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1. ABSTRACT

2. INTRODUCTION

The phenomenon of pregnancy can be
compromised by a number of complications, such as
threatened abortion, recurrent spontaneous miscarriage,
preeclampsia, and preterm delivery. Research conducted
during the last decade has opened up the possibility that
cellular immune effectors may underlie such pregnancy
complications. Particularly interesting are the effects of
pro-inflammatory and anti-inflammatory cytokines on the
conceptus and thus on the success or failure of pregnancy.
This review focuses on the association between cytokines
and the different complications of pregnancy as well as on
the possible pathways of the effector function of cytokines
in pregnancy loss. This review also goes on to discuss the
redirection of the cytokine profile towards one that is more
conducive to pregnancy. Among the most promising agents
for the modulation of the Th1/Th2 balance are
progestogens such as progesterone and dydrogesterone.
Recently published studies lead us to propose that a
therapeutic approach worth pursuing would be to assess the
individual cytokine profiles of women with pregnancy
complications and then to adjust individual therapy using
the most effective progestogen.

Even a cursory glance at the numbers suffices to
indicate that pregnancy is not nearly as successful a
phenomenon as one might think; as many as 20% of
pregnancies result in miscarriage within two weeks of
fertilization, and another 15% of conceptions fail within the
first 14 weeks of gestation (1). Pregnancy is indeed
besieged by a barrage of potential complications ranging
from threatened abortion, spontaneous miscarriage, and
preeclampsia to preterm rupture of membranes and preterm
labor and delivery.
Only about 40-50% of recurrent spontaneous
miscarriages (RSM), defined as the occurrence of 3 or more
pregnancy losses before the 20th week of gestation, are
attributable to so called “known” causes, such as
chromosomal anomalies, endocrinologic abnormalities,
infections, anatomic problems, and humoral factors, with as
many as 60% of such miscarriages relegated to “unknown”
or “unexplained” etiology (2). Preterm delivery, defined as
birth before 37 weeks gestation, is a leading cause of
perinatal morbidity and mortality and is a condition for
which there are few treatment modalities; it occurs at a rate
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of 6-12.5% (3). Preterm labor is conjectured to be
stimulated by the inappropriately early activation of the
elements that initiate normal, at term parturition. While
several factors that predispose a woman to preterm labor
and preterm delivery have been identified and described,
the exact etiology of many cases of preterm delivery
remains unexplained (4).

anti-TNF-alpha antibodies results in a decrease in
resorption rates in a murine model of natural,
immunologically-mediated abortion (9). TNF-alpha and
IFN-gamma inhibit the outgrowth of human trophoblast
cells in vitro (10) and synergistically stimulate apoptosis of
human primary villous trophoblast cells (11). The
stimulation of maternal spleen cells in vitro with the
placentas of mice prone to immunologically-mediated
spontaneous fetal resorption results in the secretion of high
levels of IL-2, TNF-alpha, and IFN-gamma (12).

3. CYTOKINES AND PREGNANCY
Besides research on endocrinologic and
infectious etiologies, a great deal of attention has been
focused on the possible immunological causes of these
pregnancy complications. Several humoral immunologic
etiologic factors have been investigated, but the conceptus
appears to be quite resistant to attack by humoral immunity,
with the exception of anti-phospholipid antibodies. On the
other hand, cellular immunity mediated by effector cells
and/or the cytokines released by them has been shown to be
detrimental to the conceptus.

4. CYTOKINES IN PREGNANCY COMPLICATIONS
4.1. Cytokines in Recurrent Spontaneous Miscarriage
Several studies suggest that women with
recurrent spontaneous miscarriage have a greater bias
towards a Th1-type or pro-inflammatory cytokine profile as
compared to normal pregnant women.
Hill and colleagues showed that when stimulated
with human trophoblast antigens, the peripheral blood cells
from women with a history of recurrent spontaneous
miscarriage (RSM) produce higher levels of Th1 cytokines
with embryotoxic activity as compared to the same cells of
women with normal pregnancies (13). Raghupathy and
colleagues showed that significantly higher levels of IL-4,
IL-5, IL-6, and IL-10 were produced by mitogen-stimulated
peripheral lymphocytes from women with a history of
normal pregnancy, while lymphocytes from women with a
history of RSM secreted significantly greater levels of the
pro-inflammatory cytokines IL-2, IFN-gamma, and TNFalpha than their counterparts with normal pregnancies (14,
15). This has been substantiated by studies on specific
maternal immunity to placental antigens assessed by coculturing maternal lymphocytes with autologous placental
cells and exposing maternal lymphocytes to a trophoblast
antigen preparation (16). Ratios of inflammatory cytokines
to anti-inflammatory cytokines were higher in the RSM
group as compared to the normal pregnancy group,
indicating a greater Th1-bias in RSM and a greater Th2bias in normal pregnancy. Piccinni et al (17) demonstrated
significantly higher levels of Th2-cytokine-producing Tcell clones from the decidua of women with normal
pregnancies than from women with unexplained RSM.
Clerici‘s group (18) tested cytokine production in pregnant
women 1-2 weeks before any upcoming pathology could be
detected. Their study on 40 women with normal
pregnancies and 5 women with spontaneous miscarriages
showed decreased production of IL-4 and IL-10 and
increased production of IFN-gamma and IL-2 by antigenstimulated lymphocytes from women with RSM as opposed
to those from women with normal pregnancies. Jenkins et
al. (19) reported that continuing pregnancies were
associated with increased levels of IL-10 and reduced
levels of IFN-gamma, supporting the idea that pregnancy is
associated with a Th2-type response. Pregnancies in
women in the recurrent miscarriage group had lower levels
of IL-10 and increased levels of IFN-gamma, thus
confirming the view that miscarriage is a Th1-type
phenomenon. Lim and colleagues (20) determined periimplantation endometrial Th1 and Th2 cytokine profiles
during a non-conception cycle. They found that women

