http://www.ijwhr.net doi) 10.15296/ijwhr.2016.24

Open Access Review
@ J W I_ International Journal of Women’s Health and Reproduction Sciences

Vol. 4, No. 3, July 2016, 96—-102
ISSN 2330-4456

A Review on Controversies about the Role of Immune

and Inflammatory Systems in Implantation Process

and Durability of Pregnancy

Seyyed Amir Yasin Ahmadi’, Farhad Shahsavar®, Soheila Akbari?

CrossMark
cickfor pdates

Abstract

Among the controversies about reproduction sciences, role of immune and inflammatory systems in implantation process and
durability of pregnancy is a hot topic both in natural pregnancies resulting in spontaneous abortion and success rate of assisted
reproductive technologies (ARTS). So we intend to represent and report our insights, reasoning and suggestions. This systematic and
critical review includes investigation of scientific databases and tracing the citations. Our findings falls into three categories: role
of immune system and leukocytes, vascular remodeling and histopathology of endometrium, role of inflammation in implantation
process. According to the categories above, the immune and inflammatory systems not only are not harmful by itself, but also are
necessary for spiral artery remodeling, implantation process and durability of pregnancy. At the end of the review it is notified and
suggested that using a valid protocol is necessary for infertility clinical centers. The protocol mainly consists of human leukocyte

antigen (HLA) C and G typing and also killer-cell immunoglobulin-like receptor (KIR) typing.
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Introduction

Among the controversies in reproduction science, role of
immune and inflammatory systems in implantation pro-
cess and durability of pregnancy is a hot topic nowadays.
Some researchers and practitioners believe that adminis-
tration of drugs such as prednisolone, aspirin or heparin
can improve success rate of implantation and pregnancy
through inhibiting coagulation, inflammatory and im-
mune systems; while others believe that such systems not
only do not have negative effect on rejecting blastocyst
and embryo by itself but also are necessary for implan-
tation and remodeling of uterine spiral arteries through
secreting adhesive and angiogenic factors. Such contro-
versies are proposed both in natural pregnancies resulting
in spontaneous abortion as well as in successful and/or
unsuccessful assisted reproductive technologies (ARTs).
Recurrent spontaneous abortion (RSA) is defined as hav-
ing 3 or more history of abortion (1). About the other is-
sue, some researchers and practitioners are grumbling of
low success rate of ARTs like in vitro fertilization (IVF).
Infertility is a problem for 10%-15% of couples; most of
which - but not all - require ART (2). The average fer-
tilization rate of ART in previous researches has been re-
ported about 30% (3) and this report is for 1998. It has
been claimed in an article published in 2015 that this rate
has improved in the recent decade (4). Even though at the
first glance this rate seems low, but the interesting point is
that in the claim of a valid reference (5) the chance of nat-
ural pregnancy for each intercourse per month does not

go up more than 33%. Also this number has been reported
in some studies up to 40% (6). Thus, we should not be
grumbling of the low fertilization rate of ARTs. Finally we
intend to represent and report our insights, reasoning and
suggestions in the present review.

Methods

This systematic and critical review includes investigation
of scientific data bases and tracing the citations and the
references of the articles in order to find the root of the
truth. Through this wisdom, we showed the mere that a
content proposed in an indexed article is not a reason that
this content is valid and able to be cited. Indeed, the re-
searcher should regard and notice the reasoning, citations
and protocol of his/her references during the literature re-
view. This is the benefit point of systematic review rather
than holistic and narrative reviews. Since some data were
few, the time period of publications was not important to
us.

As the searching strategy, we used the Web of Science
Core Collection and Google Scholar for finding articles
other than ISI-WOS and the tracing mentioned in the
above paragraph.

Results and Discussion

Role of Immune System and Leukocytes

In 2015, Ghafourian et al (1) by measuring the level of nat-
ural killer-cells (NKs) in blood of the RSA and the control
group concluded that RSA patients in normal (non-preg-
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nant) conditions have significantly higher level of NKs.
They accounted the high level of peripheral blood NKs as
a risk factor for RSA which needs to be investigated fur-
ther in their belief.

NKs play the first immune response of body and are in
near contact with placenta that contributes as 5%-12%
of the human total leukocytes (1), 40% of uterine stroma
leukocytes along with macrophages (7) and 70%-90% of
uterine leukocytes during implantation (1). NKs in pe-
ripheral blood are mainly CD16*CD56%" and uterine
NKs (uNKs) are mainly CD16-CD56"" (1). They, also by
citing to Muzzio et al (8) considered a dual effect for B
lymphocytes; protecting from pregnancy by secreting an-
tibodies and causing pregnancy complications by secret-
ing autoantibodies.

