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Fifty percent of fetal antigens are of paternal origin. These are
recognized by the maternal immune system, thereby resulting in
lymphocyte activation and the induction of progesterone receptors
(PRs) in immune cells. Upon binding of progesterone to PRs on
lymphocytes, a downstream mediator called progesterone-
induced blocking factor (PIBF) is produced. The full-length PIBF
is a 90 kDa protein; however, because of alternative splicing,
several smaller isoforms are also produced. While the 90 kDa
molecule plays a role in cell cycle regulation, the small isoforms
are localized in the cytoplasm, and after secretion, they bind to
their receptors on other cells and act in a cytokine-like manner.
The communication between the embryo and the maternal im-
mune system is established through PIBF-containing extracellular
vesicles. PIBF induces an increased production of Th2 cytokines
and inhibits degranulation of NK cells, and by regulating the
maternal immune response, it contributes to successful implan-
tation and maintenance of pregnancy.
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Introduction

Progesterone is essential for both the initiation and the maintenance of pregnancy in most
mammals, partly, because of its effects on the immune system. The immuno-modulating effects of
progesterone have been known for long [1,2], but an article published in the nineties by Siteri et al.
[3] first called progesterone “nature's immunosuppressant.” They showed that in vitro treatment
with 10 mg/ml progesterone significantly altered the function of peripheral human lymphocytes.
Although the progesterone concentrations used by Siteri et al. [3] might be comparable to those at
the fetomaternal interface (3e10 mg/mg of placental tissue), these concentrations are at least 100
times more than the highest levels in the peripheral blood of 3rd-trimester pregnant women [4].
Later, it became evident that although physiological progesterone concentrations fail to alter the
function of peripheral lymphocytes of nonpregnant individuals, the same concentrations signifi-
cantly reduce NK activity of pregnancy lymphocytes [5]. The high progesterone sensitivity of
pregnancy lymphocytes strongly suggested a receptor-mediated action of progesterone in preg-
nancy lymphocytes.

Progesterone receptors

The presence of nuclear progesterone receptors (PRs) in immune cells has been a matter of
controversy [6e8]. Most studies showed absence of nuclear PRs in lymphocytes from nonpregnant
women [6e8] while PBMCs [8,9] as well as peripheral blood gd T cells [10] and NK cells [11] from
pregnant women (the latter expressing both PR A and B isoforms) have been shown to contain
nPRs. Studies in pregnant mice have reported nuclear PR expression on T cells at both RNA and
protein levels [12]. The biological activities of progesterone are also mediated by nongenomic
pathways through membrane receptors, e.g., G-protein-coupled membrane progestin receptors
(mPRs) [13e15].

Nuclear PRs can be induced by in vitro mitogenic or alloantigenic stimulation of nonpregnancy
lymphocytes [16]. A high percentage of PR-positive lymphocytes have been detected in the pe-
ripheral blood of liver transplant or transfused patients [17], suggesting that lymphocyte activation
resulting from permanent alloantigeneic stimulation by fetal antigens might account for the in-
duction of PRs in lymphocytes. Further evidence comes from a study, where effective immuno-
therapy with paternal lymphocytes for unexplained recurrent spontaneous abortion increased the
expression of PRs on maternal lymphocytes [18], and the increase of PR expression correlated with
the success or failure of gestation.

Progesterone-induced blocking factor (PIBF)

The immunological effects of progesterone are mediated by the progesterone-induced blocking
factor (PIBF) [19]. PIBF is produced by PR-positive pregnancy lymphocytes and by several
pregnancy-related tissues and malignant tumors [20,21]. PIBF is a progesterone target gene
localized on chromosome 13 in humans and chromosome 14 in mice. Transcription of the human
PIBF1 gene produces 3 unspliced pre-mRNA forms, the longest of which contains 18 exons. The
predicted protein contains 756 amino acids and its molecular weight is 90 kDa [22]. Alternative
splicing produces PIBF isoforms with different functions. The full-length (90 kDa) PIBF is associated
with the nucleus and is involved in cell cycle regulation. Smaller isoforms are localized in the
nucleus and act as cytokines [21].