Cytokines, as extremely potent, versatile, pluripotent
mediators of an immense array of reactions ranging from
induction of normal immune responses, rejection of allografts,
autoimmune diseases, and hypersensitivity, have received
much attention from reproductive immunologists. Both normal
pregnancy and pregnancy with complications have been
viewed from the perspective of the Th1/Th2 paradigm. Th1
and Th2 cells are the major subsets of T-helper (Th) cells with
different patterns of cytokine production and different roles in
immune responses (5, 6). Th1 cells secrete the cytokines
interferon (IFN)-gamma, tumor necrosis factor (TNF)-beta,
interleukin (IL)-2, and TNF-alpha; these so called Th1-type
cytokines activate macrophages and cell-mediated reactions
that play critical roles in resistance to infection by intracellular
pathogens and in cytotoxic and delayed-type hypersensitivity
(DTH) reactions. In general, Th1 cytokines mediate strong
cellular immunity and inflammatory reactions and are
implicated in graft rejection reactions, autoimmune reactions,
and cytotoxic immunity against intracellular infections. Th2
cells secrete the cytokines IL-4, IL-5, IL-6, IL-10, and IL-13
which induce antibody production and are commonly found in
association with strong humoral immunity. Some of these Th2
cytokines are anti-inflammatory. Furthermore, Th1 and Th2
cells are mutually antagonistic to each other; thus, an
individual who produces a strong Th1 response usually tends
to have a low Th2 response and vice versa.
Clinical evidence and experimental studies
suggest that Th1-type (inflammatory) responses are
weakened during pregnancy, while Th2 responses are
augmented. Humoral immune responses are enhanced
during normal pregnancy, while cell-mediated immune
responses, such as delayed-type hypersensitivity, natural
killer (NK) activity, responses to intracellular infections
and the course of cell-mediated autoimmune disorders are
down-regulated (reviewed in 7). Thus, successful
pregnancy appears to be correlated with Th2-type maternal
immunity. On the other hand, maternal Th1-type immunity
can be hazardous to fetal development (reviewed in 8).
When injected into pregnant mice, TNF-alpha, IFNgamma, and IL-2 cause abortions while the injection of
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with recurrent miscarriage exhibited primarily Th1
cytokines, whereas healthy women exhibited decreased
Th1 cytokines and increased Th2 cytokines. Most reports
thus support the contention that women with recurrent
miscarriages produce elevated levels of Th1 cytokines,
while women with normal pregnancies have decreased Th1
cytokines and increased Th2 cytokines; there is thus an
increased pro-inflammatory cytokine bias in unexplained
recurrent miscarriage (13-21).

cramps in the presence of a closed cervix. This stage of
gestation may culminate in spontaneous abortion or,
alternatively, the pregnancy may proceed normally. In
contrast to spontaneus abortion, the data concerning
cytokine profiles in women with threatened abortions is
relatively scarce (28, 29). Paradisi et al. (28) measured the
Th2-type cytokines IL-6, IL-10, and IL-13 in the sera of
women with threatened abortions and missed abortions, as
well as of normal pregnant and non-pregnant women.
Serum IL-6, IL-10, and IL-13 concentrations in women
with threatened abortion showed no significant differences
from those of normal and non-pregnant women. Recent
data presented by Kalinka and Radwan (29) is consistent
with this result, but also indicated, for the first time, that the
mean concentrations of Th2-type cytokines and Th1-type
did not differ significantly between the threatened aborters
and the healthy pregnant women. Moreover, this data
confirmed the maintenance of a stable, similar Th1/Th2
immune balance during early pregnancy in both groups. The
results of this prospective study (29) did not confirm the
existence of Th2-type cytokine deficiency in threatened
abortion and indicated that threatened abortion with good
outcome immunologically resembles normal pregnancy with a
non-enhanced Th1 reactivity. Gucer et al. (30) also found that
TNF-alpha levels did not differ between patients with
threatened abortion with good outcome as compared to those
with normal pregnancies, but nevertheless were significantly
lower among patients with pathologic pregnancies.

How might Th1-type cytokines affect the
conceptus? It has been proposed that NK cells, such as
activated Th1 cells, could release cytokines deleterious to
the trophoblast (22). Hill and Choi (23) refer to the Th1mediated mechanisms as “immunodystrophism”; in this
model, cells in the decidua respond to trophoblast invasion
by generating a Th1-dominated response which could be
detrimental to early placental differentiation and growth
and may also be toxic to embryonic development.
Furthermore, pro-inflammatory cytokines may convert NK
cells to lymphokine-activated killer (LAK) cells that have
been shown to kill trophoblast cells, and systemic levels of
LAK-like cells correlate with high miscarriage rates (24).
Another cell type that may effect damage is the decidual
macrophage; Baines et al. (25) have demonstrated a
correlation between the triggering of cytotoxin production
by primed decidual macrophages and early embryo loss.
Activated macrophages may bring about damage to the
conceptus not by direct lysis of trophoblast cells, but via
the production of nitric oxide and TNF-alpha (25).

