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so much due to therapies for the improvement of sperm, but to a higher degree
due to the techniques of spermatenchysis and in vitro fertilization (IVF). IVF is the
only technique that overcomes tubal obstruction problems.

However, despite the establishment of these methods worldwide, results are not
as successful as expected. The success rates are 5-40% as far as implantation is
concerned, whereas there is a high percentage of fetal rejection following IVF
assisted conception.

The endometrium is a solid tissue, covering the uterus from the inside and is
influenced by the periodical action of hormones. In a 28-day cycle starting from the
1%t day of menstruation, the endometrium increases in thickness and the glands
that it contains gain length, under exposure to estrogens. The endometrium
functionalis, which is shed and newly formed during each cycle, is developing on
the endometrium basalis, which lies in the deeper level.

Ovulation takes place in the ovaries on the 14" day of the cycle. Then, the corpus
luteum, which is the remaining part of that follicle that has freed the oocyte,

produces progesterone. Progesterone prepares the endometrium, which is already
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hi story dfayiaffteecytiety and 500 wonen with history of mscarriages using
vari ous techni ques, we have conme to the conclusion that specific cells of
t he i mmune system which colonize the endonetriumplay a pivotal role in
the procemgchificaliBsaet ati on, and in the preservation of the fetus.
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m croor g%%'n%lm%ns are required. These conditions render the endometrium the only organ
that can preserve foreign (non-self) antigens, in contrast to the laws of human
physiology (immunology), which commands the rejection of foreign grafts.
Unfortunately, it has not been possible to understand how the endometrium is an
exception to the worldwide laws at that point. However, the presence of infections
(particularly those due to mycoplasmas), as well as immunopathological factors,
have been implicated at various degrees in preventing the implantation or the
preservation of the fetus, that is if there are no chromosomal defects or other

evident reasons leading to fetal rejection.

By having studied 750 women with history of infertility and 500 women with history
of miscarriages using various techniques, we have come to the conclusion that
specific cells of the immune system, which colonize the endometrium play a
pivotal role in the process of implantation, and in the preservation of the fetus.
Furthermore, we have come to the conclusion that toxic white blood cells that

migrate to the endometrium, possibly in an attempt to extinguish microorganisms,
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Unfortunately, nowadays throughout the world the hostility of the endometrium,
which reflects the chances of conception following successful fertilization, is
underestimated.

According to our opinion, the vast majority of the unsuccessful attempts can be
attributed to the hostility of the endometrium. This concept is sustained by the fact
that in most attempts the implantation is not successful, even when sperm or
oocyte originating from fertile donors is used.

Currently, the study of the endometrium is approached by the following five ways:

1) Endovaginal ultrasonography. This method determines endometrial
thickness, which reflects its response to estrogens. This indication is
taken into consideration for the design of IVF protocols, as well as for
determining the time of ovulation. However, this examination has limited
applications, since it does not yield any information on the receptiveness
of the endometrium, on the presence of an inflammation, on the risk of
fetal rejection etc.
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during the current cycle, the inadequacy of the corpus luteum and even
the presence of microbes through molecular analysis of the tissue.
Important and valuable information regarding the endometrial
immunological status have been obtained from examinations of biopsy
material, since this is the only method to date that allows us to
determine the cellular composition of the endometrium and to draw
conclusions about factors leading to infertility or fetal rejection. The
material is extracted by a needle or by curettage following anesthesia.
The disadvantage of this method is that it is relatively painful and it
cannot be performed repeatedly. Besides, there is a danger of injury if
the needle’s pinch is not accurate and therefore, the doctor performing
the extraction must be highly specialized. Additionally, it is not possible
to conduct a full immunological study of the endometrium since the
tissue is fixated in formalin and undergoes such a treatment, that many
molecules of the lymphocytes are altered and cannot be recognized by
routine methods (immunohistochemistry), as a result conclusions cannot
be drawn.
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Presentation of our method.
In order to investigate infertility or the risk of fetal rejection, menstrual tissue
samples are examined to determine the presence of microorganisms in the

endometrium and the cellular composition of the endometrium.

Method of carrying out the invention:

During the phase of the first major menstrual flow; the woman under examination
places a quantity of 100—-1000ul from the fallen endometrium (menstruation tissue)
of the previous cycle in a 50-ml tube with a wide opening, which contains a small
quantity of an isotonic buffer (that maintains Ph stability and secures viability of the
cells),

Menstruation flow is automatic and involuntary, no special efforts are required on
the woman'’s side and an interval ranging from of 2 — 15 minutes is sufficient for
material collection.
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every 0,25 ml. Such a tube may be sold commercially ready for use by women,
sterilized and containing the isotonic buffer (that is the isotonic solution, which
keeps the Ph stable and safeguards the cells viability).

