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 The success of implantation and pregnancy relies on 
an initial ‘cordial dialogue’ between maternal and em-
bryonic/fetal tissues through a complex immune-neuro-
endocrine network whose comprehension entails an in-
tegrative approach.

  Chronic diseases such as most autoimmune diseases 
of the mother can specially affect this interaction and, 
conversely, embryo implantation and pregnancy as a 
whole can modulate the outcome of ongoing diseases. 
Moreover, although in most cases pregnancy itself gener-
ates a protective milieu for the mother and the future 
newborn, as a stressing stimulus it may help to disclose 
subclinical pathological conditions or enhance the sus-
ceptibility to develop disease.

  The concurrence of such a variety of factors, cell types 
and interactions makes pregnant women with autoim-
mune diseases a good example of the need for an inter-
disciplinary view and care by various specialized physi-
cians and scientists.
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 Abstract 

 Neuroimmune-endocrine interactions seem to be central to 
the dialogue between the mother and the growing embryo 
during normal pregnancy. A proinflammatory Th1 microen-
vironment appears to be associated with embryo implanta-
tion but an excess of these cytokines may be deleterious. 
When normal gestation is subjected to stressful stimuli as 
those provided by a chronic inflammatory milieu, the activa-
tion profile of T cells and macrophages may be temporarily 
changed. Although much evidence supports the protective 
role of pregnancy in Th1 autoimmune diseases, the compre-
hension of the maternofetal interaction in an inflammatory 
context may serve to get more insight into pregnancy fail-
ures. Macrophages integrate multiple inputs and signals of 
neuroimmune-endocrine systems and they appear as major 
participants in either embryo implantation or loss. Changes 
at the macrophage level during gestation might help to un-
derstand their regulatory role in embryo implantation as 
well as to disclose their local and systemic pathogenic po-
tential.  Copyright © 2008 S. Karger AG, Basel 
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  Immune-Neuroendocrine Interactions during Early 

Normal Pregnancy 

 Immune and neuroendocrine regulation of the mater-
nal-fetal interface has a central role in both implantation 
and the development of the placenta by maintaining uter-
ine quiescence and neovascularization and promoting 
maternal immunotolerance. The peri-implantation pe-
riod is one of the critical periods along pregnancy where 
defects in the maternal-embryo interaction may have se-
rious consequences with the risk of abortion. There are 
multiple causes of early abortions related to the hemo-
static and endometrial defects, endocrine disorders, in-
fections and autoimmune diseases of the mother with 
about 50% of abortions associated with an immunologi-
cal origin  [1] . According to some opinions, recurrent mis-
carriage is comparable to organ-specific autoimmune 
disease  [2] .

  Wegmann  [3]  proposed a model for the immune regu-
lation of implantation where the development of preg-
nancy required a Th2 environment and the Th1 response 
was deleterious. In this Th1/Th2 paradigm T lympho-
cytes from the mother tolerogenic to paternal antigens 
had a central role in the maintenance of gestation by pro-
moting a Th2 response  [3] . Moreover, allorecognition can 
increase the production of growth factors and hormones 
essential for embryonic and fetal development: HLA al-
loantigen recognition in uterus enhances leukemia in-
hibitory factor (LIF), stromal cell-derived growth factor-
1 (SDF-1), ribonucleases and human chorionic gonado-
tropin  [4] . In line with this, progesterone increases the 
receptivity of the endometrium for embryo implantation 
while it modulates the Th1/Th2 cytokine profile in favor 
of Th2 cytokines  [5, 6] . However, recent concluding evi-
dence supports a more complex model where the innate 
immune response and cytokines produced by both im-
mune and nonimmune cells in the maternal-fetal inter-
face regulate the overall process including tissue remod-
eling, neovascularization and host defense  [7] . In this hy-
pothesis, a microenvironment controlled by locally acting 
growth factors and cytokines, some of them under ste-
roid control, appears to be necessary at the first stages of 
gestation for both implantation and uterine receptivity 
 [7] . In fact, uterine NK cells (uNK), the largest leukocyte 
population in the human first trimester decidua, are re-
cruited by progesterone which promotes uNK homing to 
the uterus. They express steroid receptors (ER � cx/ � 2 
ER � 1), prolactin and glucocorticoid receptors  [8] . Prolac-
tin released by endometrial stromal cells induces differ-
entiation and maturation of uNK. Thus, female sex ste-

roids appear to regulate the number of uNK cells in both 
human and mouse models by recruitment of peripheral 
NK and also by proliferation of the existing uNK pool. 
Consequently, cytokine produced under these combined 
stimuli may influence the decidual and trophoblast mi-
croenviroment inducing local immunomodulation and 
controlling the trophoblast invasion.

