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1. ABSTRACT 
 

Corticotropin-releasing hormone (CRH), the 
principal regulator of the hypothalamic-pituitary-adrenal 
axis, has been identified in various organ systems, 
including the immune and the female and male 
reproductive systems. CRH-like immunoreactivity has been 
reported in peripheral inflammatory sites and in a number 
of reproductive organs, including the ovaries, endometrial 
glands, decidualized endometrial stroma, placenta, decidua, 
and the testes. Therefore, “immune” and “reproductive” 
CRH are forms of “tissue” CRH; i.e., CRH found in 
peripheral tissues.  Immune CRH plays a direct 
immunomodulatory role as an autocrine/paracrine mediator 
of inflammation. Immune CRH participates in several 
experimental inflammations and, in humans, in inflamed 
tissues from patients with autoimmune and inflammatory 
diseases. One of the early effects of immune CRH is the 
degranulation of mast cells and the release of histamine and 
several inflammatory cytokines. Reproductive CRH is 
regulating reproductive functions with an inflammatory 
component, such as ovulation, luteolysis, decidualization, 
implantation, and early maternal tolerance. Placental CRH 
participates in the physiology of pregnancy and the onset of 
labor. Circulating placental CRH is responsible for the 
physiologic hypercortisolism of the latter half of 
pregnancy. Postpartum, this hypercortisolism is followed 
by a transient adrenal suppression, which may explain the 
blues/depression and increased autoimmune phenomena 
observed during this period.     

 
 
 
 
 
 
 
 
2. INTRODUCTION 
 

Corticotropin-releasing hormone (CRH) is a 41-
amino acid neuropeptide secreted by the paraventricular 
nucleus of the hypothalamus (1). CRH and its receptors are 
also found in many extra-hypothalamic sites of the central 
nervous system (CNS). There, CRH plays a major 
coordinative role for the stress response, including 
activation of the arousal and sympathetic systems, central 
suppression of the immune system and elicitation of stress-
related behaviors (2). CRH is part of a family of 
mammalian peptides that includes the urocortins (UCN I, 
UCN II, and UCN III), as well as fish urotensin I and frog 
sauvagine (3-5). Signals from CRH and CRH-related 
peptides are transduced across cell membranes via 
activation of two types of G-coupled CRH receptors, R1 
and R2, encoded by different genes. The CRH-R1 gene 
expresses four known subtypes, CRH-R1 alpha, R1 beta, 
R1c, and R1d, whereas the CRH-R2 gene expresses three 
known subtypes, CRH-R2 alpha, R1 beta, and R1 gamma 
(6). CRH-R1 binds CRH, UCN I, urotensin I and sauvagine 
with approximately equal affinity, whereas CRH-R2 binds 
UCN I, UCN II, UCN III, sauvagine and urotensin I with 
significantly higher affinity than it does CRH, indicating 
that these may be the natural or preferred ligands (6).   

 
CRH and its receptors have been identified, not only 
throughout the CNS, but also in various organ systems, 
such as the immune and the female and male reproductive 
systems. Indeed, CRH-like immunoreactivity has been 
described in peripheral inflammatory sites (7-11)
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Table 1. Sites of production, proposed functions and potential pathogenic effects of peripheral corticotropin-releasing hormone 
in the immune and reproductive systems 

Peripheral CRH Sites of Production Proposed functions Potential Pathogenic Effects 
Immune CRH 
 Inflammatory sites Stimulation of local inflammation Autoimmune inflammatory disorders 

Stress-induced allergic or vasokinetic conditions, such as asthma, 
eczema and migraine headaches 

Reproductive CRH 
Ovarian CRH Theca; Stroma; Ovum Inhibition of female sex steroid 

production; Ovulation; Luteolysis; 
Follicular maturation 

Premature ovarian failure; Anovulation; Corpus luteum 
dysfunction; Ovarian dysfunction 

Uterine CRH 
 

Endometrial glands; 
Decidualized stroma 

Decidualization; Blastocyst implantation; 
Early maternal tolerance 

Infertility; Recurrent spontaneous abortion 

Blastocyst 
 

Invasive trophoblast 
 

Blastocyst implantation; Early maternal 
tolerance 

Recurrent spontaneous abortion 
 

Placental CRH 
 

Cytotrophoblast ; 
Syncytiotrophoblast ; 
Amnion; Chorion 

Regulation of fetoplacental circulation; 
Fetal adrenal steroidogenesis; Induction 
of labor; Maternal hypercortisolism 

