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Immunology of Embryo Implantation  

• The immune system plays a key role in 
– fetomaternal cross-talk, embryo development
– normal implantation and placentation 
– at all phases contribution for pregnancy success.

Chaouat G, 2016

• At materno-fetal interface, 
 Most immune cells (70%) being CD56+ natural killer (NK) cells 
 20% of monocytes 
 Between 10% to 15% of all cells found in the decidua are lymphocytes, 

mainly regulatory T cells (Treg).

Moffett-King A ,2002
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Clonal expansions of allospecific uterine and 
peripheral Treg together with the proliferation of 
uNKs and DCs are involved in the maintenance of 
immune tolerance to the fetus.

Ruocco MG, 2014, Chen T, 2013
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Recurrent Abortion

• The guideline development group concludes to use the term 
Recurrent Pregnancy Loss (RPL). 

• A diagnosis of Recurrent Pregnancy Loss (RPL) could be considered 
after the loss of two or more pregnancies. 

ESHRE Guideline, 2017

• According to the guidelines of WHO , recurrent miscarriage (RM) : 

occurrence of three or more spontaneous and consecutive gestational 

losses in pregnancies of <20 weeks length.

• Recurrent miscarriage affects about 2%-5% of couples on their reproductive age.
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Causes

• Genetic abnormalities (Chromosomal aberrations , Balanced 
translocations)

• Uterine anomalies (Asherman syndrome, ..)

• Autoimmune diseases (SLE, Antiphospholipid syndrome)

• Blood clotting disorders (Hyperhomocystinemia or other types of 
thrombophilias)

• Infectious diseases

• Endocrinopathies (PCOS, Diabetes Mellitus, Hypothyroidism)

• Immunologic factors

• Sperm DNA fragmentation and meiotic alterations

• Idiopathic
Gupta et al. 2007
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Recurrent miscarriage may be due to one of three major 
causes:

1. Embryonic factor: There may be an embryo which is
inherently incompatable with life, such as
chromosome trisomy on triploidy.

2. Maternal factors such as uterine anomalies or
antiphospholipid antibodies

3. The embryo may be made abnormal by maternal
factors.

Carp H 2004
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Recurrent Implantation Failure
• There is a wide variability in the definition of RIF.

• Three generic definitions can be considered 
according to: 

 The number of unsuccessful ART cycles

 The number of embryos transferred 

 A combination of both factors
Polanski LT, 2014
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RIF is generally defined as 

• Failure to achieve clinical pregnancy: transfer of two good quality 
embryos, in at least three fresh or frozen IVF cycles/ETs (6 embryos in 
total) or in at least two egg donations (EG, i.e. 4 embryos in total).

Margalioth EJ,2006

• Failure to achieve pregnancy :repeated IVF cycles (2 to 6 IVF cycles), in 
which at least 10 high-grade embryos were transferred 

Shufaru Y ,2011

Considering that embryo quality is closely related to maternal age, some 
definitions willonly consider failed IVF transfer cycle in women younger than 
40 years: 
• The failure of clinical pregnancy after 4 good quality embryo transfers, with 

at least three fresh or frozen IVF cycles in women under the age of 40.
Coughlan C, 2014
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Causes
• Most common causes of RIF are classified as:

Maternal factors:
• Uterine anatomical anomalies
• Endometrium pathology resulting in altered endometrial receptivity; 
• States of hypercoagulability; 
• Immunological factors (iRIF) 

Shufaru Y ,2011

Embryological factors:
• It is important to note how good quality embryos are defined. 
• Routine assessment is usually done based on morphological factors but not on 

genetic embryo study.
• Studies on pre-implantation genetic diagnosis (PGD) refer up to 67% of 

aneuploidy embryos in patients with RIF.

Pehlivan T 2003
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Multiple factors may contribute to RIF

• Woman’s age
• Oocyte quality
• Sperm quality
• Parental chromosomal anomalies
• Genetic or metabolic abnormalities of the embryo
• Poor uterine receptivity
• Immunological disturbances in the implantation site 
• Gynological pathologies: endometriosis, uterine fibroids, hydrosalpinx ,endometrial 

polyps 
• Process of preparation for ART 
• Lifestyle: smoking, alcohol consumption, obesity

Cakmak and Taylor 2011; Coughlan et al. 2014; Das and Holzer 2012; Koot et al. 2012; Penzias 
2012 , Nowak I 2017
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Auto-antibodies

• Several autoimmune antibodies such as 

 ANA

 Anti-cardiolipin antibodies (ACAs) 

 Anti phospholipid antibodies 

• are involved in biochemical pregnancy loss.
Geva E,2000
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• Β2 glycoprotein 1 is the cofactor for anti cardiolipin. 