Muzzio et al (8) along with reminiscing from immune
system as a “fascinating phenomenon” announced that it
can simultaneously protect the embryo and the mother
against external pathogens. They cited from Kolb et al (9)
that cytotoxic effects of maternal lymphocytes caused pro-
tection of cultured trophoblasts and ejecting of IgG from
maternal serum was associated with decrease in the pro-
tecting effect. Borel et al reported (10) that antibody titer
in serum of pregnant women was higher than non-preg-
nant women as another study (11) proved that patients
with RSA have lower antibodies compared with the other
women. Citing these contents as a positive approach to
role of immune system by Muzzio et al - which is cited by
Ghafourian et al (as a negative approach) - is notable. Pro-
gesterone-induced blocking factors of placenta can also
induce production of antibodies from B cells (12). About
the autoantibodies that could result in pregnancy compli-
cations, anti-phospholipid antibodies can cause induction
of lupus anti-coagulant and anti-phospholipid syndrome.
These autoantibodies result in hyper-coagulopathy that in
addition to causing infertility, also have a risk of arterial or
venous thrombosis for the mothers (13) which seems to
be able to treated with aspirin or prednisolone.

As returning to Ghafourian et al paper, they are of the con-
viction that the role of peripheral and endometrial leuko-
cytes in the outcome of pregnancy in patients with RSA
is still controversial. They have announced that accord-
ing to abundant population of NKs in decidua they must
per se perform physiologic and not pathologic functions.
They also cited from Karami et al (14) that no significant
correlation is observed between increase of CD56"#" and
RSA patients. Of course increase of CD56%™ in RSA was
non-controversial and successive in previous original
studies. Karami et al believe that in spite of lack of expres-
sion of usual human leukocyte antigen (HLA) class I (A
and B types) by trophoblast cells, they are not attacked by
ulNKs and the mechanism of the trophoblast escape is still
unknown. Recently Sachs in a commentary announced
that empirical approach to role of NKs is not enough and
researchers from different fields should work more closely
together with a scientific approach to provide the best care
for patients (15).

In the Karami et al study, not allowing patients for region-

al sampling of endometrium, led to lack of investigation
of uNKs; because this work required having endometrial
biopsy in the secretory phase of menstrual cycle. This lim-
itation was also the reason of the lack of investigation of
the uNKs (CD16°CD56") in other studies.

Among the little studies on human uNKs, we can name
the study of Lachapelle et al in 1996 (16). In the study of
Lachapelle et al, in RSA group, endometrial CD8* T cells
had significantly decreased and the proportion CD4/CD8
had increased. On the other hand, the number of CD20*
B cells was significantly increased. The main and interest-
ing result of this study was that CD16-CD56™" NKs had
significantly decreased in RSA group. So we can conclude
that although based on the successive and undeniable
resources, CD16"CD56%™ NKs are further in peripheral
blood of RSA group, but inverse, about uNKs we had de-
creasing rate. It shows that the hypothesis of adverse effect
of uNKs (in comparison to blood NKs) on saving blasto-
cyst and embryo and also administration of aspirin to in-
hibit them is still under question; why it seems that uNKs
have per se protective effect on blastocyst and embryo.
Also the study of Lachapelle et al has it that CD16°CD-
56°¢h NKs secrete cytokines including some colony stim-
ulating factors that may help the promotion of placental
growth. Because of this dual and paradoxical effect of
uNKs and blood NKs it seems that imbalance between
the CD16'CD56™¢" and the CD16*CD56™ is effective on
RSA.

In addition to CD56, CD16 marker is remarkable. In con-
trast to CD56, CD16 is more an effective agent rather than
being a diagnostic marker; in other words, CD16 is the
weapon of NKs for antibody dependent cell-mediated
cytotoxicity (ADCC) (17). Since uNKs are mainly CD16
they are called as immune-regulatory NKs (against cyto-
toxic NKs); and since mostly CD56%" is along with the
presence of CD16 and CD56"¢" and absence of CD16, the
dim and bright types of NKs are respectively called as cy-
totoxic and immune-regulatory NKs (18).

As we mentioned before, HLA genes are the most poly-
morphic loci in the human genome that is very useful in
anthropological studies (19) as well as infertility screen-
ings. In addition to the HLAs, about 14 types of killer-cell
immunoglobulin-like receptor (KIR) have been discov-
ered so far on the surface of NKs. Rather in which KIR
bounds to which HLA (type C or G), NK performs differ-
ent functions that most of them are protective for mainte-
nance of pregnancy (20,21).

Another role in immune system is that mesangial stem
cells in menstrual blood can modulate the activity of im-
mune cells such as B cells, T cells and NKs (22-24). So
the menstruation of women as a natural process shows the
immune system as the fascinating phenomenon. Another
paper on mice (25) showed that the number of dendritic
cells in early pregnancy is high rather than intermediate
as in late days of pregnancy or non-pregnant conditions.
It shows the natural and vital role of immune system in
early pregnancy.

The interaction between embryo and maternal tissue de-
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pends on hormones, adhesive molecules and growth fac-
tors (6). Most physiologic immune responses start with
proceeding of natural intercourse because of a lot of beta
growth factors and prostaglandin E volume in semen that
enable it to induce T-regulatory cells (26). Thus, inhibit-
ing immune system as a protocol is throwing the body out
with bath water. For example, uNKs, T-helper-1 and den-
dritic cells are not only necessary for balance of immune
system but also for vascular remodeling and decidual de-
velopment (26).

