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1. ABSTRACT 
 

Glucocorticoids inhibit corticotrophin-releasing 
hormone (CRH) gene expression in the hypothalamic 
paraventricular nucleus (PVN), but stimulate expression in the 
placenta. In AtT20 cells (a model of PVN CRH production) 
cAMP produces a high level of promoter activity. Cyclic 
AMP stimulation occurs through the cAMP response element 
(CRE) and the caudal type homeobox protein response 
element (CDXARE). The CRE acts as part of a cAMP 
response unit that includes the hybrid steroid response element 
(HRE), ecdysone response element (EcRE), metal-responsive 
transcription factor-1 response element (MTFRE), ying yang 1 
response element (YY1RE) and negative glucocorticoid 
response element (nGRE). Cyclic AMP acts on the HRE, 
EcRE and MTFRE to block YY1RE mediated inhibition of 
the CRE. Glucocorticoids acting at the nGRE inhibit cAMP 
activation of the CRE. In placental cells the CRH promoter 
has low intrinsic basal activity and cAMP causes a modest 
increase in activity. Stimulation by glucocorticoids and cAMP 
and inhibition by estrogen and estrogen receptor alpha occurs 
through the CRE. In AtT20 cells multiple response elements 
coordinate a response to cAMP and glucocorticoids while in 
placental cells the CRE acts in isolation. These differences in 
promoter function lead to responses that meet specific 
physiological needs.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 

CRH was first identified in the hypothalamic PVN 
where it orchestrates the hypothalamic/pituitary/adrenal stress 
axis (HPA) (1-3). However, CRH has now been identified in 
many other sites in the central nervous system where it acts as 
a neuro-transmitter (4-6) and in peripheral tissues including 
the adrenal medulla, ovary, testis, heart, lung, liver, stomach, 
duodenum, pancreas, T-lymphocytes, skin and placenta (4, 5, 
7-11). The role of CRH in the HPA and the placenta are the 
focus of considerable research, but the role of CRH in many 
of the other tissues has yet to be elucidated. 

 
Abnormal CRH gene expression in tissues has 

been associated with various pathologies. In the 
hypothalamus, insufficient CRH production is associated 
with adrenal insufficiency.  In the placenta, increased 
production of CRH is found with pregnancy induced 
hypertension, intra uterine growth retardation, foetal 
asphyxia, chorioamnionitis, preterm labour, and multiple 
pregnancies (effectively more than one placenta) (12-25). 
CRH levels are also increased in the synovial fluid of 
patients with rheumatoid arthritis and osteoarthritis (26). 
Therefore, an understanding of the regulation of CRH gene 
expression may give insights into a number of 
physiological and pathological processes. 
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Figure 1. Schematic map of the CRH gene. The arrows and numbers refer to the base pair number in relation to the transcription 
start site. The blue solid bar represents the untranslated DNA (introns) and the red speckled bar represents the translated DNA 
(exons). The CRH promoter starts immediately upstream (5’) to base pair 1 and is represented by the green striped bar. 
 

 
 
Figure 2. Diagrammatic representation of the human CRH promoter showing the sequential occurrence of response elements that 
are thought to have a functional role regulating gene expression in either AtT20 cells or placental cells. 
 
3. CRH GENE AND PROMOTER STRUCTURE 
 

There is only one gene for CRH, located on the long 
arm of chromosome 8 (8q13) (27). The CRH gene consists of 
a promoter sequence, one intron (800 bps) and two exons (582 
bps) (Figure 1) (28). The gene codes for a 196 amino acid 
inactive pro-hormone (pro-CRH) (28). The CRH gene has 
only one functional promoter. There is 97% DNA sequence 
homology in the first 270 bps of the CRH promoter when 
human, sheep, mouse and rat are compared (29). This 
conservation of promoter DNA sequence suggests that the 
response elements present are important in regulating CRH 
gene expression across species. This suggests that the signals 
leading to CRH gene expression are similar across animal 
species and the mechanisms regulating the hypothalamic 
response to stress is conserved. Scanning the DNA sequence 
from -920 to -1 bps of the human CRH promoter with the 
Transfact database identified numerous consensus response 
elements (Figure 2) (29, 30). We have identified potential 
response elements for the transcription regulatory factors 
MTF1 (MTF1RE), nuclear hormone receptors (HRE), 
ecdysone (EcRE), glucocorticoid receptor (nGRE), YY1 
(YY1RE), CREB (CRE), and CDXA (CDXARE).  

 
Since there is only one CRH gene with one 

promoter, differences in regulation of the gene expression is in 
part, due to variation in the transcription factors that act on the 
response elements within the promoter.  Variation in 
transcription factors can be due to differences in the type of 
transcription factors present, to splice variants, to post-
translational modification (eg phosphorylation) or to 
differences in activation (eg second messenger pathways).  
 
4. CRH PROMOTER ACTIVITY IN AtT20 CELLS 
 

AtT20 cells, a murine corticotroph tumour cell 
line, do not endogenously produce CRH, are not neuronal 
(originating from the anterior pituitary) but they have been 

well characterised. These cells have been transiently 
transfected with CRH promoter reporter constructs and 
have been extensively used as a model of the hypothalamic 
regulation of CRH gene transcription by glucocorticoids 
and cAMP (31-41). 

 
In AtT20 cells transiently transfected with CRH 

promoter reporter constructs, the unstimulated CRH 
promoter has no intrinsic activity (32, 41). This is 
consistent with the hypothalamus, where many neurones 
have no detectable CRH until they are stimulated (42-45). 
When the cells are stimulated with cAMP there is a dose 
dependent, sustained, 64 fold increase in CRH promoter 
activity (31, 32, 41). Phosphodiesterases have been shown 
to inhibit PKA pathways thereby decreasing CRH promoter 
activation in response to forskolin and 8-Br-cAMP in AtT20 
(33). Cyclic AMP stimulates the promoter through the CRE 
(33), however we have demonstrated that a CDXARE is 
independently involved in the cAMP response (41). 
 