• Although the mechanism is still not well 
understood, there is also a strong association 
between anti-β2 glycoprotein 1 and ANA and 
implantation failure. 

Stern C, 1998
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Antiphospholipid Syndrome (APS)
• The patient must have

– vascular thrombosis 

– pregnancy morbiditiy

• fetal death after 10 weeks, premature birth before 34 weeks, or three or more 
consecutive miscarriages before 10 weeks of gestation. 

• Laboratory criteria can include either 
 Lupus anticoagulant (LA) measured in the plasma twice and 12 weeks apart

 Anticardiolipin antibody in plasma, measured twice and 12 weeks apart 

 Anti-β2 glycoprotein-I antibody in plasma measured twice and 12 weeks 
apart. 

• In order to be diagnosed with APS, one clinical and one 
laboratory criteria must be met.

Miyakis S,2006
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• There is accumulating evidence of non-criteria 
clinical and laboratory manifestations of APS, 
of which one criterion is two or more 
unexplained failed IVF cycles.

• In addition, some studies have suggested that 
these women benefit from standard APS 
treatment.

Arachchillage DR 2015
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• ANA positivity is a typical feature of several autoimmune

diseases like lupus erythematosus systemicus (SLE)

• low titers of ANA can be detected in the serum of a relatively

high proportion of apparently healthy individuals (about 30%

and 10% at 1:40 and 1:80 dilution, respectively).

Antinuclear Antibody (ANA)
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• Some studies have reported that ANAs are related to a decline in:

 oocyte quality 

 impairment of embryo development, 

• resulting in :     

 unexplained infertility 

 RSA    

 Endometriosis

 Implantation failure and POF

 The possible role of ANA in RPL is still strongly controversial, :

 some studies found an increased frequency of ANA in women with RPL

compared to normal control women,

 other investigations could not detect any difference in the prevalence of

ANA between RPL and normal women.

Ticconi C.2010
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RSA & ANA

Title Journals and Year Authors

Antinuclear Autoantibodies in Women with Recurrent

Pregnancy Loss

Am J Reprod Immunol 

2010

Carlo Ticconi.et al

Prevalence and clinical significance of antinuclear 

antibodies in Iranian women with unexplained recurrent 

miscarriage

Iran J Reprod .2014 Morteza Molazadeh.et al

Antinuclear autoantibodies and pregnancy outcome in 

women with unexplained recurrent miscarriage

Am J Reprod Immunol 

2016

Carlo Ticconi.et al 

Antinuclear antibodies and recurrent miscarriage: 

Systematic review and meta-analysis

Am J Reprod Immunol 

2019

Marcelo Borges 

Cavalcante.et al
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32

560 women with unexplained RM and 560 healthy controls accounted for this study over a period of 13

months.

ANAs were detected by indirect immunofluorescence technique.

ANAs were detected in :

• 74 of 560 (13.21%) patient with RM

• in only 5 of 560 (0.9%) controls (p<0.001).

ANA positivity was generally found with

• Low-positive results (1.40-1.80) in about 38% of positive cases,

• Moderate titres (1.160-1.320) in about 46%

• High titres (>1.640) were seen in about 16% of cases

ANAs are not uncommon in women with unexplained recurrent miscarriage, suggesting the 

possible role of an autoimmune disorder on abortion, at least in a subgroup of patients. 

Molazadeh M. et al 2014
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This meta-analysis suggested that positive ANA might increase the risk of RM. 

It was not possible to conclude which ANA pattern of immunofluorescence staining is 

more frequent in the RM group.

Borges Cavalcante.M et al. 2019
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Mara Simopoulou. et al 2019

• While the effects of autoantibodies have been researched for many 

decades their effect on IVF cycle outcomes cannot yet be fully 

delineated.

• aPLs, TAA, and ASA do not seem to exert a negative outcome on IVF 

cycles regarding LB/OP, CP, and BP rate. 