4.3. Cytokines in Preterm Delivery
Maternal inflammatory response to lower genital
tract infection has been identified as an important link
between maternal infection and preterm delivery.
Substantial evidence seems to indicate that proinflammatory cytokines play a role in the sequence of
events leading to preterm labor and delivery (PTD)
associated with intrauterine infection. The majority of the
early studies on the role of cytokines in the pathogenesis of
preterm delivery employed amniotic fluid measurements
(31-33). The elevation of pro-inflammatory cytokines in
maternal serum or in amniotic fluid during infection and
shortly before parturition has also been extensively
described (34-36). Significantly higher levels of the proinflammatory cytokines IL-1, TNF-alpha, IL-6, and IL-8
have been found in the amniotic fluid of women with
infection-associated preterm labor (37). Several researchers
have suggested that the estimation of cytokine
concentrations in cervicovaginal fluid could be of some
value in predicting intrauterine infection and preterm birth,
especially in the relatively short period immediately prior
to delivery (38, 39), or even several weeks prior to it (40,
41). Higher levels of IFN-gamma in cervicovaginal fluid,
IL-1, TNF-alpha, and IL-6 in placental cells and IL-1beta,
IL-6, and IL-8 have been demonstrated in the amniotic and
chorionic-decidual tissues and in the cervical secretions
(42, 43) from women with PTD as compared to those from
women with normal term delivery. Raghupathy et al. have
demonstrated that higher levels of the Th1 cytokines IL-2
and IFN-gamma are produced by women with unexplained
PTD, while greater concentrations of the Th2 cytokines IL4, IL-5, and IL-10 are produced by mitogen-stimulated
peripheral blood lymphocytes from women with normal

Th1 cytokines, such as TNF-alpha and IFNgamma, may directly damage the conceptus by apoptosis of
trophoblast cells (11), by inhibiting the secretion of the
growth-stimulating GM-CSF from the uterine epithelium
and by upregulating the procoagulant fg12, a
prothrombinase (26). Clark et al. (26) propose that maternal
“rejection” of the implanted conceptus may be due to the
process of what they term “cytokine-triggered vascular
autoamputation” that involves activation of coagulation
mechanisms, leading to vasculitis affecting maternal blood
supply to the implanted embryo. What is the relationship
between cytokine profiles seen in the periphery and the
local network of cytokines in the vicinity of the conceptus?
If pregnancy brings about changes both in the periphery
and in the uterus, then Th2 cells in the periphery may
further promote Th2 immunity in the uterus. Similarly, if
maternal immunity shifts to a type 1-dominance in the
periphery---either due to infections or hormonal changes or
as yet unresolved genetic causes---then Th1 immunity in
the periphery may cause a shift at the maternal-fetal
interface towards Th1 dominance. It is suggested that T
cells in the periphery and T cells in the uterus may
communicate with each other in determining the nature and
magnitude of the response to be generated and that
peripheral T cells might actively alter the Th1/Th2 ratio
among “local” T cells (27).
4.2. Cytokines in Threatened Abortion
Threatened abortion (TA), one of the most
commonly recognized medical problems in early
pregnancy, is manifested by vaginal bleeding and/or uterine
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observation in preeclampsia is the generalized activation or
injury of maternal vascular endothelial cells, leading to
microthrombus formation and vasospasm (55). Given the
rather dramatic effects of cytokines on endothelial cells, the
increased propensity for maternal blood cells to produce
these cytokines is likely to be important. If indeed, as
proposed by several researchers, placental trophoblasts and
maternal vascular endothelial cells are the targets of
immune aggression in this condition (48, 56, 57), then
maternal inflammatory cytokines are likely to be important
effectors of this aggression. In fact, Redman et al. suggest
that the clinical features of preeclampsia are best described
as a cytokine-mediated excessive maternal inflammatory
response (57). Taylor proposes that endothelial activation
or an altered state of endothelial cell differentiation induced
by cytokines could be an important component of
preeclampsia (56) and suggests that cytokine action is one
of the most attractive hypotheses of immunological
dysfunction in this syndrome (56).

pregnancies (43). Furthermore, the ratios of Th1 to Th2
cytokines are indicative of a bias towards stronger proinflammatory cytokine reactivity in PTD. Similarly,
analyses of the ratios of cytokines produced by autologous
placenta-stimulated and trophoblast antigen-stimulated
PBMC is suggestive of relatively greater production of Th1
cytokines in PTD as compared to normal pregnancy (43).
Based on such observations, Romero et al. (44) propose
that preterm labor in the case of infection results from the
actions of pro-inflammatory cytokines secreted as part of
the maternal host response to microbial invasions; they
suggest that a fetal pro-inflammatory cytokine response is
followed by the onset of spontaneous preterm parturition.
Dudley (39) suggests that preterm labor associated with
sub-clinical infection may trigger a dysregulation of a local
inflammatory response leading to a so called “intra-uterine
inflammatory response syndrome,” culminating in preterm
labor and delivery. Even in the absence of intrauterine
infection, preterm labor has been shown to be associated
with enhanced placental cytokine production; elevated
levels of IL-1, IL-6, and IL-8 have been demonstrated in
premature parturition with no signs of infection (46).

5. MODULATION OF CYTOKINE PROFILES
These observations on a pro-inflammatory
cytokine profile associated with pregnancy complications
naturally lead us to a rather provocative and intriguing
question: Can we prevent or treat these conditions using
therapies that down-regulate Th1 or pro-inflammatory
cytokine reactivity? Researchers in the field of cytokines
have been pursuing various strategies for modulating
cytokine profiles; these include the down-regulation of Th1
cytokines, the neutralization of Th1 cytokines, and the
upregulation of Th2 cytokines.

4.4. Cytokines in Preeclampsia
A growing body of evidence suggests that
cytokines play a role in the mechanisms underlying
preeclampsia, a dangerous disease of human pregnancy that
affects both the mother and the fetus and that remains a
major cause of perinatal morbidity and mortality around the
world. It is a rapidly progressive condition characterized by
increased systemic blood pressure, edema, abnormal
clotting, proteinuria, and liver and renal dysfunction (47).
Elevated concentrations of TNF-alpha have been observed
in the blood of women with preeclampsia (48); likewise,
elevated levels of IL-6 and IL-8 have been reported in the
plasma and amniotic fluid of such women (49). Saito et al.
(50) reported the measurement of intracellular IFN-gamma and
IL-4 by flow cytometry in peripheral blood mononuclear cells;
they found increased levels of IFN-gamma and decreased
levels of IL-4 in preeclamptic women as compared to women
with normal pregnancies. Rein et al. (51) reported a shift to a
predominantly Th1-type immunity using flow cytometric
intracellular cytokine detection. Saito et al (50) also found
significantly increased ratios of Th1 (IFN-positive) cells to Th2
(IL-4-positive) cells in preeclamptic women. In a previous
study, this group reported increased production of IL-2, IFNgamma and TNF-alpha by PBMC in preeclampsia and,
interestingly, a positive correlation between mean blood
pressure and these Th1 cytokines (52). A predominance of Th1
cytokine expression in peripheral blood T cells and NK cells.
has also been reported by Darmochwal-Kolarz et al. (53)