Further studies of the CRH promoter in AtT20 
cells have shown that the CRE does not act in isolation 
when it responds to cAMP. Mutation of other elements in 
the promoter including a HRE, a EcRE and a MTF1RE 
cause a reduction in the cAMP stimulation that occurs 
through the CRE (Figure 3). We can see that cAMP 
activation of the CRH promoter is significantly decreased 
when the MTF1RE or the HRE or the EcRE are mutated 
(P<0.00017, two tailed student’s T test). Mutation of the 
CRE results in significantly reduced promoter response to 
cAMP (P<0.0095, two tailed student’s T test) but there was 
still significant promoter activation consistent with the 
CDXARE still being functional and responding to cAMP. 
Mutation of the second TATA box had no effect on 
promoter activity. 

 
Why the mutation of MTF1RE, HRE and EcRE 

led to loss of cAMP stimulation was explored by deleting
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Figure 3. The role of elements between –360 and –260 bps on cAMP mediated stimulation of the CRH promoter in AtT20 cells. 
Site directed mutagenesis was used to individually disable the MTF1RE, HRE and EcRE of the CRH promoter. Mutation of the 
CRE (mut CRE) and the second TATA box (mut TATA) were used for comparison. AtT20 cells were transiently transfected with 
either the CRH-663, mut MTF1RE, mut HRE, mut EcRE, mut TATA or mut CRE constructs. The cells were then cultured for 24 
hours in media containing charcoal stripped foetal calf serum and then treated with 3mmol/L 8-Br-cAMP and incubated for a 
further 24 hours. The results were standardised so that cAMP stimulated CRH-663 was given an arbitrary value of 100 and the 
cAMP stimulated activity of the other constructs were directly compared. All experiments were performed five times in triplicate. 
The error bars are 95% confidence intervals. 

 
the region containing these elements to form the CRH-248 
construct. This construct had an apparent loss of CRE 
function with the level of cAMP activation being the same 
as the CRH-213 construct which does not contain the CRE 
(Figure 4). The -213 to -248 bp region contains the YY1RE 
and the CRE. When the YY1RE was deleted (CRH-
213CRE) the function of the CRE was restored so that the 
level of cAMP stimulated activity of the CRH-213CRE 
construct was the same as the full length CRH (Figure 4). 

 
The actual level of cAMP stimulated activity was 

significantly higher in the CRH-213CRE compared to the 
CRH-248 and CRH-213 constructs (P < 4.55E-6, ANOVA 
and two tailed student’s T test), but was not statistically 
different to the CRH-663 construct (Figure 4).  These 
results suggest that the YY1RE inhibits the cAMP 
stimulation of the CRE. However, the YY1RE inhibition 
appears to be blocked by elements in the -663 to -248 bp 
region (including the MTF1RE, EcRE and HRE).  

 
Therefore, it appears that a group of elements act 

as a cAMP response unit (CRU) with the CRE acting as an 
essential coordinating component. The CRU appears to 
function by cAMP stimulating the CRE, but MTF1RE, 
EcRE and HRE blocking the inhibitory YY1RE (Figure 5). 
This group of elements acts as a CRU, allowing the 
integration of a large number of messenger pathways 
resulting in a coordinated, appropriate promoter response. 

If the CRE and other elements acted in isolation then the 
promoter response to cAMP would not be as flexible. The 
CDXARE's response to cAMP is independent to this CRU 
and allows another pathway for cAMP to control promoter 
activity.  

 
In AtT20 cells, when the cAMP stimulated CRH 

promoter is treated with physiological levels of 
glucocorticoids there is a dose dependent decrease in 
promoter activity (31, 33, 38, 40, 41). Malkoski et al was 
able to demonstrate that this inhibition predominantly 
occurred through a composite negatively regulated 
glucocorticoid response element (nGRE) (38, 40). This 
nGRE is composed of three regions that can bind the 
glucocorticoid receptor (GR) and two atypical activating 
protein 1 (AP-1) response elements (AP1RE) (40). 
Mutations of either the GR or AP1RE were associated with 
loss of glucocorticoid-dependent repression. Although the 
nGRE did not appear to explain all the glucocorticoid 
mediated repression, it appears to be the major site. 

 
When we explored glucocorticoid repression of 

cAMP stimulated CRH promoter activity in AtT20 cells, 
we confirmed that the nGRE was an inhibitory element, but 
we also found that glucocorticoids had various effects at 
other sites (41). The nGRE only inhibits cAMP activation 
that occurs through the CRE, there is no inhibitory effect 
on promoter activation through the CDXARE. When the
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Figure 4. The effect of -213 to -663 bp region and of the YY1RE on the CRE mediated response to cAMP stimulation in AtT20 
cells. The YY1RE was effectively removed by inserting the CRE 5’ prime to the CRH-213 bp construct (CRH-213CRE). AtT20 
cells were transiently transfected with either CRH-663, CRH-248, CRH-213 or CRH-213CRE. The cells were then cultured for 
24 hours in media containing charcoal stripped FCS. The cells were then treated with 3mmol/L 8-Br-cAMP and incubated for a 
further 24 hours. Each experiment was performed five times in triplicate. The results were standardised so that cAMP stimulated 
CRH-663 was given an arbitrary value of 100 and the cAMP stimulated activity of the other constructs were directly compared. 
Error bars are 95% confidence intervals. 