Even nowadays most roles of NKs are unknown. The im-
mune-tolerance is mainly handled by uNKs. The final
mechanism seems to be T cell immunoglobulin and mu-
cin domain-containing protein 3 (Tim-3), a newly discov-
ered molecule which is highly expressed on cell surface
of uNKs. Abnormal Tim-3 level might be associated with
RSA (27). As described by Wang et al. Tim-3 promotes
T-helper balance (28).

Vascular Remodeling and Histopathology of Endometrium
Uterine spiral arteries perform an important function in
supplying nutrients to uterus and in order to gain this aim,
these arteries are supposed to be remodeled; hence they
get physiologic dilating that otherwise leads to pre-ec-
lampsia (29) - a pregnancy specific syndrome in which a
variety of immune factors are involved (30).

Uterine vascular remodeling is one of the controversial
issues in histology and embryology that approximately in
all related articles it is known as an unknown process. So
the final accepted idea in most papers like Ashton et al
(31) is that for sufficient blood supplying of embryo it is
necessary that uterine arteries should “revert’, in which
its endothelial cells are replaced by extra villous tropho-
blast (EVT), surrounding smooth muscles and fibrinoid
(Figure 1), (29,31-33).

In the first trimester of pregnancy, decidual spiral arteries
change from narrow position into dilated form with lack
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Figure 1. Remodeling Process of Uterine Spiral Arteries.

of maternal vasomotor control. These changes are per-
formed for better blood supplying that if failed leads to
pregnancy complications (7).

A controversial point is how to remodel. We found that
in this going back of spiral arteries we have apoptosis in
endothelial layer (29); whereas in muscular layer we have
cell migration and no apoptosis was observed (32). The
mentioned apoptosis is triggered by leukocytes dealing
with remodeling (like NKs, etc.) (7).

In mice with impaired NKs it has been observed by Pi-
jnenborg et al that the muscular layer of spiral arteries re-
mained intact (29). So it can be concluded that existence
of NKs is necessary for migration of muscular cells and
inhibition of them may cause complications. Also he be-
lieved that uNKs play two roles; direct impact on vascular
remodeling and regulatory impact on trophoblast invad-
ing. Also, it has been observed in golden hamster (34) that
uNKs are involved with vascular remodeling during im-
plantation while they invade arterial wall before invading
trophoblasts. uNKs gathered in the location of remodel-
ing, cause vascular dilation and angiogenesis by secreting
vascular endothelial growth factor (VEGF) and interleu-
kin (IL)-8 (34). For this reason, progesterone therapy is
done to improve expression of VEGF receptor in endo-
metrium at implantation time (35). Although Clifford et
al (36) observed an increased number of NKs in decidua
of women with RSA, they investigated the total uterine
CD56" cells which consists of both bright and dim forms
of CD56.

Role of Inflammation in Implantation

Over 75% of pregnancy failures are associated with im-
plantation failure (37). Of the controversial issues is
whether inflammation is good or bad in the implantation
success. For this reason some previous studies proposed
that administration of low dose aspirin, heparin and pred-
nisolone to increase the success rate of ARTs is an effective
method (38); because coagulation process and the coagu-
lation factors are involved in pregnancy loss as described
by Jeddi-Tehrani et al. (39). The more interesting point is
that no significant correlation were observed in approx-
imately half of these studies. It can never be denied that
pathologic and unusual inflammation impedes the success
pregnancy, but by itself inflammation is a physiologic phe-
nomenon that is necessary for pregnancy maintenance.
About administration of low dose aspirin as an adjuvant
treatment of infertility, there are controversial approach-
es and contradictory findings. For instance, Akhtar et al
in 2013 as opposed to aspirin administration, announced
directly in their study entitled “Aspirin and heparin as
adjuvants during IVF do not improve live birth rates in
unexplained implantation failure” (40). After a year, Gizzo
as a defender of aspirin administration takes success less
of such researches into account as lack of suitable protocol
(41); but even in his research, numbers of good-quality
embryos were decreased in group of low dose aspirin ad-
ministration. Another research (42) announced that in-
hibition of NKs - with aspirin or prednisolone - results
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in better interface between embryo and maternal tissue
as Boroujeni et al announced (43). On the hypothesis of
Haapsamo et al (44), administration of low dose aspirin
can improve vascular remodeling; but it’s to be noted that
inhibition of immune system is somehow throwing the
body out with bath water; as a valid paper in Journal of Re-
productive Immunology in 2015 announced that uNKs can
help durability and remodeling of uterine arteries (45).
Moini et al in 2007 (46) in a research — with a similar pro-
tocol to Akhtar’s (100 mg aspirin daily for 12 weeks after
IVF performing) - in spite of the defending approach to
aspirin administration, reached no significant correlation.
Of course unlike Akhtar and like Gizzo, who consider
failure of their hypothesis because of unsuitable protocol.
This reasoning is correct; because 12 week administration
of such high bio-availability drug inhibits natural inflam-
mation and immune system of patients in the sensitive pe-
riod of placentation. Of course even Gizzo's protocol was
not responsive and for this reason in our previous letter
we suggested the administration merely at ovulation peri-
od (38). Thanks to the up-regulatory effects of aspirin on
ovary and ovarian hormones (43). But because of histopa-
thology sequels of ovulation stimulation (47,48) it is still
controversial.

