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Introduction
During pregnancy, the mother’s immune system 

must tolerate, nurture and protect an individual 
in her womb (in its phases of zygote, embryo and 
foetus), whose genetic makeup is foreign to that 
of the pregnant mother, since 50% comes from 
the paternal genetic endowment. The genetically 
programmed immunological reaction in the mother 
should trigger a process of rejection towards the 
“unrecognised” biological material 
harboured within her body, by 
activating cells called “natural killers” 
(T lymphocytes), and B lymphocytes, 
responsible for synthesising specific 
antibodies directed at neutralising that 
which would be “invasive” for the 
individual herself.

This would inevitably cause 
its destruction and expulsion 
(miscarriage).1 However, the mother 
activates a mechanism to prevent this. From the 
fertilisation of the egg by the sperm in the Fallopian 
tubes, mother and child establish a “molecular 
dialogue”, which enables them to mutually identify, 
know and protect each other2. 

The first dialogue between mother and child
After fertilisation, and before the zygote reaches 

the uterine cavity, it must travel down the Fallopian 
tube, which is a critical step for its subsequent 
viability. The embryo starts to release chemical 
substances (interleukins) which interact with 
specific receptors located in the Fallopian tubes, 
triggering a biochemical response3 which consists 
of the release of various factors: growth factors that 
stimulate embryo development, survival factors 
that exert an inhibitory effect on programmed cell 
death (apoptosis), and leukaemia inhibitory factor 
or LIF, for which there are specific receptors in 

the trophoblast (envelope) cells of the embryo, 
which make it possible for its cells to form part of 
the immune system at this stage of the pregnancy.4 

It seems that it is the histocompatibility antigen 
HLA-G,5,6,7 expressed by the embryo in the blastocyst 
phase, which triggers this “biochemical dialogue” 
between mother and child; its purpose is to protect 
and stimulate the development of the new human 
being within her, a being with an identity which is 

unique, inimitable and different to that 
of its mother.

In addition to these factors, the 
mother synthesises mucins, surface 
molecules that will indicate the path 
that it should travel along the tubes, 
which will lead it to the endometrium 
(between 2 and 3 days after fertilisa-
tion) where nesting will occur. At this 
site, the integrins and selectins spring 
into action, molecules that will inter-

act with the dorsal area of the trophoblast, and will 
silence the aggressive response of the T and B lym-
phocytes.8,9 Thus the implantation process can take 
place from day 6 or 7 post-fertilisation in the decid-
ua or cell bed of the endometrium in the woman’s 
uterus,10 which, unusually, will accept and nourish 
as its own, something that is genetically diverse. 
The implantation process will conclude around the 
14th day after conception.11 The new immunolog-
ical status of tolerance of the mother towards her 
child will remain throughout the entire pregnancy.

In-vitro fertilisation: An obstacle for the first 
maternal-foetal biochemical dialogue?

An article published in Fertility and Sterility12 

included data on an increase in premature births, 
neonates with low birth weight and perinatal 
complications in children born after in-vitro 
fertilisation, compared to those conceived naturally.

nº 11 / April 2013

correspondence:
justo.aznar@ucv.es

Sponsored by:

Instituto de Ciencias de la Vida

Published by:



2

CUV Bioethics News

The causes of this phenomenon may be found in 
the hormonal hyperstimulation that accompanies 
the fertilisation process, in the manipulation of 
the embryo in the laboratory, and 
in intracytoplasmic sperm injection 
(ICSI) techniques, which may stimulate 
the onset of genetic abnormalities, and 
others.

However, we must also consider 
the thread of the subject at hand, that 
embryos fertilised “in vitro” have 
not experienced travel through the 
Fallopian tubes, where as a result of the 
first interaction between mother and 
child, the cascade of immune tolerance processes 
that will protect the blastocyst in the implantation 
process and during the whole pregnancy is triggered. 
Perhaps the appearance of immunological rejection 
processes, resulting from this lack of incipient 
maternal-foetal biochemical dialogue is behind 
some miscarriages, premature births and other 
dysfunctions.

