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 Corticotropin-Releasing Hormone System and 

Stress: Physiological Framework 

 Corticotropin-Releasing Hormone: A Major Player of 
the HPA Axis 
 Corticotropin-releasing hormone (CRH) is a 41-ami-

no acid peptide that has a key role in the adjustment of 
neuroendocrine, autonomic, and behavioral adaptations 
to stress  [1, 2] . One major neuroendocrine system in-
volved in mediating the stress response is the hypotha-
lamic-pituitary-adrenal (HPA) axis. Hypothalamic CRH 
neurons drive both basal and stress-induced HPA acti-
vation. Internal homeostasis or changes in external en-
vironmental stress are conveyed to the central nervous 
system (CNS) by neurochemical pathways and are inte-
grated at the hypothalamic level where they reach para-
ventricular (PVN) CRH neurosecretory neurons control-
ling CRH secretion. CRH activates adrenocorticotropin 
(ACTH) secretion from the corticotrophs of the anterior 
pituitary gland, which in turn stimulates corticosteroid 
release from the adrenal cortex  [3] .

  The CRH effect at the pituitary level is amplified by 
arginine vasopressin (AVP), which is expressed in the su-
praoptic nucleus and PVN, and coexpressed and cosecret-
ed from hypothalamic CRH neurons after enduring stress 
 [4] . A large number of neuronal circuits stimulate CRH- 
and AVP-secreting neurons in the PVN, i.e. brain limbic 
pathways carrying external information and ascending 
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 Abstract 

 Corticotropin-releasing hormone (CRH) plays a key role in
adjusting the basal and stress-activated hypothalamic-pi-
tuitary-adrenal axis (HPA). CRH is also widely distributed in 
 extrahypothalamic circuits, where it acts as a neuroregulator 
to integrate the complex neuroendocrine, autonomic, and 
behavioral adaptive response to stress. Hyperactive and/or 
dysregulated CRH circuits are involved in neuroendocrinolog-
ical disturbances and stress-related mood disorders such as 
anxiety and depression. This review describes the main phys-
iological features of the CRH network and summarizes recent 
relevant information concerning the molecular  mechanism of 
CRH action obtained from signal transduction studies using 
cells and wild-type and transgenic mice lines. Special focus is 
placed on the MAPK signaling pathways triggered by CRH 
through the CRH receptor 1 that plays an essential role in CRH 
action in pituitary corticotrophs and in specific brain struc-
tures. Recent findings underpin the concept of specific CRH-
signaling pathways restricted to specific anatomical areas. 
Understanding CRH action at molecular levels will not only 
provide insight into the precise CRH mechanism of action, but 
will also be instrumental in identifying novel targets for phar-
macological intervention in neuroendocrine tissues and spe-
cific brain areas involved in CRH-related disorders. 
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brainstem pathways conveying visceral and sensory stim-
uli  [2] . CRH and AVP mediate ACTH release via different 
second messenger systems and the cellular mechanism 
underlying the synergistic effect of CRH and AVP on 
ACTH release is not completely understood. Pituitary 
ACTH stimulates the adrenal cortex to secrete glucocor-
ticoids, cortisol (in humans) and corticosterone (in hu-
mans and rodents), which support the adaptation to stress-
induced demands by controlling energy metabolism, dis-
position, and storage  [2] . Corticosteroids are  released in a 
pulsatile ultradian pattern that may vary in amplitude and 
frequency under stressful conditions. Glucocorticoids are 
negative regulators of the HPA axis acting through two 
types of receptors: the glucocorticoid receptor (GR) and 
the mineralocorticoid receptor. GRs and mineralocorti-
coid receptors expressed in hypothalamic CRH/AVP neu-
rons and pituitary corticotrophs drive the negative feed-
back mechanisms that bring the HPA to baseline levels  [2] . 

