maternal
killer immunoglobulin receptors (KIR) on uNK and foetal
HLA-C also influences reproductive success (Hiby et al.,
2004; Parham, 2004; Wu et al., 2004). In addition, uNK cells
secrete angiogenic factors and cytokines that favour implan-
tation and placentation (Ashkar et al., 2003; Coulam et al.,
2003; Hanna et al., 2006; Ledee-Bataille et al., 2004; Moffett-
King, 2002).

[0073] Therefore, the inventors deduced that any dysfunc-
tion of uNK cells should thus represent a drawback to suc-
cessful implantation and pregnancy.

[0074] Functional implications of the expression of sMIC
stress-inducible MHC class [ related molecules has been
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widely explored in oncology (Carbone et al., 2005; Groh et
al., 2005; Groh et al., 1998) and auto-immunity (Hue et al.,
2004; Meresse et al., 2004). Stress induced NKG2D ligands
expression on allogeneic or autologous cells has been shown
to target NK cell cytotoxicity and cytokine/chemokine pro-
duction (Andre et al., 2004; Lanier, 2005; Meresse et al.,
2004; Raulet et al., 2003; Sutherland et al., 2002). Dual acti-
vatory and stimulatory mechanisms have been associated to
engagement of 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 favour-
ing tumour growth (Groh et al., 2002; Wu et al., 2004). Such
down regulation of NKG2D by placental-derived SMIC has
also recently been suggested as an immune escape mecha-
nism that may down regulate maternal immune responses
during pregnancy (Mincheva-Nilsson et al., 2006).

[0075] However, sMIC stress-inducible MHC class 1
related molecules has never been investigated with regards to
reproduction failure. For the first time, the inventors investi-
gated whether serum sMICA could be evidenced in women
that fail to become pregnant or to give birth to a viable baby
after in vitro fertilization (IVF).

[0076] Materials and Methods
[0077] Subjects and Methods
[0078] Thepresent prospective study, approved by the local

ethics committee, was performed on a consecutive series of
infertile patients who underwent an IVF or ICSI at the Center
of Assisted Reproductive Medicine, La Conception Hospital
in Marseilles (January 2004-October 2005). A cohort of 170
infertile women, all candidates for IVF, was recruited for this
study after given consent. Clinical indications were unex-
plained infertility, male infertility and tubal factor. None of
the women included had a history of previous pregnancy.
Plasma samples were collected during the follicular phase of
the cycle preceding IVFE. All patients received a similar stimu-
lation regimen. Ovarian stimulation was performed by using
recombinant FSH (Gonal F®, Serono Pharma, Paris, France;
Puregon®, Organon France, Paris, France) started after pitu-
itary down regulation with Gnrh agonist analog. Complete
pituitary desensitization was confirmed by both low plasma
oestradiol below 50 pg/ml and ultrasound examination to
exclude ovarian cyst and confirmed the endometrial thickness
below than 5 mm. Human chorionic gonadotrophin 10000 UI
(HCG) was administered when at least three follicles
exceeded 16 mm in diameter. Qocyte recovery was performed
by transvaginal ultrasound guidance and general anesthesia
32-34 hours after HCG administration. Luteal phase was
supported with natural progesterone from the day of embryo
transfer. The embryo transfer was performed on the 2nd or 3rd
day post-oocyte collection. A single serum HCG measure-
ment was performed 15 days after embryo transfer. A clinical
pregnancy was defined when an intra uterine gestational sac
with fetal heartbeat was detected by transvaginal ultrasonog-
raphy.

[0079] Collected oocytes were cultured in a four-well
multi-dish with 6004 of culture medium added with serum
substitute supplement. Each well contained from one to four
oocytes. IVF or ICSI technique was used for insemination.
Oocytes fertilization was observed 16-18 hafter insemination
under an inverted microscope and fertilization rate was cal-
culated. Embryos were examined after 48 h or 72 h in culture,
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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 1 (no fragments), grade 2
(<20%), grade 3 (20-50% fragmentation), grade 4 (>50%
fragmentation).

[0080] ELISA Assay of Soluble MIC Levels in Plasma

[0081] Construction, expression, and purification of
soluble MICA molecules: Recombinant soluble MICA mol-
ecules have been prepared as described in Hue et al, 2003 (p.
1910), the disclosure of which is incorporated herein by ref-
erence.