The endometrial inspection, in the context of investigating infertility or the risk of
rejection of a fetus, according to one application of this invention may request the
study of the endometrial lymphocytes with a specialized immunophenotypic
analysis. In this case, the isolation of lymphocytes from the specimen is rather
easy following well-established methods, and their study from that point onwards
may be performed according to methods, which have already been described for
the examination of other corresponding cell populations from different body fluids
(blood, pleural fluid, etc.).

More specifically, as shown on the left part of Figure 1, the extraction of
lymphocytes from the specimen is performed with double-layered Ficoli (First layer
100% Ficoll and 75% RPMI in the second). The sample is diluted in a triple volume
of normal sterile saline solution (0.9% NaCl), and is placed on the top of the

double-layered ficoll, forming strata. Centrifugation follows for 45 min at 900 rpm
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of m cr opvageidlHRI $enhds it B9 MEIMENuSItes 0N Girvenient in cases where she resides
far from the laboratory (in the province, island etc.). This method of detecting
microbes causing gynecological problems can be carried out not only for
investigating the microenvironment of fetal implantation and identifying the
problem, but also as a test prior any attempts to have children, thus preventing
any future reproductive failure. The importance lies to the fact that microbial
infections in young age, such as chlamydial or mycobacterial infections can
potentially lead to tubal obstruction or hydrosalpinx. The detailed description,
which follows, will indicate this method of examination for the presence of
microbes as by far more sensitive than the vaginal fluid cultivation or the study of
cervical fluid in general. Further, the advantages of our method for the examination
of microorganisms in virgo women are obvious.
Figure 2 shows the sensitivity of the proposed examination for detecting microbial
infections related to endometrium. The cultivation of cervical fluid as a
conventional method of detecting endometrial microbes is 30-60%. Molecular
detection (e.g. PCR) performed on cervical fluid as an alternative method for

detecting endometrial microbes is 45-60% sensitive. The cultivation of
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lymphocytes may also be used for halting the rejection of fetuses of the same

woman from which the lymphocytes originate or from another woman.

Advantages of our method

As far as the advantages of infertility status determination using menstruation
tissue specimens in their natural state are concerned, the following need to be
stressed out:

It is easy to extract sufficient quantity of material: In this aspect, this method is

superior compared to other techniques. The woman avoiding any gynecological
examination stress can collect the sample alone, at her home and repeat it if the
first attempt fails. Besides, with the help of the scale existing at the bottom part of
the tube, the woman is able to monitor the quantity of the sample. The quantity
taken (100 — 1000 ul) suffices for all the examinations that follow. It is particularly
advantageous compared to endometrial biopsies, as far as information regarding
the examination or even the prevention of infertility are concerned.

Low cost. The special collection tube containing the buffer has a very low cost,

which ranges from 1%-0,5% of the cost of endometrial biopsies.
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the decisive importance of the examination of menstruation tissue is obvious,
since this examination clearly indicates whether the site of fetal implantation is
infected or not by dangerous microorganisms.

As far as chlamydial infections are concerned, the percentage of infection that has
been detected by menstruation tissue examination was 46% of the cases that
have been found negative with conventional tests.

The presence of chlamydia is directly associated with tubal obstruction, and since
this infection is particularly common at the ages of 20-25 years, the need to
examine the endometrium for chlamydia for preventive reasons is essential, even
before a woman decides to have children.

The molecular detection of microorganisms on menstruation samples is a much
more sensitive method, compared to the molecular detection of the same
microorganisms in a fine needle biopsy samples. The advantage lies on the fact

that in the menstruation tissue consists of representative material from the whole
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el enent s g2h b@erebééted and thus therapies results monitored. Both immno-therapeutic

treatments, which aim at reducing the supply of toxic cells in the endometrium, as

well as antibiotic treatments, which aim at extinguishing microbial agents, may be
monitored in each woman under examination. It is particularly important that the
method is characterized by high sensitivity and specificity, which minimize false
negative and false positive results, respectively. In few words, after an antibiotic
treatment, a new examination can take place and the absence of the microbe can

be confirmed and actually trust the negative result.

