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Abstract

Genes related to immune and inflammatory response initiate the process of endometrial receptivity. It stimulates the cascade of biological
functions like cell differentiation, vasculogenesis, and expression of cell adhesion markers at the endometrium to which the invading embryo
attaches. Dysregulation in immunological response results in impairment in endometrial receptivity leading to implantation failure. In our
study, we have evaluated the expression of genes involved in immune and inflammatory response in recurrent implantation failure patients and
designed the personalized immunological treatment and cycle in which the embryo transfer to be recommended, based on the gene expression
results. We achieved success in two out of four cases having normal expression and down-regulation of immune response respectively, in natural
cycle. However, the approach is required to be implemented in larger cohort of implantation failure patients to confirm its efficiency.
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Introduction

Immunological and inflammatory response plays very crucial
role in making the endometrium receptive. In normal fertile
women, under the influence of progesterone and estrogen, during
the window of implantation (WOI) and before the arrival of
blastocyst, immune cells like monocytes and natural Killer cells
migrate to the endometrium. Additionally, inflammatory factors
like tumor necrosis factor (TNFa) and interferon-y are secreted
by the endometrial stromal cells to initiate the inflammatory
action. These markers secrete pro-inflammatory cytokines such
as interleukin (IL)1, IL6, leukemia inhibitory factor (LIF), leptin,
Insulin-like growth factor (IGF)2, IL18 in the endometrial tissue
[1]. The chemotaxis of monocytes to the secreted cytokines
brings about the differentiation of monocytes into dendritic
cells and macrophages in the presence of IL4 and Granulocyte-
macrophage colony-stimulating factor GMCSE. Immune cells also
get differentiated to specific decidualized cells having peculiar
characteristics e.g. NK cells loses its cytotoxic property when
gets differentiated to decidualized NK cells. The chemotaxis and

migration of these immune cells to the decidualized endometrium
stimulates the endometrial cells to secrete various chemokines,
growth factors and expression of cell adhesion molecules. Thus,
the immunological and adequate inflammatory response has been
observed to plays vital role in decidualization, tissue remodeling,
angiogenesis, vasculogenesis, and cell adhesion.

Based on the study performed by our group [2], it has been
observed that the immunological and inflammatory genes
were downregulated in recurrent implantation failure patients
undergoing 2 or more IVF cycles with unexplained infertility.
The down-regulated expression of these genes was observed
in endometrial tissue when patient group as well as healthy
fertile oocyte donors (control group) were under the influence
of ovarian stimulation. We have shortlisted panel of 70 genes
involved in immune and inflammatory response. However, genes
such as Progestogen Associated Endometrial Protein (PAEP), CD4,
C-X-C Motif Chemokine Ligand 14 (CXCL14), Interleukin 6 Signal
Transducer (IL6ST), LIF, Phospholipase A2 Group IIA (PLA2G2A),
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were validated by real time PCR. The protein expression was also
assessed by immunohistochemistry for LIF, IL6ST and PAEP gene,
confirming the significant down-regulation [2].

The significant differential expression of these genes in RIF
cases Vs oocyte donors highlights the role of immunological
processes in endometrial receptivity. Therefore, impairment in
immune response and imbalance between pro-inflammatory and
anti-inflammatory response could be accountable for defective
endometrial receptivity [1-3]. It has been reported that, the
hormonal administration in IVF protocol can be detrimental to
the endometrial receptivity [4]. Though in our previous study, this
hormonal bias was ruled out by considering both the case and
control group undergoing same protocol of ovarian stimulation,
the protocol of embryo transfer would also affect the receptivity.
Thus, the regulation of immune and inflammatory cells in
stimulated cycle, hormonal replacement cycle and natural cycle
would be different which may cause implantation failure.