[0082] Production of anti-MICA mAbs: Anti-MICA
monoclonal antibodies have been produced as described in
Hue et al, 2003 (p. 1910), the disclosure of which is incorpo-
rated herein by reference.

[0083] 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 pg/ml in PBS, 100 ul per well) for 12 h at4° C.,
washed five times with PBS plus 0.05% Tween20, blocked by
addition of 100 pl of 5% BSA for 1 h at 22° C., and washed in
PBS-0.05% Tween 20. The standard (serial dilutions of
soluble rMICA from 100 pg/ml to 0.1 ng/ml in PBS-0.05%
Tween 20) and the serum samples (100 pl per well) were then
added for 2 h at room temperature. After five washes, the
biotinylated SR104 detection Ab (150 ng/ml in PBS, 100 pl
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 Pharma-
cia Biotech), washed, and reacted with tetramethylbenzidine
substrate (Sigma-Aldrich) for 15 min at 37° C. Reaction was
stopped with 0.5 M H,S0,, (50 ul per well). The absorbance
was measured at 450 nm. The detection threshold of recom-
binant soluble MICA protein was 0.1 ng/ml.

[0084] Statistical Analysis

[0085] Differences between groups were evaluated for sta-
tistical 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 sofi-
ware version 4.0b. Chi-Square analysis was used to compare
sMIC frequencies between 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 <0.05.

[0086] Results

[0087] Higher sMIC Serum Levels are Found in Infertile
Women that Experience Implantation Failure after IVF

[0088] Of the 170 patients included, 38 experienced suc-
cessful embryo implantation following IVF, among which 30
ongoing pregnancies gave birth to a viable baby atterm and 8
miscarriages occurred after successful implantation. Three
patients experienced miscarriage at 8 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.

[0089] Serum sMIC was measured with using a sandwich
ELISA as described (Hue et al., 2004). Sixty-four (38%)
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patients undergoing IVF had detectable sMIC serum levels
(mean=15.28 ng/ml, lower-upper 95% ranges=10.7-19.9
ng/ml).

[0090] 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 sMIC levels val-
ues may help prediction of implantation failure in sMIC posi-
tive women. They thus defined a 2.45 ng/ml cut-off value
allowing risk evaluation by ROC analysis (sensitivity 82,
specificity 50%). sMIC> to 2.45 were associated to implan-
tation failure (odds ratio: 4.6, 95% C1 1.08-19.79, p=0.031).
sMIC serum levels >27.7 ng/ml were always associated with
lack of embryo implantation after IVF (FIG. 1).

TABLE 1
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[0093] High Values of sMIC are Associated to Miscarriage
after Implantation Success

[0094] Although the frequency of sMIC positive women
did not significantly differ in relation with implantation suc-
cess (36% in the implantation success versus 38% in implan-
tation failure group), when implantation was successful (38
cases), frequencies of sMIC positive were higher in the group
of women experimenting miscartiage (75%) 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 miscarriage
after IVF (median=9.7, min.-max. observed=2.5-24 ng/ml)
than in the group successfully achieving pregnancy (me-
dian=2.1, min.-max ranges 1-6 ng/ml. 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

Characteristics of the 170 infertile women recruited in the study

Non Pregnant
Implantation Miscarriage Evolutive pregnancy
Failure After Implantation Live Born Baby ~ P-value

Number of patients 132 8 30 NA
Age (years) (mean =+ sd) 32.07 £3.742 32.00£3.721 32.51 £3.373 0.88
Tubal factors (%) 29.25 — 24.6 ns
Male factors (%) 41.25 66 44 ns
Unexplained (%) 29.5 34 214 ns
Duration of infertility (years) (mean = sd) 438 £2.221 437212 4.64 £3.58 0.67
Basal FSH levels (U/T) (mean =+ sd) 7.15£2.19 7.23 +1.86 6.99 £2.85 0.93
Basal LH levels (UI'T) (mean + sd) 4.94 +1.37 477 £1.10 4.45 £1.46 0.84
Gonadotrophin (UI) 2120 + 962.9 2125 + 831.6 2299 +678.2 0.63
Endometrium (mm) 10.60 + 1.91 11.40 £ 0.89 10.86 = 1.86 0.69
Duration of stimulation (days) 12.12 £ 1.68 1042192 11.74 £2.37 0.52
Estradiol (UT) on HCG day 2001 + 939.5 2268 + 1391 1912 £1018.4 0.65
Number of oocytes collected (mean + sd) 9.5 +£541 8.25+3.19 10.2 £4.49 0.61
Fertilization rate (%) 77.25 £ 16.92 72.56 £31.62 74.13 £16.76 ns
Number of embryos available for transfer (mean + sd) 6.77 £3.74 6.12+3.98 7.13£3.53 0.75
Mean of embryos transferred 2.044 £ 041 1.8+042 200 0.25