  In a wider sense, the HPA axis belongs to a more com-
plex and integrated system built by many different tissues 
and organs of the body as well as a great number of nuclei 
in the nervous system. Whereas the HPA axis exhibits a 
clear axial conformation (the main features of the HPA 
axis regulation are represented in  fig. 1 ), many of the mol-
ecules that constitute this axis, for instance CRH, AVP, 
ACTH, glucocorticoids, and all their receptors, are wide-
ly expressed throughout the brain and in a myriad of 
cells, tissues, and organs of the periphery  [2, 5] . All of 
these molecules maintain a close anatomical and func-
tional cross-communication that establishes an intricate 
network where every molecular member has additive, 
synergistic, and complementary, as well as overlapping 
and compensatory, functions over other members of the 
network  [5, 6] . In this context, the elucidation of the mo-
lecular and physiological roles of the individual players in 
general, and of CRH in particular, in specific locations 
has been, and continues to be, one of the major challeng-
es in neuroendocrinology.

  Extrahypothalamic CRH Coordinates the Integrated 
Response to Stress 
 Besides the hypothalamus, CRH is widely distributed 

in extrahypothalamic circuits of the CNS  [7]  where it acts 
as a neuroregulator to develop and integrate a complex 
humoral and behavioral response to stress  [2, 3, 8, 9] . 
Many behavioral aspects of the integrated stress response 
such as locomotor activity, food intake, sexual behavior, 
sleep, arousal, anxiety, learning, and memory formation 
 [8–10]  are attributed to neuronal CRH projections in-
cluding neocortical, limbic, and brainstem structures. 

  Immunolabeling, radioimmunoassays, and in situ hy-
bridization studies demonstrated that CRH and its recep-
tors are extensively distributed in many diverse brain 
 areas  [11] . CRH receptor 1 (CRHR1) is expressed in high 
levels in the anterior pituitary, neocortical areas, basolat-
eral and medial nuclei of the amygdala, hypothalamic 
nuclei, cerebellar Purkinje cells, lateral dorsal tegmen-
tum, and pedunculopontine tegmental nucleus. CRH re-
ceptor 2 (CRHR2) has been detected in more discrete 
brain regions including the lateral septum, ventromedial 
hypothalamus, and cortical nucleus of the amygdala. 
Both receptors have been identified in the hippocampus 
[reviewed in  12] . The differential expression of CRH re-
ceptors (CRHRs) throughout the brain reflect the differ-
ent actions that CRH exerts at the CNS level. 

  Alteration of the CRH system and chronically elevated 
levels of CRH are implicated in human stress-related af-
fective disorders, mainly anxiety and depression  [2, 4, 13, 
14] . Central administration of CRH in rodents elicits phe-
notypic alterations reminiscent of symptoms of affective 
disorders  [14] . Studies in animal models show that the 
behavioral and hormonal effects of CRH can be ascribed 
to CRHR1-mediated actions  [15–17] . Clinical studies in 
humans also support that stress-induced CRH actions 
are mediated through binding to CRHR1  [14] . The func-
tional role of stress-induced regulation of pituitary 
CRHR1 has been extensively characterized. Further-
more, studies on the function of this receptor in CNS 
 areas have recently made progress with the help of con-
ditional mouse models. Besides its role in behavioral 
 responses, evidence suggesting that limbic CRHR1 is in-
volved in feedback regulation of the HPA axis has been 
obtained  [17] .

  CRH Action: Understanding CRH Signaling at 

Cellular and Molecular Levels 

 CRH Receptors, Ligands, and Signaling Pathways 
 CRH exerts its actions by activating two distinct G-

protein-coupled receptors (GPCRs), CRHR1 and CRHR2, 
which display different localization throughout the brain. 
Although both receptors, which are encoded by different 
genes, share about 70% amino acid identity, they have dif-
ferent ligand preferences due to lower similarity in their 
N-terminal ligand-binding domains. CRH is a high-af-
finity ligand for CRHR1 and binds poorly to CRHR2, for 
which other CRH-related peptides such as urocortin II 
and III have higher affinity. Urocortin I binds with simi-
lar affinities to both CRHRs  [18–20] .
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  CRHRs belong to the class B/secretin-like receptor 
family  [21] , which binds polypeptide hormones. As a 
common feature of the family, they exhibit a number of 
diverse splicing variants that may contribute to tissue-
specific differences in ligand-binding or receptor-signal-
ing properties. Although several alternative splice forms 
of CRHR1 ( � ,  � , c-n) have been identified in rodents and 
humans, CRHR1 �  is the predominantly expressed and 
functional form  [22] . CRHR2 has two isoforms in rodents 