 
 
Figure 5. Elements of the CRH promoter acting as a cAMP response unit (CRU). Figure A represents the classic interpretation of 
the promoter response where elements are acting in isolation. The CRE will respond to the cAMP and the HRE will respond to a 
different message but the responses are independent of each other. In Figure B the elements are all interacting (represented by the 
large yellow interlocking arrows). Hence the CRE mediated response to cAMP is influenced by interactions with other element. 
Other message acting on the HRE directly alter the response to cAMP by influencing other elements within the response unit.  
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CRE was isolated from the rest of the CRH promoter, 
glucocorticoids alone or in combination with cAMP could 
stimulate promoter activity. Furthermore, the region -213 to 
-99 bps was also stimulated by glucocorticoids alone or in 
combination with cAMP. The glucocorticoid and cAMP 
effects at the isolated CRE or at the -213 to -99 bp region 
were additive (41). Further studies of these regions have 
suggested that the YY1RE inhibits the glucocorticoid 
mediated stimulation of the CRE and CDXARE (46). 

 
These results raise a number of physiological 

possibilities for the CRH promoter in a system that is 
negatively regulated by glucocorticoids, such as the 
hypothalamus. If glucocorticoid levels were elevated, then 
limited CRH gene expression could occur when PKA 
pathways were activated. This would allow the PVN to 
maintain glucocorticoid levels and the stress response in the 
face of continuing insult. Furthermore, in the right context 
glucocorticoids may be involved in the stimulation of CRH 
gene expression in the PVN. Hillhouse et al showed that in 
rats, the acetylcholine mediated release of corticotrophin-
releasing activity from the hypothalamus was lost for up to 
4 hours after adrenalectomy (47). Plotsky et al has also 
shown that CRH mRNA response to hypotension is 
impaired in the absence of glucocorticoids (48). These 
studies suggest that glucocorticoids may not just be 
inhibitory but may actually be required for acute responses 
to stress. In the light of this, the two regions which 
positively responded to glucocorticoids could have 
physiological significance in the hypothalamic CRH stress 
response.  

 
Unfortunately, there is limited data on PKC 

pathways in AtT20 cells because the CRH promoter has no 
response to PKC activators such as phorbol 12-myristate-
13-acetate in these cells (33, 49). However, NPLC cells 
(human liver carcinoma cell line), endogenously express 
CRH and production is increased in response to PKC 
stimulation (but CRH production is not affected by PKA in 
these cells). This PKC stimulation is inhibited by 
glucocorticoids with a 90% reduction in CRH promoter 
activity (49). These results suggest that stimulation via 
PKC pathways are almost completely suppressed by 
glucocorticoid.  Clearly it is difficult to compare results 
between cell types (AtT20 and NPLC cells). However, in 
AtT20 cells, PKA pathways stimulated at 2 regions (the 
CRU and CDXARE), but only the CRU was inhibited by 
glucocorticoids. In the NPLC cells PKC pathways were 
completely suppressed suggesting that stimulation may be 
occurring through the CRE or nGRE (which would allow 
complete inhibition by glucocorticoids). Hence, this 
suggests that a stimulus which activates PKC pathways 
would be suppressed by physiological glucocorticoid 
levels, while a different stimuli which activated PKA 
pathways could potentially achieve much higher circulating 
glucocorticoid levels due to an ability to resist inhibition.  
 
5. CRH PROMOTER ACTIVITY IN HUMAN 
PLACENTAL CELLS 
 

Placental CRH production is very different to that 
in the hypothalamus. The placenta produces and releases 

CRH constantly through the day with no apparent diurnal 
variation (50). Throughout a pregnancy, CRH production 
increases gradually but exponentially (51-53). Although 
placental CRH production increases in states of stress (such 
as pregnancy induced hypertension or intrauterine growth 
retardation), there is only a two to five fold increase in 
circulating CRH (12, 13). When compared to the 
hypothalamus where CRH production can change 30 - 100 
fold within hours, the level of placental CRH gene 
expression is not prone to large variations. 

 
In human placental cells transfected with CRH 

promoter/reporter constructs, we found that the CRH 
promoter is constitutively expressed, but this basal 
expression is only 2.47 fold higher than the construct with 
no promoter (P =1 X 10-5 unpaired, two tailed Student t 
test) (46). At first glance, this level of promoter activity is 
unexpectedly low. However, the normal term placental 
weights 600grams and a significant percentage of the cells 
produce CRH. Riley et al used immunohistochemistry to 
demonstrate CRH staining in syncytiotrophoblasts, 
intermediate trophoblast but not in cytotrophoblast. CRH 
was also present in cells of the amnion and umbilical 
vessels (54). Although each cell only produces minuscule 
amounts of CRH, the combined production from all the 
cells is large. Therefore, if each cell was able to produce 
large amounts of CRH then the cumulative production from 
the entire placenta would be enormous and the body would 
be overwhelmed by this highly biologically active peptide. 

 
Cheng et al used human placental cells 

transfected with CRH promoter/reporter constructs and 
found that cAMP caused a five fold increase in promoter 
activity while glucocorticoids caused a two fold increase in 
promoter activity (55, 56). When the cells were treated with 
cAMP and glucocorticoids together the stimulation was 
additive causing a seven fold increase in CRH promoter 
activity (55). Using promoter deletion and mutation studies 
Cheng et al demonstrated that cAMP and glucocorticoids 
stimulate promoter activity through the CRE (55, 56).   

 
If we reconsider the AtT20 data, when the CRE 

was isolated from all other regions of the promoter, cAMP 
and glucocorticoids caused the same pattern of promoter 
stimulation that occurred in the placental cells. 
Furthermore, the level of promoter stimulation seen was 
also the same as that seen in the placental cells (41, 46). 
The role of mitogen-activated kinase pathways (MAPK) in 
placenta has been explored by Cheng et al using transfected 
primary placental cells. In these studies they demonstrated 
that MAPK stimulated CRH promoter activity through the 
CRE and that no other element was involved (57).  
 