[0091] sMIC Serum Levels Predicts Chances to have a
Viable Born Baby at Term after I[VF

[0092] In addition to predict implantation failure, the
inventors further prospectively assayed whether increased
sMIC levels could predict TVF outcome as birth of a live baby.
Indeed after implantation was successful (38 women), 8
women experienced a miscarriage after IVF and 30 gave birth
to a viable baby. When positive, soluble serum MIC values
observed before IVF were found to be significantly lower in
the group of women that gave birth after IVF (median=2
ng/ml, min. max. ranges: 1-6 ng/ml) in reference to women
who experienced miscarriage or implantation failure after
IVF (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 instead of
miscarriage or implantation failure. Using the same cut-off of
2.45 ng/ml (sensitivity=82% and specificity=75%), the
chances to have a viable baby were higher when predicted by
sMIC serum levels prior IVF that are lower than the 2.45
ng/ml threshold (odds ratio=13.8, CI 95%=2.03-118, p=0.
002). Highest values of sMIC observed in women achieving
ongoing pregnancies were 6 ng/ml (FIG. 1).

total population of pregnant women in absence of TVF, the
inventors could show that, when implantation is successful
after IVF, higher sMIC were associated with miscarriage
occurring during pregnancy obtained after [IVF. 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 preg-
nancy (Odds ratio=35, p=0.026, 95% CI 1.74-703). No birth
atterm was observed when women had sMIC serum levels >6

ng/ml.
[0095] Discussion
[0096] Themechanisms by which sMIC influences embryo

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

[0097] The main finding of the inventors is thus that the
stress inducible immunostimulatory MHC class I Chain-Re-
lated molecule, is prevalent before IVF in women that will
experience implantation and pregnancy failure. Serum levels
of sMIC greater than 2.45 ng/ml are predictive of higher
implantation failure rates matrix, and that sMIC serum levels
>6 ng/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 experiment-
ing miscarriage after IVF. 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 involve cleavage by metallopro-
teinase (Waldhauer et al., 2006). Altered metalloproteinase
activity has been reported in IVF patients with recurrent
implantation failure (Shibahara et al., 2005). Further investi-
gation 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 et al., 2004),
where higher prevalence of infertility is reported (Meloni et
al., 1999), suggests sSMIC may be the signature of a higher
auto or alloreactive potential of the mother to reject the foetal
embryo.

[0098] Altogether, considering high economic and psycho-
logical implications of TVF, this study is the first to provide
arguments that seric sSMIC quantification may be considered
as a novel parameter with applications in the non-invasive
evaluation and prediction of IVF outcome. Besides its prog-
nosis value, a major value of this biomarker is 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 conse-
quent benefits for infertile women health care.

Example 2

Soluble MIC is Found at Higher Frequencies in
Plasma of Women Vascular Pregnancy Diseases

[0099] Pregnancy creates a unique situationin which exten-
sive angiogenesis and establishment of maternal immune tol-
erance allow successful fetal and placental development.
Cross talk between trophoblast fetal cells and maternal
immune cells regulate early pregnancy placental develop-
ment, vasculogenesis and immune tolerance of the fetus.
Inadequate placentation leads to vascular pregnancy diseases
(VPD) that include preeclampsia (PE), intrauterine growth
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retardation (IUGR) and recurrent pregnancy loss, which rep-
resent a leading cause of fetomaternal morbidity and mortal-
ity. Preeclampsia is characterized by hypertension and pro-
teinuria after 20 weeks of gestation. Despite recent advances
in understanding how inadequate placental vascularization
(incomplete spiral artery remodeling) may lead to vascular
pregnancy diseases, their prognosis remains severe, and pla-
cental removal is still the only treatment to manage severe
preeclampsia and major intra uterine growth restriction.