( �  and  � ) and three in humans ( � ,  � , and  � )  [23] . How-
ever, very little is known about the tissue-specific expres-
sion and the abundance of most splicing isoforms, their 
physiological relevance, and their possible role in deter-
mining biological responses.

  In most systems, ligand-activated CRHRs signal by 
G � s coupling, resulting in adenylyl cyclase activation. 
Generation of second messenger cAMP, in turn, activates 
PKA, which phosphorylates downstream of cytosolic and 

  Fig. 1.  HPA axis regulation and CRH-in-
duced ERK1/2 activation through CRHR1 
in corticotrophs and in specific brain ar-
eas. The HPA axis and its regulation are 
depicted in the yellow-shaded area. In re-
sponse to stress, hypothalamic neurons re-
lease the neuropeptides CRH and AVP, 
which act synergistically at the anterior pi-
tuitary to stimulate synthesis and release 
of ACTH. ACTH secreted from pituitary 
corticotrophs stimulates corticosteroid re-
lease from the adrenal cortex. The cortico-
steroids’ negative feedback at the anterior 
pituitary and the hypothalamus is shown 
by dotted lines. The corticotrophs’ sche-
matic magnification showing CRH-in-
duced ERK1/2 activation (phosphoryla-
tion) through CRHR1, which leads to 
ACTH release, is depicted in the gray-
shaded area (details on CRH signaling in 
corticotrophs are shown in fig. 2). Effects 
on ERK1/2 activation in specific brain ar-
eas are shown in the upper part of the fig-
ure. Intracerebroventricular administrat-
ed CRH in mouse brain induces ERK1/2 
phosphorylation (pERK1/2) in hippo-
campal CA1-CA3 areas and in the baso-
lateral amygdalar complex (BLA). These 
structures are known to be involved in 
learning and memory, stress-related be-
haviors and sensory processing of mul-
timodal stimuli. Conditional knockout 
mice carrying a forebrain-specific dele-
tion of the CRHR1  (Crhr  loxP/loxP  Camk2a-
cre)  do not show CRH-induced ERK1/2 ac-
tivation in these areas, compared to the 
control  (Crhr  loxP/loxP  -control) . 
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nuclear targets, such as CREB, consequently inducing 
gene transcription. As previously mentioned, CRH and 
AVP stimulate the synthesis and release of ACTH in the 
pituitary. Both hormones exert their effects through 
 GPCRs: CRHR1 and the V1b subtype vasopressin recep-
tor (V1bR). A molecular cross-talk involving PKC activa-
tion (via V1bR) and cAMP-PKA (via CRHR1) is involved 
in CRH/AVP effects in mammalian corticotrophs. Re-
cently, hetero-oligomerization between receptors for CRH 
and AVP from chicken pituitary  [24]  and mammalian cor-
ticotrophs  [25]  was reported. Interestingly, heterodimers 
coupled more efficiently to the Gs, which couple the CRHR 
to adenylyl cyclase  [24] . Although these studies involve
expression of fluorescently tagged receptors in vitro for 
FRET analysis, involvement of oligomerization as a mech-
anism to explain CRH potentiation by AVP is attractive.

  Like most heptahelical GPCRs, CRHRs are linked to 
several intracellular signaling pathways besides the classi-
cal adenylyl cyclase activation, and are able to interact 
with multiple G proteins to transmit signals to diverse in-
tracellular effectors in an agonist and cell-specific manner 
 [5, 26] . Activation of MAPK cascades by CRHRs, as for 
other GPCRs, involves the participation of many different 
mediators in the signaling pathway  [27] . Mechanisms in-
volving heterotrimeric G-proteins, small G-proteins of 
the Ras family, and G-protein-independent activation via 
 � -arrestin-mediated receptor desensitization have been 
found to be involved, depending on the system analyzed. 
One same receptor may utilize more than one mechanism 
in the same cellular context, defining distinct spatiotem-
poral characteristics of MAPK activation  [28, 29] .