The embryo’s contribution to the health of its 
mother

For some years now, it has been shown that the 
foetus contributes its own cells to the mother’s 
body, in what has come to be called “maternal 
microchimerism”. They have been found in 
maternal organs, such as the skin, thyroid, kidney, 
liver, adrenal gland, lung, etc., originating from 
the bone marrow, where they have been stored.13 

They are stem cells from the blood of the foetus 
and its placenta, as well as its mesenchymal stem 
cells. They have been named “pregnancy associated 
progenitor cells” (PAPC) and can be found in a ratio 
of 2 to 6 per millilitre.

The most striking aspect of this phenomenon is 
that these cells appear in the affected tissues of the 
mother in a considerably higher proportion than in 
normal tissues. In other words, they would play a 
regenerative role in the mother’s body, as has been 
shown in the case of heart disease in women in 
whom cardiomyocytes from the foetal cells of their 
male progeny have been identified.14

They also seem to exert a protective effect in the 
case of pregnant mothers with autoimmune diseases, 
such as rheumatoid arthritis,15 where pregnancy-
associated immune tolerance, triggered by these 
cells, improves their autoimmune pathology by also 

increasing the “tolerance towards their own tissues” 
which are seriously affected in these conditions.

Furthermore,  it seems that the pluripotent cells 
that the foetus “awards” its mother 
could play a protective role in the 
case of some cancers, such as thyroid 
carcinoma,16 where foetal cells have 
been found which may contribute to 
regeneration of the affected tissues.

It seems that nature has anticipated 
us with stem cell therapy, so that what 
began to be used as a possible prenatal 
diagnostic method (which can be 
performed on foetal cells recovered 

from the mother’s body) is proposed as a new form 
of cell therapy directed at the mother.17

Maternal-foetal immunity and the birth
A recent study18 analysed the immune tolerance 

response of the pregnant mother towards the foetus 
and its change during labour. The study concluded 
that a marked decrease in the suppressive activity by 
the T regulatory lymphocytes occurs in the case of 
preterm labour. This decrease has also been observed 
in full-term births, but to a lesser degree. Although 
definitive conclusions cannot be drawn in this 
respect, the reduction in this immunosuppressive 
activity which was maintained during the pregnancy 
could contribute to the outcome of labour. Perhaps 
if the decrease is abnormally strong, it could cause 
preterm birth.

Immune memory: a present from the firstborn 
to his siblings.

The modification of the mother’s immune status 
due to her pregnancy, which has allowed her to 
continue protecting herself against infectious agents 
and other assaults, while silenced against the foetal 
antigens, does not disappear after birth. Although 
it is modulated, as we have seen, it leaves an 
immunological imprint that prepares the way for a 
new pregnancy. The younger sibling will benefit from 
the ability learned from its mother in the previous 
pregnancy to exercise immunotolerance towards 
her new child, who will enjoy greater protection 
from the start of the pregnancy. This appears to have 
been found by some authors in a recent study,19 in 
which they stated that pregnancy stimulates the 
accumulation of maternal T regulatory lymphocytes 
(FOXPB(+) CD4) with foetal specificity. The new 
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finding, according to this study, is that after delivery, 
they were able to create an immune memory, and 
persist at elevated levels, permitting their rapid 
expansion in subsequent pregnancies.

This discovery opens the possibility of obtaining 
vaccines targeted at T-suppressor lymphocytes, 
responsible for silencing the immune rejection 
reactions, instead of what usually happens, where 
the vaccine targets are T-activator lymphocytes 
only. This could help to maintain pregnancies 
compromised for this reason.