In the placental cells there appear to be a number 
of inhibitory influences on the CRH promoter. When the 
EcRE was mutated there was a two fold increase in basal, 
cAMP stimulated and glucocorticoid stimulated promoter 
activity (55). Hence, the EcRE appears to be an inhibitory 
element in the placental cells (while in the AtT20 cells, this 
element was part of the CRU and mutation decreased 
cAMP stimulated activity). Other steroid hormones 
(estrogen and progesterone) can inhibit the promoter. Ni et 
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al demonstrated that estrogen inhibited basal, cAMP 
induced and glucocorticoid induced CRH promoter activity 
in placental cells. This estrogen inhibition was dependent 
on the alpha estrogen receptor and inhibited through the 
CRE (58, 59). The progesterone mediated inhibition is 
dependent on either the progesterone receptor A or the 
glucocorticoid receptor and inhibits through the CRE. The 
progesterone receptor B actually stimulates CRH promoter 
activity in placental cells (59).  

 
From these studies it appears that the CRE alone 

is responsible for stimulation by cAMP and glucocorticoid 
or inhibition by estrogen and progesterone of the CRH 
promoter in placental cells (55, 56, 58-60). The only other 
element that appeared to have any role in CRH promoter 
activity in placental cells was the EcRE (55). 

 
These data suggest that in the placenta, the CRE 

of the CRH promoter acts in isolation. 
 
6. NUCLEAR FACTORS BINDING TO THE CRE OF 
THE CRH PROMOTER 
 

Clearly, the ability of nuclear factors binding to 
the CRE to interact with other factors binding to other 
elements of the CRH promoter is tissue specific and 
appears to determine the promoter response to cAMP and 
glucocorticoids. We proposed that this tissue specific ability to 
interact with other factors on the promoter is determined by the 
type of nuclear factor binding to the CRE (41). 

 
We performed electrophoretic mobility shift 

assays (EMSA) using the CRE and nuclear extracts from 
AtT20 cells and placental cells. The nuclear extract from 
the AtT20 cells formed three different protein complexes 
on the CRE. Each protein complex had different binding 
characteristics (determined by competition binding studies) 
confirming that each band was a unique protein complex 
and not just monomers and dimers of the same protein. 
Antibody supershift assays identified CREB and Fos 
proteins in these complexes. Furthermore, the binding of 
the three complexes were influenced by pre-treatment with 
cAMP and glucocorticoids. The three different protein 
complexes increased their binding to the CRE following 
exposure of the AtT20 cells to cAMP and when 
glucocorticoids were added the binding of two of the 
complexes decreased and binding of the third complex 
increased (41).  Glucocorticoids have been shown to inhibit 
CREB and cFos activity in the PVN and this has been 
proposed as a mechanism for glucocorticoid mediated 
inhibition of CRH production (61, 62). Clearly, this is not 
the only mechanism involved, since the isolated CRE was 
stimulated by glucocorticoids in transfection studies in 
AtT20 cells (41). However, these changes in nuclear factor 
binding at the CRE may be significant in the interactions 
between the CRE and the nGRE in the inhibitory response 
to glucocorticoids. 

 
When the nuclear extracts from placental cells 

were studied, we identified two unique protein complexes 
on the CRE. Each protein complex had different binding 
characteristics (determined by competition binding studies) 

and the binding was not affected by pre-treatment with 
cAMP or glucocorticoids. Antibody super shift assays 
identified CREB and cJun proteins in these complexes (41).  

 
It is worth noting that AtT20 cells contain cJun, 

while placental cells contain Fos proteins. Why cJun was 
not found to bind to the CRE in AtT20 cell nuclear extracts 
and Fos proteins were not found to bind to the CRE in 
placental cell nuclear extracts is still unclear. Since the 
EMSA experiments discussed above used only the CRE, 
which was present in excess, this excludes inhibition of 
binding by factors at other elements in the promoter or 
factors binding at the CRE. This suggests that there is 
interference with the nuclear factors that prevents them 
from binding to the CRE. This could be post-translational 
modification (such as phosphorylation) or interference from 
other nuclear factors. Further research is required to define 
the factors involved in this apparent selective nuclear factor 
binding.  
 
7. MODELLING THE FUNCTION OF THE CRH 
PROMOTER 
 

Clearly, the CRH promoter is functioning 
differently in AtT20 cells when compared to its function in 
human placental cells. To help “visualise” this difference, 
we attempted to model the CRH promoter’s method of 
function in these different cell types (Figure 6 and 7).  
These models emphasise the major differences in the 
function of the CRH promoter, highlighting that the 
elements within the promoter are functioning in a 
completely different manner in the AtT20 cells compared 
to the placental cells.  
 
8. TISSUE SPECIFIC CRH GENE EXPRESSION 
GIVES INSIGHTS INTO PROMOTER FUNCTION 
 

The CRH gene appears to be regulated by a 
simple promoter. It only has the one promoter that is 
positioned 5' to the coding region. However, the diversity 
of function that is achieved is out of proportion to the 
apparent simplicity of the promoter. This has led to a 
change in thinking about how promoters function and 
achieve the required physiological outcome. In the late 80's 
and early 90's, response to a stimulus was considered as 
activation of a pathway which lead to activation of a 
specific response element in a promoter causing an 
alteration in gene expression. From the preceding 
discussion it is obvious that we need a much more 
complicated model to examine promoter function. 

 
In the AtT20 cell studies discussed, activation of 

the PKA pathway leads to stimulation of the promoter 
through a CRU (of which the CRE is a central component) 
and a CDXARE. When the isolated CRE was stimulated by 
cAMP, there was a five fold induction of promoter activity, 
compared to the 64 fold increase that was seen in the full 
length promoter. This enhanced promoter activation was 
achieved by amplification of the CRE response by 
interactions with other elements of the CRU and addition of 
this response to the response from the CDXARE.  This 
system allows integration of multiple messages at multiple
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Figure 6. Model of the CRH promoter in AtT20 cells. The MTF1RE, HRE, EcRE, nGRE, YY1RE, CRE, CDXARE and the 
TATA box are illustrated as labeled boxes. The cAMP responsive unit is highlighted by large yellow interlocking arrows. The 
transcription factors, CREB and Fos are depicted as a labeled trapezoid in the cAMP responsive unit to highlight that the 
transcription factors play a major role in determining interactions within the response unit. The YY1RE box is the same as the 
surroundings showing that it has no obvious effect unless the other elements are not functioning. The CDXA and the -213 to -99 
bp glucocorticoid responsive region  (GRR) appear to act as a second cAMP response element. This region is highlighted in a 
large pink interlocking arrow to signify this region’s ability to interact with the other cAMP responsive unit. The sites of action 
and effect of cAMP and glucocorticoids are shown with black arrows and +/- signs. 
 