  CRH Action in the Pituitary Corticotroph 
 CRH-stimulated corticotrophs from the anterior pitu-

itary produce ACTH from a prohormone precursor pro-
opiomelanocortin (POMC). Glucocorticoid release stim-
ulated by ACTH gives negative feedback to both the hy-
pothalamus and pituitary to inhibit synthesis and release 
of hypothalamic CRH and pituitary ACTH. Plasma levels 
of ACTH are tightly controlled to maintain the HPA axis 
equilibrium. Studies on CRH signaling have delineated 
the pathways involved in the activation of transcription 
factors that regulate POMC expression in the pituitary. 
In mouse pituitary cultures, CRH activation of CRHR1 
was found to regulate POMC expression  [16] . In AtT-20 
mouse corticotrophs, a widely used cellular model to 
study CRH signaling and ACTH secretion, CRH acti-
vates via PKA, the transcription factor CREB, and the 
orphan receptor Nur77  [19, 29] . The orphan nuclear re-
ceptors Nur77/NGFI-B, Nurr1, and NOR1 are particu-

larly important transcription factors involved in CRH-
dependent POMC transcriptional regulation in cortico-
trophs  [30, 31] . The molecular mechanisms involved in 
CRHR1-mediated signaling and transcriptional activa-
tion of POMC were investigated in AtT-20 cells. Upon 
endogenous CRHR1 activation by CRH, a MAPK signal 
transduction pathway is activated, which is downstream 
of cAMP/PKA, to modulate POMC transcription. PKA 
triggers two main transduction pathways: one calcium-
independent and another dependent on calcium entry 
through voltage-dependent calcium channels at the plas-
ma membrane, involving calmodulin kinase II. ERK1/2 
activation by CRH by both pathways in corticotrophs in-
volves activation of the small G-protein Rap1, the B-Raf 
kinase, and ERK1/2. ERK1/2 regulate induction and ac-
tivity of target transcription factors that induce POMC 
transcription, such as Nur77 and Nurr1  [32] . These re-
sults indicate that another layer of complexity is provided 
by CRH signaling through ERK1/2 as a consequence of 
increased levels of intracellular cAMP ( fig. 2 ). 

  Negative feedback exerted by glucocorticoids is a criti-
cal feature of the HPA axis that is lost in ACTH-secreting 
adenomas, creating a hypercortisolemic state. GR leads to 
both inhibition of ACTH release and repression of POMC 
transcription, the latter involving transrepression mecha-
nisms between GR and Nur factors  [33] . Recent work dem-
onstrated that the nuclear proteins Brg1 (the ATPase sub-
unit of the chromatin remodeling complex Swi/Snif) and 
HDAC2 (histone deacetylase 2) scaffold a repression com-
plex with GR and NGFI-B at the POMC gene. The high 
frequency of misexpression of these proteins in  cortico-
troph adenomas supports their importance in the negative 
regulation of POMC  [34] . In the same line, expression of 
BMP-4 (bone morphogenetic protein 4: a member of the 
TGF- �  family) is reduced in corticotrophinomas. BMP-4 
has an inhibitory role on corticotroph tumorigenesis in 
vivo and is induced by retinoic acid, a negative regulator 
of Nur factors transcriptional activity  [35, 36] . It is note-
worthy that BMP-4 inhibits CRH activation of MAPK 
pathways in AtT-20 corticotrophs, and it has been pro-
posed that upregulation of BMP-4-signaling pathways by 
somatostatin analogs mediates the negative effect of these 
compounds in CRH-induced ACTH production  [37] .