Immunity, progesterone and contraceptives
Progesterone, a hormone produced in the cor-

pus luteum in the ovaries of women, experiences 
a marked increase in 
its concentration as the 
pregnancy progresses. 
It has effects on ovula-
tion, development of the 
mammary gland, inhibi-
tion of uterine contrac-
tions and endometrial 
proliferation and decid-
ualisation, which are 
necessary for implan-

tation of the blastocyst.20 After fertilisation, it has 
an essential role in triggering immune tolerance in 
pregnancy. It exerts its immunosuppressive effects 
by stimulating the secretion of Th2 cytokines by the 
T lymphocytes.21

The immunomodulatory effects of progesterone 
are mediated by a protein called “progesterone-in-
duced blocking factor” (PIBF)22, the synthesis of 
which is stimulated in the lymphocytes of pregnant 
women. The biosynthesis of PIBF is facilitated by 
the overproduction of specific progesterone recep-
tors on activated lymphocytes amongst trophoblast 
and decidual cells.23 

In recent years, new drugs indicated in emergency 
contraception have come to light, belonging to the 
family known as “selective progesterone receptor 
modulators” (SPRMs). These are substances with a 
chemical structure similar to that of progesterone, 
which are capable of stimulating or blocking its 
receptors, depending on the tissue upon which 
they act.24 The best known currently in use are the 
abortion pill RU-486 (mifepristone) and ellaOne 
(ulipristal acetate). Both share, although in slightly 
different ways, the ability to act as progesterone 

antagonists, blocking its receptors, which results in 
annulment or reduction in its activity.

Mifepristone has the ability to block progesterone 
and glucocorticoid receptors. It acts by preventing 
the implantation of the blastocyst, and also by 
causing the elimination of an already implanted 
embryo, an effect that appears to be related to its 
glucocorticoid antagonist activity.25 Low doses of 
this drug have been shown to be able to alter the 
maturation of dendritic cells in in-vitro cultures, 
which promotes immune rejection of the embryo 
during the implantation process.26

Ulipristal acetate acts exclusively as a progesterone 
receptor antagonist, which gives it the ability to delay 
ovulation, if administered up to 24 hours before this 
occurs, or to prevent implantation of the blastocyst 
(if fertilisation has occurred) if it is administered 
from 24 hours prior to ovulation onwards, during 
the implantation stage.27

The effects derived from blocking the progester-
one receptors in the uterus and corpus luteum may 
promote an abortifacient effect by four different 
mechanisms:28 1) by making the development of the 
endometrial decidua difficult, compromising its re-
ceptiveness for the blastocyst; 2) by altering the se-
cretions of the uterine glands in the decidua, which 
are necessary for consolidating implantation of the 
embryo; 3) by promoting the return of spontaneous 
uterine contractions and 4) by favouring immuno-
logical rejection towards the trophoblast cells in 
the blastocyst, by blocking the cascade of reactions 
promoted by progesterone during the first 5-10 days 

after conception, aimed 
at conferring immune 
tolerance of the mother 
towards her child, and 
preventing rejection,29 
as we have seen in this 
article.

It should be under-
lined that many scien-
tific publications, man-
ufacturing laboratories 

and international bodies, such as the European Med-
icines Agency, refuse to acknowledge this abortive 
effect of ulipristal acetate, limiting themselves to in-
dicating that the only mechanism of action is that of 
delaying ovulation and thus preventing fertilisation 
(contraceptive effect).

It seems clear that any interference, and these 
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drugs do interfere, in the complex and amazing 
mechanism by which the mother’s immune system 
accepts and protects her child, preventing any 
rejection, threatens the biological balance which 
makes the miracle of life possible, causing rejection 
of the embryo and its death.                                                  