Premature labor; Delayed labor; 
Preeclampsia and eclampsia 
 

Testicular CRH Leydig cells; Germ 
cells; Spermatozoa 

In rat: inhibition of male sex steroid 
production; In mouse: stimulation of 
male sex steroid production 

In rat: hypogonadism 

 
and in a number of reproductive organs, including the 
ovaries, endometrial glands, decidualized endometrial 
stroma, placental trophoblast, syncytiotrophoblast, decidua, 
and the testes (12-22).  Thus, “immune” and “reproductive” 
CRH are forms of “tissue” CRH, i.e., CRH found in 
peripheral tissues.  “Immune” CRH is secreted at 
inflammatory sites and possesses potent proinflammatory 
properties influencing innate and acquired immune 
processes (Table 1). “Reproductive” CRH is regulating 
reproductive functions with an inflammatory component, 
such as ovulation, luteolysis, decidualization, implantation, 
and early maternal tolerance (Table 1). In addition, UCN I 
is widely distributed in immune and reproductive systems, 
suggesting that it has important physiological roles in these 
tissues (4,5). 

 
The biological effects of CRH and CRH-related 

peptides are modulated not only by CRH receptors, but also 
by the CRH-binding protein (CRH-BP) (23). The CRH-BP 
has been shown to exist in numerous species; expressed in 
a highly tissue-specific pattern. In primates, CRH-BP gene 
is expressed in liver, placenta, and brain, whereas in rats, it 
has only been detected in the brain. The source of human 
peripheral CRH-BP is the liver and the placenta (23).  The 
role of CRH-BP is still unclear; it has been proposed to act 
as a modulator of the HPA axis activation and CRH 
endocrine, autocrine or paracrine actions.  
 
3. CRH IN THE IMMUNE SYSTEM 
 

“Immune CRH” is secreted peripherally from the 
spleen, thymus and inflamed tissues and plays a direct 
immunomodulatory role, as an autocrine or paracrine 
mediator of inflammation (7,24). Whereas central, CNS 
CRH, via glucocorticoids and catecholamines, inhibits the 
inflammatory reaction; directly secreted immune CRH 
stimulates local inflammation.  UCN I expression has also 
been shown in spleen, thymus, macrophages, and 
lymphocytes (24,25), whereas the existence of additional 
CRH-related peptides secreted by immune cells cannot 
ruled out. UCN I expression appears to be increased in 
various inflammatory diseases (5). 

 
Endothelial cells, macrophages, and tissue 

fibroblasts have CRH in their cytoplasm (26). 
Inflammatory sites, examined by immunohistochemistry 
and extraction-chromatography, contain large amounts of 
immune CRH, which is identical to hypothalamic CRH (7). 
However, under normal conditions, in which the immune 
system is not activated, levels of CRH and its mRNA are 
very low. CRH is produced in peripheral inflammatory 
sites, acutely from peripheral nerves (postganglionic 
sympathetic neurons and primary somatosensory fibers) 
and chronically from immune cells (27).  

 
Our laboratory localized immunoreactive CRH in 

local immune accessory cells in various experimental 
models of inflammation, including carrageenin-induced 
aseptic inflammation in Sprague-Dawley rats, acute and 
chronic streptococcal cell wall- and adjuvant-induced 
arthritis in Lewis rats (8) and peptide R-16 (epitope of the 
interphotoreceptor retinoid-binding protein)-induced uveitis 
in Lewis rats and B10.A mice (11). Immune neutralization 
and CRH antagonist experiments have demonstrated 
marked inhibition of inflammation (7,11,26,28).  
Immunoreactive CRH has also been found in human tissues 
undergoing inflammatory processes, including joints of 
patients with rheumatoid arthritis, thyroid glands of patients 
with Hashimoto thyroiditis, and colonic mucosa of patients 
with ulcerative colitis (9,10,28). Inflamed tissues contain 
large amounts of CRH, reaching levels similar to those 
observed in the hypophyseal portal system. The 
concentrations of CRH-BP are significantly elevated in 
active “immune” states, such as rheumatoid arthritis and 
septacemia, probably due to increased secretion by the liver 
(29).  