  CRH Signaling Pathways Depending on Cellular 
Context 
 As described in corticotrophs, ERK1/2 activation by 

CRH takes place via cAMP/PKA in CATH.a cells, an im-
mortalized cell line that expresses endogenous CRHRs 
and resembles rat locus coeruleus neurons  [38] . 
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  Insight into CRH signaling pathways was obtained 
from studies in peripheral cell lines overexpressing 
CRHRs. In HEK293 cells stably transfected with CRHR1, 
CRH is able to trigger cAMP through activation of G � s 
 [39] , but it is ineffective in activating ERK1/2  [40] . How-
ever, urocortin I activates ERK1/2 and p38 in the same 
cell system  [41] . Urocortin I was found to couple CRHR1 
to Gq/phospholipase C/IP3/PKC pathways, with PI3K 
having a critical role of in the regulation of ERK1/2, but 
was dispensable for p38 activation. Urocortin-triggered 
 � -arrestin-mediated CRHR1 internalization was found 
involved in MAPK activation in this cell line  [41] .

  The intracellular pathways by which CRHR1 activates 
the signal transduction cascades are only partially under-

stood. Taken together, results obtained in recent years in-
dicate that CRH activates, via the same receptor, different 
pathways in different cells and link the studies of CRH/
CRHR1 signaling to the concept of signal transduction 
pathways that depend on intracellular context  [29] .

  Studies on the attenuation of CRHR1 signaling 
through cAMP/PKA in HEK293 cells demonstrated the 
requirement of receptor phosphorylation by the GPCR 
kinases and binding to modulatory proteins like  � -arres-
tins  [42] . Parallel examination of CRH-triggered endocy-
tosis in CRHR1-transfected primary cortical neurons 
and HEK293 cells showed requirement of  � -arrestin-2, 
although receptors were internalized in distinct endo-
cytic vesicles  [43] . The kinetics of CRHR1 homologous 

  Fig. 2.  CRH signaling in corticotrophs. 
Schematic representation focused on 
MAPK activation and Nur family tran-
scription factors that specifically regulate 
expression of POMC, the ACTH precur-
sor, in corticotrophs. Upon endogenous 
CRHR1 activation, corticotrophs trigger
a MAPK signal transduction pathway, 
which is downstream of cAMP/PKA to 
modulate POMC transcription. PKA trig-
gers two main transduction pathways: one 
is dependent on calcium entry through 
voltage-dependent L-type calcium chan-
nels at the plasma membrane, involving 
calmodulin kinase II, whereas the other 
pathway is calcium independent. ERK1/2 
activated (pERK1/2) by CRH by both path-
ways involves the small G-protein Rap1 
and the B-Raf kinase. In the canonical
sequence of MAPK activation (B-Raf-
MEK1/2-ERK1/2), the signal is passed via 
phosphorylation through the kinase cas-
cade. pERK1/2 regulate induction and ac-
tivity of orphan transcription factors 
Nur77 and Nurr1. 
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desensitization/downregulation or resensitization differ 
considerably depending on cell type, which may reflect 
differences in the cellular expression of GPCR kinases 
and/or  � -arrestin variants. Involvement of CRHR1 traf-
ficking in crosstalk with other receptors was recently 
demonstrated. Enhanced serotonin signaling by CRH 
was shown to require CRH-stimulated CRHR1 endocy-
tosis and rapid recycling from endosomes, which resulted 
in increased cell surface expression of serotonin receptor, 
in both HEK293 cells and mouse cortical neurons  [44] . 
 � -Arrestin-binding physically prevents receptor G-pro-
tein interaction and promotes receptor endocytosis.  � -
Arrestins not only act as regulators of GPCR desensiti-
zation, but also as multifunctional adaptors that confer 
receptors the ability to initiate new, or sustain already 
initiated, ligand-triggered signaling mechanisms  [28] . 
The involvement of a variety of molecular players in CRH 
signaling cascades may determine different kinetics of 
MAPK activation together with different location of the 
activated molecules and substrates.