Apoptosis (triggered by IFN-gamma) in turn like inflam-
mation is a physiologic phenomenon by itself and seems
necessary for vascular remodeling and implantation win-
dow formation (49). For example, the mentioned EVTs in-
duces apoptosis through interaction of Fas/FasL (31). Of
course in pathologic conditions the very apoptosis could
be a reason of abortion (50), like apoptosis secondary to
toxoplasma infection (51).

Since in the word of Longmans Embryology, L-selectin
is responsible for primary adhesion of blastocyste to en-
dometrium (52) and on the other hand non-steroid an-
ti-inflammatory drugs (NSAID) in general and aspirin in
particular can inhibit L-selectin (53), aspirin administra-
tion even at early implantation might be against logic. The
other extra-cellular molecules such as Laminin (54) and
Fibronectin in the word of Longman are involved in the
adhesion (52), in which aspirin is respectively non effec-
tive on the first one (55) and inhibitor of the second one
(56). “Laminin receptor 17 may also have an important
role in human reproduction. Its decreased expression has
also been linked to shallow trophoblastic invasion which
may lead to pre-eclampsia (54,57,58). Of course such
molecules have variety of kinds and the mentioned ref-
erences (53,55,56) are not merely related to endometrium
and it’s upon us to study further. Also L-selectin is abun-
dant on cell surface of CD56"%" NKs (19); so inhibiting
these NKs as a therapeutic protocol by aspirin needs to be
investigated further.

The inflammatory response of T-helper-1 cells and
T-helper-2 cells are respectively necessary for induction
of implantation and pregnancy maintenance (59). Anoth-
er research showed that in uterine stroma cells of healthy
women, level of cytokines such as IL-6,8 and transforming
growth factor (TGF)-beta were upper than in women with

implantation failure history (6). In study of Rajaei et al (6)
because of some impediments, investigation on Interfer-
on (IFN)-gamma was not performed; but another study
in 2015 proved its impact (60). Thus, it seems that such
pre-inflammatory cytokines are necessary for implanta-
tion success. The impact of tumor necrosis factor (TN-
F)-alpha is also reported (61).

As described by Murphy et al in a high quality review
(49), IFN-gamma (secreted mainly by NKs) plays a key
in processes such as initiation of vascular remodeling of
endometrium, angiogenesis in implantation site and even
maintenance of the maternal part of placenta. But in spite
of this, inhibition of IFN-gamma secondary to inhibition
of NKs is the main reasoning of low dose aspirin admin-
istration defenders (43). Conversely, IFN-gamma level
were lower in women with 20th-25th week pre-term de-
livery (49). Recently, it has been observed by Sun et al. that
blocking Tim-3 is associated with reduction of IFN-gam-
ma and TNF-alpha (27).

In addition to the above data about the role of inflamma-
tion, recently a new technique under the title of “endome-
trial scratching” is proposed (62). Due to novelty of this
technique there were a few free-access related articles like
Nossair et al (59) and Singh et al (63). In this technique,
via making a scratch-suction on endometrium, we inflame
endometrium (up to 6 mm thickness) to prepare it for im-
plantation (64). As Nossair et al announced, induction of
inflammation can induce decidualization. They believe
that although this technique has never been assayed for
potential genetic sequels, the obtained embryos were of
good-quality.

Since Longman’s Embryology counts the teratogenic ef-
fect of aspirin and heparin as controversial (52), our
search showed that this issue were proposed since 1971
when Kimmel et al (65) had investigated it in high dose
and nowadays in 2015 this effect is proved in high doses
(66) and probably in low doses like 8 mg/kg in rabbit (67).

Conclusion

As mentioned before, we should not expect more from
ARTs. This apparently low success rate for ART is not
merely a reason to approach a non-proved therapeutic
protocol. If RSA was proved or ARTs do not work after
a year of continuous attempt we should seek a remedy;
but we should always use a valid protocol to prevent from
formation of bad-quality and malformed embryos. We
should regard that if the immune system rejects an em-
bryo, it might be due to malformation.

At the end of the review it is notified and suggested that
using a valid protocol is necessary for infertility clinical
centers. The protocol mainly consists of HLA-C and G
typing of the embryo by chorionic villus sampling or am-
niocentesis and also KIR typing of the both parents with
help of the gel-based, serological and genetic techniques.

Ethical Issues
Not applicable.