The exact mechanisms by which immune 
CRH/UCN I exert their proinflammatory actions are not 
known, but one major mechanism is the degranulation of 
mast cells (30,31). CRH induces a marked increase in 
vascular permeability and mast cell degranulation in a 
dose-dependent and CRH receptor 1-depedent fashion (31). 
Thus, CRH causes vasodilation, increases vascular 
permeability, and allows extravasation of plasma 
throughout the capillary vessel walls (31). CRH also 
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stimulates secretion of IL-1 from monocytes, IL-2 from 
lymphocytes, and IL-6 from mononuclear cells (32-34). In 
addition, CRH promotes lymphocyte proliferation, and IL-2 
receptor expression and chemotaxis by mononuclear 
leukocytes, and enhances production of oxygen radicals by 
macrophages (35-38). Immune CRH has been also shown 
to play a role in local, opioid-mediated analgesia (39). 
Secretion of immune CRH is suppressed by glucocorticoids 
and somatostatin (40). 

 
In early stages of inflammation, there is a major 

discrepancy between the abundance of the peptide and the 
paucity of its mRNA, which is undetectable or present in 
minute quantities. The demonstration of CRH-like 
immunoreactivity in the dorsal horn of the spinal cord and 
dorsal root ganglia and in sympathetic nerve cell bodies 
and sympathetic ganglia, including post-ganglionic neurons 
and nerve fibers in spleen after IL-2 administration, support 
the hypothesis that the majority of immune CRH in early 
inflammation is of peripheral nerve rather than immune cell 
origin (41-44). 

 
The production of CRH from the postganglionic 

sympathetic neurons may be responsible for the stress-
induced activation of allergic/autoimmune diseases, such as 
asthma and eczema, via mast cell degranulation (30). 
Therefore, a CRH-R1 antagonist could be used for the 
treatment of stress-induced allergic or vasokinetic 
conditions (30,31). 
 
4. CRH IN THE REPRODUCTIVE SYSTEM 
 
4.1. Ovarian CRH 

Ovarian CRH is primarily localized in thecal 
cells surrounding the ovarian follicles, in luteinized cells of 
the stroma and also in the cytoplasm of the ovum (12,13). 
CRH-R1 and CRH-R2 alpha receptors are also detected in 
the ovary, especially in the regressing corpus luteum (45). 
In vitro experiments have shown that CRH exerts an 
inhibitory effect on ovarian steroidogenesis in a dose-
dependent, interleukin (IL)-1-mediated manner (46,47). 
This finding suggests that ovarian CRH has anti-
reproductive actions that might be related to premature 
ovarian failure observed in women exposed to high 
psychosocial stress (48).  

 
There is no detectable CRH in oocytes of 

primordial follicles in human ovaries, whereas there is 
abundant expression of the CRH and CRH-R1 genes in 
mature follicles, suggesting that CRH may play 
auto/paracrine roles in follicular maturation (12,13,45).  
However, polycystic ovaries present diminished amounts of 
CRH immunoreactivity, suggesting that decreased ovarian 
CRH might be related to the anovulation of polycystic 
ovarian syndrome (13). Finally, the concentration of CRH 
is higher in the premenopausal than the postmenopausal 
ovaries, indicating that ovarian CRH may be related to 
normal ovarian function during the reproductive life span 
(49).  

 
UCN I is also expressed in the human ovary, 

mainly in steroidogenic luteal cells, especially during the 

regression of the corpus luteum (50).  Like CRH, it appears 
that UCN I may suppress ovarian steroidogenesis (50). 
 
4.2. Uterine CRH 

Human and rat uterus express the CRH gene, 
suggesting a local effect of endometrial CRH (14,15). 
Epithelial cells are the main source of endometrial CRH, 
while stroma does not express it, unless it differentiates to 
decidua (14,15,51,52). Similarly, epithelial cells are the 
main source of endometrial UCN I (4). In addition, CRH-
R1 alpha, CRH-R1 beta and CRH-2 alpha are present in the 
human endometrium (6,53).  