Example 2a
Materials and Methods

[0100] Subjects

[0101] 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 (IUFD) and
compared to a control group of plasma from 53 women with
normal ongoing pregnancies matched for pregnancy term
(mean 29 weeks).

[0102] Methods

[0103] PE was defined as a diastolic arterial blood pressure
greater than 90 mm Hg, and a systolic blood pressure greater
than 140 mm Hg, associated with proteinuria (more than 300
mg/24 h). In addition, severe maternal complications associ-
ated with increased risk of adverse outcome for both mother
and fetus were reported, particularly association with HELLP
syndrome (H=hemolysis; EL=elevated liver enzymes; and
LP=low platelets) (Weinstein et al., 2005) and oliguria that
leads to renal failure.

[0104] Vascular JUGR was defined as ultrasonographic
measurement <2.5” percentile for gestational age associated
with at least one biological or sonographical marker of “pla-
cental insufficiency” as abnormal uterine, or umbilical artery
Doppler (Chien et al., 2000), or elevated plasma fibronectin
level (Ostlund et al., 2001). Exclusion criteria of vascular
TUGR group were the presence of congenital malformations
or chromosomal abnormalities in the fetus, recent cytomega-
lovirus or toxoplasma infection, trauma, drugs or alcohol
abuse during pregnancy and fetus constitutionally small for
gestational age.

[0105] TUFD was defined by ultrasound examination as a
visible fetus without cardiac activity after 12 weeks of gesta-
tion with fetal biometry according to term, occurring after
severe growth retardation.

[0106] Results

TABLE 2

Frequencies observed in the VPD group were higher than in a term
matched control group.

Normal
Pregnancies Vascular pregnancy Diseases

NP VPD TUGR PE IUFD
n= 33 49 13 19 17
MIC+n = 1 19 5 6 8
% MIC+ 1.9 38.8 38.5 31.6 47.1
Mean 1.0 10.27 6.39 15.25 8.935
Std. Error 0.0 3.17 4.43 5.21 5.99
Minimum 1 0.335 0.4 1.37 0.35
Maximum 1 50.00 23.70 32,69  350.00
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[0107] Asshown in FIG. 2, higher levels of MIC have been
found in MIC+ positive samples of women with vascular
pregnancy diseases.

Example 2b
Materials and Methods
[0108] Subjects
[0109] Following informed consent, 169 women were con-

secutively included in the study conducted over a two-year
period (2004-2006).

[0110] 81 patients presented vascular pregnancy diseases
(VPD) that were further subdivided in 3 groups: 40 patients
with PE, 23 patients with vascular IUGR, 18 patients with
intrauterine fetal death (IUFD). PE, IUGR, IUFD was defined
as described above in the example 2a.

[0111] 25 patients presented isolated non-vascular IUGR,
related to chromosomal fetal aneuploidy in 4 cases, fetal
polymalformative syndrome in 8 cases, toxic or infectious
originin3 cases, and fetus small for gestational age in the 10
remaining cases. Non-vascular [UGR was diagnosed as ultra-
sonographic measurement <2.5th percentile for gestational
age with a normal fibronectin level, uterine and umbilical
artery Doppler velocity.

[0112] The control group consisted of 63 healthy pregnant
women seen for routine gynecologic examination and fol-
lowed until delivery to confirm normal pregnancy (NP) out-
come. Normal pregnancies were recruited between 17 and 41
weeks of gestation to match term of normal pregnancies with
that of patients with VPD.

[0113] Plasma Collection

[0114] Blood samples were collected at time of diagnosis
of vascular pregnancies diseases, or isolated TUGR and at
time of obstetrical examination for the control group of term
matched normal pregnancies. Samples were collected into
0.129 mol/L, sodium citrate (3.8%) centrifuged and stored at
-80° according to standard procedures.
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[0115] Capture ELISA for sMICA/B

[0116] Soluble MIC concentrations were measured in the
plasma using a sandwich enzyme-linked immunoabsorbent
assay as previously described (Hue et al., 2004). The detec-
tion threshold of recombinant soluble MICA protein, used as
standard in each experiment, was 0.1 ng/m] and plasma levels
higher than 0.3 ng/ml were considered as positive.