The expression of PIBF seems to be crucial for normal progression of pregnancy. Compared to
normal mouse fetuses, resorbed mouse fetuses show lower expression of the N terminal exons
together with significantly reduced production of the full-length protein [23]. Reduced production of
the full-length PIBF protein results in disturbed cell cycle regulation and dysregulated trophoblast
invasion, while the absence of PIBF isoforms containing exon 2e4 coded sequences might lead to the
loss of local immunosuppression. While the 90 kDa PIBF protein is highly expressed in malignant
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tumors [24e30] and regulates trophoblast and tumor cell invasion [31e35], the smaller isoforms act on
arachidonic acid metabolism and the immune response. The small isoforms inhibit arachidonic acid
release by direct action on the phopholipase A2 enzyme and the subsequent decrease in prostaglandin
and/or leukotriene synthesis, contributing to uterine quiescence [19].

The most extensively studied immunological effects of progesterone and its downstreammediator,
PIBF, are those exerted on NK activity and on cytokine balance.

PIBF and NK activity

There are differences between peripheral and decidual NK cell populations. Approximately 90% of
human peripheral NK cells express a low density of CD56 (CD56dim) molecules and high levels of the
FCgRIII (CD16) molecules; the majority of decidual NK cells express a high density of the CD56
molecule (CD56bright) and no CD16. Peripheral CD56dim NK cells are cytotoxic, whereas CD 56bright

CD16neg granulated decidual NK cells constitute the dominant lymphocyte population in the early
decidua [36]. Despite their high perforin content [37,38], these cells are not cytotoxic but secrete
angiogenic factors and cytokines [39,40], and one of their functions might be the control of
placentation. Murine decidual DBA þ NK cells express PIBF in their cytoplasmic granules in co-
localization with perforin [41].

Although Henderson et al. [42] failed to demonstrate PRs in human decidual LGL and T lym-
phocytes, PRs were detected on decidual stromal cells. Therefore, it is conceivable that PIBF pro-
duced by other nonlymphoid cells is internalized by decidual NK cells. Our team found PIBF to
inhibit perforin liberation from activated peripheral NK cells [43]. Considering the PIBF positivity of
decidual NK cells, it cannot be ruled out that the same mechanism might contribute to the low lytic
activity of decidual NK cells.

PIBF and cytokine production

The optimal immunological milieu for the developing fetus is established by the concerted action
of the neuroendocrine and immune systems. During pregnancy, the cytokine balance in peripheral
blood is shifted toward a Th2 response [44,45]. However, it would be an over-simplification to
consider the entire course of pregnancy as a Th2 phenomenon. Certain phases of gestation, for
example, implantation or labor, are accompanied by a mild inflammation. The Th1/Th2 ratio is lower
in the peripheral blood of healthy pregnant women than in that of nonpregnant individuals or in
women with pathological pregnancies [46]. Administration of Th1 cytokines to pregnant mice results
in pregnancy loss [47].

Both progesterone [48] and PIBF [49] alter the cytokine balance in favor of a Th2 response. In the
uterus, progesterone induces the differentiation of naïve T cells upon antigen recognition into Th2
memory cells [50]. Lymphocytes from pregnant women respond to progesterone treatment with
decreased production of Th1 cytokines and an increased production of Th2 cytokines [51]. Lympho-
cytes from women with recurrent miscarriage or preterm delivery tend to produce elevated levels of
Th2 cytokines in the presence of PIBF [52]. These data indicate that progesterone and PIBF alter the
cytokine balance and contribute to decreased cell-mediated responses during pregnancy.

Role of progesterone-dependent immunomodulation in the establishment and maintenance of
pregnancy

A recent longitudinal study in progesterone-treated pregnant women showed that the immune
system of pregnant women is activated and exerts increased antigen-specific cytotoxic T cell responses.
Simultaneously, pregnancy promotes a tolerant immune environment (increased IL-10 production and
increased frequency of regulatory-T cells) that gradually reverses before the onset of labor. Proges-
terone suppresses antigen-specific CD4 and CD8 T cell inflammatory cytokine (IFN-g) and granzyme B
release. Thus, exogenous progesterone reduces pro-inflammatory and cytotoxic T cell responses by
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effectively modulating immune cell-mediated interactions and regulating differentiated memory cell
subset sensitivity to antigen stimulation [53].