 
Inducers of CRH, such as 8-bromo-cAMP, 

forskolin and epidermal growth factor, stimulate the 
activity of the CRH promoter (54). Estrogens and 
glucocorticoids inhibit and prostaglandin E2 stimulates the 
promoter of human CRH gene in transfected human 
endometrial cells, suggesting that the endometrial CRH 
gene is under the control of these agents (55). The 
inhibitory effect of glucocorticoids on endometrial CRH is 
in agreement with that found in the hypothalamus and 
opposite to that observed in the human placenta, indicating 
that the regulation of the transcription of the CRH gene is 
tissue-specific. The cytokines interleukin-1 (IL-1) and IL-6 
stimulate the activity of the CRH promoter, an effect 
possibly mediated by prostaglandins, as has been described 
in both the hypothalamus and the placenta (55). 

 
The endometrial glands are full of CRH during 

both the proliferative and the secretory phases of the cycle 
(14,15). However, the concentration of CRH is 
significantly higher in the secretory phase, associating 
endometrial CRH with intrauterine phenomena of the 
secretory phase of the menstrual cycle, such as 
decidualization and implantation (51). Indeed, in the human 
endometrium, a phenomenon with characteristics of an 
“aseptic” inflammatory reaction takes place during the 
differentiation of endometrial stroma to decidua. It has 
been shown that CRH induces the decidualization of 
endometrial stroma and that it potentiates the decidualizing 
effect of progesterone (52,56). Of note, progestins stimulate 
the expression of endometrial CRH in a cAMP-dependent 
manner (57).  
 
4.3. CRH and blastocyst implantation 

Intrauterine CRH participates in local immune 
phenomena associated with embryo implantation. We have 
reported that CRH may play a crucial role in the 
implantation and the anti-rejection process that protects the 
fetus from the maternal immune system, primarily by 
killing activated T cells through the Fas-Fas ligand 
interaction (58). In addition, UCN I may also play a role in 
implantation; it was recently shown that UCN I levels are 
significantly increased in the endometrium of women with 
spontaneous abortions (59).   

 
During blastocyst implantation, the maternal 

endometrial response to the invading embryo has 
characteristics of an acute, aseptic inflammatory response; 
yet, once implanted, the embryo suppresses this response 
and prevents rejection (51). Indeed, during blastocyst
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Figure 1. Involvement of CRH/Fas ligand system in the early phase of human implantation. CRH is produced by both 
extravillous trophoblast and decidual cells; acting in an autocrine/paracrine manner to stimulate FasL expression and to induce 
apoptosis of activated maternal T lymphocytes carrying Fas receptor. 
 
implantation, several immune mediators of the 
inflammatory response, such as interleukin-1 (IL-1) and IL-
6, are produced in the endometrium, whereas IL-1 and 
tumor necrosis-alpha receptors are expressed in 
endometrial cells (60,61). The implanting blastocyst 
secretes inflammatory mediators, including CRH, IL-1, IL-
6, leukemia inhibiting factor (LIF) and PGE2 (62,63). It has 
been suggested that blastocyst-deriving IL-1 plays an 
essential role in implantation, since in mice blockage of its 
action by the antagonist IL-1ra inhibits it (64). The effects 
of LIF are equally important (63). 

 
Early in pregnancy, the implantation sites in rat 

endometrium contain 3.5-fold higher concentrations of 
CRH compared to the interimplantation regions (51).  
Furthermore, human trophoblast and decidualized 
endometrial cells express Fas ligand (FasL), a pro-apoptotic 
molecule. These findings suggest that intrauterine CRH 
may participate in blastocyst implantation, while FasL may 
assist with maternal immune tolerance to the semi-allograft 
embryo. We have shown that CRH induces the expression 
of apoptotic FasL on invasive extravillous trophoblast and 
maternal decidual cells at the fetal-maternal interface (58). 
Furthermore, CRH increases the apoptosis of activated T 
lymphocytes through FasL induction, participating in the 
processes of both implantation and early pregnancy 

tolerance (Figure 1).  This effect of CRH is specifically 
mediated through CRH-R1.  