Can we redirect cytokine responses towards a
pregnancy-conducive profile? Can we manipulate cytokine
production patterns in such a manner as to down-regulate
pro-inflammatory cytokines such as IFN-gamma and TNFalpha, thereby creating an environment that is more
conducive to the success of pregnancy? One approach
would be to use a hormone, such as progesterone, which
has been shown to have both anti-inflammatory and
immunosuppressive properties (58). Indeed, several studies
have demonstrated that progesterone blocks mitogenstimulated lymphocyte proliferation, improves allograft
survival time, modulates antibody production, decreases the
oxidative burst of monocytes, reduces the production of
pro-inflammatory cytokines by macrophages in response to
bacterial products, and alters cytokine secretion of T-cell
clones to favor IL-10 production (59). Piccinni and
colleagues (60) have also demonstrated that progesterone
favors the development of human T cells producing Th2
cytokines; their contention is that since the Th1 cytokines
IFN-gamma and TNF-alpha promote allograft rejection and
may compromise pregnancy, the production of Th2-type
cytokines IL-4 and IL-10 that inhibit Th1 responses may
promote allograft tolerance and fetus survival.

Raghupathy and co-workers have demonstrated
that significantly higher levels of the Th1 cytokines IFNgamma and TNF-alpha are produced by peripheral
lymphocytes from preeclamptic women than by
lymphocytes from normal pregnant women, who on the
contrary, show a significantly greater production of the Th2
cytokines, IL-4, IL-5, IL-6, and IL-10. A comparison of the
ratios of Th2 to Th1 cytokines indicates a higher Th1
cytokine production in the presence of preeclampsia as
compared to during normal pregnancy (54). A crucial

These leads have encouraged research on
dydrogesterone (6-dehydro-9β, 10α-progesterone) for
potential immunomodulatory activity on lymphocytes from
women with RSM and women with preterm delivery
(PTD). Dydrogesterone is a potent orally-administered
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capacity; increased production of IL-4 has been shown to
favor further Th2- bias which would affect the eventual
outcome of Th1/Th2 balance (5, 6). These researchers also
demonstrated a marked reduction in Th1/Th2 cytokine
ratios in cultures containing dydrogesterone, indicating a
decrease in Th1-cytokine bias. This study demonstrated
also that significantly lower levels of the Th1-type
cytokines IFN-gamma and TNF-alpha are produced by
dydrogesterone-treated lymphocytes from women with
RSM (61). Studies demonstrating an association
between high levels of these Th1 cytokines and
unexplained RSM (13-16, 18-21, 23, 26, 27) indicate a
potential benefit in down-regulating their production.
Thus the increased production of the Th2 cytokine IL-4
and together with the decreased production of the Th1
cytokines IFN-gamma and TNF-alpha could well result
in a substantial swing in Th1/Th2 reactivity away from
the potentially harmful Th1 profile and towards the
pregnancy-conducive Th2 profile.

Figure 1. Effects of progesterone and dydrogesterone on
the production of IFN-gamma by peripheral blood
mononuclear cells from women with PTD. Levels of IFNgamma produced by PHA-stimulated cells (PHA), by PHAstimulated cells exposed to progesterone (PHA + P) and
exposed to dydrogesterone (PHA + D) are depicted (* P <
0.05, *** P < 0.001). Reproduced with permission from 62.

Similarly, when exposed to progesterone or
dydrogesterone, mitogen-stimulated PBMC from women
with unexplained preterm delivery showed significantly
reduced levels of Th1 cytokines and increased levels of
Th2 cytokines (62). Figures 1. and 2. show that the
production of the Th1-type cytokines IFN-gamma and
TNF-alpha are significantly inhibited by dydrogesterone
and progesterone, while Figure 3. shows that the
production of the Th2 cytokine IL-4 is significantly
elevated by these progestogens. As seen in Figure 4, the
production of IL-10 is not significantly affected by these
agents. The calculated ratios of Th1 to Th2 cytokines in
different combinations show a substantial shift towards
a Th2 or anti-inflammatory bias (62). The increased
production of the Th2 cytokine IL-4 and the decreased
production of the Th1 cytokines IFN-gamma and TNFalpha and the overall shift in cytokine ratios indicate the
redirection of cytokine profiles from a predominantly
pro-inflammatory bias towards an anti-inflammatory
bias which is likely to help prevent the creation of a
milieu that might lead to preterm labor.
In the presence of progesterone, the lymphocytes
of pregnant women release a 35 kD protein named the
progesterone-induced blocking factor (PIBF) (63) that
mediates the immunomodulatory (64) and anti-abortive
(65, 66) effects of progesterone. The immunologic
recognition of pregnancy and the subsequent activation of
the maternal immune system results in an up-regulation of
progesterone receptors on activated lymphocytes among
placental cells and CD8+ cells (67). In the presence of
sufficient levels of progesterone, these cells synthesize
PIBF. According to Szekeres-Bartho et al., the
immunological
pregnancy
protective
effect
of
progesterone is, in part, manifested via controlling cytokine
production (66). PIBF alters the profile of cytokine
secretion of activated lymphocytes shifting the balance
towards Th2 dominance (68). In vitro studies demonstrated
that dydrogesterone induces the production of PIBF in a
dose-dependent manner (61) and that dydrogesterone
supplementation may be positively associated with an
increased PIBF production in humans (69).