 
 
Figure 7. Model of the CRH promoter in placental cells. The CRE which was the only element identified as having a significant 
role in the cAMP and glucocorticoid effect on the CRH promoter are represented as a labeled box. The box is larger than the 
other boxes to emphasise the importance of this element. A large arrow from the CRE goes directly to the TATA box, 
highlighting that the other elements have no apparent effect on the response. The transcription factors, CREB and cJun are 
portrayed as a labeled hexagon in the cAMP responsive unit to highlight that the transcription factors have no major interaction 
with other elements within the CRH promoter. The stimulatory effect of cAMP and glucocorticoids is depicted as a labeled 
arrow. The negative effect of estrogen and its inhibition through the CRE are shown as a labeled arrow. The EcRE is included as 
a labeled box with an arrow to highlight the inhibitory role this element appears to have on general promoter activity. The other 
identified elements are included to remind the reader that they could be involved in responses to stimuli other than 
cAMP/glucocorticoids.
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levels. If we consider the CRH promoter response to cAMP 
in AtT20 cells, we see that messages can influence the 
promoter activity through alterations to the PKA pathway, 
directly or indirectly on the CRE, or by effects on the other 
elements which are interacting with the CRE. The 
CDXARE could allow for a second pathway that can lead 
to different regulatory influences affecting the promoter 
activity. Hence, for this one pathway we observe multiple 
levels of control that allow integration of numerous other 
messages to result in an appropriate promoter response. 
This model of promoter function would work well for the 
hypothalamus where there is a need for a very low level of 
promoter activity, but which can rapidly change to very 
high levels of activity, and also allow for integration of 
other significant messages to modify the final promoter 
response. 

 
However, cells from other organs need to be able 

to use the same promoter to achieve a different response. 
This appears to be achieved by expressing a different array 
of nuclear factors and by alternate post-translational 
modification of nuclear factors. These changes appear to 
lead to significant alterations in the function of individual 
promoter response elements within the promoter. For 
example, response elements can lose function and the 
promoter can totally lose the ability to achieve an action (in 
the case of the nGRE, loss of function will lead to the 
promoter no longer being inhibited by glucocorticoids). 
Alternatively, the loss of a response element's function can 
decrease or increase the level of promoter activation 
achieved from the stimulation by a messenger pathway (eg 
loss of function of the HRE and MTFRE decreased the 
CRU response to cAMP). Finally, a response element can 
be changed from stimulatory to inhibitory (the EcRE was 
stimulatory in response to cAMP in AtT20 cells but was 
inhibitory in placental cells).  

 
In placental cells the CRH promoter behaviour 

was distinctly different to that seen in the AtT20 cells. The 
promoter was constitutively active, the response to 
activation by cAMP was limited, glucocorticoids 
stimulated promoter activity and there was a number of 
consistently inhibitory influences on the promoter 
(estrogen, progesterone and the EcRE) which would 
prevent excessive levels of activation. Hence, in placental 
cells, the CRH promoter allows consistent CRH production 
which is required to maintain many aspects of foetal and 
maternal well being, and placental and uterine function. 
This promoter function is achieved by the CRE acting in 
isolation to all other elements. When the promoter was 
stimulated by cAMP, there was a five fold induction of 
promoter activity (which is the same level of induction seen 
when the CRE was isolated in AtT20 cells). The promoters 
reduced ability to respond to stimuli such as cAMP 
prevents over production of biologically active CRH which 
would cause adverse side effects such as maternal 
vasodilation or excess adrenal glucocorticoid production.  
 
9. PERSPECTIVE 
 

CRH is a highly biologically active peptide 
hormone and as such it's production is tightly controlled. 

The regulation of gene expression is different in the many 
tissues that express this peptide. This tissue specific 
promoter regulation is determined by alterations in nuclear 
factors that affect response elements within the first 350 
bps of the CRH promoter. This article has attempted to give 
insights into how this apparently simple sequence can 
generate a variety of complex responses in different tissues 
to meet physiological needs. 
 