  The B-Raf Kinase and MAPK Activation in CRH 
Signaling 
 Both stimulatory and inhibitory effects of cAMP on 

ERK1/2 signaling have been observed depending on the 
cellular context. In cells in which cAMP stimulates 
ERK1/2 activity, B-Raf emerges as the decisive player of 
the canonical kinase cascade Raf-MEK1/2-ERK1/2. The 
B-Raf isoform of the Raf family of MAPK kinase kinases 
is highly expressed in neurons and in corticotrophs. Ac-
tivated ERK1/2 phosphorylate numerous proteins that 
are responsible for transcriptional regulation. Distribut-
ed throughout the CNS and highly expressed in limbic 
brain areas, ERK1/2 are implicated in learning, memory, 
and neuroplasticity  [45] , acting also as molecular regula-
tors of emotionally related behaviors  [46] . 

  In B-Raf-expressing cells, cAMP has at least two 
mechanisms to activate ERK through Rap1-dependent 
pathways: via PKA or by a PKA-independent direct acti-
vation of Rap1-GEFs or Epacs (exchange protein directly 
activated by cAMP). Both mechanisms can operate in the 
same cell  [47] . As described before, CRHR1 activation in 
corticotrophs activates ERK1/2 in a PKA- and Rap1-de-
pendent manner  [32] . A recent work reported that a PKA-
independent component, involving Epac2, also partici-
pates in ERK1/2 activation by CRH in corticotrophs  [48] .

  Based on the fact that ERK1/2 activation through B-
Raf is caused by different stimuli including CRH  [32, 49]  
together with the crucial role of B-Raf in ERK activation 
in the CNS  [50] , the identification of interacting partners 

of this intermediate kinase of the MAPK cascade will 
help clarify the intricacy of B-Raf-dependent signal 
transduction mechanisms and contribute to elucidating 
the signaling pathways of ERK1/2 activation  [51] . Consid-
ering that biomolecular interactions play a crucial role
in molecular processes, identifying interactors of this 
MAPK cascade is a promising approach to discover key 
components of CRH signaling in brain areas where CRH 
has a specific action. This may lead to the identification 
of pharmacological targets for pathologies associated 
with the CRH/CRHR1 system.

  CRH Action in the CNS: In vivo Studies 

 Understanding CRH Action in the CNS Using Mouse 
Models 
 Hypothalamic CRH mediates neuroendocrine and 

autonomic responses through HPA activation, whereas 
central CRH modulates a wide range of adaptations, in-
cluding anxiety-like behaviors. Studies on conventional 
knockout mice established the requirement of CRHR1 
for endocrine responses to stress. CRHR1-null mice ex-
hibit reduced anxiety-related behavior and an impaired 
basal and stress-induced HPA axis response, causing se-
vere glucocorticoid deficiency  [16] . To study the effects of 
central CRH hyperactivity in an animal model, CRH 
transgenic mouse lines were established expressing CRH 
either under the control of the broadly active metallo-
thionein or the CNS-restricted Thy-1.2 promoter  [52, 53] . 
Unrestricted CRH overexpression resulted in elevated 
plasma ACTH and corticosterone levels accompanied by 
Cushing-like symptoms. Since glucocorticoids influence 
a variety of behavioral phenotypes, phenotypes derived 
from HPA alterations and CNS-derived CRH/CRHR1 
behaviors cannot be distinguished in these models. 

  Recently, transgenic mouse lines were developed that 
allow the dissection of the CRH/CRHR1 system as the 
driver of the neuroendocrine stress response mediated by 
the HPA axis from its role as a modulator of complex be-
havioral responses in extrahypothalamic circuits. A con-
ditional CRHR1 gene deletion, inactivated specifically in 
limbic structures but intact in the pituitary, allows the 
analysis of central CRH/CRHR1 function in the context 
of an intact basal and stress-induced HPA system. These 
mice are hypersensitive to stress and exhibit less anxiety-
related behavior  [17] . Conditional CRH-overexpressing 
mouse lines that do not show significant neuroendocrine 
disturbances have been recently developed. Combining 
the knock-in of murine Crh cDNA into the ROSA26 lo-
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cus with the versatile Cre/LoxP system enables CRH 
overexpression in a spatiotemporally regulated fashion 
 [54–56] . 