  In keeping with a model where the generation of an 
initial wave of proinflammatory cytokines and chemo-
kines initiates and conditions the adaptive immune re-
sponse and embryo survival, a  � -chemokine such as 
RANTES (regulated upon activation normal T cell ex-
pressed and secreted) is required at immunoprivileged 
sites and peaked before the Th2 switch in fertile women 
but not in those with spontaneous resorption histories 
 [9] . Similarly, alloimmunization of women with recur-
rent spontaneous abortion resulted in anti-CCR5 anti-
body production, increased production of RANTES, LIF, 
MIP-1 �  (CCL3), MIP-1 �  (CCL4) and SDF-1  [4, 10] . It has 
recently been proposed that CCL4 was important for the 
recruitment and/or retention of an immunosuppressive 
population of CD4+CD25+ T cells towards activated an-
tigen-presenting cells  [11] . Interestingly the number of 
regulatory T cells in decidua samples from spontaneous 
abortions is significantly lower compared to elective 
abortions  [12] .

  Whilst a proinflammatory Th1 microenvironment 
appears to be inherent in implantation and early preg-
nancy, it is also clear that an excess of these cytokines may 
be deleterious  [13, 14] . Conversely, although the balance 
might be restored by Th2 and Th3 cells, too much Th2/3 
cytokines may not be healthy. Particularly TGF- �  can in-
hibit trophoblast growth and invasion necessary for im-
plantation through the inhibition of MMP-9 production 
and human chorionic gonadotropin secretion by human 
trophoblast  [15] .

  Early Pregnancy and Autoimmune Diseases: 

Reciprocal Modulation 

 Some autoimmune rheumatic diseases provide the 
clinical counterpart of the interplay between pregnancy 
and the Th1/Th2 cytokine ratio in normal women. As an 
example to illustrate this, patients with rheumatoid ar-
thritis, a typical Th1 chronic inflammatory disease, im-
prove during pregnancy  [16–18] . On the other hand, a 
high risk of a disease flare occurs during pregnancy in 
the preferentially Th2 systemic lupus erythematosus 
(SLE), leading to spontaneous abortion among other 
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complications  [18, 19] . One potential mechanism under-
lying these clinical data is the capacity of cortisol, cate-
cholamines, and estrogen to enhance IL-10 production, 
relative to TNF- �  and IL-12; that is, during pregnancy 
the proinflammatory/anti-inflammatory cytokine bal-
ance favors humoral immune mechanisms that charac-
terize SLE  [18] . On the other hand, recurrent spontaneous 
abortions or a poor implantation record after multiple 
IVF cycles have been reported in women prone to devel-
op Th1 responses  [20]  while, conversely, the cytokine 
shift to Th2 was reported accentuated rather than dimin-
ished in women with recurrent miscarriage  [21]  reflect-
ing the complex nature of immune modulation of preg-
nancy at a systemic level. Cremaschi [pp.  $   $   $  –  $   $   $ ] 
presents in this issue a well-founded approach to the role 
of pregnancy in autoimmune thyroid disorders.

  Not only does pregnancy modulate autoimmune dis-
ease activity but it can also induce or evidence autoim-
mune responses. Reports on fetal cells entering the moth-
er’s blood during pregnancy have raised the question of 
their potential role in autoimmunity. For instance, wom-
en that developed scleroderma after pregnancy had 30 
times more fetal cells in their blood than healthy women 
did  [22] . On the other hand, the percentage of microchi-
meric cells varies largely in Hashimoto’s thyroiditis but 
appears to be absent from normal thyroid glands  [23] . 
However, their potential role in autoimmunity is still un-
clear. 

  Spontaneous experimental models of autoimmune 
diseases may provide interesting evidence on the im-
mune-neuroendocrine regulation of implantation in a 
systemic proinflammatory context. Although care should 
be taken when extrapolating murine data to the human 
situation  [7] , animal models offer the advantage of mon-
itoring both pregnancy outcome and disease progress 
from day 0 in the absence of immunosuppressive or anti-
inflammatory medication. They may also serve to ana-
lyze the differential effect that either single or multiple 
pregnancies have on several manifestations and targets of 
the autoimmune disease. Vice versa, the role of autoim-
mune mediators in the diverse processes involved in im-
plantation and peripartum periods can be studied.