10. REFERENCES 
 
1. Vale W, J. Spiess, C. Rivier, B. Rivier: Characterization 
of a 41-residue ovine hypothalamic peptide that stimulates 
secretion of corticotropin and beta-endorphin. Science 
213(4514), 1394-7 (1981) 
2. Rivier C, M. Brownstein, J. Spiess, J. Rivier, W. Vale: In 
vivo corticotropin-releasing factor-induced secretion of 
adrenocorticotropin, beta-endorphin, and corticosterone. 
Endocrinology 110(1), 272-8 (1982) 
3. Swanson L. W, P. E. Sawchenko, J. Rivier, W. W. Vale: 
Organization of ovine corticotropin-releasing factor 
immunoreactive cells and fibers in the rat brain: an 
immunohistochemical study. Neuroendocrinology 36(3), 
165-86. (1983) 
4. Suda T, N. Tomori, F. Tozawa, T. Mouri, H. Demura, K. 
Shizume: Distribution and characterization of 
immunoreactive corticotropin- releasing factor in human 
tissues. J Clin Endocrinol Metab 59(5), 861-6. (1984) 
5. Thompson R. C, A. F. Seasholtz, E. Herbert: Rat 
corticotropin-releasing hormone gene: sequence and tissue-
specific expression. Mol Endocrinol 1(5), 363-70 (1987) 
6. Charlton B. G, I. N. Ferrier, R. H. Perry: Distribution of 
corticotropin-releasing factor-like immunoreactivity in 
human brain. Neuropeptides 10(4), 329-34. (1987) 
7. Suda T, N. Tomori, F. Tozawa, H. Demura, K. Shizume, 
T. Mouri, Y. Miura, N. Sasano: Immunoreactive 
corticotropin and corticotropin-releasing factor in human 
hypothalamus, adrenal, lung cancer, and 
pheochromocytoma. J Clin Endocrinol Metab 58(5), 919-
24. (1984) 
8. Bruhn T. O, W. C. Engeland, E. L. Anthony, D. S. Gann, 
I. M. Jackson: Corticotropin-releasing factor in the dog 
adrenal medulla is secreted in response to hemorrhage. 
Endocrinology 120(1), 25-33 (1987) 
9. Karalis K, H. Sano, J. Redwine, S. Listwak, R. L. 
Wilder, G. P. Chrousos: Autocrine or paracrine 
inflammatory actions of corticotropin-releasing hormone in 
vivo. Science 254(5030), 421-3. (1991) 
10. Shibasaki T, E. Odagiri, K. Shizume, N. Ling: 
Corticotropin-releasing factor-like activity in human 
placental extracts. J Clin Endocrinol Metab 55(2), 384-6 
(1982) 
11. Muglia L. J, N. A. Jenkins, D. J. Gilbert, N. G. 
Copeland, J. A. Majzoub: Expression of the mouse 
corticotropin-releasing hormone gene in vivo and targeted 
inactivation in embryonic stem cells. J Clin Invest 93(5), 
2066-72 (1994) 
12. Campbell E. A, E. A. Linton, C. D. Wolfe, P. R. 
Scraggs, M. T. Jones, P. J. Lowry: Plasma corticotropin-
releasing hormone concentrations during pregnancy and 
parturition. J Clin Endocrinol Metab 64(5), 1054-9 (1987) 



RH gene expression   

589 

13. Wolfe C. D, S. P. Patel, E. A. Linton, E. A. Campbell, 
J. Anderson, A. Dornhorst, P. J. Lowry, M. T. Jones: 
Plasma corticotrophin-releasing factor (CRF) in abnormal 
pregnancy. Br J Obstet Gynaecol 95(10), 1003-6 (1988) 
14. Okamoto E, T. Takagi, T. Makino, H. Sata, I. Iwata, E. 
Nishino, N. Mitsuda, N. Sugita, Y. Otsuki, O. Tanizawa: 
Immunoreactive corticotropin-releasing hormone, 
adrenocorticotropin and cortisol in human plasma during 
pregnancy and delivery and postpartum. Horm Metab Res 
21(10), 566-72 (1989) 
15. Jeske W, P. Soszynski, E. Lukaszewicz, R. Debski, W. 
Latoszewska, W. Rogozinski, H. Snochowska, S. 
Zgliczynski: Enhancement of plasma corticotropin-
releasing hormone in pregnancy- induced hypertension. 
Acta Endocrinol (Copenh) 122(6), 711-4 (1990) 
16. Warren W. B, R. S. Goland, S. L. Wardlaw, R. I. Stark, 
H. E. Fox, I. M. Conwell: Elevated maternal plasma 
corticotropin releasing hormone levels in twin gestation. J 
Perinat Med 18(1), 39-44 (1990) 
17. Laatikainen T, T. Virtanen, R. Kaaja, K. Salminen-
Lappalainen: Corticotropin-releasing hormone in maternal 
and cord plasma in pre- eclampsia. Eur J Obstet Gynecol 
Reprod Biol 39(1), 19-24 (1991) 
18. Goland R. S, S. Jozak, W. B. Warren, I. M. Conwell, R. 
I. Stark, P. J. Tropper: Elevated levels of umbilical cord 
plasma corticotropin-releasing hormone in growth-retarded 
fetuses. J Clin Endocrinol Metab 77(5), 1174-9 (1993) 
19. Goland R. S, P. J. Tropper, W. B. Warren, R. I. Stark, 
S. M. Jozak, I. M. Conwell: Concentrations of 
corticotrophin-releasing hormone in the umbilical- cord 
blood of pregnancies complicated by pre-eclampsia. 
Reprod Fertil Dev 7(5), 1227-30 (1995) 
20. Emanuel R. L, B. G. Robinson, E. W. Seely, S. W. 
Graves, I. Kohane, D. Saltzman, R. Barbieri, J. A. 
Majzoub: Corticotrophin releasing hormone levels in 
human plasma and amniotic fluid during gestation. Clin 
Endocrinol (Oxf) 40(2), 257-62 (1994) 
21. Goland R. S, I. M. Conwell, S. Jozak: The effect of pre-
eclampsia on human placental corticotrophin-releasing 
hormone content and processing [published erratum 
appears in Placenta 1995 Sep;16(6):567]. Placenta 16(4), 
375-82 (1995) 
22. Warren W. B, E. D. Gurewitsch, R. S. Goland: 
Corticotropin-releasing hormone and pituitary-adrenal 
hormones in pregnancies complicated by chronic 
hypertension. Am J Obstet Gynecol 172(2 Pt 1), 661-6 
(1995) 
23. Petraglia F, L. Aguzzoli, P. Florio, P. Baumann, A. D. 
Genazzani, C. Di Carlo, R. Romero: Maternal plasma and 
placental immunoreactive corticotrophin-releasing factor 
concentrations in infection-associated term and pre-term 
delivery. Placenta 16(2), 157-64 (1995) 
24. Liapi C. A, D. E. Tsakalia, C. C. Panitsa-Faflia, A. I. 
Antsaklis, D. I. Aravantinos, M. L. Batrinos: Corticotropin-
releasing-hormone levels in pregnancy-induced 
hypertension. Eur J Obstet Gynecol Reprod Biol 68(1-2), 
109-14 (1996) 
25. Hobel C. J, C. Dunkel-Schetter, S. C. Roesch, L. C. 
Castro, C. P. Arora: Maternal plasma corticotropin-
releasing hormone associated with stress at 20 weeks' 
gestation in pregnancies ending in preterm delivery. Am J 
Obstet Gynecol 180(1 Pt 3), S257-63 (1999) 