References
1 Erlebacher A, Zhang D, Parlow AF, Glimcher LH. 
Ovarian insufficiency and early pregnancy loss 
induced by activation of the innate immune system. 
J Clin Invest. 2004;114(1):39-10.
2 Huppertz B. The feto-maternal interface: setting 
the stage for potential immune interactions. Semin. 
Immunopathol. 2007;29:83-12
3 Van Mourik MS, Macklon NS, Heijnen CJ. 
Embryonic implantation: cytokines, adhesion 
molecules, and immune cells in establishing 
an implantation environment. J Leukoc Biol. 
2009;85(1):4-19.
4 López Moratalla N. Comunicación materno-filial 
en el embarazo. Cuad. Bioét. 2009;XX:303-13
5 Hunt JS, Petroff MG, McIntire RH, Ober C. HLA-G 
and immune tolerance in pregnancy. FASEB J. 
2005;19(7):681-13.
6 Roussev RG, Coulam CB. HLA-G and its role 
in implantation (review) J Assist Reprod Genet. 
2007;24(7):288-8.
7 Alegre E, Díaz-Lagares A, LeMaoult J, López-
Moratalla N, Carosella ED, González A. Maternal 
antigen presenting cells are a source of plasmatic 
HLA-G during pregnancy: Longitudinal study 
during pregnancy. Hum. Immunol. 2007;68:661-7.
8 Koga K, Aldo PB, Mor G. Toll-like receptors and 
pregnancy: trophoblast as modulators of the immune 
response. J Obstet Gynaecol Res. 2009;35(2):191-
12.
9 Mueller MD, Vigne JL, Vaisse C, Taylor RN. 
Glycodelin: a pane in the implantation window. 
Semin Reprod Med. 2000;18(3):289-10.

10 Piccinni MP. Role of T-cell cytokines in decidua 
and in cumulus oophorus during pregnancy. Gynecol 
Obstet Invest. 2007;64(3):144-5
11 Norwitz ER, Schust DJ, Fisher SJ. Implantation 
and the survival of early pregnancy. N Engl J 
Med.2001;345(19):1400-8 
12 Fertility and Sterility.2011;9S:1187-3
13 Bianchi DW. (2007). Fetomaternal cell trafficking: 
a story that begins with prenatal diagnosis and 
may end with stem cell therapy. J Pediatr Surg. 
2007;42:12-18.
14 Bayes-Genis A, Bellosillo B, De La Calle O, 
Salido M, Roura S, et al. Identification of Male 
Cardiomyocytes of Extracardiac Origin in the 
Hearts of Women with Male Progeny: Male Fetal 
Cell Microchimerism of the Heart. J Heart Lung 
Transplant. 2055;24:2179-5.
15 Waldorf KMA, Nelson JL. Autoimmune Disease 
during Pregnancy and the Microchimerism 
Legacy of Pregnancy Immunological 
lnvestigations.2008;37:631-4
16 Cirello V, Recalcati MP, Muzza M, Rossi S, 
Perrino M, Vicentini L, Beck-Peccoz P, Finelli P, 
Fugáosla L. Fetal Cell Microchimerism in Papillary 
Thyroid Cancer: A Possible Role in Tumor Damage 
and Tissue Repair Cancer Res..2008;68:8482-7.
17 Bianchi DW. Fetomaternal cell trafficking: a 
story that begins with prenatal diagnosis and may 
end with stem cell therapy. Journal of Pediatric 
Surgery.2007;42:12-7.
18 Schober L, Radnai D, Schmitt E, Mahnke H, Sohn 
C, Steinborn A. Term and preterm labor: decreased 
suppressive activity and changes in composition of 
the regulatory T-cell pool. Immunology and Cell 
Biology.2012;00:l-10
19 Rowe JH, Ertelt JM, Xin L, Sing S. Way Pregnancy 
imprints regulatory memory that sustains anergy to 
fetal antigen Nature.2012;doi:10.1038/naturell462
20 King AE, Critchley HO. Oestrogen and 
progesterone regulation of inflammatory processes 
in the human endometrium. Steroid Biochem Mol 
Biol. 2010;31;120(2-3):116-11.
21 Piccini MP. T cells in normal pregnancy 
and recurrent pregnancy loss. Reprod Biomed 

Julio Tudela
Member of the Bioethics Observatory at the
Catholic University of Valencia



5

CUV Bioethics News

Online.2006;13:840-4
22 Szekeres-Bartho J, Polga B, Kozma N, Miko E, 
Par G, Szereday L, et al. Progesterone- dependent 
immunomodulation. Chem Immunol Allergy. 
2005;89:118-25
23 Druckmann R, Druckmann MA. Progesterone and 
the immunology of pregnancy. J Steroid Biochem 
Mol Biol. 2005; 97:389-96
24 Chabbert-Buffet N, Meduri G, Bouchard P, Spitz 
IM. Selective progesterone receptor modulators and 
progesterone antagonists: mechanisms of action 
and clinical applications. Hum Reprod Update. 
2005;11(3):293-307.
25 Chen Y, Wang Y, Zhuang Y, Zhou F, Huang L (2012) 