• AEA and ANA present with lower CP rates, hence inducing a negative 

effect. 

• aPL, TAA, and ANA are associated with higher miscarriage rates
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 We attempted a detailed search evaluating

the association, if any, between ANA at or

above a 1:80 titer, and RIF, defined as a

minimum of two failed IVF cycles.

 Of the 1275 citations identified, no studies 

met the inclusion criteria.

 Furthermore, of the 37 excluded articles,

over half (n=20) were published a decade

ago, demonstrating the paucity of good

quality evidence to support such

measurements in women undergoing IVF.

 However, there is little guidance to demarcate 

ANA testing between autoimmune diseases and 

RIF. 

Barke Na et al. 2017



• were cytotoxic to cells and induced apoptosis.

• It could lead to abnormal development of oocyte and embryo.

• There is little information on the clinical significance of anti-dsDNA for

improvement of ART outcome.

Fan J 2017
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Thyroid autoimmune disease :normal thyroid autoimmune function 
caused by the presence of thyroid autoantibodies (ATA), including 
thyroglobulin antibodies (Tg-Ab) and thyroid peroxidase antibodies 
(TPO-Ab).

Zhou et al. Medicine 2021
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Systematic review and Meta-analysis

Zhou et al. Medicine 2021
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•Glucocorticoid may improve the pregnancy outcomes of 
ART women with antithyroid antibody (ATA) positive.

•There is no significant reduction in the risk of miscarriage.

•Due to the limited enrolled references, glucocorticoid 
adjuvant therapy should be applied after more randomized 
controlled trials.

Zhou et al. Medicine 2021
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•1738 infertile patients had an immune profiling on a timed 
endometrial biopsy between 2012 and 2018. 
•This test documented the absence or the presence of an 

endometrial immune dysregulation and identified its type. 
• In case of dysregulation, a targeted personalized plan was 

suggested to the treating clinician aiming to supply the 
anomaly. 
•One year after the test, the clinician was contacted to 

provide the outcome of the subsequent embryo transfer 
with the applied suggested plan.

Lédée et al. Frontiers in Immunology 2020
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• 16.5% of the patients showed no endometrial immune dysregulation

• 28% had a local immune under-activation

• 45% had a local immune over-activation

• 10.5% had a mixed endometrial immune profile. 

• In patients with a history of RIF or RM:

the pregnancy rate was significantly higher if an endometrial dysregulation was 
found and the personalized plan applied, compared to the patients with an 
apparent balanced immune profile (respectively 37.7 and 56% vs. 26.9 and 24%, p 
< 0.001). 

Lédée et al. Frontiers in Immunology 202049



• In good prognosis IVF subgroup and patients using donor eggs, 
this difference was not significant between dysregulated and 
balanced subgroups, but higher pregnancy rates were observed in 
absence of dysregulation.

• For patients with immune over-activation, pregnancy rates were 
significantly higher for patients who had a test of sensitivity, 
regarding the type of immunotherapy introduced, when 
compared to the ones who did not (51 vs. 39.9%, p = 0.012).

Lédée et al. Frontiers in Immunology 202050



Peripheral and Uterine NKs

• Sacks et al. found that women with RIF had 
significantly increased pNK by concentration and 
percentage of lymphocytes compared with 
controls. 

• The sensitivity of this test was only 11% suggesting 
that women with RIF might have multiple other 
factors that contribute to their difficulty in 
achieving pregnancy.

Sacks G,2012
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• uNK cells are derived from the NK cell line due 
to their CD56+ marker, however they do not 
have the same ability to destroy cancerous cell 
lines and other HLA class 1 negative molecules. 

• Therefore, they may not actually have a 
deleterious effect on an implanted embryo

Moffett A,2015
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• Both pNK and uNK cells are elevated in patients with 
RIF. 

• uNK cells were measured via endometrial biopsy 
were found in 53% of idiopathic RIF patients and 
only in 5% of controls. 

• Though cut off values still require standardization, 
analysis of NK cells might eventually prove to be 
useful to women suffering from idiopathic RIF.

Santillan I,2015
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• A recent meta-analysis set out to determine the 
role of both pNK and uNK cells in infertility and 
RM and found some conflicting data regarding 
their role.

Seshadri S,2014
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• To date these studies are still investigative, 
and the role of NK cells in RIF and RSA is still 
controversial. 