[0117] Statistics

[0118] Analyses were performed with Prism software
(GraphPad 4.0b, GraphPad, San Diego, Calif.) implementing
the non parametric Kruskal-Wallis 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 degranulation assay results. Data were expressed
as the median [range] and mean (sd) depending on the distri-
bution. Association between categorical variables was tested
after cross tabulation by the Pearson chi square (and by fisher
exacttestif n<5). Correlation was improved by spearman test.
A 95% confidence interval (p<0.05) was considered signifi-
cant.

[0119] 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.

[0120] Results

[0121] Increased Frequency of Plasma sMIC in Women
with Vascular Pregnancy Diseases

[0122] Plasmalevelsof 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 ges-
tation, body mass index and gestational age at sampling
between normal pregnancies, VPD and non-vascular IUGR.
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 signifi-
cantly lower in the group with VPD and non-vascular ITUGR
compared to normal pregnancies (p<0.001). The main clini-
cal and biological characteristics of these patients are sum-
marized in Table 3.

TABLE 3

Characteristics of the study population

Vascular

Normal pregnancy Non vascular

pregnancies diseases TUGR p value
Number of patients 63 81 25
Age (yrs, mean £sd)  29.6 6.6 30263 29£6.3 ns
Gestation (1) 3[1-9] 2[0-7] 2[0-6] ns
Pasity (n) 1[0-5] 0 [0-4] 0[0-3] ns
Body Mass Index 23[17-48] 23.1[163-372]  23[1837] ns
(kg/em?)
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] 7[5.585]  p<0.001*
Pressure (mmHg)
Uterine 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] ns
(wks gest.)
Term at delivery 40,3 [35-42] 32,3 [17-41.1] 32 [22-41] P <0.001§
(wks gest.)
Baby weight atbirth 3300 [2640-4680] 1330 [80-3410] 1745 [400-2500] p <0.001§

(8

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 diseases and others groups

§p < 0.001 between Normal pregnancies and others groups
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[0123] 1Inthe NP group, only one of the 63 women had low
sMIC levels in plasma (0.5 ng/ml). However, it must be noted
that this patient was followed for systemic lupus erythema-
tosus, with normal pregnancy evolution. Of the 25 women
with non-vascular TUGR, Thad detectable sMIC plasma lev-
els (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 signifi-
cantly higher in preeclampsia patients (median, 25-75 inter-
quartile ranges: 7.5 ng/ml, 1.37-32.69) than in IUFD (2.18
ng/ml, 0.86-7.58, p<0.01) and vascular TUGR (1.63 ng/ml,
0.86-5.2, p<0.05) (Table 4).

TABLE 4

Frequency of sMIC detection and plasma levels
in the study population.

Comparison of Median sMIC

Frequency of  sMIC frequency plasma levels in

sMIC positive  in reference to  positive samples
plasma control normal  (ng/ml) [25-75
Number pregnancy  interquartile
(Proportion %) group range]
Notmal 1(1.6%) - 05
pregnancies
(n=163)
Vascular 26 (32%) p<00001  22[1.15-1147]
pregnancy
diseases (n = 81)
Preeclampsia 9(22.5%) p<0.0008  7.5[1.37-32.69]
(n =40)
Vascular TUGR 9 (39%) p<00001  1.63[0.86-5.2]
(n=23)
IUFD (n = 18) 8 (44%) p<00001  2.18 [0.86-7.58]
Non vaseular 1 (4%) ns 1.63
TUGR (n =25)
[0124] The Presence of Plasma sMIC Identifies a Subgroup

of Severe Preeclampsia.

[0125] It was then determined whether the presence of
sMIC in maternal plasma was associated to clinical, biologi-
cal or sonographical markers that characterize the severity of
preeclampsia according to term at diagnosis, systolic or dias-
tolic blood pressure, proteinuria quantification, uric acid and
fibronectin plasma levels, umbilical and uterine artery Dop-
pler 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, FIG.
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 pro-
teinuria 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 insufficiency, was more frequent in the sMIC-posi-
tive group of PE (p=0.037, F1G. 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 olig-
uria 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
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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).

[0126] The Presence of sMIC in Plasma is Associated with
Vascular [UGR

[0127] To address whether the presence of plasma sMIC
associates with the vascular origin of IUGR, the inventors
compared sMIC levels in women with vascular and non-
vascular [UGR. Among the 23 patients with vascular IUGR,
9 (39%) had detectable plasma sMIC, compared to only one
out of the 25 (4%) with non-vascular JUGR (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. Fur-
thermore, positive sMIC plasma predicted the vascular etiol-
ogy of TUGR with 90% positive predictive value (96% speci-
ficity and 39% sensitivity), and 63% negative predictive
value.