Mifepristone Increases the Cytotoxicity of Uterine 
Natural Killer Cells by Acting as a Glucocorticoid 
Antagonist via ERK Activation. PLoS ONE 7(5): 
e36413. doi:10.1371/journal.pone.0036413
26 Mifepristone induces maturation of monocyte-
derived dendritic ceils. http://www.china-papers.
com/?p=3888. Accessed September 1, 2011.
27 Aznar J, Tudela J. Ulipristal acetate. An emergency 
contraceptive? Medicina e Morale.2011;2:233-13
28 Miech RP. Immunopharmacology of ulipristal as 
an emergency contraceptive. International Journal 
of Women’s Health. 2011:3 391-397
29 Sacks G, Sargent I, Redman C. An innate view of 
human pregnancy. Immunol Today. 1999;20(3):114-5.

In issue 381 of Provida Press, we published a re-
port on a Decision issued by the Court of Justice 
of the European Union, in which it interpreted cer-
tain preliminary rulings at the request of a German 
Court. This question had to do with the following 
issues: a) legal protection of biotechnological in-
ventions; b) obtaining progenitor cells 
from human embryonic stem cells; c) 
patentability; d) exclusion of the use 
of human embryos for industrial or 
commercial purposes; e) concept of 
the human embryo and its use for in-
dustrial or commercial purposes.

The long process, which has lasted 
for years, was instigated by a com-
plaint filed by the well-known NGO 
Greenpeace against the patentability 
of certain research conducted by Dr. Brüstle, re-
search consisting of obtaining embryonic stem 
cells and their possible application in neurological 
diseases.

As we said, the German court stayed the proce-
edings so that the European Court could interpret 

a number of issues of Directive 98/44/EC of the 
European Parliament and of the Council, a Direc-
tive which is applicable, among other legal bases, 
to the subject of the dispute.

Once the Decision had been handed down by the 
European Court interpreting the issues that had 

been raised, the Ruling of the Ger-
man court remained.

Well, the Judgment of this Court 
has already taken place, confirming 
the Decision of the European Court: 
research with stem cells obtained 
from human embryos that involve 
their destruction cannot be patented.

The reactions of the parties to the 
proceedings have been logical: Dr. 
Brüstle was not surprised at the De-

cision handed down in view of the Judgement of 
the European Court at the time, while for Green-
peace it was a major step in clearing the contro-
versy over the awarding of patents in the case of 
research with stem cells that entail the destruction 
of human embryos.
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01 The French Health minister, Marisol Tou-
raine, has suggested that the European 

Medicines Agency amend the authorisation to is-
sue third and fourth generation contraceptives. She 
has also stated the need for the patient leaflets that 
accompany the drugs to clearly specify the risk of 
venous thromboembolism due to their use (BMJ 
2013;346:279). 

02 In 2004, Law 40/2004 regulating assisted 
reproduction practices was enacted in Italy. 

In a recent study (Human Reproduction 28; 343-
349,2013), the pregnancy 
and birth rates per stimula-
tion cycle started were eva-
luated, showing that the bir-
th rate was 20% before the 
law was enacted and 16% 
after introducing it, which 
represents a 25% reduction 
in these rates. However, aside from this discussion, 
what is clear is the low efficacy of these techniques.

03 Among the negative side effects of assisted 
reproduction techniques, an increase has 

been detected in tetralogy of Fallot, on observing 
that its incidence in children born through assisted 
reproduction was 6.6% compared to 3.5% in those 
conceived naturally (Human Reproduction 28; 367-
374,2013).