  Spontaneous experimental models of autoimmune 
diseases generally present an altered HPA axis and hor-
mone secretion profile that can influence pregnancy  [24] . 
For instance,  lpr/lpr  mice are considered suitable models 
of SLE, as thoroughly discussed in the present issue by del 
Rey [pp.  $   $   $  –  $   $   $ ]. Among them, the MRL/ lpr  mod-
el has served to prove that skin disease disappeared after 
multiple pregnancies compared to virgin MRL/ lpr  ani-

mals although a more severe nephritis with shortened 
survival and higher blood pressure was observed  [25] .

  Nonobese diabetic (NOD) mice provide another use-
ful spontaneous model of two autoimmune diseases. Fe-
males in particular display a spontaneous Th1 autoim-
mune response against exocrine glands with a progres-
sive loss of salivary secretion characteristic of Sjögren’s 
syndrome  [26] . Immune, nervous and endocrine factors 
seem to converge in the etiology of this autoimmune exo-
crinopathy that occurs before the onset of type I diabetes 
offering a suitable model to study such interactions at ev-
ery disease stage  [27] . Saravia’s contribution [pp.  $   $   $  -
 $   $   $ ] to this issue especially deals with neuroendocrine 
regulation in diabetic NOD mice. Virgin NOD females at 
the stage of exocrine dysfunction but still not diabetic 
presented an abnormal expression of nitric oxide syn-
thase (NOS) and cyclooxygenase (COX) and a lower re-
sponse to the neuroimmunopeptide VIP (vasointestinal 
peptide) in their uteri concomitantly with the onset of a 
Th1 systemic response  [28] . Pregnancy in these mice has 
been associated with depressed inflammatory response 
and increased growth and function of Langerhans islets 
 [29] . A higher resorption record in NOD mice has been 
preliminarily reported  [30] . On the other hand, the effect 
of overt diabetes on pregnancy was reflected in a poor 
vascular bed development and altered endometrial lym-
phocyte recruitment associated with fetuses presenting a 
high rate of developmental defects  [31] . Interestingly, 
pregnancy increased plasma glucose levels in overt dia-
betic mice  [31]  while the administration of pregnancy 
hormones to nonpregnant NOD females reduced an au-
toimmune attack on the pancreas  [29]  pointing to the dif-
ferential effect of pregnant hormones or pregnancy as a 
whole on autoimmune response elements.

  Macrophages at the Center of

Immune-Neuroendocrine Circuits:

Role in Early Pregnancy 

 Macrophages represent one of the main types of cells 
able to integrate inputs coming from the brain, the endo-
crine and the immune systems and to respond to these 
stimuli by producing a wide variety of mediators as rap-
idly as in seconds and/or for several days after challenge. 
This integrative capacity puts these cells in the center of 
the most diverse and complex regulatory mechanisms 
and processes: Macrophages are the link between innate 
and adaptive immune responses. They modulate im-
mune responses by receiving and responding to media-
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tors of the immune, endocrine and nervous systems. 
Hence, the proinflammatory cytokines IL-6, TNF- �  and 
IL-1 secreted by macrophages are extremely pleiotropic 
serving different functions in disparate organ systems. 
Macrophages have, amongst others, serotonin, estrogen 
and acetylcholine receptors that can suppress the expres-
sion of proinflammatory genes through the NF-ĸB path-
way  [32] . During the course of pregnancy, macrophages 
with their ability to ‘talk in many languages’ have a cru-
cial role as they provide the maternal-fetal dialogue with 
signals in both senses at the peri-implantation window 
and afterwards  [33] .

  Given the role of macrophages to integrate immune, 
endocrine and nervous inputs and the relevance the im-
mune response has for the implantation process with the 
participation of macrophages, the involvement of these 
cells in the maternal-embryo dialogue during a Th1 au-
toimmune response and the modulation of their activa-
tion profile by early pregnancy are the focus of the next 
sections.

  During normal pregnancy macrophages constitute 
about 20–30% of decidual cells at the site of implantation 
and remain high throughout gestation suggesting that 
not only do they contribute to host defense but they also 
act in the maternal-fetal dialogue  [34, 35] . In human cy-
cling endometrium and at the maternal-fetal interface, 
glandular epithelium, stromal and trophoblast cells syn-
thesize macrophage migration-inhibitory factor leading 
to the accumulation of macrophages in their vicinity.

  Macrophages are described as necessary participants 
for setting up a suitable decidual microenvironment that 
promotes cell growth and inhibits deleterious inflamma-
tory reactions  [35] . Indeed, during early pregnancy, mac-
rophages at the maternoplacentary unit are involved in 
the remodeling of uterine tissue  [36] .