[0128] Discussion

[0129] 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 preec-
lampsia and appear to be a specific marker of vascular [IUGR.
[0130] Preeclampsia is a multisystem disorder of unknown
cause that is unique to human pregnancy. Among them, con-
genital thrombophilic defect have been associated with the
occurrence of VPD. Novel inflammatory and thrombosis
markers have been identified without clinical application (Le-
vine et al., 2006, Bretelle et al., 2003 and 2005). Furthermore,
high proteinuria is associated to increased risk of adverse
maternal and fetal outcomes (Chan et al., 2005). However
proteinuria is not independently predictive of adverse out-
come and no threshold value of protein excretion may predict
severe preeclampsia complication. In the state of the art, no
clinical data relevant marker of PE severity has been identi-
fied

[0131] Considering the results of the inventors, the pres-
ence 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.

[0132] The presence of sMIC in maternal plasma is also
associated with IUGR, another subtype of vascular diseases
of multiple origins, prognosis of which depends on the cause,
severity and term of diagnosis. Placental insufficiency due to
abnormal placentation constitutes the major cause of [UGR
called vascular IUGR. Most vascular IUGR are associated
with PE and share the same physiopathology. By contrast,
isolated ITUGR may represent the only sonographical sign of
severe fetal infection, aneuploidy, or genetic syndrome asso-
ciated with abnormal neurclogic outcomes, so that patients
may ask for pregnancy termination in such cases. Vascular
TUGR is sometimes easily diagnosed in the presence of PE,
maternal vascular markers (fibronectin, high uric acid level)
or alteration of uterine Doppler Velocimetry waveflow. How-
ever, in the state of the art, there was a lack of non-invasive
and specific markers that allow to differentiate vascular from
non vascular [UGR. For example, indices of uterine Doppler
velocimetry used in the prediction of placental hypoxic-is-
chemic lesions in IUGR show 63% specificity for 97% sen-
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sibility. In the absence of obvious TUGR etiology, invasive
fetal explorations are required to determine fetal prognosis,
with non-negligible rate of premature delivery and late fetal
loss.

[0133] The results of the inventors show that sMIC detec-
tion in women plasma allows to predict the vascular origin of
TUGR with 96% specificity. Therefore, the sMIC quantifica-
tion at time of IUGR diagnosis constitutes a useful non-
invasive tool to improve management of idiopathic [TUGR.
[0134] These results show that quantification of sMIC mol-
ecules in women plasma is a useful non-invasive tool to
predict the imminent onset of vascular complications during
pregnancy.
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Example 3

Soluble MIC is Found at Higher Frequencies in Fol-
licular Fluid, Embryo Supernatant, Semen and in
Catheter used for Embryo Transfer in Case of
Implantation Failure

[0135] 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 in Table 5.

TABLE 5

IMPLANTATION PREGNANCY
evolution FF

Y/N

sMIC MICT MICUT MIC MIC MIC
embryo embryo  Sperm T Sperm UT KT

YES
YES
YES
YES
YES
YES
YES
YES
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YES
YES
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NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
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1-35. (canceled)

36. A method for determining in vitro fertilization (IVF)
outcome comprising in vitro assaying for MHC class I chain-
related protein A (MICA) in a sample, the level of MICA
being indicative of the IVF outcome, implantation failure
rates, [VF failure, and/or miscarriage.

37. The method according to claim 36, wherein 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, and peritoneal fluid from a
woman who receives a transferred embryo;,

a sample of blood, plasma, serum and semen from a man
offering semen;

a sample of blood, plasma, serum, endometrium biopsy,
uterine fluid, vaginal and cervical secretions, cervical
mucus, Douglas’ pouch, follicular fluid, and peritoneal
fluid from a woman providing an cocyte; and

a sample of embryonic supernatant or embryo culture
medium.
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38. The method according to claim 37, wherein the sample
is a sample of blood, plasma, or serum.

39. The method according to claim 37, wherein the subject
is a woman who is intended to receive a transferred embryo,
the level of soluble MICA is determined prior initiation of
hormonal conditioning treatment and a level of MICA greater
than 2.45 ng/ml in the serum sample is indicative of higher
implantation failure rates.