 
Preliminary data suggested that implantation 

could be blocked in mice by the administration of a 
polyclonal rabbit antiserum generated against rat or human 
CRH (65). This observation is further supported by 
experiments in rats using antalarmin, a CRH-R1 specific 
antagonist (58). Indeed, invasive trophoblast promoted 
apoptosis of activated Fas-expressing human T-
lymphocytes, an effect potentiated by CRH and inhibited 
by CRH antagonist (58). In support of these findings, 
female rats treated with the CRH antagonist in the first 6 
days of gestation had a dose-dependent decrease of 
endometrial implantation sites and markedly diminished 
endometrial FasL expression (58). Our data are in 
agreement with previously published reports suggesting 
that expression of FasL by fetal extravillous trophoblast 
cells can induce apoptosis of activated T lymphocytes 
expressing the Fas receptor (66,67). It should be noted here 
that mice with missense or inactivating mutations of FasL 
gene (gld) can reproduce, suggesting that trophoblast FasL 
expression is not obligatory for maternal immunotolerance. 
Thus, in the absence of a functional Fas-FasL system, other 
mechanisms supporting maternal immunotolerance are 
sufficient to prevent total pregnancy failure.  
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If CRH-R1 blockade by CRH-R1 antagonists 
prevents implantation, by reducing the inflammatory-like 
reaction of the endometrium to the invading blastocyst, 
they might represent a new class of non-steroidal inhibitors 
of pregnancy at its very early stages. Although the systemic 
toxicity of this class of compounds has not yet been fully 
determined, preliminary studies have indicated that they are 
relatively safe with no apparent toxicity or adverse effects 
in rats and nonhuman primates (21). Given the promising 
future of CRH antagonists in the therapy of depression and 
anxiety disorders (68), their ability to cause hypofertility or 
early miscarriages should be seriously considered. 
Nevertheless, in rats, administration of antalarmin after 
gestation day 5, and until the end of pregnancy, did not 
affect the embryos, suggesting that other than CRH-
mediated FasL expression mechanisms occur in mid- and 
late-gestation.  
 
4.4. Placental CRH 

The human placenta also contains CRH, UCN I, 
and UCN II. The production of placental CRH occurs in 
humans and higher primates, but not in other mammals, 
suggesting that there are different mechanisms regulating 
human pregnancy (69,70).  

 
Placental CRH is produced in 

syncytiotrophoblast cells, in placental decidua and fetal 
membranes (20,71). In pregnant women, plasma 
concentrations of CRH are low during the first trimester, 
rise exponentially from mid-gestation to term to reach 
concentrations as much as 1000-fold greater during the last 
6 to 8 weeks of pregnancy compared to concentrations 
found in the plasma of non-pregnant women (18).  The 
biologic activity of CRH in maternal plasma is attenuated 
by the presence of a circulating CRH binding protein 
(CRH-BP), produced by the liver and placenta, which 
prevents inappropriate stimulation of the stress axis by 
placental CRH (72,73). Nevertheless, CRH-BP 
concentrations decrease during the last 6 weeks of 
pregnancy, leading to elevations of free CRH (72,73).  
Thus, placental CRH is responsible for the 
hypercortisolism observed during the latter half of 
pregnancy. This hypercortisolism is followed by a 
transient suppression of hypothalamic CRH secretion in 
the postpartum period, which may explain the 
blues/depression and autoimmune phenomena seen 
during this period (68,74,75).  

 
There is no change in UCN I expression 

throughout gestation (76). During pregnancy, UCN I and II 
may modulate myometrial contractility (6).  

 
CRH-R1 alpha, CRH-R1 beta and CRH-2 beta 

are present in human non-pregnant myometrium (77). As 
pregnancy progresses, the myometrium starts to express the 
CRH-R2 alpha and CRH-R2 beta, while at term it 
expresses the CRH-R1c and CRH-R1d receptor subtypes, 
indicating that these receptor subtypes play a role at the end 
of pregnancy (78). Therefore, it appears that the biological 
actions of CRH/UCN I in myometrium during the different 
trimesters of pregnancy are mediated via different CRH 
receptor variants (78). 