  The proinflammatory cytokines produced by macro-
phages such as IL-1, TNF- � , IL-6 and LIF participate in 
processes such as endometrial cyclic development, endo-
metrial trophoblast interaction and endometrial tissue 
regeneration  [37] . TNF- �  is able to inhibit both the basal 
and insulin-stimulated release of prolactin from the de-
cidua  [38] .The inflammatory response of TNF- �  later in-
duces the production of suppressor IL-10, but the high 
expression of TNF- �  in women with recurrent spontane-
ous abortion failed to upregulate IL-10 expression  [39] .

  Trophoblast-macrophage interactions contribute to 
the normal progress of gestation by modulating the Th1/
Th2 switch and properly removing apoptotic bodies to 
prevent an inflammatory reaction that could lead to preg-
nancy failure  [35] . It is also proposed that macrophages 

are ‘educated’ by trophoblast cells to create their own sur-
vival environment by the release of cytokines and chemo-
kines  [40] . The histological analysis of mice placenta 
showed a great number of macrophages localized close to 
apoptotic cells  [35] . It is important to note that the envi-
ronment where macrophages are committed to act is cru-
cial: they clear out apoptotic bodies to prevent inflamma-
tion in normal conditions of gestation. Simultaneously, 
in an inflammatory milieu they can also flood the mater-
nal-fetal interface with oxygen and nitrogen reactive spe-
cies, TNF- � , prostaglandin E 2  among other inflamma-
tory mediators at risk of interrupting gestation  [41] . As 
sentinels of the innate response, macrophages can detect 
pathogens directly through Toll-like receptors, a subject 
also profoundly dealt with in this issue by Bornstein [pp. 
 $   $   $  –  $   $   $ ] and by Gomariz [pp.  $   $   $  –  $   $   $ ]. Sep-
sis leads to embryo resorption in humans  [6]  and macro-
phages found in resorption sites appeared preactivated to 
the synthesis of nitric oxide (NO)  [42] . Consistent with 
this, in the CBA/JxDBA/2 mouse model of embryo re-
sorption, the NOS-2 inhibitor aminoguanidine reduced 
resorption  [42] . Both IFN- �  and LIF induce NOS-2 
mRNA expression in trophoblast cells in vitro  [43] .

  Recent evidence derived from a lipopolysaccharide 
(LPS)-induced embryonic resorption model in BALB/c 
mice indicates that NO and prostaglandins E 2 , F 2 �   and 
thromboxane A 2  increase in uterus and deciduas with a 
dual role of NO: at low concentrations necessary for im-
plantation  [44] , NO inhibited prostaglandin synthesis, 
while at high levels it increased COX-2 expression and 
caused abortions  [45] .

  In this model LPS produces macrophage and granulo-
cyte infiltration of the mesometrial decidua  [46] . It has 
been also reported that macrophages are involved in the 
enhanced synthesis of NO and expression of iNOS and 
TNF- �  mRNA associated with early pregnancy loss 
 [41] .

  Effect of Pregnancy on Macrophage Activation 

Profile in Proinflammatory Conditions 

 Decidual macrophages (dM � ) and their functional in-
teraction are influenced by tissue-specific factors pro-
duced by trophoblast, glandular and stromal cells and by 
decidual lymphocytes comprising mostly uNK  [47] . The 
lower expression of HLA-DR and costimulating CD86 
molecules on early human dM �  compared with periph-
eral blood CD14+ of pregnant and nonpregnant women 
suggests a less efficient antigen presentation within the 
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decidua. A proposed model of dM �  activation at the ma-
ternal-fetal interface maintains that trophoblast antigens 
activate proinflammatory responses reflected by an in-
crease of TNF- � , IL-6, CXC ligands and NO. The com-
petition with foreign trophoblast antigens for the binding 
site and internalization route of glycoproteins like TAG-
72 appears to be an active mechanism for quenching the 
proinflammatory immune response of the dM � . Other 
proposed mechanisms could involve the interaction of 
HLA-G expressed on the extravillous cytotrophoblast 
and ILT-2/ILT-4 inhibitor receptors on the surface of 
dM � . The aberrant presence of activated macrophages in 
the decidua may be important in the preeclampsia etiol-
ogy by limiting extravillous trophoblast invasion through 
TNF- � -mediated apoptosis and tryptophan depletion.