Earlier evidence suggested that signals emitted by the developing embryo might reach and re-set
the function of the maternal immune system [54,55]. Extracellular vesicles (EVs) are produced by
numerous cell types, and because of their diverse cargoes, they can be considered as a means of
communication between the two sides of the fetomaternal unit [56]. Mouse embryo-derived EVs were
shown to adhere to the surface of both CD4þ and CD8þ murine peripheral T lymphocytes, partly,
through phosphatidylserine binding. Incubation with embryo-derived EVS increases the number of IL-
10 þ murine peripheral CD8þ cells, and this effect is counteracted by pretreatment of EVs with anti-
PIBF antibody, suggesting that the embryo communicates with the maternal immune system
through the EVs [57].

Studies with PR knockout mice have revealed that during pregnancy, immunologically active PIBF is
produced by the activation of PRA. Both progesterone and PIBF induce the decidual transformation of
endometrial stromal cells. PIBF is present in the mouse endometrium in early pregnancy, with an
expression peak during the implantation window [58]. Taken together, these data suggest that PIBF
might play a role in implantation. Studies on IVF patients showed that PIBF appears on the lymphocytes
of pregnant women early after implantation [59].

During normal pregnancy, the concentration of PIBF in the urine and serum continuously
increases until the 37th gestational week, followed by a sharp decrease in preceding labor. In
pathological pregnancies, urinary PIBF levels fail to increase. The onset of labor (both in term or
in preterm delivery) is predictable on the basis of PIBF levels [60,61]. A recent study showed
that the presence of PIBF þ decidual B cells protects against preterm labor [62], while a clinical
study on women with threatened preterm delivery revealed a relationship between down-
regulation of PR expression as well as that of its downstream mediator PIBF and a negative
outcome [63]. In the same patients, downregulation of PR and PIBF expression was found to
correlate with a Th1-dominant immune response. The authors concluded that differential
expression of PR, PIBF, and TNF-a has prognostic value, and hence, it is of clinical significance in
predicting preterm labor.

Taken together; these data suggest that a significant part of the immunological pregnancy-
protective effect of progesterone is manifested through its downstream mediator e PIBF.
Following recognition of fetal antigens, maternal lymphocytes become activated and develop PRs.
Progesterone binding to the receptor induces PIBF synthesis, which, by interfering with arachidonic
acid metabolism, controlling NK activity, and inducing a Th2 immune response, allows pregnancy to
proceed to term.
Summary

Progesterone is essential for both the initiation and the maintenance of pregnancy in most mam-
mals, partly because of its effects on the immune system. The immunological activities of progesterone
are mediated by genomic or nongenomic pathways. Nuclear PRs (PRs) are induced following
lymphocyte activation. The PIBF is a downstream mediator of progesterone.

The expression of PIBF seems to be crucial for normal progression of pregnancy. The most exten-
sively studied immunological effects of progesterone and its downstream mediator, PIBF, are those
exerted on NK activity and on cytokine balance.

Decidual NK cells constitute the dominant lymphocyte population in the early decidua. Despite their
highperforincontent, thesecells arenotcytotoxicbutsecreteangiogenic factorsandcytokines. PIBF inhibits
perforin liberation fromactivated peripheralNK cells. Considering the PIBF positivity of decidualNK cells, it
cannot be ruled out that the samemechanismmight contribute to the low lytic activity of decidualNK cells.

Except for implantation and labor, pregnancy is characterized by a Th2-biased immune response.
Both progesterone and PIBF alter the cytokine balance in favor of a Th2 response.
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PIBF takes part in implantation, and low serum levels of PIBF predict pregnancy termination. Taken
together, these data suggest that the immunological pregnancy-protective effect of progesterone is
manifested through its downstream mediator e PIBF, which, by interfering with arachidonic acid
metabolism, controlling NK activity, and inducing a Th2 immune response, allows pregnancy to pro-
ceed to term.
Practice points

� PIBF could be a potential biomarker for predicting pregnancy termination. However, thus far,
no reliable clinical test has been available.