International Journal of Women’s Health and Reproduction Sciences, Vol. 4, No. 3, July 2016 [99



Ahmadi et al

Conlflict of Interests
All the authors declare that there is no conflict of interest.

Financial Support

This systematic review is extracted from a research pro-
posal supported by Student research committee of Lor-
estan University of Medical Sciences.

Acknowledgments

We would like to appreciate the members of Lorestan
University of Medical Sciences, in particular Dr. Sadegh
Rezapour (Department of Genetics), Dr. Majid Tavati and
Jafar Rezaian (Department of Anatomy) and other dear
professors that although they were not included in the au-
thorship, but we used their suggestions as consultants.

References

1. Ghafourian M, Band NA, Pour AF, Kooti W, Rad MF, Badiee
M. The role of CD16+, CD56+, NK (CD16+/CD56+) and
B CD20+ cells in the outcome of pregnancy in women
with recurrent spontaneous abortion. Int ] Womens Health
Reprod Sci. 2015;3:61-6. doi:10.15296/ijwhr.2015.10.

2. Farzadi L, Fakour A, Ghasemzadeh A, et al. The effect of
local endometrial injury and GnRH agonist on pregnancy
rate in patients with recurrent implantation failure. Int J
Womens Health Reprod Sci. 2016;4:34-37. doi:10.15296/
ijwhr.2016.08.

3. Meldrum DR, Silverberg KM, Bustillo M, Stokes L. Success
rate with repeated cycles of in vitro fertilization-embryo
transfer. Fertil Steril. 1998;69(6):1005-1009. doi:10.1016/
s0015-0282(98)00083-1.

4.  Wade JJ, MacLachlan V, Kovacs G. The success rate of
IVF has significantly improved over the last decade. Aust
N Z J Obstet Gynaecol. 2015;55(5):473-476. doi:10.1111/
ajo.12356.

5. Cahill DJ, Wardle PG. Management of infertility. BM]J.
325(7354):28. doi:10.1136/bm;j.39324.662049.80

6. Rajaei S, Zarnani AH, Jeddi-Tehrani M, et al. Cytokine
profile in the endometrium of normal fertile and women
with repeated implantation failure. Iran ] Immunol.
2011;8(4):201.

7. Smith SD, Dunk CE, Aplin JD, Harris LK, Jones RL. Evidence
for immune cell involvement in decidual spiral arteriole
remodeling in early human pregnancy. Am ] Pathol.
2009;174(5):1959-1971. doi:10.2353/ajpath.2009.080995.

8.  Muzzio D, Zenclussen AC, Jensen F. The role of B cells in
pregnancy: the good and the bad. Am ] Reprod Immunol.
2013;69(4):408-412. doi:10.1111/aji.12079.

9. Kolb J, Chaouat G, Chassoux D. Immunoactive products
of placenta. III. Suppression of natural killing activity. J
Immunol. 1984;132(5):2305-2310.

10. Borel IM, Gentile T, Angelucci J, et al. IgG asymmetric
molecules with antipaternal activity isolated from sera
and placenta of pregnant human. J Reprod Immunol.
1991;20(2):129-140. doi:10.1016/0165-0378(91)90029-p.

11. Zenclussen AC, Gentilet T, Margni R, Kortebani G,
Mazzolli A. Asymmetric antibodies and pregnancy. Am J
Reprod Immunol. 2001;45(5):289-294. doi:10.1111/j.8755-
8920.2001.450504.x.

12. Kelemen K, Bognar I, Paal M, Szekeres-Bartho J. A
progesterone-induced protein increases the synthesis of
asymmetric antibodies. Cellular Immunol. 1996;167(1):129-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

134. d0i:10.1006/cimm.1996.0016.

Danza A, Ruiz-Irastorza G, Khamashta M. Antiphospohlipid
syndrome in obstetrics. Best Pract Res Clin Obstet Gynaecol.
2012;26(1):65-76. doi:10.1016/j.bpobgyn.2011.10.006.
Karami N, Boroujerdnia MG, Nikbakht R, Khodadadi A.
Enhancement of peripheral blood CD56 dim cell and NK
cell cytotoxicity in women with recurrent spontaneous
abortion or in vitro fertilization failure. ] Reprod Immunol.
2012;95(1-2):87-92. doi:10.1016/j.jri.2012.06.005.

Sacks G. Enough! Stop the arguments and get on with the
science of natural killer cell testing. Hum Reprod. 2015;30:
1526-31. doi: 10.1093/humrep/dev096.

Lachapelle MH, Miron P, Hemmings R, Roy DC.
Endometrial T, B, and NK cells in patients with recurrent
spontaneous abortion. Altered profile and pregnancy
outcome. ] Immunol. 1996;156(10): 4027-4034.

Bhatnagar N, Ahmad E Hong HS, et al. FcyRIII (CD16)-
mediated ADCC by NK cells is regulated by monocytes and
FcyRII (CD32). Eur J Immunol. 2014;44(11):3368-3379.
doi:10.1002/€ji.201444515.