  The activation of the systemic pool of macrophages of 
pregnant females in the course of an autoimmune disease 
context might also help to illustrate some interesting fea-
tures about their local and systemic regulation. Com-
pared with normal mice, macrophages from normally cy-
cling prediabetic NOD females at a Sjögren’s syndrome-
like stage produce higher levels of nitrites and IL-12 at 
resting conditions  [48] . In addition, NOD macrophages 
primed with bacterial LPS produced higher levels of NO 
and lower levels of IL-10. The neuroimmunopeptide VIP 
prevented NOS-2 induction by inhibiting NF-�B in nor-
mal mouse peritoneal macrophages primed with LPS 
 [49] . In LPS-stimulated NOD peritoneal macrophages 
VIP increases IL-10 and it modulates NO production 
through IL-10 and PGE 2   [48] .

  However, pregnancy modifies the response of macro-
phages to LPS and the anti-inflammatory effect of VIP in 
these mice.  Table 1  shows the activation profile of macro-

phages upon LPS stimulation on day 9 of pregnancy, at 
the peri-implantation window, compared with nonpreg-
nant NOD macrophages. As mentioned above, progester-
one alone can mimic some anti-inflammatory effects of 
pregnancy on the systemic response during an autoim-
mune disease. Thus, progesterone decreased both NO 
and IL-12 production in NOD macrophages at resting 
conditions and when stimulated in vitro with LPS.  Ta-
ble 1  also shows that in the NOD, pregnancy but not pro-
gesterone added in vitro modulated the anti-inflamma-
tory response of VIP through an increase in IL-10.

  The differential anti-inflammatory effect of proges-
terone and pregnancy on macrophages can also be ob-
served in normal mice primed in vivo with an inflamma-
tory stimulus like LPS: suppressive effects of progester-
one on NOS-2 expression and NO production by murine 
peritoneal macrophages in response to LPS were reported 
 [50] . Moreover, pregnant mice macrophages synthesized 
less NO than cells from nonpregnant animals when they 
were administrated with LPS  [51]  and the existence of a 
yet unknown type of progesterone receptor in murine 
macrophages has been suggested, the binding to which 
would be responsible for the anti-inflammatory effect of 
progesterone.

  Concluding Remarks 

 Normal pregnancy is a physiological condition where 
hormones, immune factors and neurotransmitters or-
chestrate a dynamic interaction between the mother and 
the growing embryo. Early pregnancy challenges a vari-
ety of cells and molecules from the mother and the em-

Table 1. Activation profile of macrophages upon LPS stimulation

NOD at diestrus NOD at diestrus + progesterone Pregnant NOD at gestation day 9

IL-10, ng/ml nitrites, �M IL-12, ng/ml IL-10, ng/ml nitrites, �M IL-12, ng/ml IL-10, ng/ml nitrites, �M IL-12, ng/ml

Basal 1.680.2 4.380.3 1.280.2 0.380.1 1.080.1 0.180.1 0.580.1 0.580.1 0.180.1
LPS 2.480.6 20.081.2 1.780.5 0.780.1 3.080.3a 0.180.1a 5.580.6b 6.080.3a 3.380.6a

LPS+VIP 5.980.3 3.880.2 0.780.1 0.880.1c 4.080.4 1.080.3 5.480.3 5.680.1 1.280.2

Isolated macrophages from NOD mice pregnant or at diestrus 
were obtained as previously described [48]. Macrophage mono-
layers were stimulated with 10 �g/ml LPS and 100 U/ml IFN-� in 
the presence or absence of VIP (10–7 M) and progesterone (10–5 M) 
and incubated at 37° C for 24 h. Cell-free supernatants were har-
vested, cytokines determined by ELISA and nitrites by Griess 

[48]. Statistical significance of differences was determined by 
ANOVA. a p < 0.01 vs. corresponding values of LPS in NOD mice 
at diestrus; b p < 0.05 vs. IL-10 with LPS in NOD mice at diestrus 
and at diestrus + progesterone; c p < 0.01 vs. IL-10 with LPS+VIP 
at diestrus and in pregnant NOD mice.
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bryo that need to concur and to interact efficiently for a 
successful implantation. Neuroimmune-endocrine in-
teractions seem to be central to this dialogue. When the 
physiological condition of pregnant women is subject to 
stressful stimuli such as those provided by a chronic in-
flammatory milieu, the activation profile of T cells and 
macrophages may be temporarily changed. Although 
much evidence has shown the protective role of pregnan-
cy on Th1 autoimmune diseases, the comprehension of 
the mechanisms for such an altered activation pattern at 
the macrophage level might help to understand their 
physiological role during gestation as well as to disclose 
their pathogenic potential. Macrophages integrate mul-

tiple inputs and signals of neuroimmune-endocrine sys-
tems and participate in early embryo implantation or 
loss. On this basis they might be explored as targets for 
pharmacological intervention in pregnant women with 
autoimmune diseases or susceptible to develop autoim-
munity. This approach may also serve to get more insight 
into pregnancy failures in an inflammatory context.