Figure 2. Effects of progesterone and dydrogesterone on
the production of TNF-alpha by peripheral blood
mononuclear cells from women with PTD. X-axes labels as
in Figure 1 (* P < 0.05, ** P < 0.01).
progestogen, similar to endogenous progesterone in its
molecular structure and pharmacological effects, with a
high affinity for the progesterone receptor. Raghupathy et
al. (61) found that when peripheral blood mononuclear
cells (PBMC) from women with a history of unexplained
RSM, obtained at the time of miscarriage, were stimulated
with a mitogen in the presence of dydrogesterone,
progesterone
or
tissue-culture
medium
alone,
dydrogesterone brings about a significantly reduced
secretion of the Th1 cytokines IFN-gamma and TNF-alpha,
as does progesterone. On the contrary, levels of IL-4 and
IL-6, both Th2 cytokines, are significantly elevated in the
presence of dydrogesterone or progesterone (61). IL-4 is
the quintessential Th2 cytokine with Th2-inducing
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suggested by Joachim et al. (70) in a murine model.
Stressed animals presented lower levels of progesterone
and PIBF in their plasma and a reduced staining
intensity of progesterone receptor at the feto-maternal
interface. The injection of dydrogesterone abrogated the
effect of stress on the abortion rate. Further,
dydrogesterone increased levels of plasma PIBF in
stressed mice and, interestingly, dramatically increased
the percentage of IL-4 positive decidual immune cells in
stressed mice. This data suggests that dydrogesterone
abrogates stress-triggered abortion by inducing a Th2biased local immune response. The research of Blois et
al. (71), also based on a murine model, showed that
progesterone substitution with dydrogesterone corrected
the abortogenic effects of stress exposure by decreasing
the frequency of Th1 cytokines via a CD8-dependent
pathway.
Figure 3. Effects of progesterone and dydrogesterone on
the production of IL-4 by peripheral blood mononuclear
cells from women with PTD. X-axes labels as in Figure 1
(* P < 0.05). Reproduced with permission from 62.

Recently, Omar et al. (72) showed in a
randomized study that therapy with dydrogesterone in
threatened abortion during the first trimester of pregnancy
could improve pregnancy outcome. The continuing
pregnancy success rate was significantly higher (p=0.037)
in the women treated with dydrogesterone (95.9%)
compared with the women who received more conservative
treatment (86.3%). The odds ratio of the success rate
between dydrogesterone treatment and non-treatment was
3.773 (CI: 1.009-14.108).
Numerous recent publications from several
researchers support the idea that progesterone should be
seriously considered for preventive therapy in women with
a history of spontaneous preterm delivery. 17αhydroxyprogesterone caproate (17P) brings about a
significantly lower occurrence of PTD as well as a
reduction in the risk of low birth weight (73). A recent
double-blind, placebo-controlled trial in women with a
history of spontaneous PTD showed that weekly
injections of 17P led to a substantial decrease in the rate
of recurrent PTD as well as a reduction in the
probability of perinatal mortality and very low birth
weight infants (74). A secondary analysis of this data
revealed that the use of 17P not only reduces the overall
risk of preterm delivery, but also the risk of preterm
birth in women with a history of more than one previous
preterm delivery (75). A recent meta-analysis of
randomized controlled trials concluded that patients
treated with 17P had lower rates of PTD and reduced
incidence of low-birth weight infants (76). Taken
together, these results suggest that patients who have
had a prior spontaneous preterm birth may benefit from
progesterone therapy. Indeed, Hill and colleagues (77)
further suggest that potentially immunosuppressive
doses of progesterone, which has been termed “nature’s
immunosuppressant,” may benefit individuals in whom
the etiology of RSM is related to maternal Th1 cytokine
predominance. However, progesterone administered
orally is poorly absorbed, is subject to first-pass
mechanism, has a short biologic half-life (78), loses
much of its bioactivity (79), and is rapidly cleared from
the blood (80). Therefore the orally-active progestogen
dydrogesterone is quite attractive.

Figure 4. Effects of progesterone and dydrogesterone on
the production of IL-10 by peripheral blood mononuclear
cells from women with PTD. X-axes labels as in Figure 1
Reproduced with permission from 62.
Kalinka and Szekeres-Bartho (69) have evaluated
the effect of dydrogesterone on urinary PIBF
concentrations among threatened aborters. Initially, PIBF
concentrations in the urine samples of patients showing
clinical symptoms of threatened abortion were significantly
lower than in those of healthy pregnant women (453.3
pg/ml vs. 1057.94, respectively; p=0.008). Following
dydrogesterone treatment, the initially low PIBF
concentrations of the threatened aborters significantly
increased to reach the PIBF level found in the healthy
controls. As the findings of other studies (22, 23) suggest
that no Th1/Th2 cytokine imbalance is observed among
women with threatened abortion, the immunological
pregnancy protective effect of progesterone among
threatened aborters is manifested via restoring PIBF
concentration rather than via controlling cytokine
production. The same mechanism has been previously
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6. CONCLUDING PERSPECTIVES
It is now becoming abundantly clear that several
cytokines likely play critical roles in the success or lack
thereof of pregnancy. In complications such as recurrent
miscarriage and preterm delivery where no clear etiologies
have been identified, it may be useful to ascertain the levels
of some pro-inflammatory and anti-inflammatory
cytokines. It is tempting to speculate that the evaluation of
“personal cytokine profiles” in women with pregnancy
complications may point to an immunologic etiology. In
vitro testing of cytokine levels could be accompanied by
evaluating the effects of progesterone and dydrogesterone
on the production of critical cytokines (61, 62, Figures 1-4).
This could then be followed by modulation of cytokine
profiles by therapeutic supplementation with progestogens
as indicated by the “personal cytokine profile” of each
patient. Research on this approach could also shed new
light on the old debate on progesterone supplementation
and the most effective method of its administration. The
answer may well lie in the individual patient; her
underlying immunologic etiology, and her “personal
cytokine profile.” Research in this area in the coming years
is bound to be intriguing and may well lead to useful
therapeutic and/or preventive modalities that can be
extended to other medical problems as well.
7. ACKNOWLEDGMENTS:
Professor Raj Raghupathy received funding from
Kuwait University Research Administration Project No.
02/05.
8. REFERENCES
1. A.M. Nybo Andersen, J. Wohlfahrt, P. Christens, J.
Olsen and M. Melbye: Maternal age and fetal loss:
population based register linkage study. Brit Med J 320,
1708-12 (2000)
2. S. Quenby and R. Farquharson: Predicting recurring
miscarriage: What is important? Obstet Gynecol 82, 132138 (1993)
3. B.E. Hamilton, J.A. Martin, S.J. Ventura, P.D. Sutton
and Menacker F: Births: preliminary data for 2004.
National Vital Statistics Reports (U.S. Department of
Health and Human Services) 54,1-17 (2005)
4. F.G. Cunningham, K.J. Leveno, L.C. Gilstrap, J.C.
Hauth and K.D. Wenstrom and S.L. Bloom: Williams
Obstetrics. McGraw-Hill Education, New York (2005)
5. T.R. Mosmann and S. Sad S: The expanding universe of
T-cell subsets. Immunol Today 17, 138-146 (1996)
6. R.L. Coffman and S. Romagnani (eds) Redirecting Th1
and Th2 subsets. Springer-Verlag Berlin (1999)
7. T.G. Wegmann, H. Lin, L. Guilbert and T.R. Mosmann:
Bidirectional cytokine interactions in the maternal-fetal
relationship: is successful pregnancy a Th2 phenomenon?
Immunol Today 14,353-356 (1993)
8. R. Raghupathy R: Th1-type immunity is incompatible
with successful pregnancy. Immunol Today 18, 478-82
(1997)
9. G. Chaouat, E. Menu, D.A. Clark, M. Dy, M. Minkowski
and T.G. Wegmann: Control of fetal survival in