� Because of its immunogenicity, PIBF, in its natural form, cannot be considered as a treatment
for preventing premature pregnancy termination in humans.

Research agenda

� Identifying the sites responsible for the immunological effects within the PIBF molecule and
synthesizing peptides with the same activity might open new perspectives in the manage-
ment of specific types of threatened miscarriages and preterm deliveries.
Conflict of interest

The authors declare no conflict of interest.

Acknowledgments

This work was supported by EFOP-3.6.3-VEKOP-16-2017-00009, EFOP-3.6.1.-16-2016-00004,
GINOP-2.3.2-15-20160002, PTE �AOK-KA 2018e12, and OTKA K125212.

References

[1] Moriyama I, Sugawa T. Progesterone facilitates implantation of xenogenic cultutred cells in hamster uterus. Nat New Biol
1972;236:150e2.

[2] Hansen PJ, Bazer FW, Segerson EC. Skin graft survival in the uterine lumen of ewes treated with progesterone. Am J Reprod
Immunol Microbiol 1986;12:48e54.

[3] Siiteri PK, Febres F, Clemens LE, Chang RJ, Gondos B, Stites DP. Progesterone and the maintenance of pregnancy: is pro-
gesterone nature's immunosuppressant? Ann NY Acad Sci 1977;286:384e97.

[4] Csapo AI, Wiest WG. An examination of the quantitative relationship between progesterone and the maintenance of
pregnancy. Endocrinology 1969;85:735e46.

[5] Szekeres-Bartho J, Hadnagy J, Pacsa AS. The suppressive effect of progesterone on lymphocyte cytotoxicity: unique pro-
gesterone sensitivity of pregnancy lymphocytes. J Reprod Immunol 1985;7:121e8.

[6] Bamberger CM, Else T, Bamberger AM, Beil FU, Schulte HM. Dissociative glucocorticoid activity of medroxyprogesterone
acetate in normal human lymphocytes. J Clin Endocrinol Metab 1999;84:4055e61.

[7] Mansour I, Reznikoff-Etievant MF, Netter A. No evidence for the expression of the progesterone receptor on peripheral
blood lymphocytes during pregnancy. Hum Reprod 1994;49:1546e9.

[8] Szekeres-Bartho J, Reznikoff-Etievant MF, Varga P, Pichon MF, Varga Z, Caouat G. Lymphocytic progesterone receptors in
normal and pathological human pregnancy. J Reprod Immunol 1989;16:239e47.

[9] Szekeres-Bartho J, Szekeres GY, Debre P, Autran B, Chaouat G. Reactivity of lymphocytes to a progesterone receptor-specific
monoclonal antibody. Cell Immunol 1990;125:273e83.

[10] Barakonyi A, Polgar B, Szekeres-Bartho J. The role of g/d TCR positive cells in pregnancy II Amer. J Reprod Immunol 1999;4:
83e8.

[11] Arruvito L, Giulianelli S, Flores AC, Paladino N, Barboza M, Lanari C, et al. NK cells expressing a progesterone receptor are
susceptible to progesterone-induced apoptosis. J Immunol 2008;180:5746e53.