  Acknowledgments 

 This work was supported by the grants PICT 10901 (ANP-
CyT), PIP 5638 (CONICET) and UBACyT X110 from the Univer-
sity of Buenos Aires.

 References 

  1 Piccinni MP: T cells in normal pregnancy 
and recurrent pregnancy loss. Reprod 
Biomed 2006;   13:   840–844. 

  2 Wilczyński JR: Immunological analogy be-
tween allograft rejection, recurrent abortion 
and pre-eclampsia – the same basic mecha-
nism? Hum Immunol 2006;   67:   492–511. 

  3 Wegmann TG: Foetal protection against 
abortion: is it immunosuppression or immu-
nostimulation? Ann Immunol (Paris) 1984;  
 135D:309–312. 

  4 Rugeles MT, Shearer GM: Alloantigen recog-
nition in utero: dual advantage for the fetus? 
Trends Immunol 2004;   25:   348–352. 

  5 Szekeres-Bartho J: Immunological relation-
ship between the mother and the fetus. Int 
Rev Immunol 2002;   21:   471–495. 

  6 Raghupathy R: Th1-type immunity is in-
compatible with successful pregnancy. Im-
munol Today 1997;   18:   478–482. 

  7 Chaouat G, Dubanchet S, Ledée N: Cyto-
kines: important for implantation? J Assist 
Reprod Genet 2007;   24:   491–505. 

  8 Dosiou C, Giudice L: Natural killer cells in 
pregnancy and recurrent pregnancy loss: en-
docrine and immunologic perspectives. En-
docr Rev 2005;   26:   44–62. 

  9 Ramhorst RE, García VE, Corigliano A, 
Rabinovich GA, Fainboim L: Identification 
of RANTES as a novel immunomodulator of 
the maternal allogeneic response. Clin Im-
munol 2004;   110:   71–80. 

 10 Ramhorst R, Patel R, Corigliano A, Etchepa-
reborda JJ, Fainboim L, Schust D: Induction 
of maternal tolerance to fetal alloantigens by 
RANTES production. Am J Reprod Immu-
nol 2006;   56:   302–311. 

 11 Kallikourdis M, Andersen KG, Welch KA, 
Betz AG: Alloantigen-enhanced accumula-
tion of CCR5+ ‘effector’ regulatory T cells in 
the gravid uterus. Proc Natl Acad Sci USA 
2007;   104:   594–599. 

 12 Clark IM, Swingler TE, Young DA: Acetyla-
tion in the regulation of metalloproteinase 
and tissue inhibitor of metalloproteinases 
gene expression. Front Biosci 2007;   12:   528–
535. 

 13 Daher S, de Arruda Geraldes Denardi K, 
Blotta MH, Mamoni RL, Reck AP, Camano 
L, Mattar R: Cytokines in recurrent pregnan-
cy loss. J Reprod Immunol 2004;   62:   151–157. 

 14 Clark DA, Yu G, Arck PC, Levy GA, Gorc-
zynski RM: MD-1 is a critical part of the 
mechanism causing Th1-cytokine-triggered 
murine fetal loss syndrome. Am J Reprod 
Immunol 2003;   49:   297–307. 

 15 Laird SM, Tuckerman EM, Cork BA, Linjawi 
S, Blakemore AI, Li TC: A review of immune 
cells and molecules in women with recurrent 
miscarriage. Hum Reprod Update 2003;   9:  
 163–174. 

 16 Ostensen M, Villiger PM: The remission of 
rheumatoid arthritis during pregnancy. 
Semin Immunopathol 2007;   29:   185–191. 

 17 Doria A, Iaccarino L, Arienti S, Ghirardello 
A, Zampieri S, Rampudda ME, Cutolo M, 
Tincani A, Todesco S: Th2 immune devia-
tion induced by pregnancy: the two faces of 
autoimmune rheumatic diseases. Reprod 
Toxicol 2006;   22:   234–241. 

 18 Wilder RL: Neuroimmunoendocrinology of 
the rheumatic diseases: past, present, and fu-
ture. Ann NY Acad Sci 2002;   966:   13–19. 