40. The method according to claim 37, wherein the subject
is a woman who is intended to receive a transferred embryo,
the level of soluble MICA is determined prior initiation of
hormonal conditioning treatment and a level of MICA greater
than 28 ng/ml in the serum sample is indicative of a high
probability of IVF failure.

41. The method according to claim 37, wherein the subject
is a woman who is intended to receive a transferred embryo,
the level of soluble MICA is determined prior initiation of
hormonal conditioning treatment and a level of MICA greater
than 6 ng/ml in the serum sample is indicative of a high
probability of miscarriage.

42. The method according to claim 37, wherein the subject
is a woman who receives a transferred embryo, the level of
soluble MICA protein can also be determined after implan-
tationand alevel of MICA greater than 3.2 ng/ml in the serum
sample is indicative of a high probability of miscarriage.

43. A method for selecting a subject for a IVF comprising
in vitro assaying for MICA in a sample, and selecting the
subject having a level of MICA indicative of a successful IVF
probability.

44. The method according to claim 43, wherein the sample
is selected from the group consisting of blood, plasma, serum,
endometrium biopsy, uterine fluid, vaginal and cervical
secretions, cervical mucus, Douglas’ pouch, and peritoneal
fluid.

45. The method according to claim 44, wherein the sample
is a sample of blood, plasma, or serum.

46. The method according to claim 45, wherein the level of
soluble MICA is determined prior initiation of hormonal
conditioning treatment and a soluble MICA level in the serum
sample lower than 28 ng/ml is indicative of a probability of a
successful [VF.

47. The method according to claim 46, wherein a soluble
MICA level in the serum sample lower than 6 ng/ml is indica-
tive of a probability of a successful IVF.

48. The method according to claim 46, wherein a soluble
MICA level in the serum sample lower than 2.45 ng/ml is
indicative of a probability of a successful IVF.

49. The method according to claim 36, wherein the step of
assaying for MICA in the sample comprises a step selected
from:

assaying for soluble MICA protein in the sample;

assaying for cell-free nucleic acid encoding MICA; and/or

assaying for anti-MICA antibodies present in the sample.

50. The method according to claim 36, wherein the step of
assaying for MICA in the sample comprises contacting the
sample with an anti-MICA antibody and detecting the forma-
tion of an antibody-antigen complex.
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51. The method according to claim 50, wherein the step of
assaying for soluble MICA in the sample is performed by
ELISA assay.

52. The method according to claim 36, wherein the assay-
ing of MICA is combined with the assaying of one or more
additional markers.

53. The method according to claim 52, wherein said addi-
tional markers) is/are selected from the group consisting of
HLA-G and angiogenic markers.

54. The method according to claim 53, wherein said angio-
genic markers are selected from the group consisting of
endoglin, PIGF and sFLT1.

55. A method for determining semen or spermatozoid qual-
ity 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.

56. A method for determining embryo quality or for select-
ing an embryo suitable for embryo transfer, in vitro fertiliza-
tion, or implantation, comprising in vitro assaying for MICA
in the embryo culture medium or supernatant, the level of
MICA being indicative of the embryo quality or of the suit-
ability of the embryo for embryo transfer, in vitro fertiliza-
tion, or implantation.

57. A method for determining the probability of pregnancy
complications in a subject comprising in vitro assaying for
MICA in a sample, the level of MICA being indicative of a
probability of pregnancy complications in the subject,
wherein the pregnancy complications are miscarriage, vascu-
lar pregnancy diseases (VPD), preeclampsia (PE), severe
preeclampsia, vascular intra-uterine growth retardation
(TUGR), associated or not with preeclampsia, HELLP syn-
drome, gravidic steatosis, gravidic nephropathy or intra-uter-
ine foetal death (IUFD), pregnancy diseases or infertility
associated with auto immune pathologies.

58. The method according to claim 57, wherein the sample
is selected from the group consisting of the blood, plasma,
serum, placenta, cord’s blood, endothelial cells and amniotic
fluid samples.

59. The method according to claim 58, wherein the sample
is a sample of blood, plasma, or serum.

60. The method according to claim 59, wherein a level of
soluble MICA in the sample of at least 0.3 ng/ml is indicative
a higher probability of VPD, preeclam<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>