The human placenta expresses the CRH-R1 alpha 
and CRH-R1c and the fetal membranes express he CRH-R1 
alpha, CRH-R1c and CRH-R1d (6).  Placental CRH 
induces dilation of uterine and fetal placental vessels 
through nitric oxide synthetase activation, and stimulation 
of smooth muscle contractions through prostaglandin F2alpha 
and E2 production by fetal membranes and placental 
decidua (79,80). Placental CRH may also stimulate the 
production of cortisol and dehydroepiandrostenedione from 
the fetal adrenal gland at the end of the pregnancy (81). 
Because the placenta cannot directly synthesize estradiol, 
the fetal adrenal gland is the predominant source of its 
precursor, dehydroepiandrostenedione. This positive loop 
may also mediate other components of labor, such as 
expression of oxytocin receptor, gap junctions and 
prostaglandins (80).   

 
Placental CRH secretion is stimulated by 

glucocorticoids, inflammatory cytokines, and anoxic 
conditions, including the stress of preeclampsia or 
eclampsia (68,82,83), whereas it is suppressed by estrogens 
(84). 

 
McLean and colleagues suggested that there is a 

“CRH placental clock” which is active from the early 
stages of human pregnancy and determines the length of 
gestation and the timing of parturition and delivery (85). In 
some women with idiopathic preterm labor, concentrations 
of CRH increase up to 10 weeks before the development of 
any symptoms (86). High concentrations of UCN I are also 
found in women with preterm or term labor (87). Of note, 
experimental data have shown that CRH receptor type 1 
antagonism in the sheep fetus, using antalarmin, can delay 
the onset of parturition (88). It is possible that in cases of 
premature labor, a CRH-R1 antagonist might delay or 
prevent labor (68,89). 
 
4.5 Testicular CRH 

CRH is present in the testis of several animal 
species (90,91) and is localized in Leydig and germ cells 
and in spermatozoa (22). A major stimulus for Leydig-cell 
derived CRH is LH/hCG, which results in CRH secretion in 
a dose-dependent fashion (22). In the rat testis, CRH acts as 
an anti-reproductive hormone, exerting autocrine inhibitory 
actions on Leydig cell steroidogenesis (22,92). To the 
contrary, in mouse Leydig cells, CRH exerts stimulatory 
effects on steroidogenesis (93). 
 
To our knowledge, there are no studies investigating if 
CRH is expressed in the human testis and if it exerts 
inhibitory or stimulatory effects. However, if CRH is 
expressed in the human testis and has stimulatory actions 
on testicular function, then blockade of CRH by CRH-non-
steroidal inhibitors may represent a new class of male 
contraceptives.  
 
5. SUMMARY AND PERSPECTIVE 

 
CRH, the principal regulator of the 

hypothalamic-pituitary-adrenal axis, CRH-related peptides 
and their receptors, have been identified in various organ 
systems, including the immune and the female and male 
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reproductive systems. “Immune” and “reproductive” CRH 
are forms of “tissue” CRH, i.e., CRH found in peripheral 
tissues.   

 
“Immune” CRH is secreted at inflammatory sites 

and possesses potent proinflammatory properties, 
influencing innate and acquired immune processes (4-11). 
Immune CRH is found in experimentally-induced aseptic 
inflammations and, in humans, in inflamed tissues from 
patients with a host of autoimmune and inflammatory 
diseases (4-11). In addition, immune CRH activates mast 
cells via a CRH-R1 dependent mechanism, leading to 
release of histamine and, hence, vasodilation and increased 
vascular permeability, suggesting potential involvement of 
the neuropeptide in allergic and vasokinetic processes 
(30,31).   CRH-R1 antagonism, using antalarmin, prevents 
several proinflammatory effects of CRH, thus revealing its 
therapeutic potential in some forms of inflammation 
(4,11,26,28).  

 
Reproductive CRH participates in various 

reproductive functions with an inflammatory component 
(12-22).  These include ovarian and endometrial CRH, 
which may participate in the regulation of steroidogenesis 
and the inflammatory processes of the ovary (ovulation and 
luteolysis) and the endometrium (decidualization and 
blastocyst implantation); and placental CRH, which is 
secreted mostly during the latter half of pregnancy and is 
responsible for the onset of labor and the physiologic 
hypercortisolism seen during this period (68,74,85). It has 
been suggested that there is a “CRH placental clock” which 
determines the length of gestation and the timing of 
parturition and delivery. Indeed, all types of premature 
labor have been associated with elevations in maternal 
plasma CRH (85). It is possible that, in cases of premature 
labor, a CRH-R1 antagonist might delay or prevent labor 
(68).  
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