 19 Khamashta MA, Ruiz-Irastorza G, Hughes 
GR: Systemic lupus erythematosus flares 
during pregnancy. Rheum Dis Clin North 
Am 1997;   23:   5–30. 

 20 Kwak-Kim JY, Chung-Bang HS, Ng SC, Ntri-
valas EI, Mangubat CP, Beaman KD, Beer 
AE, Gilman-Sachs A: 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 Re-
prod 2003;   18:   767–773. 

 21 Bates MD, Quenby S, Takakuwa K, Johnson 
PM, Vince GS: Aberrant cytokine produc-
tion by peripheral blood mononuclear cells 
in recurrent pregnancy loss? Hum Reprod 
2002;   17:   2439–2444. 

 22 Evans PC, Lambert N, Maloney S, Furst DE, 
Moore JM, Nelson JL: Long-term fetal mi-
crochimerism in peripheral blood mononu-
clear cell subsets in healthy women and 
women with scleroderma. Blood 1999;   93:  
 2033–2037. 

 23 Klintschar M, Immel U, Kehlen A, Schwaiger 
P, Mustafa T: Fetal microchimerism in 
Hasimoto’s thyroiditis: a quantitative ap-
proach. Eur J Endocrinol 2006;   154:   237–241. 

 24 Wilder RL: Corticotropin releasing hor-
mone and the hypothalamic-pituitary-adre-
nal axis in the regulation of inflammatory 
arthritis. Agents Actions 1993;   41:   3–9. 

 25 Kökény G, Godó M, Nagy E, Kardos M, 
Kotsch K, Casalis P, Bodor C, Rosivall L, 
Volk H-D, Zenclussen AC, Hamar P: Skin 
disease is prevented but nephritis is acceler-
ated by multiple pregnancies in autoimmune 
MRL/LPR mice. Lupus 2007;   16:   465–477. 

 26 van Blokland SCA, Versnel MA: Pathogen-
esis of Sögren’s syndrome: characteristics of 
different mouse models for autoimmune ex-
ocrinopathy. Clin Immunol 2002;   103:   111–
124. 

 27 Calafat M, Larocca L, Roca V, Pérez Leirós C: 
NOD mice exocrinopathy: towards a neuro-
immune link. Neuroimmunomodulation 
2007;   14:   175–181. 

 28 Roca V, Larocca L, Calafat M, Aisemberg J, 
Meiss R, Franchi AM, Pérez Leirós C: Re-
duced nitric oxide synthase and cyclo-oxy-
genase activity in the uterus of NOD mice. 
Reproduction 2006;   132:   931–938. 

 29 Homo-Delarche F: Neuroendocrine immu-
no-ontogeny of the pathogenesis of autoim-
mune diabetes in the nonobese diabetic 
(NOD) mouse. ILAR J 2004;   45:   237–255. 

NIM592.indd   89NIM592.indd   89 12.06.2008   14:12:3112.06.2008   14:12:31



 Larocca   /Ramhorst   /Roca   /Calafat   /
Aisemberg   /Franchi   /Pérez Leirós   

Neuroimmunomodulation 2008;15:84–9090

 30 Roca V, Larocca L, Aisemberg J, Franchi A, 
Perez Leiros C: Menor actividad de NOS y 
PGE2 en el útero de cratones NOD predia-
beticos. Medicina 2004;   64(suppl 2):113. 

 31 Burke SD, Dong H, Hazan AD, Croy BA: Ab-
errant endometrial features of pregnancy in 
diabetic NOD mice. Diabetes 2007;   56:   2919–
2926. 

 32 Freire-Garabal M, Núñez MJ, Balboa J, 
López-Delgado P, Gallego R, García-Cabal-
lero T, Fernández-Roel MD, Brenlla J,
Rey-Méndez M: Serotonin upregulates the 
activity of phagocytosis through 5-HT1A re-
ceptors. Br J Pharmacol 2003;   139:   457–463. 

 33 Mor G, Straszewski-Chavez SL, Abrahams 
VM: Macrophage-trophoblast interactions. 
Methods Mol Med 2006;   122:   149–163. 

 34 Kabawat SE, Mostoufi-Zadeh M, Driscoll 
SG, Bhan AK: Implantation site in normal 
pregnancy. A study with monoclonal anti-
bodies. Am J Pathol 1985;   118:   76–84. 

 35 Abrahams VM, Kim YM, Straszewski SL, 
Romero R, Mor G: Macrophages and apo-
ptotic cell clearance during pregnancy. Am J 
Reprod Immunol 2004;   51:   275–282. 