Synchronization of the endometrium: Investigating the cellular elements of the last

day of the cycle is safely performed with use of our method. Women have
sometimes irregular cycles, the results of other methods are not synchronized
among women. When endometrial biopsy is carried out, since the last day of the
cycle cannot be determined, the degree of endometrial removed cannot be
estimated.

in essence with our method, which is the object of the present invention, novel

ways of studying infertility may be introduced, based on the composition of the
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endometrium of women with infertility. Following proper treatment (e.g.antibiotics),
which lasts at least two menstrual cycles, the percentage of these cells may rise
and then the woman increases the chances of fetal implantation and preservation,
according to our own unpublished observations.
These cells are also reduced in the peripheral blood of infertile women. However,
in the endometrium the proportion of these cells does not appear to be affected by
other factors, such as infections of the respiratory tract, urinary tract infections etc.
The cells within the small circle of Figures 3A and 3B are lymphocytes that
resemble those of the blood. They include toxic populations, which although can
protect the endometrium from infections, however (some of these, approximately
half of them) are toxic to the fetus. What is depicted in Figures 3A and 3B is the
first presentation worldwide of the specific application of the method, which
constitutes the object of the present invention.
Following examinations of menstruation tissue samples, we consider it meaningful
for women to attempt IVF or spermatenchysis only when their sample image is
similar to that of the normal sample shown, in Figure 3", i.e. if there are enough
endometrial type NK, which are shown by the arrow.
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5. Method according to claim 1, where the examinations of the menstruation
tissue relate to the simultaneous study of the composition of the subpopulation of

lymphocytes and the presence of microorganisms.

6. Method according to claim 1, where the examination of the endometrium

takes place for monitoring the result of immunotherapy or of antibiotic treatment.

7. Method according to claims 1 and 2, where an amount between 100 to
1000 ul of the menstruation tissue is taken during the 30 first hours of menstrual
flow and right after its collection it is mixed with an isotonic buffer which secures
stability of Ph and viability of the cells, and where the study of the sample must

take place within 5-6 hours from extraction, at the latest.

8. Method according to claims 1 and 3, where a quantity of 100 to 1000 pl of
the menstruation tissue is taken at any stage of the menstrual flow and right after

its collection it is mixed with an isotonic buffer which secures stability of Ph and



take place within 5-6 hours fromextraction, at the |latest. 8. Mthod
according to clains 1 and 3, where a quantity of 100 to 1000 pl of the
menst r uatworzpP®sue i s taken at any stage of the nenstrualPCiGrRo2amsiri ght
after its collection it is mxed wit3 an isotonic buffer which secures
stability of .Ph and WO 02/ 095060 PCT/ GR02/00031 13 viability of the
cell's, ah@biiterd thRecallsadnsarhere dhe examiaaine ofrilye tSEREIpIrBaE take thage 1

week fromtﬁfﬁe %&ﬁ@ﬁﬁe%ﬁté natant (cultivation fluid) of |ynphocytes,

whi ch origi na ave been isolated fromnenstruation tissue
consisting of nore than 70% endorretri al type NK of the total |ynphocytes,

whi ch super nat.ant of c tes_is to stud ohstruction or the
i nhi bi tign of SLRE" reaéﬁe@?@ﬁ oy fuid) gﬂfsgff‘a?*ﬂgcyﬁ$%¥ﬁw ouginate, SeRM £ 3nin
whi ch thHabé’”@MWé@ﬁat@cﬂ'ﬂbr’i‘latrﬁer%*trufa'i@ﬁ‘eﬁsél% %&&.&m\;@hm%%&eﬂh}a gobhre

m scarriage prevention of fetuses sane woman whi ch yrrpﬁocyt es
ori gi nat enflemeiril type hltootbe ta@riyrmphocytas evhichsupbatatarst cn‘s(mjphocytehes

C P anepar Shed o TR HEHHkibR i Fhe MiSilgh e 158 eiB i, o ie o A HES 50
poi nt, atrd thme body Gopimaihesh BRC AMmMshSTRdd Bfigate W?rdf@'éfﬁ%fdrﬁbody, as

subd|V|S|ons on its side walls as mell on |ts coni cal or round botto
whi ch  sWBHi @ dhenRisAsstiage Revenien fbrfeguassy 00 thg same woman which the

lymphocytes originate from or of another woman.

10.  The tube that is used for the collection of menstruation tissue, which is
characterized from being transparent, having a conical or round bottom starting
below the 5-ml point, and thus its diameter becomes smaller and has volumetric
subdivisions on its side walls as well on its conical or round bottom, which

subdivisions must be visible for every 0,25 ml.