Cooper MA, Fehniger TA, Turner SC, et al. Human natural
killer cells: a unique innate immunoregulatory role for
the CD56bright subset. Blood. 2001;97(10):3146-3151.
doi:10.1182/blood.V97.10.3146.

Varzi AM, Shahsavar F, Tarrahi MJ. Distribution of HLA-
DRB1 and HLA-DQBI alleles in Lak population of Iran.
Hum Immunol. 2016. doi:10.1016/j.humimm.2016.05.011.
Mousavi T, Poormoghim H, Moradi M, Tajik N, Shahsavar
E Soofi M. Phenotypic study of natural killer cell subsets
in ankylosing spondylitis patients. Iran J Allergy Asthma
Immunol. 2009;8(4):193-198.

Mousavi T, Shahsavar F, Farnia P, Tajik N, Soofi M. Study of
KIR expression and HLA ligands in CD56 + lymphocytes of
drug resistant tuberculosis patients. Iran J Allergy Asthma
Immunol. 2011;10(3):189-194.

Bozorgmehr M, Moazzeni SM, Salehnia M, Sheikhian A,
Nikoo S, Zarnani AH. Menstrual blood-derived stromal
stem cells inhibit optimal generation and maturation of
human monocyte-derived dendritic cells. Immunol Letters
2014;162(2):239-246. doi:10.1016/j.imlet.2014.10.005.
Bozorgmehr M, Zarnani AH, Sheikhian A, Salehnia
M, Jabbari Arface A, Moazzeni SM. Inhibitory effects
of menstrual blood stromal stem cells on generation of
dendritic cells from peripheral blood monocytes. Modares
J Med Sci. 2013;14(4):23-37.

Nikoo S, Ebtekar M, Jeddi-Tehrani M, et al. Effect of
menstrual blood-derived stromal stem cells on proliferative
capacity of peripheral blood mononuclear cells in allogeneic
mixed lymphocyte reaction. J Obstet Gynaecol Res.
2012;38(5):804-809. doi:10.1111/.1447-0756.2011.01800.x.
Zarnani AH, Moazzeni SM, Shokri F, Salehnia M, Jeddi-
Tehrani M. Kinetics of murine decidual dendritic cells.
Reproduction 2007;133:275-283. doi:10.1530/rep.1.01232.
Zarnani AH. Recurrent pregnancy loss through the lens of
immunology. ] Reprod Infertil. 2015;16(2):59.

SunJ, Yang M, Ban Y, et al. Tim-3 is upregulated in NK cells
during early pregnancy and inhibits NK cytotoxicity toward
trophoblast in galectin-9 dependent pathway. PloS One.
2016;11(1): €0147186. doi:10.1371/journal.pone.0147186.
Wang S, Zhu X, Xu Y, et al. Programmed cell death-1 (PD-
1) and T-cell immunoglobulin mucin-3 (Tim-3) regulate
CD4+ T cells to induce Type 2 helper T cell (Th2) bias
at the maternal-fetal interface. Human Reproduction

100 | International Journal of Women’s Health and Reproduction Sciences, Vol. 4, No. 3, July 2016



Ahmadi et al

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

2016;31(4):700-711. doi:10.1093/humrep/dew019.
Pijnenborg R, Vercruysse L, Hanssens M. The
uterine spiral arteries in human pregnancy: facts and
controversies. Placenta. 2006;27(9):939-958. doi:10.1016/j.
placenta.2005.12.006.

Atashkhoei S, Lame MM. Outcome of patients admitted
to obstetric intensive care unit with severe preeclampsia,
eclampsia or HELLP syndrome. Int ] Womens Health
Reprod Sci. 2015;3:155-157. doi: 10.15296/ijwhr.2015.32.
Ashton SV, Whitley GSJ, Dash PR, et al. Uterine spiral
artery remodeling involves endothelial apoptosis induced
by extravillous trophoblasts through Fas/FasL interactions.
Arterioscler Thromb Vasc Biol. 2005;25(1):102-108. doi:
10.1161/01.ATV.0000148547.70187.89.

Bulmer JN, Innes BA, Levey ], Robson SC, Lash GE. The
role of vascular smooth muscle cell apoptosis and migration
during uterine spiral artery remodeling in normal human
pregnancy. FASEB J. 2012;26(7):2975-2985. d0i:10.1096/
£1.12-203679.

Ahmadi SA, Shahsavar E Hasanvand A. Controversies
about preeclampsia through the lens of reproductive
immunology: a systematic review. Int J Intg Med Sci.
2016;3(2):225-228. doi:10.16965/ijims.2016.104.
Pijnenborg R, Robertson W, Brosens I. The arterial
migration of trophoblast in the uterus of the golden hamster,
Mesocricetus auratus. ] Reprod Infertil. 1974;40:269-280.
Beigi Boroujeni M, Beigi Boroujeni N, Gholami M. The
effect of progesterone treatment after ovarian induction
on endometrial VEGF gene expression and its receptors
in mice at pre-implantation time. Iran J Basic Med Sci.
2016;19(3):252-257.