Therefore, in each RIF patients, it is essential to evaluate the
expression of immune and inflammatory markers in WOI of the
same characterized cycle as of embryo transfer. Based on the
evaluation of panel of immunological markers, the approach of
personalized treatment can be planned for RIF patients. In this
approach, the RIF patients had undergone the evaluation of panel
of markers involved in immunological response such as PAEP,
LIF, IL6ST, CXCL14, PLA2G2A, Indoleamine 2,3-Dioxygenase 1
(IDO1), CD4, CD247. On stimulating the ovaries and retrieval
of the oocytes, the embryos of RIF patients were fertilized and
cryopreserved until their transfer. In the next natural menstrual
cycle, the endometrial biopsy was collected on day LH+6,
confirming the ovulation by monitoring the follicular growth by
USG and LH surge by ‘ovulation LH kit Total RNA was extracted
from endometrial tissue using Trizol reagent and were subjected
to cDNA preparation using ‘first strand cDNA kit”, Invitrogen as
per the manufacturer’s instructions. Real time PCR was performed
using 18S housekeeping gene as a normalizer. The CT values
of these genes were compared to control groups i.e. healthy
fertile women in natural cycle (LH+6th day). The fold change
was calculated using 2°4‘T method. The down-regulation or up-
regulation of these markers having fold change >2 was considered
abnormal and were subjected to further personalized treatment.

The down regulation indicates the need to elicit the inflamma-
tory response in endometrium by scratching the endometrium or
introducing injury to endometrium using Gynetics suction curette.
In such cases we could use the mechanistic approach reported by
Gnainsky etal. [3], in which induced endometrial injury stimulates
the immune markers and their migration to the implantation site,
which reside in the functionalis layer of the endometrium and
gets activated in next menstrual cycle during WOI under the influ-
ence of steroid hormones. On the other hand, the up-regulation of
above mentioned immune markers is suggestive over-expression
of genes related to immune response and would be recommend-
ed the administration of immunosuppressant (Figure 1). In all
the down-regulated, up-regulated and normal cases, the embryo

transfer is to be performed in natural cycle on day LH+5 by moni-
toring the follicular growth, without giving any hormonal supple-
mentation for preparation of endometrium.

4 A

B .
=]
oo nse
of e"’ed:’: wes?
e !
2

Ing,
infrs. €dsa, .
il P, € i,
0
@ .‘“s\a““

a"‘c’)' re.

Women with RIF

Injury to endometrium to
enhance the inflammation

corticosteroids to supress
the immunity

Implantation
Success

Figure 1: Personalized treatment approach for recurrent
implantation failure patients.
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This approach agrees with the study reported by Roberson
et al. [5] suggesting that it is very essential to treat the infertility
immunologically by giving corticosteroids, only after the
evaluation of immune response in the endometrium. This is
because the controlled inflammation and stimulation of immune
cells are important factors to achieve receptivity and successful
implantation [5]. We have evaluated four such cases, of which
one showed down-regulated panel of immune markers who had
undergone the ‘injury to endometrium’ in secretory phase. In this
patient, the embryos were transferred in its next natural cycle.
In other case, the panel of immunological genes were normal
when compared to fertile women. In this case, the embryos were
transferred in the next natural cycle. Both these patients had
conceived having positive urine pregnancy test and the presence
of gestational sack. The conception was confirmed by assessment
of heart bits of the fetus. Hence, out of four, IVF was successful in
two patients on managing them using personalized approach with
respect to immunological status of the endometrium to achieve
the receptivity. The fold change of both these patients is shown
in Table 1.

Table 1: Fold change of two patients achieved paregnancy after
implementation of approach of personalized treatment. Patient 1
showed normal expression having fold change of maximum markers <
2 whereas patient 2 observed to have down-regulation of immune and
inflammatory response having downregulated fold change of > 2.

Genes Fold change Patient 1 Fold change Patient 2
PAEP 0.295 -7.857
PLA2G2A 2.105 -4.26
CD4 0.09 -0.414
CXCL14 0.7 -8.254
IDOL1 1.145 2.594
CD247 1.57 0.58
IL6ST 1.57 -2.957
LIF -1.36 -3.89
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Conclusion

The implementation of this approach needs to be substantiated
inlarger population of RIF patients. Thus, theimmune response and
its proper regulation is observed to play vital role in endometrial
receptivity. In IVE the stated approach of embryo transfers in
natural cycle on assessment of immunological regulatory genes
would help in improving the success rate of IVE. The endometrial
tissue assessment in natural cycle and even the transfer of embryo
in natural cycle would help to nullify the hormonal bias of other
generalized protocols of ovarian stimulation, replacement therapy
and the preparation of endometrium in frozen embryo transfer
cycle.
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