991

Cytokine imbalance in pregnancy complications

loss involving Th1-type immunity to trophoblast. Sem
Reprod Med 18, 401-405 (2000)
24. A. King and Y.W. Loke: Human trophoblast and JEG
choriocarcinoma cells are sensitive to lysis by IL-2stimulated decidual NK cells. Cell Immuno 129, 435-448
(1990)
25. E.K. Haddad, A.J. Duclos, W.S. Lapp and M.G. Baines:
Early embryo loss is associated with the prior expression of
macrophage activation markers in the decidua. J Immunol
158, 4886-4892 (1997)
26. D.A. Clark, G. Chaouat, P.C. Arck, H.W. Mittruecker,
G.A. Levy: Cytokine-dependent abortion in CBAxDBA/2
mice is mediated by the procoagulant fg12 prothrombinase.
J Immunol 160, 545-549 (1998)
27. P. Arck, J. Dietl and D. Clark: From the decidual cell
internet: Trophoblast-recognizing T cells. Biol Reprod 60,
227-233 (1999)
28. R. Paradisi, M. Maldini-Casadei, P. Boni, P. Busacchi,
E. Porcu and S. Venturoli: T-helper 2-cytokine levels in
women with threatened abortion. Eur J Obstet Gynecol
Reprod Biol 111, 43-49 (2003)
29.
J. Kalinka and M. Radwan: The impact of
dydrogesterone supplementation on serum cytokine profile
in women with threatened abortion. Am J Reprod Immunol
55, 115-121 (2006)
30. F. Gucer, P. Balkanli-Kaplan, M. Yuksel, N.C. Sayin,
M.A. Yuce and T. Yardim: Maternal serum levels of tumor
necrosis factor-alpha and interleukin-2 receptor in
threatened abortion: a comparison with normal and
pathologic pregnancies. Fertil Steril 76, 707-711 (2001)
31. D. J. Dudley, C. Hunter, M.D. Mitchell and M.W.
Varner:
Amniotic
fluid
interleukin-10
(IL-10)
concentration during pregnancy and with labor. J Reprod
Immunol 33, 147-156 (1997)
32. S.L. Hillier, S.S. Witkin, M. Krohn, D.H. Watts, N.B.
Kiviat and D.A. Eschenbach: The relationship of amniotic
fluid cytokines and preterm delivery, amniotic fluid
infection, histologic chorioamnionitis, and chorioamnion
infection. Obstet Gynecol 81, 941-948 (1993)
33. R. Romero, B.H. Yoon, J.S. Kenney, R. Gomes, A.C.
Allison, P.B. Sehgal: Amniotic fluid interleukin-6
determination are of diagnostic and prognostic value in
preterm labour. Am J Reprod Immunol 30, 167-183 (1993)
34. N. Athayde, R. Romero, E. Maymon, R. Gomez, R.
Pacora, B.H. Yoon, S.S. Edwin: Interleukin 16 in
pregnancy, parturition, rupture of membranes, and
microbial invasion of the amniotic cavity. Am J Obstet
Gynecol 182, 135-141 (2000)
35. I. Putz, M. Lohbreyer, M. Winkler and W. Rath:
Appearance of inflammatory cytokines interleukin-1 beta
and interleukin-6 in amniotic fluid during labor and in
intrauterine pathogen colonization. Z Geburtschilfe
Neonatol 202, 14-18 (1998)
36. K.D. Wenstrom, W.W. Andrews, J.C. Hauth, R.I.
Goldenberg, M.B. DuBard, S.P. Cliver: Elevated secondtrimester amniotic fluid interleukin-6 levels predict preterm
delivery. Am J Obstet Gynecol 78, 546-550 (1998)
37. J.A. Keelan, K.W. Marvin, T.A. Sato, M.Coleman,
L.M. McCowan and M.D. Mitchell: Cytokine abundance in
placental tissues: evidence of inflammatory activation in
gestational membranes with term and preterm parturition.
Am J Obstet Gynecol 181, 1530-1536 (1999)

