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REPRODUCTIVE IMMUNOLOGY

• Reproductive Immunology originated with the work of Dr. Medewar
which began in the 1940s and ultimately earned him the Nobel Prize. 
Dr. Medewar observed that when an organ was transplanted from the 
male partner of a female mouse, the organ was immediately rejected 
unless the female mouse was currently pregnant with that male's fetus, 
in which case, she did not reject the organ transplant. He also noted 
that even when pregnant, the female mouse would reject any organ 
transplant from any male mouse other than that of the father of the 
embryo she was carrying. This showed that the immune system of the 
female was able to generate "selective tolerance" to certain genes of 
the father.



INTRODUCTION

• Human pregnancy is a quite inefficient process. 

• The maximal fecundity rate is approximately 30% per cycle 
in the first two cycles. 

• After a successful implantation, approximately 31% of 
pregnancies were reported to be miscarried.

• Zinaman MJ, Cet al.: Estimates of human fertility andpregnancy loss. Fertil Steril 1996; 65:503–509.



• A significant proportion (41%) of these pregnancy losses 
are reported to be occult losses. 

• Prevalence of occult losses was reported to be 41–70% 
depending on the timing and sensitivity of pregnancy test.

• In in vitro fertilization (IVF) pregnancies, 51.4% of embryo 
transfers resulted in embryo implantation. 

• Of these implantations, 33.7% resulted in preclinical 
pregnancy loss, 3.7% in biochemical pregnancy, and 14.9% 
in clinical miscarriage.

• Norwitz ER, Schust DJ, Fisher SJ: Implantation and the survival of early pregnancy. N Engl J Med 2001;345:1400–1408.



INFLAMMATORY IMMUNE PROCESS 
ND PREGNANCY OUTCOME

• Multiple etiologies for RPL have been reported including 
• Chromosomal-6%, 
• Anatomic-1%, 
• Hormonal-5%,
• Immunologic-65%, 
• and unexplained-23%.

• In a recent study by Ford et al., approximately 20% of women with RPL have 
autoimmune etiologies and 50% of them were reported to be unknown 
including non-anti-phospholipid antibody-related thrombophilic tendencies.



• Approximately 65–70% of RPL can be related to 
immunological etiologies. 

• Women with RPL or multiple implantation failures (MIF) 
have significantly elevated Th1 ⁄ Th2 cytokine-producing 
cell ratios in the peripheral blood when compared to 
normal controls.

• Immunopathological evaluation of the placental 
implantation site that terminated in a spontaneous 
abortion during the first trimester revealed elevated 
CD57+NK cells at the implantation site in 29.6% and 
thromboembolism in decidual vessels in 33.9% of cases.

• Kwak JY, Beaman KD, Gilman-Sachs A, Ruiz JE,Schewitz D, Beer AE: Up-regulated expression ofCD56+, CD56+⁄ CD16+, and CD19+cells in peripheral blood lymphocytes in pregnant women with recurrent pregnancy losses. Am J Reprod Immunol1995; 34:93–99.
• Kwak-Kim JY, Chung-Bang HS, Ng SC, Ntrivalas EI,Mangubat CP, Beaman KD, Beer AE, Gilman-SachsA: Increased T helper 1 cytokine responses by circulating T cells are present in women with recurrent pregnancy losses and in infertile women with multiple implantation failures after IVF. Hum Reprod 2003; 18:767–773.



IMMUNOLOGICAL FACTORS 
ASSOCIATED WITH IMPLANTATION.

• A successful pregnancy requires two major elements, a quality embryo and 
endometrial receptivity. 

• Blastocysts secrete various cytokines, chemokines, and other immunologic 
factors, such as soluble HLA-G. 





• Endometrial receptivity is related to multiple factors including:

• Immunological factors, 
• Cytokines, 
• Chemokines, 
• Endometrial luminal changes, 
• Hormones, and 

• Growth molecules, etc.

• A delicate, complex, and stage-specific cytokine equilibrium is involved in 
the tissue remodeling that controls uterine receptivity and that theTh1 ⁄ 
Th2 cytokine ratio is one component of that balance.

• Wilcox AJ, Weinberg CR, O’Connor JF, Baird DD,Schlatterer JP, Canfield RE, Armstrong EG, NisulaBC: Incidence of early loss of pregnancy. N Engl JMed 1988; 319:189–194





• Implantation failures or RPL maybe related to distinct local 
or systemic dysregulation patterns in the immune network 
and enhancement of endometrial receptivity via cytokine 
manipulation may further improve the implantation rate and 
reproductive outcome.