26. Crofford L. J, H. Sano, K. Karalis, T. C. Friedman, H. 
R. Epps, E. F. Remmers, P. Mathern, G. P. Chrousos, R. L. 
Wilder: Corticotropin-releasing hormone in synovial fluids 
and tissues of patients with rheumatoid arthritis and 
osteoarthritis. J Immunol 151(3), 1587-96 (1993) 
27. Arbiser J. L, C. C. Morton, G. A. Bruns, J. A. Majzoub: 
Human corticotropin releasing hormone gene is located on 
the long arm of chromosome 8. Cytogenet Cell Genet 
47(3), 113-6 (1988) 
28. Shibahara S, Y. Morimoto, Y. Furutani, M. Notake, H. 
Takahashi, S. Shimizu, S. Horikawa, S. Numa: Isolation 
and sequence analysis of the human corticotropin-releasing 
factor precursor gene. Embo J 2(5), 775-9 (1983) 
29. King B. R, R. Smith, R. C. Nicholson: The regulation 
of human corticotrophin-releasing hormone gene 
expression in the placenta. Peptides 22(5), 795-801. (2001) 
30. Heinemeyer T, X. Chen, H. Karas, A. E. Kel, O. V. 
Kel, I. Liebich, T. Meinhardt, I. Reuter, F. Schacherer, E. 
Wingender: Expanding the TRANSFAC database towards 
an expert system of regulatory molecular mechanisms. 
Nucleic Acids Res 27(1), 318-22 (1999) 
31. Adler G. K, C. M. Smas, J. A. Majzoub: Expression 
and dexamethasone regulation of the human corticotropin- 
releasing hormone gene in a mouse anterior pituitary cell 
line. J Biol Chem 263(12), 5846-52 (1988) 
32. Dorin R. I, H. Takahashi, Y. Nakai, J. Fukata, Y. 
Naitoh, H. Imura: Regulation of human corticotropin-
releasing hormone gene expression by 3',5'-cyclic 
adenosine monophosphate in a transformed mouse 
corticotroph cell line. Mol Endocrinol 3(10), 1537-44 
(1989) 
33. Van L. P, D. H. Spengler, F. Holsboer: Glucocorticoid 
repression of 3',5'-cyclic-adenosine monophosphate- 
dependent human corticotropin-releasing-hormone gene 
promoter activity in a transfected mouse anterior pituitary 
cell line. Endocrinology 127(3), 1412-8 (1990) 
34. Van L. P.: Phorbolester stimulates the activity of human 
corticotropin-releasing hormone gene promoter via 3',5'-
cyclic adenosine monophosphate response element in 
transiently transfected chicken macrophages. 
Endocrinology 132(1), 30-4 (1993) 
35. Dorin R. I, D. W. Zlock, K. Kilpatrick: Transcriptional 
regulation of human corticotropin releasing factor gene 
expression by cyclic adenosine 3',5'-monophosphate: 
differential effects at proximal and distal promoter 
elements. Mol Cell Endocrinol 96(1-2), 99-111 (1993) 
36. Guardiola-Diaz H. M, C. Boswell, A. F. Seasholtz: The 
cAMP-responsive element in the corticotropin-releasing 
hormone gene mediates transcriptional regulation by 
depolarization. J Biol Chem 269(20), 14784-91 (1994) 
37. Guardiola-Diaz H. M, J. S. Kolinske, L. H. Gates, A. F. 
Seasholtz: Negative glucorticoid regulation of cyclic 
adenosine 3', 5'- monophosphate-stimulated corticotropin-
releasing hormone-reporter expression in AtT-20 cells. Mol 
Endocrinol 10(3), 317-29 (1996) 
38. Malkoski S. P, C. M. Handanos, R. I. Dorin: 
Localization of a negative glucocorticoid response element 
of the human corticotropin releasing hormone gene. Mol 
Cell Endocrinol 127(2), 189-99 (1997) 
39. Perone M. J, C. A. Murray, O. A. Brown, S. Gibson, A. 
White, E. A. Linton, A. V. Perkins, P. R. Lowenstein, M. 
G. Castro: Procorticotrophin-releasing hormone: 