38. G. Rizzo, A. Capponi, A. Vlachopoulou, E. Angelini,
C. Grassi and C. Romanini C: Interleukin-6 concentration
in cervical secretions in the prediction of intrauterine
infection in preterm premature rupture of membranes.
Gynecol Obstet Invest 46, 91-95 (1998)
39. M.R. Genc, A.B. Onderdonk, S. Vardhana, M.L.
Delaney, E.R. Norwitz, R.E. Tuomala, L.R. Paraskevas and
S.S. Witkin; MAP Study Group: Polymorphism in intron 2
of the interleukin-1 receptor antagonist gene, local
midtrimester cytokine response to vaginal flora, and
subsequent preterm birth. Am J Obstet Gynecol 19, 13241330 (2004)
40. J. Kalinka, W. Sobala, M. Wasiela, E. BrzezińskaBłaszczyk E: Decreased proinflammatory cytokines in
cervicovaginal fluid, as measured in midgestation, are
associated with preterm delivery. Am J Reprod Immunol
2005; 54: 70-76.
41. H.N. Simhan, S.N. Caritis, M.A. Krohn, B. Martinez de
Tejada, D.V. Landers and S.L. Hillier: Decreased cervical
proinflammatory cytokines permit subsequent upper genital
tract infection during pregnancy. Am J Obstet Gynecol 189,
560-567 (2003)
42. S.R. Inglis, J. Jeremias, K. Kuno, K. Lescale, Q. Peeper
and F.A. Chervenak: Detection of tumor necrosis factor-α,
interleukin-6 and fetal fibronectin in the lower genital tract
during pregnancy: Relation to outcome. Am J Obstet
Gynecol 171, 5-10 (1994)
43. M. Makhseed, R. Raghupathy, S. El-Shazly, F. Azizieh
and J.A. Al-Harmi JA: Pro-inflammatory maternal cytokine
profile in preterm delivery. Am J Reprod Immunol 49, 1-12
(2003)
44. R. Romero, R. Gomez, F. Ghezzi, B.H. Yoon, M.
Mazor, S.S. Edwin and S.M. Berry: A fetal systemic
inflammatory response is followed by the spontaneous
onset of preterm parturition. Am J Obstet Gynecol 179,
186-193 (1998)
45. D.J. Dudley Preterm labor: an intra-uterine
inflammatory response syndrome? J Reprod Immunol 36,
93-109 (1997)
46. K.J. Arntzen, A.M. Kjolesdal, J. Halgunset, L. Vatten
and R. Austgulen: TNF, IL-1, IL-6, IL-8 and soluble TNF
receptors in relation to chorioamnionitis and premature
labor. J Perinat Med 26, 17-26 (1998)
47. C.W.G. Redman, I.L. Sargent IL: The immunology of
preeclampsia, in G. Chaouat (Ed) Immunology of
Pregnancy, CRC Press, London, pp 205-30 (1993)
48. J.L. Bartha, R. Romero-Carmona, M. Escobar-Llompart
and R. Comino-Delgado: The relationships between leptin
and inflammatory cytokines in women with preeclampsia.
Br J Obstet Gynecol 108, 1272-1276 (2001)
49. M. Nakabayashi, M. Sakura, Y. Takeda and K. Sato:
Elevated IL-6 Midtrimester amniotic fluid is involved with
the onset of preeclampsia. Am J Reprod Immunol 39, 32934 (1998)
50. S. Saito, M. Sakai, Y. Sasaki, K. Tanebe, H. Tsuda, T.
Michimata: Quantitative analysis of peripheral blood Th0,
Th1, Th2 and the Th1:Th2 cell ratio during normal human
pregnancy and preeclampsia. Clin Exp Immunol 117, 550555 (1999)
51. D.T. Rein, T. Schondorf, U.J. Gohring, C.M.
Kurbacher, I. Pinto, M. Breidenbach, P. Mallmann, H.
Kolhagen and H. Engel: Cytokine expression in peripheral

992

Cytokine imbalance in pregnancy complications

blood lymphocytes indicates a switch to T helper cells
in patients with preeclampsia. J Reprod Immunol 54,
133-142 (2002)
52. S. Saito, H. Umekage, Y. Sakamoto, M. Sakai, K.
Tanebe, Y. Sasaki and H. Morikawa: Increased T
helper-1-type immunity and decreased T helper-2-type
immunity in patients with preeclampsia. Am J Reprod
Immunol 41, 297-306 (1999)
53. D. Darmochwal-Kolarz, J. Rolinski, B.
Leszczynska-Gorzelak and J. Oleszczuk:
The
expression of intracellular cytokines in the lymphocytes
of preeclamptic patients. Am J Reprod Immunol 48, 381386 (2002)
54. F. Azizieh, R. Raghupathy and M. Makhseed:
Maternal cytokine patterns in women with preeclampsia.
Am J Reprod Immunol 54, 30-37 (2005)
55. J.M. Roberts, R.N. Taylor, T.J. Musci, G.M.
Rodgers, C.A. Hubel and M.K. McLaughlin:
Preeclampsia: An endothelial cell disorder. Am J Obstet
Gynecol 161, 1200-1204 (1989)
56. R. N. Taylor: Immunobiology of preeclampsia. Am J
Reprod Immunol 37, 79-86 (1997)
57. C.W.G. Redman, D.P. Sacks and I.L. Sargent:
Preeclampsia: An excessive maternal response to
pregnancy. Am J Obstet Gynecol 180, 499-506 (1999)
58. D.P. Stites, S. Bugbee and P.K. Siiteri: Differential
actions of progesterone and cortisol on lymphocyte and
monocyte interaction during lymphocyte activation –
relevance to immunosuppression in pregnancy. J Reprod
Immunol 5, 215-228 (1993)
59. R.M. Peltier: Immunology of term and preterm
labour. Reprod Biol Endocrinol 2, 122 (2003)
60. M.P. Piccinni, M.G. Giudizi, R. Biagiotti, L. Beloni,
L. Giannarini, S. Sampognaro, P. Parronchi, R. Manetti,
F. Annunziato and C. Livi: Progesterone favors the
development of human t helper cells producing Th2-type
cytokines and promotes both IL-4 production and
membrane CD30 expression in established T cell clones. J
Immunol 155, 128-133 (1995)
61. R. Raghupathy, E. Al Mutawa, M. Makhseed, J.
Szekeres-Bartho: Modulation of cytokine production by
dydrogesterone in lymphocytes from women with recurrent
miscarriage. Brit J Obstet Gynecol 112, 1096-1101 (2005)
62. R. Raghupathy, E. Al Mutawa, M. Makhseed and F.
Azizieh F: Dydrogesterone redirects cytokine production
profiles in lymphocytes from women with preterm delivery.
Am J Reprod Immunol 58, 31-38 (2007)
63. J. Szekeres-Bartho, F. Kilar, G. Falkay, V. Csernus, A.
Torok A and A.S. Pacsa: Progesterone-treated lymphocytes
of healthy pregnant women release a factor inhibiting
cytotoxicity and prostaglandin synthesis. Am J Reprod
Immunol Microbiol 9, 15-19 (1985)
64. J. Szekeres-Bartho, B. Autran, P. Debre, G. Andreu, L.
Denver and G. Chaouat: Immunoregulatory effects of a
suppressor factor from healthy pregnant women s
lymphocytes after progesterone induction. Cell Immunol
122:, 281-294 (1989)
65. J. Szekeres-Bartho, G. Par, G. Dombay, Y.C. Smart
and Z. Volgyi: The anti-abortive effect of PIBF in mice
is manifested by modulating NK activity. Cell Immunol
177, 194-199 (1997)