[12] Mao G, Wang J, Kang Y, Tai P, Wen J, Zou Q, et al. Progesterone increases systemic and local terine proportions of
CD4þCD25þ Treg cells during midterm pregnancy in mice. Endocrinology 2010;151:5477e88.

http://refhub.elsevier.com/S1521-6934(19)30089-6/sref1
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref1
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref1
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref2
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref2
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref2
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref3
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref3
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref3
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref4
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref4
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref4
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref5
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref5
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref5
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref6
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref6
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref6
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref7
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref7
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref7
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref8
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref8
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref8
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref9
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref9
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref9
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref10
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref10
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref10
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref11
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref11
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref11
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref12
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref12
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref12
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref12
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref12


J. Szekeres-Bartho, A.E. Schindler / Best Practice & Research Clinical Obstetrics and Gynaecology 60 (2019) 17e2322
[13] Dosiou C, Hamilton AE, Pang Y, Overgaard MT, Tulac S, Dong J, et al. Expression of membrane progesterone receptors on
human T lymphocytes and Jurkat cells and activation of G-proteins by progesterone. J Endocrinol 2008;196:67e77.

[14] Ndiaye K, Poole DH, Walusimbi S, Cannon MJ, Toyokawa K, Maalouf SW, et al. Progesterone effects on lymphocytes may be
mediated by membrane progesterone receptors. J Reprod Immunol 2012;95:15e26.

[15] Ehring GR, Kerschbaum HH, Eder C, Neben AL, Fanger CM, Khoury RM, et al. A nongenomic mechanism for progesterone-
mediated immunosuppression: inhibition of Kþ channels, þ signaling, andgene expression in T lymphocytes. J Exp Med
1998;188:1593e602.

[16] Szekeres-Bartho J, Autran B, Debre P, Andreu G, Denver L, Chaouat G. Immunoregulatory effects of a suppressor factor from
healthy pregnant women's lymphocytes after progesterone induction. Cell Immunol 1989;122:281e94.

[17] Szekeres-Bartho J, Weill BJ, Mike G, Houssin D, Chaouat G. Progesterone receptors in lymphocytes of liver-transplanted
and transfused patients Immunol. Letters 1989;22:259e61.

[18] Chiu L, Nishimura M, Ishi Y, Nieda M, Maeshima M, Takedani Y, et al. Enhancement of the expression of progesterone
receptor on progesterone -treated lymphocytes after immunotherapy in unexplained recurrent spontaneous abortion. Am
J Reprod Immunol 1996;35:552e7.

[19] Szekeres-Bartho J, Kilar F, Falkay G, Csernus V, Torok A, Pacsa AS. Progesterone-treated lymphocytes of healthy pregnant
women release a factor inhibiting cytotoxicity and prostaglandin synthesis. Am J Reprod Immunol Microbiol 1985;9:15e9.

[20] Anderle C, Hammer A, Polg�ar B, Hartmann M, Wintersteiger R, Blaschitz A, et al. Human trophoblast cells express the
immunomodulator progesterone-induced blocking factor. J Reprod Immunol 2008;79:26e36.

[21] Lachmann M, Gelbmann D, K�alm�an E, Polg�ar B, Buschle M, von Gabain A, et al. PIBF (progesterone induced blocking factor)
is overexpressed in highly proliferating cells and associated with the centrosome. Int J of Cancer 2004;112:51e60.

[22] Polgar B, Kispal Gy, Lachmann M, Paar C, Nagy E, Csere P, et al. Molecular cloning and immunological characterization of a
novel cDNA coding for PIBF. J Immunol 2003;171:5956e63.

[23] Bogdan A, Polgar B, Szekeres-Bartho J. Progesterone induced blocking factor isoforms in normal and failed murine
pregnancies. Am J Reprod Immunol 2014;71:131e6.

[24] Madendag Y, Sahin E, Madendag IC, Sahin ME, Acmaz G, Karaman H. High immune expression of progesterone-induced
blocking factor in epithelial ovarian cancer. Technol Cancer Res Treat 2018;17. 1533033818783911.

[25] Check JH, Rosenberg A, Check DL, DiAntonio A, Rui H, Cohen R, et al. Serum levels of the immunomodulatory protein, the
progesterone induced blocking factor (PIBF) which is found in high levels during pregnancy is not higher in women with
progesterone (P) receptor (R) positive vs. negative breast cancer. Clin Exp Obstet Gynecol 2017;44:187e9.