 36 Wira CR, Fahey JV, Sentman CL, Pioli PA, 
Shen L: Innate and adaptive immunity in fe-
male genital tract: cellular responses and 
 interactions. Immunol Rev 2005;   206:   306–
335. 

 37 Chung IB, Yelian FD, Zaher FM, Gonik B, 
Evans MI, Diamond MP, Svinarich DM: Ex-
pression and regulation of vascular endothe-
lial growth factor in a first trimester tropho-
blast cell line. Placenta 2000;   21:   320–324. 

 38 Jikihara H, Handwerger S: Tumor necrosis 
factor-alpha inhibits the synthesis and re-
lease of human decidual prolactin. Endocri-
nology 1994;   134:   353–357. 

 39 Lio D, Candore G, Colombo A, Colonna Ro-
mano G, Gervasi F, Marino V, Scola L, Ca-
ruso C: A genetically determined high set-
ting of TNF-alpha influences immunologic 
parameters of HLA-B8,DR3 positive sub-
jects: implications for autoimmunity. Hum 
Immunol 2001;   62:   705–713. 

 40 Fest S, Aldo PB, Abrahams VM, Visintin I, 
Alvero A, Chen R, Chavez SL, Romero R, 
Mor G: Trophoblast-macrophage interac-
tions: a regulatory network for the protec-
tion of pregnancy. Am J Reprod Immunol 
2007;   57:   55–66. 

 41 Haddad EK, Duclos AJ, Antecka E, Lapp WS, 
Baines MG: Role of interferon-gamma in the 
priming of decidual macrophages for nitric 
oxide production and early pregnancy loss. 
Cell Immunol 1997;   181:   68–75. 

 42 Haddad EK, Duclos AJ, Baines MG: Early 
embryo loss is associated with local produc-
tion of nitric oxide by decidual mononuclear 
cells. J Exp Med 1995;   182:   1143–1151. 

 43 Hambartsoumian E, Srivastava RK, Seibel 
MM: Differential expression and regulation 
of inducible nitric oxide synthase (iNOS) 
mRNA in human trophoblasts in vitro. Am 
J Reprod Immunol 2001;   45:   78–85. 

 44 Chwalisz K, Garfield RE: Role of nitric oxide 
in implantation and menstruation. Hum Re-
prod 2000;   15:   96–111. 

 45 Aisemberg J, Vercelli C, Billi S, Ribeiro ML, 
Ogando D, Meiss R, McCann SM, Rettori V, 
Franchi AM: Nitric oxide mediates prosta-
glandins’ deleterious effect on lipopolysac-
charide-triggered murine fetal resorption. 
Proc Natl Acad Sci USA 2007;   104:   7534–
7539. 

 46 Ogando DG, Paz D, Cella M, Franchi AM: 
The fundamental role of increased produc-
tion of nitric oxide in lipopolysaccharide-in-
duced embryonic resorption in mice. Repro-
duction 2003;   125:   95–110. 

 47 Santoni A, Zingoni A, Cerboni C, Gismondi 
A: Natural killer (NK) cells from killers to 
regulators: distinct features between periph-
eral blood and decidual NK cells. Am J Re-
prod Immunol 2007;   58:   280–288. 

 48 Larocca L, Calafat M, Roca V, Franchi AM, 
Pérez Leirós C: VIP limits LPS-induced ni-
tric oxide production through IL-10 in NOD 
mice macrophages. Int Immunopharmacol 
2007;   7:   1343–1349. 

 49 Delgado M, Munoz-Elias EJ, Gomariz RP, 
Ganea D: Vasoactive intestinal peptide and 
pituitary adenylate cyclase-activating poly-
peptide enhance IL-10 production by murine 
macrophages: in vitro and in vivo studies. J 
Immunol 1999;   162:   1707–1711. 

 50 Kohmura Y, Kirikae T, Kirikae F, Nakano M, 
Sato I: Onapristone (ZK299) blocks the sup-
pressive effect of progesterone, but not that 
of dexamethasone, on inducible nitric oxide 
synthase gene expression and nitric oxide 
production in murine macrophages. Int J 
Immunopharmacol 2000;   22:   765–774. 

 51 Silberman DM, Cella M, Genaro AM, Fran-
chi AM: La progesterona inhibe la inducción 
de la NOS en macrófagos activados con LPS. 
Posible papel protector durante la preñez. 
Medicina 2003;   63:   550. 

  

NIM592.indd   90NIM592.indd   90 12.06.2008   14:12:3112.06.2008   14:12:31