04 In the last four years, three cases of repla-
cement of a damaged trachea by one pro-

duced artificially have been published (The Lan-
cet,381;113,2013). In the first case (Lancet 372; 
2023-30,2008), a decellularised trachea was used 
which was then recellulari-
sed in vivo with allogeneic 
cellular material (from an 
individual other than the 
patient), stimulating the cell 
growth with a bioreactor. In 
the second case (The Lan-
cet, 378; 1997-2004,2011), 
a synthetic tracheal prosthesis recellularised with 
bioartificially-produced tissue was used. The third 

case (The Lancet, 380; 994-1000,2012) used a de-
cellularised trachea in vivo. However, despite these 
clinical advances, the mechanism that regulates the 
reconstruction of these tracheas is still not well un-
derstood.

05 One piece of good news is that Swaziland has 
stabilised the incidence of HIV infections in 

the last five years; however, 
not so good is that 31% of 
adults aged between 18 and 
49 years and 43% of preg-
nant women are infected by 
HIV.  For this reason, the 
Government of this small 
country is going to launch a 
pilot plan that will offer anti-retroviral treatment to 
its citizens infected with HIV, estimated at 201,292 
in 2012 (The Lancet, 381; 103-105,2013).

06 German embryologist Hans Speamann 
transferred a cell from a lizard embryo to an 

enucleated embryonic cell, resulting in the birth of 
a lizard. This was the first cloning experiment using 
somatic nuclear transfer. It occurred in 1920 (Ame-
rican Journal of Bioethics, 13; 17-18, 2013).

07 While mortality rates due to cancer may 
make a society consider the efficacy of its 

health system, suicide rates 
can make a society question 
itself. In 2011 in the United 
Kingdom, there were 6045 
deaths due to suicide, i.e. 
11.8 deaths per 100,000 in-
habitants, which means an 
increase of 437 deaths with 
respect to the previous year, in which there were 
5608 suicides, i.e. 11.1 per 100,000 inhabitants. 
These data appear to indicate that the English autho-
rities need to review their strategies for preventing 
the serious scourge of suicide in the UK.

08 The use of adult stem cells in human medi-
cine has been extended after a study found 

that if mesenchymal stem cells obtained from the 
bone marrow of the patients themselves at the time 
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of kidney transplantation and two weeks afterwards 
were injected, the rates of acute rejection and risk 
of opportunistic infections were lower, and renal 
function at one year after the transplant improved 
(JAMA, 307; 1169-1177, 2012).

09 The American Association for Reproducti-
ve Medicine and the Society for Assisted 

Reproductive Technology periodically publish gui-
delines on these practices. 
In their latest guidelines, 
corresponding to data avai-
lable for 2010,  they recom-
mend continuing efforts to 
reduce the number of em-
bryos transferred to try to 
avoid multiple pregnancies, 
which as we know, are very detrimental to both the 
mother and children (Fertil Steril 2013; 99: 44-46).

10 One issue raised with respect to the effi-
ciency of in-vitro fertilisation is to determi-

ne how better results are obtained, whether by using 
fresh embryos or by cryopreserving all the embryos 
obtained to later transfer those necessary. In a stu-
dy published in Fertility and Sterility (99; 156-162, 
2013), it was shown that better results were obtained 
with the second option. In any case, from an ethical 

point of view, it should not be forgotten that in both 
cases human embryos are manipulated, and that in 
the case in which they are frozen, they are subjected 
to an ethically unacceptable life-threatening proce-
dure.

11 Thromboembolic problems are rare when 
in-vitro fertilisation is used, but they con-

tinue to occur, endangering the health and even the 
life of women using this technique. An article in 
Fertility and Sterility (98; 1470-1473, 2012) descri-
bes the case of a 39-year-old woman who presented 
with portal vein thrombosis several days after oocy-
te retrieval during an in-vitro fertilisation cycle.

12 A major problem in cell therapy is that 
the transferred cells may be rejected. In 

relation to this, a recent stu-
dy (Nature,  doi: 10.1038/
nature 11807) published 
in January 2013 evaluated 
the immunogenicity of skin 
or bone marrow cells deri-
ved from mouse iPS cells, 
showing that there were no 
differences in the success of the transplant when 
results obtained with iPS or embryonic cells were 
compared.
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