NATURAL KILLER CELLS

• Natural killer (NK) cells were first discovered for their 
ability to kill tumor cells, and later found to also kill 
pathogen-infected cells.*

• *. Vivier, E., Tomasello, E., Baratin, M. et al. Functions of natural killer cells. Nat Immunol 9, 503–510 (2008)



DECIDUAL NK

• A subsets of NK cells, termed decidual NK (dNK) cells, is 
found at the maternal fetal interface (decidua) in direct 
contact with the placenta. 

• The origin of these dNK cells is still unclear and it is 
thought that the dNK population is a heterogeneous: some 
migrate from the peripheral blood while other originated 
from local endometrial NK cells.

• NK cells comprise 50%–70% of decidual lymphocytes 
during the first trimester and are in direct contact with 
extravillous trophoblast cells and spiral arteries. 



• Functionally, dNK cells display limited cytotoxicity and 
instead produce cytokines, growth factors, and angiogenic 
factors needed to appropriately remodel the maternal 
spiral arteries, promoting angiogenesis and attracting 
invasive trophoblasts to the decidua.

• Phenotypically, dNK cells are similar to the minority 
population of pbNK cells characterized as 
CD56brightCD16neg.





• NK-cell function is regulated by a delicate balance between
signals generated by inhibitory and activating receptors.

• NK cells possess the ability to recognize and kill infected or 
malignantly transformed cells, while leaving healthy host cells
unharmed. 

• Inhibitory receptors on NK cells recognize class I major 
histocompatibility complex (MHC) molecules expressed on 
most healthy cells in the body.

• Long EO, Kim HS, Liu D, Peterson ME, Rajagopalan S. Controlling natural killer cell responses: integration of signals for activation and inhibition. Annu Rev 
Immunol. 2013;31:227-258. doi:10.1146/annurev-immunol-020711-075005





• NK inhibitory receptors include three families of receptors:
• heterodimers composed of CD94 and NKG2A, 

• the Ig-like transcripts (i.e., ILT-2), and 

• the killer cell Ig-like receptor (KIR) family. 

• When NK cells encounter host cells expressing MHC class I 
molecules, protein tyrosine phosphatases are activated, 
reducing signaling downstream of activating receptors and 
opposing NK-cell activation.





PREGNANCY: AN 
IMMUNOLOGICAL PREDICAMENT?

• Direct contact between EVTs, maternal immune cells and 
decidual stroma cells (DSCs) is established, but rejection of 
fetal semiallogeneic cells does not generally occur. 

• Fetal rejection is prevented as a result of the greater ratio 
of T helper type 2 (TH2) compared toTH1 cytokines 
produced by maternal leukocytes. 



ACTIVATION OF PATHWAYS TO 
CONSTRAIN T CELL ACTIVITY

• Fetal protection from rejection of fetal antigen–reactive T 
cells has been attributed to clonal deletion or suppressed 
proliferation of T cells by several pathways: 

• Programmed death 1 (PD1), 

• The cell surface death receptor CD95 (also known as FAS) 
and 

• Indoleamine-pyrrole 2,3-dioxygenase (IDO)-dependent 
pathways. 



ROLES FOR REGULATORY T CELLS 
IN FETAL TOLERANCE.

• Tolerance toward the fetus is also mediated by CD4+ regulatory T 
(Treg) cells in mammals. Many studies have indicated that the 
frequency of Treg cells increases during pregnancy in the decidua in 
mice and humans.

• The expression of the transcription factor fork head box P3 
(FoxP3)largely accounts for Treg cell functions in suppressing 
autoimmunity or dampening inflammation at mucosal surfaces. Recent 
phylogenetic analyses indicate that the ability to generate pTreg cells 
was acquired during evolution. 



MATERNAL IMMUNE ADAPTATION TO 
PREGNANCY AND OFFSPRING’S HEALTH

• A failure to successfully adapt to the fetus may not detectably affect pregnancy 
but can still interfere with fetal development. 

• Immune dysfunction has also been proposed to play a part in the pathogenesis 
of pregnancy complications such as preeclampsia and preterm birth. 

• It is well known that preterm birth and preeclampsia interfere with fetal 
development and significantly contribute to the risk of low birth weight. In turn, 
low birth weight is associated with an increased risk of developing diseases later 
in life. 



• Importantly, conditions linked with deficient placentation 
referred to as the ‘‘great obstetrical syndromes’’ (e.g., IUGR, 
intrauterine growth restriction; SGA, small for gestational 
age), are found at lower frequencies in repeated 
pregnancies. 

• Preeclampsia affects 5%–10% of first pregnancies, but far 
fewer repeated pregnancies, and an unbalanced innate 
immunity is suggested to be involved in the etiology of this 
disease.







THANKS

• Questions?