[26] Kyurkchiev D, Naydenov E, Tumangelova-Yuzeir K, Ivanova-Todorova E, Belemezova K, Bochev I, et al. Cells isolated from
human glioblastoma multiforme express progesterone-induced blocking factor (PIBF). Cell Mol Neurobiol 2014;34:
479e89.

[27] Gonz�alez-Arenas A, Valadez-Cosmes P, Jim�enez-Arellano C, L�opez-S�anchez M, Camacho-Arroyo I. Progesterone-induced
blocking factor is hormonally regulated in human astrocytoma cells, and increases their growth through the IL-4R/JAK1/
STAT6 pathway. J Steroid Biochem Mol Biol 2014;144:463e70.

[28] Check JH, Check D, Cohen R, Sarumi M. Mifepristone causing complete remission of rapidly advancing leukemia with
measurement of progesterone-induced blocking factor. Anticancer Res 2014;34:2413e6.

[29] Check JH, Sansoucie L, Chern J, Dix E. Mifepristone treatment improves length and quality of survival of mice with
spontaneous lung cancer. Anticancer Res 2010;30:119e22.

[30] Check JH, Sansoucie L, Chern J, Amadi N, Katz Y. Mifepristone treatment improves length and quality of survival of mice
with spontaneous leukemia. Anticancer Res 2009;29:2977e80.

[31] Guti�errez-Rodríguez A, Hansberg-Pastor V. Camacho-arroyo I proliferative and invasive effects of progesterone-induced
blocking factor in human glioblastoma cells. BioMed Res Int 2017;2017:1295087.

[32] Marquina-S�anchez B, Gonz�alez-Jorge J, Hansberg-Pastor V, Wegman-Ostrosky T, Baranda-�Avila N, Mejía-P�erez S, et al. The
interplay between intracellular progesterone receptor and PKC plays a key role in migration and invasion of human
glioblastoma cells. J Steroid Biochem Mol Biol 2017;172:198e206.

[33] Halasz M, Polgar B, Berta G, Czimbalek L, Szekeres-Bartho J. Progesterone-induced blocking factor differentially regulates
trophoblast and tumor invasion by altering matrix metalloproteinase activity. Cell Mol Life Sci 2013;70:4617e30.

[34] Miko E, Halasz M, Jericevic-Mulac B, Wicherek L, Arck P, Arat�o G, et al. Progesterone-induced blocking factor (PIBF) and
trophoblast invasiveness. J Reprod Immunol 2011;90:50e7.

[35] Balassa T, Berta G, Jakab L, Bohonyi N, Szekeres-Bartho J. The effect of the Progesterone-Induced Blocking Factor (PIBF) on
E-cadherin expression, cell motility and invasion of primary tumour cell lines. J Reprod Immunol 2018;125:8e15.

[36] King A, Burrows T, Verma S, Hiby S, Loke YW. Human uterine lymphocytes. Hum Reprod Update 1998;4:480.
[37] Rukavina D, Rubesa G, Gudelj L, Haller H, Podack ER. Characteristics of perforin expressing lymphocytes within the first

trimester of human pregnancy. Am J Reprod Immunol 1995;33:394e404.
[38] Crncic TB, Laskarin G, Frankovic KJ, Tokmadzic VS, Strbo N, Bedenicki I, et al. Early pregnancy decidual lymphocytes beside

perforin use Fas ligand (FasL) mediated cytotoxicity. J Reprod Immunol 2007;73:108e17.
[39] Cooper MA, Fehniger TA, Caligiuri MA. The biology of human natural killer-cell subsets. Trends Immunol 2001;22:633e40

[Review].
[40] Koopman LA, Kopcow HD, Rybalov B, Boyson JE, Orang JS, Schat F, et al. Human decidual natural killer cells are a unique NK

cell subset with immunomodulatory potential. J Exp Med 2003;198:1201e12.
[41] Bogdan A, Berta G, Szekeres-Bartho J. PIBF positive uterine NK cells in the mouse decidua. J Reprod Immunol 2017;119:

38e43.
[42] Henderson TA, Saunders PT, Moffet-King A, Gerome NO, Critchley HO. Steroid receptor expression in uterine natural killer

cells. J Clin Endocrinol Metabol 2003;88:440e9.
[43] Faust Zs, Lakarin G, Rukavina D, Szekeres-Bartho J. Progesterone induced blocking factor inhibits degranulation of NK cells

amer. J Reprod Immunol 1999;42:71e5.
[44] Wegmann TG, Lin H, Guilbert L, Mosmann TR. Bidirectional cytokine interactions in the maternal-fetal relationship: is

successful pregnancy a TH2 phenomenon? Immunol Today 1993;14:353e6 [Review].
[45] Raghupathy R. Th1-type immunity is incompatible with successful pregnancy. Immunol Today 1997;18:478e82 [Review].

http://refhub.elsevier.com/S1521-6934(19)30089-6/sref13
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref13
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref13
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref14
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref14
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref14
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref15
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref15
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref15
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref15
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref15
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref15
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref16
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref16
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref16
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref17
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref17
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref17
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref18
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref18
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref18
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref18
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref19
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref19
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref19
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref20
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref20
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref20
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref20
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref21
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref21
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref21
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref21
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref21
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref21
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref22
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref22
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref22
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref23
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref23
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref23
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref24
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref24
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref25
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref25
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref25
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref25
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref26
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref26
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref26
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref26
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref27
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref27
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref27
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref27
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref27
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref27
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref27
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref27
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref28
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref28
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref28
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref29
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref29
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref29
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref30
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref30
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref30
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref31
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref31
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref31
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref32
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref32
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref32
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref32
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref32
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref32
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref32
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref32
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref33
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref33
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref33
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref34
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref34
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref34
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref34
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref35
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref35
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref35
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref36
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref37
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref37
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref37
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref38
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref38
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref38
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref39
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref39
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref39
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref40
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref40
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref40
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref41
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref41
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref41
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref42
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref42
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref42
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref43
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref43
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref43
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref44
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref44
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref44
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref45
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref45


J. Szekeres-Bartho, A.E. Schindler / Best Practice & Research Clinical Obstetrics and Gynaecology 60 (2019) 17e23 23
[46] Salazar Garcia MD, Mobley Y, Henson J, Davies M, Skariah A, Dambaeva S, et al. Early pregnancy immune biomarkers in
peripheral blood may predict preeclampsia. J Reprod Immunol 2018;125:25e31.

[47] Chaouat G, Menu E, Clark DA, Dy M, Minkowski M, Wegmann TG. Control of fetal survival in CBA x DBA/2 mice by
lymphokine therapy. J Reprod Fertil 1990;89:447e58.

[48] Piccinni MP, Beloni L, Livi C, Maggi E, Scarselli G, Romagnani S. Defective production of both leukemia inhibitory factor and
type 2 T-helper cytokines by decidual T cells in unexplained recurrent abortions. Nat Med 1998;4:1020e4.

[49] Szekeres-Bartho J, Wegmann TG. A progesterone-dependent immunomodulatory protein alters the Th1/Th2 balance.
J Reprod Immunol 1996;31:81e95.

[50] Saito S. Cytokine network at the feto-maternal interface. J Reprod Immunol 2000;47:87e103.
[51] Raghupathy R, Al Mutawa E, Makhseed M, Azizieh F, Szekeres-Bartho J. Modulation of cytokine production by dydro-

gesterone in lymphocytes from women with recurrent abortion. Br J Obstet Gynaecol 2005;112:1096e101.
[52] Raghupathy R, Al Mutawa E, Al-Azemi M, Makhseed M, Azizieh F, Szekeres-Bartho J. The progesterone-induced blocking

factor (PIBF) modulates cytokine production by lymphocytes from women with recurrent miscarriage and with preterm
delivery. J Reprod Immunol 2009;80:91e9.