Clifford K, Flanagan A, Regan L. Endometrial CD56+
natural killer cells in women with recurrent miscarriage: a
histomorphometric study. Hum Reprod. 1999;14(11):2727-
2730.

Mitra A, Mandana B. Application of gel-based proteomic
technique in female reproductive investigations. ] Hum
Reprod Sci. 2015;8:18-24. doi:10.4103/0974-1208.153121.
Yasin Ahmadi SA, Tavafi M, Ahmadi PS. A critical approach
to administration of low-dose aspirin (LDA) to improve
implantation success. Int ] Womens Health Reprod Sci.
2015;3:223-224. doi:10.15296/ijwhr.2015.47.

Jeddi-Tehrani M, Torabi R, Mohammadzadeh A, et al
Investigating association of three polymorphisms of
coagulation factor XIII and recurrent pregnancy loss. Am ]
Reprod Immunol. 2010;64(3):212-217. doi:10.1111/j.1600-
0897.2010.00838.x.

Akhtar MA, Eljabu H, Hopkisson ], Raine-Fenning
N, Quenby S, Jayaprakasan K. Aspirin and heparin as
adjuvants during IVF do not improve live birth rates in
unexplained implantation failure. Reprod Biomed Online.
2013;26(6):586-94. d0i:10.1016/j.rbmo.2013.02.007.

Gizzo S, Capuzzo D, Zicchina C, et al. Could empirical
low-dose-aspirin administration during IVF cycle affect
both the oocytes and embryos quality via COX 1-2 activity
inhibition? ] Assisted Reprod Genetics. 2014;31(3):261-
268. doi:10.1007/s10815-014-0174-7.

Inoue T, Ono Y, Yonezawa Y, Kishi J, Emi N. Improvement
of live birth rate following frozen-thawed blastocyst
transfer by combination of prednisolone administration
and stimulation of endometrium embryo transfer.
Open ] Obstet Gynecol. 2014;2014:49531. doi:10.4236/
0j0g.2014.413103.

Boroujeni MB, Boroujeni NB, Gholami MR, Boroujeni MB,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Shafiei A, Rasouli M. Low-dose aspirin and uterine natural
killer cells in mice at day seven of pregnancy. Jentashapir J
Health Res 2015;6(6).

Haapsamo M, Martikainen H, Tinkanen H, Heinonen
S, Nuojua-Huttunen S, Résdnen J]. Low-dose aspirin
therapy and hypertensive pregnancy complications in
unselected IVF and ICSI patients: a randomized, placebo-
controlled, double-blind study. Hum Reprod. 2010: deq286.
doi:10.1093/humrep/deq286.

Fraser R, Whitley GSJ, Thilaganathan B, Cartwright
JE. Decidual natural killer cells regulate vessel stability:
implications for impaired spiral artery remodelling.
J Reprod Immunol. 2015;110:54-60. doi:10.1016/j.
jri.2015.04.003.

Moini A, Zafarani F, Haddadian S, Ahmadi J, Honar H,
Riazi K. Effect of low-dose aspirin therapy on implantation
rate in women undergoing in-vitro fertilization cycles.
Saudi Med J. 2007;28(5):732-736.

Boroujeni MB, Boroujeni NB, Salehnia M, Marandi E,
Boroujeni MB. Ultrastructural changes of corpus luteum
after ovarian stimulation at implantation period. Iran
Biomed J. 2012;16(1):1. doi:10.6091/IBJ.1033.2012.

Fayazi M, Beigi Boroujeni M, Salehnia M, Khansarinejad B.
Ovarian stimulation by exogenous gonadotropin decreases
the implantation rate and expression of mouse blastocysts
integrins. Iran Biomed J]. 2014;18(1):8-15. do0i:10.6091/
ibj.1236.2013.

Murphy SP, Tayade C, Ashkar AA, Hatta K, ZhangJ, Croy BA.
Interferon gamma in successful pregnancies. Biol Reprod.
2009;80(5):848-859. doi:10.1095/biolreprod.108.073353.
Boroujeni MB, Salehnia M, Khalatbary AR, Pourbeiranvand
S, Boroujeni NB, Ebrahimi S. Effect of ovarian stimulation
on the endometrial apoptosis at implantation period. Iran
Biomed J. 2010;14(4):171.

Zhang L, Zhao M, Jiao F, et al. Interferon gamma is involved
in apoptosis of trophoblast cells at the maternal-fetal
interface following Toxoplasma gondii infection. Int J Infect
Dis. 2015;30:10-16. doi:10.1016/}.ijid.2014.10.027.

Sadler TW. Langman’s Medical Embryology. Lippincott
Williams & Wilkins; 2011.