RH gene expression   

590 

endoproteolytic processing and differential release of its 
derived peptides within AtT20 cells. Mol Cell Endocrinol 
142(1-2), 191-202. (1998) 
40. Malkoski S. P, R. I. Dorin: Composite glucocorticoid 
regulation at a functionally defined negative glucocorticoid 
response element of the human corticotropin-releasing 
hormone gene [In Process Citation]. Mol Endocrinol 
13(10), 1629-44 (1999) 
41. King B, R. Smith, R. Nicholson: Novel glucocorticoid 
and cAMP interactions on the CRH gene promoter. Mol 
Cell Endocrinol 194(1-2), 19. (2002) 
42. Paull W. K, F. P. Gibbs: The corticotropin releasing 
factor (CRF) neurosecretory system in intact, 
adrenalectomized, and adrenalectomized-dexamethasone 
treated rats. An immunocytochemical analysis. 
Histochemistry 78(3), 303-16. (1983) 
43. Sawchenko P. E, L. W. Swanson, W. W. Vale: Co-
expression of corticotropin-releasing factor and vasopressin 
immunoreactivity in parvocellular neurosecretory neurons 
of the adrenalectomized rat. Proc Natl Acad Sci U S A 
81(6), 1883-7 (1984) 
44. Laflamme N, E. Feuvrier, D. Richard, S. Rivest: 
Involvement of serotonergic pathways in mediating the 
neuronal activity and genetic transcription of 
neuroendocrine corticotropin-releasing factor in the brain 
of systemically endotoxin-challenged rats. Neuroscience 
88(1), 223-40 (1999) 
45. Kay-Nishiyama C, A. G. Watts: Dehydration modifies 
somal CRH immunoreactivity in the rat hypothalamus: an 
immunocytochemical study in the absence of colchicine. 
Brain Res 822(1-2), 251-5 (1999) 
46. King B. R:  The tissue specific mechanisms of 
transcriptional regulation of the corticotropin-releasing 
hormone (CRH) gene. Newcastle: University of Newcastle 
(2006) 
47. Hillhouse E. W, M. T. Jones: Effect of bilateral 
adrenalectomy and corticosteroid therapy on the secretion 
of corticotrophin-releasing factor activity from the 
hypothalamus of the rat in vitro. J Endocrinol 71(1), 21-30 
(1976) 
48. Plotsky P. M, S. Otto, R. M. Sapolsky: Inhibition of 
immunoreactive corticotropin-releasing factor secretion 
into the hypophysial-portal circulation by delayed 
glucocorticoid feedback. Endocrinology 119(3), 1126-30 
(1986) 
49. Rosen L. B, J. A. Majzoub, G. K. Adler: Effects of 
glucocorticoid on corticotropin-releasing hormone gene 
regulation by second messenger pathways in NPLC and 
AtT-20 cells. Endocrinology 130(4), 2237-44 (1992) 
50. Petraglia F, A. D. Genazzani, L. Aguzzoli, A. 
Gallinelli, D. de Vita, A. Caruso, A. R. Genazzani: 
Pulsatile fluctuations of plasma-gonadotropin-releasing 
hormone and corticotropin-releasing factor levels in healthy 
pregnant women. Acta Obstet Gynecol Scand 73(4), 284-9 
(1994) 
51. Sasaki A, A. S. Liotta, M. M. Luckey, A. N. Margioris, 
T. Suda, D. T. Krieger: Immunoreactive corticotropin-
releasing factor is present in human maternal plasma during 
the third trimester of pregnancy. J Clin Endocrinol Metab 
59(4), 812-4 (1984) 
52. Goland R. S, S. L. Wardlaw, R. I. Stark, L. S. Brown, 
Jr., A. G. Frantz: High levels of corticotropin-releasing 

hormone immunoactivity in maternal and fetal plasma 
during pregnancy. J Clin Endocrinol Metab 63(5), 1199-
203 (1986) 
53. McLean M, A. Bisits, J. Davies, R. Woods, P. Lowry, 
R. Smith: A placental clock controlling the length of human 
pregnancy [see comments]. Nat Med 1(5), 460-3 (1995) 
54. Riley S. C, J. C. Walton, J. M. Herlick, J. R. Challis: 
The localization and distribution of corticotropin-releasing 
hormone in the human placenta and fetal membranes 
throughout gestation. J Clin Endocrinol Metab 72(5), 1001-
7 (1991) 
55. Cheng Y. H, R. C. Nicholson, B. King, E. C. Chan, J. 
T. Fitter, R. Smith: Glucocorticoid stimulation of 
corticotropin-releasing hormone gene expression requires a 
cyclic adenosine 3',5'-monophosphate regulatory element in 
human primary placental cytotrophoblast cells. J Clin 
Endocrinol Metab 85(5), 1937-45 (2000) 
56. Cheng Y. H, R. C. Nicholson, B. King, E. C. Chan, J. 
T. Fitter, R. Smith: Corticotropin-releasing hormone gene 
expression in primary placental cells is modulated by cyclic 
adenosine 3',5'-monophosphate. J Clin Endocrinol Metab 
85(3), 1239-44 (2000) 
57. Cheng Y. H, S. Handwerger: Mitogen-activated protein 
kinase activation induces corticotrophin-releasing hormone 
gene expression in human placenta. Life Sci 77(11), 1263-
72. (2005) 
58. Ni X, R. C. Nicholson, B. R. King, E. C. Chan, M. A. 
Read, R. Smith: Estrogen represses whereas the estrogen-
antagonist ICI 182780 stimulates placental CRH gene 
expression. J Clin Endocrinol Metab 87(8), 3774-8. (2002) 
59. Ni X, Y. Hou, B. R. King, X. Tang, M. A. Read, R. 
Smith, R. C. Nicholson: Estrogen receptor-mediated down-
regulation of corticotropin-releasing hormone gene 
expression is dependent on a cyclic adenosine 3',5'-
monophosphate regulatory element in human placental 
syncytiotrophoblast cells. J Clin Endocrinol Metab 89(5), 
2312-8. (2004) 
60. Ni X, Y. Hou, R. Yang, X. Tang, R. Smith, R. C. 
Nicholson: Progesterone receptors A and B differentially 
modulate corticotropin-releasing hormone gene expression 
through a cAMP regulatory element. Cell Mol Life Sci 
61(9), 1114-22. (2004) 
61. Jacobson L, F. R. Sharp, M. F. Dallman: Induction of 
fos-like immunoreactivity in hypothalamic corticotropin- 
releasing factor neurons after adrenalectomy in the rat. 
Endocrinology 126(3), 1709-19 (1990) 
62. Legradi G, D. Holzer, L. P. Kapcala, R. M. Lechan: 
Glucocorticoids inhibit stress-induced phosphorylation of 
CREB in corticotropin-releasing hormone neurons of the 
hypothalamic paraventricular nucleus. Neuroendocrinology 
66(2), 86-97 (1997) 
 
Key Words: Corticotrophin-Releasing Hormone, CRH, 
Placenta, Gestation, Hypothalamus, Stress, Review 
 
Send Correspondance to: Dr Bruce R. King, Paediatrics, 
John Hunter Hospital, Locked Bag 1 HRMC, Newcastle, 
NSW 2310, Australia, Tel: 61 0249 855634, Fax: 61 0249 
213599, E-mail:   Bruce.King@hnehealth.nsw.gov.au 
  
http://www.bioscience.org/current/vol12.htm 