  CRH Signaling in the Brain: Studies in Animal
Models 
 Intracerebroventricular CRH administration in vivo  

 induces a specific pattern of ERK1/2 activation in the 
mouse brain. In wild-type mice, ERK1/2 activation was 
detected in specific limbic areas as CA1-CA3 hippocam-
pal pyramidal cell layers and the basolateral amygdalar 
complex. These structures are known to be related to en-
vironmental information processing and behavioral as-
pects of stress. Other regions such as hypothalamic nu-
clei and the central nucleus of the amygdala, also related 
to central CRH system but involved in the processing of 
the ascending visceral information and neuroendocrine-
autonomic response to stress, did not show CRH-medi-
ated ERK1/2 activation  [49] . CRHR1-dependency of 
ERK1/2 signaling in limbic areas was demonstrated in a 
mouse model carrying a forebrain-specific knockout of 
the CRHR1  [17] . These mice did not show CRH-mediat-
ed ERK1/2 activation in the hippocampus and basolat-
eral amygdala  [49] . The fact that acute CRH injection 
triggers such a specific ERK1/2 activation pattern even 
though ERK1/2 and CRHRs are widely expressed 
throughout the brain strongly suggests that a molecular 
and functional link between CRHR1 and downstream 
MAPK may be restricted to these brain structures  [29] . 
Results on the analysis of ERK1/2 activation patterns in 
mouse brain after acute CRH administration are depict-
ed in  figure 1 . 

  The effect of chronic CRH overexpression on ERK1/2 
activation was analyzed under basal and stress condi-
tions  [57]  using a transgenic mouse line in which CRH 
overexpression was restricted to limbic structures  [54] . 
Phosphorylated ERK levels in the amygdala of CRH-
overexpressing animals were decreased after 10 min of 
restraint stress, which increased plasma corticosterone 
concentrations in control and CRH-overexpressing ani-
mals. This treatment diminished CRHR1-binding capac-
ity in the amygdala of the CRH-overexpressing mice, 
suggesting that stress triggers a rapid internalization of 
the receptor and pointing to the reduced levels of phos-
phorylated ERK1/2 in this brain area  [57] . In vivo evi-
dence of stress-induced trafficking of CRHR1 has been 
reported in neurons  [58, 59] , and temporal aspects of re-
ceptor resensitization or turnover are expected to lead to 
specific effects in different brain areas. Such brain area-
specific effects await further investigation. 

  Concluding Remarks 

 CRH and its widely distributed receptors maintain a 
functional network that integrates the HPA axis with 
many brain nuclei and neuronal circuits. Understanding 
CRH function in specific locations is essential to find 
therapies for neuroendocrine and mood disorders.

  Studies on the molecular mechanisms of CRHR1 sig-
naling and internalization/downregulation in cellular 
models will be instrumental in finding targets of phar-
macological intervention. The exploration of the charac-
teristics of the MAPK activation by CRHR1 will contrib-
ute to the understanding of the plastic modulation of 
MAPK activity that controls the global cellular response 
to CRH in neuroendocrine tissues and different brain 
 areas. 

 Chronically elevated CRH levels acting through 
CRHR1 in humans are associated with mood disorders, 
and blocking this receptor is a treatment option for those 
patients where CRH overactivity is a causal factor. Stress 
is a critical trigger for the initiation of these pathological 
processes. New genetically modified mice are suitable 
models for analyzing the relationship of chronic CRH 
overexpression, MAPK activation, and stress. Animals 
already obtained and new conditional mutants can be ex-
plored to dissect the contribution of these factors in the 
transition from physiological to pathological stress re-
sponse. Animal models may also serve as an appropriate 
tool to discover new chemical entities muting excessive 
CRH production and release, and/or to develop and assay 
antagonists of CRHR1.
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