66. J. Szekeres-Bartho, G. Par, L. Szereday, C.Y. Smart
and I. Achacz I: Progesterone and non-specific
immunological mechanisms in pregnancy. Am J Reprod
Immunol 38, 176-182 (1997)
67. J. Szekeres-Bartho, G. Szekeres, P. Debre, B. Autran
and G. Chaouat: Reactivity of lymphocytes to a
progesterone receptor-specific monoclonal antibody.
Cell Immunol 125, 273-283 (1993)
68. J. Szekeres-Bartho and T.G. Wegmann: A
progesterone-dependent immunomodulatory protein
alters the Th1/Th2 balance. J Reprod Immunol 31, 81-95
(1996)
69. J. Kalinka, J. Szekeres-Bartho: The impact of
dydrogesterone supplementation on hormonal profile
and progesterone-induced blocking factor concentrations
in women with threatened abortion. Am J Reprod
Immunol 53, 166-171 (2005)
70. R. Joachim, A.C. Zenclussen, B. Polgar, A.J.
Douglas, S. Fest, M. Knackstedt, B.F. Klapp and P.C.
Arck: The progesterone derivative dydrogesterone
abrogates murine stress-triggered abortion by inducing a
Th2 biased local immune response. Steroids 8, 931-940
(2003)
71. S.M. Blois, R. Joachim, J. Kandil, R. Margni, M.
Tometten, B.F. Klapp and P.C. Arck: Depletion of
CD8+ cells abolishes the pregnancy protective effect of
progesteron substitution with dydrogesterone in mice by
altering the Th1/Th2 cytokine profile. J Immunol 172,
5893-5899 (2004)
72. M.H. Omar, M.K. Mashita, P.S. Lim and M.A. Jaml:
Dydrogesterone in threatened abortion: pregnancy
outcome. J Steroid Bochem Mol Bol 95:, 421-425 (2005)
73. S.A. Doggrell: Recurrent hope for the treatment of
preterm delivery. Exp Opin Pharmacother 4, 2362-2366
(2003)
74. P.J. Meis, M. Klebanoff, E. Thiom, M.P.
Dombrowski and B. Sibai: Prevention of recurrent
preterm delivery by 17 alpha-hydroxyprogesterone
caproate. N Engl J Med 348, 2379-2385 (2003)
75. P.J. Meis, M. Klebanoff, M.P. Dombrowski, B.M.
Sibai, S. Leindecker and A. M. Moawad: Does
progesterone treatment influence risk factors for
recurrent preterm delivery? Obstet Gynecol 106, 557561 (2005)
76. L. Sanchez-Ramos, A.M. Kaunitz and I. Delke:
Progestational agents to prevent preterm birth: a
meta-analysis of randomized controlled trials. Obstet
Gynecol 105, 273-279 (2005)
77. B.C. Choi, K. Polgar, L. Xiao and J.A. Hill:
Progesterone inhibits in vitro embryotoxic Th1
cytokine production to trophoblast in women with
recurrent pregnancy loss. Hum Reprod 15 Suppl 1,
46-59 (2000)
78. F.Z. Stanczyk: Pharmacokinetics of progesterone
administered by the oral and parenteral routes. J
Reprod Med 44, 141-147 (1999)
79. J.A. Simon, D.E. Robinson and M.C. Andrews:
The absorption of oral micronised progesterone: the
effect of food, dose proportionality and comparison
with intramuscular progesterone. Fertil Steril 60, 2633 (1993)

993

Cytokine imbalance in pregnancy complications

80. W.S. Maxson and J.T. Hargrove: Bioavailability of
oral micronized progesterone. Fertil Steril 44, 622-626
(1985)
Key Words: Cytokines, Dydrogesterone, Pregnancy Loss,
Pregnancy, Progesterone-Induced Blocking Factor, Review
Send correspondence to: Dr Raj Raghupathy, Department of
Microbiology, Faculty of Medicine, Kuwait University, P.O.
Box 24923, Safat 13110, Kuwait, Tel: 965498-6527, Fax:
965533-2719, E-mail: raj@hsc.edu.kw
http://www.bioscience.org/current/vol13.htm

994