[53] Shah NM, Imami N, Johnson MR. Progesterone modulation of pregnancy-related immune responses. Front Immunol 2018;
9:1293.

[54] Daya S, Clark DA. Immunosuppressive factor (or factors) produced by human embryos in vitro. N Engl J Med 1986;24:
1551e2.

[55] Kelemen K, Paldi A, Tinneberg H, Torok A, Szekeres-Bartho J. Early recognition of pregnancy by the maternal immune
system. Am J Reprod Immunol 1998;39:351e5.

[56] Giacomini E, Alleva E, Fornelli G, Quartucci A, Privitera L, Vanni VS, et al. Embryonic extracellular vesicles as informers to
the immune cells at the maternal-fetal interface. Clin Exp Immunol 2019 Apr 22. https://doi.org/10.1111/cei.13304
[Review].

[57] Pallinger E, Bognar Z, Bogdan A, Csabai T, Abraham H, Szekeres-Bartho J. PIBFþ extracellular vesicles from mouse embryos
affect IL-10 production by CD8þ cells. Sci Rep 2018;8(1):4662. https://doi.org/10.1038/s41598-018-23112-z.

[58] Mulac-Jeri�cevi�c B, �Su�curovi�c S, Gulic T, Szekeres-Bartho J. The involvement of the progesterone receptor in PIBF and Gal-1
expression in the mouse endometrium. Am J Reprod Immunol 2019;81(5):e13104. https://doi.org/10.1111/aji.13104. Epub
2019 Mar 22.

[59] Check J, Szekeres-Bartho J, O'Shaugnessy A. Progesterone induced blocking factor seen in pregnancy lymphocytes soon
after implantation. Am J Reprod Immunol 1996;35:277e80.

[60] Polg�ar B, Nagy E, Mik�o E, Varga P, Szekeres-Barth�o J. Urinary progesterone-induced blocking factor concentration is related
to pregnancy outcome. Biol Reprod 2004;71:1699e705.

[61] Hudi�c I, Fatusi�c Z, Szekeres-Bartho J, Bali�c D, Polgar B, Ljuca D, et al. Progesterone-induced blocking factor and cytokine
profile in women with threatened pre-term delivery. Am J Reprod Immunol 2009;61:330e7.

[62] Huang B, Faucette AN, Pawlitz MD, Pei B, Goyert JW, Zhou JZ, et al. Interleukin-33-induced expression of PIBF1 by decidual
B cells protects against preterm labor. Nat Med 2017;23:128e35.

[63] Tiwari D, Bose PD, Sultana R, Das CR, Bose S. Preterm delivery and associated negative pregnancy outcome - a tale of faulty
progesterone receptor signalling pathway and linked derailed immunomodulation: a study from Northeast India. J Reprod
Immunol 2016;118:76e84.

http://refhub.elsevier.com/S1521-6934(19)30089-6/sref46
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref46
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref46
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref47
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref47
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref47
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref48
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref48
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref48
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref49
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref49
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref49
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref50
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref50
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref51
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref51
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref51
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref52
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref52
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref52
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref52
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref53
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref53
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref54
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref54
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref54
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref55
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref55
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref55
https://doi.org/10.1111/cei.13304
https://doi.org/10.1038/s41598-018-23112-z
https://doi.org/10.1111/aji.13104
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref59
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref59
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref59
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref60
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref60
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref60
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref60
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref60
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref60
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref61
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref61
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref61
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref61
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref61
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref61
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref62
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref62
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref62
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref63
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref63
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref63
http://refhub.elsevier.com/S1521-6934(19)30089-6/sref63

	Progestogens and immunology
	Introduction
	Progesterone receptors
	Progesterone-induced blocking factor (PIBF)
	PIBF and NK activity
	PIBF and cytokine production
	Role of progesterone-dependent immunomodulation in the establishment and maintenance of pregnancy
	Summary
	Conflict of interest
	Acknowledgments
	References