• NK cell level and activity is just one aspect of 
the immune system involved in women 
suffering from infertility, and we need more 
data in order to yield clinical value from this 
information.

Bashiri A ,2018
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Th1/Th2 ratio and TNF-α levels

• There is a relative agreement :
– Elevated levels of Th1 cells are associated with 

rejection of embryos

– Elevated Th2 cell levels are associated with pregnancy. 

• These T cells are measured by their cytokine 
production

Nakagawa K, 2015
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• Cytokines produced by Th1 cells, such as TNF-α, suppress
trophoblastic growth and promote inflammatory and 
thrombotic responses in maternal uterine blood vessels 
thus adversely affecting implantation. 

• Cytokines produced by Th2 cells such as IL-4, IL-6 and IL-
10 inhibit Th1 cell induced tissue factor by monocytes. 

• Higher mean ratios of TNF-α/IL-4 and TNF-α/IL-10 in 
peripheral blood samples have been measured in women 
with RIF compared with mean ratios in controls 

Kwak-Kim JYH 2003
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RBM Online 2015
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The IFN-γ, IL-1β, IL-6 and IL-4 concentrations were 
higher, whereas the TGF-β1 concentration was 
lower in the RIF group compared with the control 
group.
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Furthermore, the ratios of pro-inflammatory and anti-
inflammatory cytokines 

IFN-γ/IL-4

IFN-γ/IL-10

IFN-γ/TGF-β1

IL-6/IL-10

IL-6/TGF-β1

IL-1β/TGF-β1 

TNF-α/TGF-β1 

were higher in the RIF group (all P < 0.01). 

The results suggested a shift toward a pro-inflammatory state 
in peripheral blood of the patients with RIF.

Liang et al. 2015
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Other Molecules

• Leukaemia inhibitory factor (LIF)

• Cellular adhesion molecules (CAMs)

• Prostaglandins (PG)

– Phospholipase A2 (PLA2)

– Cyclooxygenase enzyme 2 (COX-2)
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Meta Analysis Conclusion

• No role for immunotherapy was reported
in improving the LBR in women undergoing IVF treatment, with or 
without history of RIF or in the prevention of idiopathic RPL.

• Better-designed RCTs with better patient selection 
are strongly needed to finally address the role of 
the immunomodulators currently available.

Achilli , 2018
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Conclusion

• Pregnancy is considered as a semi‐allograft as fetus 
expresses paternal antigens.

• Immunological dysregulation is considered as one of the 
important factors involved in RSA and RIF. 

• Different immunological factors and immune cells such as 
Cytokines
Growth factors
T helper cells
Dendritic cells 
Macrophages
Peripheral and uterine NK 

have been considered important in pathophysiology of RSA 
and RIF. 
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Conclusion

• Different therapeutics agents including 

Immunosuppressive drugs

IVIG 

Aspirin

Hydroxychloroquine

Intrauterine infusion of different agents such as PRP, 
PBMC, G-CSF and hCG

are suggested in treatment of RIF.
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• Reproductive immunology principles have been applied to 
the clinical management of RPL, RIF, and failed IVF 
cycles. 

• A significant proportion of physicians recommend :

– thrombophilia workups (86%)

– parental genetic study (79%), 

– immunologic evaluations (69%) to IVF candidates who have a 
history of RPL or chemical pregnancy losses. 

• IVF physicians consider an immunologic workup when 
patients have two (30%) or three (21%) failed IVF cycles.

Kwak kim et al. 2013

Conclusion
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Assays for :

• anticardiolipin antibody

• lupus anticoagulant

• thyroid peroxidase antibody, 

• antinuclear antibody 

are the four most commonly ordered immunologic tests for RPL (88, 
84, 50, 47% each) and RIF (68, 63, 38, 38% each). 

Cellular immune evaluations, such as NK assay, human leukocyte 
antigen study, Th1/Th2 study or immunophenotype assay, are less 
commonly ordered.

A significant proportion of IVF physicians acknowledge the 
importance of immunologic alterations with reproductive outcomes.

Kwak kim et al. 2013

Conclusion
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Conclusion

In the absence of well-designed adequately 
powered RCTs and Universal guidelines, patients 
must be informed of uncertain benefits and risks 
associated with immunotherapy.
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