Diaz-Gonzalez F, Gonzalez-Alvaro I, Campanero M,
et al. Prevention of in vitro neutrophil-endothelial
attachment through shedding of L-selectin by nonsteroidal
antiinflammatory drugs. J Clin Investig. 1995;95(4):1756.
doi:10.1172/jci117853.

Kurdoglu M, Kurdoglu Z. What is the role of laminin
receptor 1 in human reproduction? Int ] Womens Health
Reprod Sci. 2015;3(2):118-119. doi:10.15296/ijwhr.2015.24.
Ishibashi M, Bottone FG, Taniura S, Kamitani H, Watanabe
T, Eling TE. The cyclooxygenase inhibitor indomethacin
modulates gene expression and represses the extracellular
matrix protein laminin y1l in human glioblastoma cells.
Experimental Cell Res. 2005;302(2):244-252. doi:10.1016/j.
yexcr.2004.09.021.

Makino H, Mukoyama M, Sugawara A, et al. Roles
of connective tissue growth factor and prostanoids in
early streptozotocin-induced diabetic rat kidney: the
effect of aspirin treatment. Clin Experimental Nephrol.
2003;7(1):0033-0040. doi:10.1007/s101570300004.
Kurdoglu M, Kurdoglu Z, Ozen S, et al. Expression of
laminin receptor 1 in human placentas from normal and
preeclamptic pregnancies and its relationship with the
severity of preeclampsia. J Perinat Med. 2011;39(4):411-
416. doi:10.1515/JPM.2011.024.

International Journal of Women’s Health and Reproduction Sciences, Vol. 4, No. 3, July 2016

1101



Ahmadi et al

58.

59.

60.

61.

62.

63.

Sahin H, Akpak YK, Berber U, Giin I, Demirel D, Riisti
Ergiir A. Expression of P-Cadherin (Cadherin-3) and
E-selectin in the villous trophoblast of first trimester
human placenta. ] Turk Ger Gynecol Assoc. 2014;15(1):7-
13. doi:10.5152/jtgga.2014.56563.

Nossair WS, El Behery MM, Farag MAS. Endometrial
scratch-suction and implantation failure. Open ] Obstet
Gynecol. 2014;4(5):217-222. d0i:10.4236/0j0g.2014.45036.
Chen CP, Piao L, Chen X, et al. Expression of interferon
y by decidual cells and natural killer cells at the human
implantation siteimplications for preeclampsia, spontaneous
abortion, and intrauterine growth restriction. Reprod Sci.
2015;22:1461-1467. doi:10.1177/1933719115585148.
Boomsma C, Kavelaars A, Eijkemans M, et al. Endometrial
secretion analysis identifies a cytokine profile predictive
of pregnancy in IVE. Hum Reprod. 2009;24(6):1427-1435.
doi:10.1093/humrep/dep011.

Lensen S, Sadler L, Farquhar C. Endometrial scratching
for subfertility: everyone’s doing it. Hum Reprod. 2016:
31(6):1241-1244. doi:10.1093/humrep/dew053.

Singh N, Toshyan V, Kumar S, Vanamail P, Madhu M. Does

64.

65.

66.

67.

endometrial injury enhances implantation in recurrent
in-vitro fertilization failures? A prospective randomized
control study from tertiary care center. ] Hum Reprod Sci
2015;8(4):218. doi:10.4103/0974-1208.170401.

Mahajan N, Sharma S. The endometrium in assisted
reproductive technology: How thin is thin? ] Human
Reprod Sci. 2016;9(1):3. doi:10.4103/0974-1208.178632.
Kimmel CA, Wilson JG, Schumacher HJ. Studies on
metabolism and identification of the causative agent in
aspirin teratogenesis in rats. Teratology. 1971;4(1):15-24.
Thomas M, Amosu A, Degun A, Oyegbile O, Ramakuela N.
Effect of maternal oral ingestion of aspirin on birth weight
of wistar rat offspring. Biomed Res. 2015;26(2). http://www.
biomedres.info/abstract/effect-of-maternal-oral-ingestion-
of-aspirin-on-birth-weight-of-wistar-ratrnoffspring-728.
html

Nazir S, Ali A, Zaidi S, Shakila N, Ali A, Zaidi S. Micro
hardness of dental tissues influenced by administration of
aspirin during pregnancy. Int ] Morphol. 2015;33(2):586-
593. doi:10.4067/s0717-95022015000200028.

Copyright © 2016 The Author(s); This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

102 | International Journal of Women’s Health and Reproduction Sciences, Vol. 4, No. 3, July 2016


http://www.biomedres.info/abstract/effect-of-maternal-oral-ingestion-of-aspirin-on-birth-weight-of-w
http://www.biomedres.info/abstract/effect-of-maternal-oral-ingestion-of-aspirin-on-birth-weight-of-w
http://www.biomedres.info/abstract/effect-of-maternal-oral-ingestion-of-aspirin-on-birth-weight-of-w
http://www.biomedres.info/abstract/effect-of-maternal-oral-ingestion-of-aspirin-on-birth-weight-of-w



