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immunofluorescence before and after /-irra- 
diation. The formation of Nbsl and 53BP1 
foci was impaired in H2AX-/- cells, both in 
the absence and presence of irradiation (Fig. 
5, A and B). A few Brcal foci were present in 
activated B cells, both in wild-type and 
H2AX-/- cultures (Fig. 5C); however, irra- 
diation-induced Brcal foci formed only in 
wild-type B cells (Fig. 5C). In contrast to the 
above repair factors, Rad51 formed irradia- 
tion-induced foci both in wild-type and 
H2AX-/- cells (Fig. 5D). Thus, H2AX is 
required for irradiation-induced Nbsl, 53bp 1, 
and Brcal focus formation, but not for the 
assembly of RadS1 foci. 

By in situ fractionation, it has been dem- 
onstrated that the Mrel 1 complex colocalizes 
with proliferating cell nuclear antigen 
(PCNA) at replication forks during the S 
phase of the cell cycle (33). We used a similar 
technique to assess whether Nbs 1 localization 
to replication sites was H2AX dependent. 
The pattern of Nbsl and PCNA staining in 
H2AX-'- cells was identical to that observed 
in wild-type cells (Fig. 5E). Thus, although 
H2AX is required for irradiation-induced 
Nbsl foci, it is not essential for the localiza- 
tion of Nbsl to sites of replication. 

The maintenance of genomic integrity re- 
quires the coordinated regulation of DNA rep- 
lication, DNA-damage cell-cycle checkpoints, 
and DNA repair. Nbsl and Brcal are essential 
for irradiation-induced S and G2-M cell cycle 
checkpoints and embryonic viability in mice 
(18, 34). Therefore, the relatively mild pheno- 
type incurred by loss of H2AX is surprising. 
Our data indicate that there are at least two 
pathways for Nbsl recruitment to DNA. In the 
case of irradiation, H2AX is essential for Nbsl, 
Brcal, and 53bpl focus formation, whereas it is 
not essential for Nbsl recruitment to sites of 
DNA replication. The finding that cell-cycle 
checkpoints are grossly intact in H2AX-/- cells 
indicates that DNA-damage sensors can detect 
genome-destabilizing lesions and signal down- 
stream effectors such as Nbsl, Chk2, p53, and 
Brcal. Nevertheless, loss of H2AX leads to 
increased chromosomal abnormalities, deficien- 
cies in gene targeting, and radiation sensitivity. 
We propose that DNA repair proceeds less ef- 
ficiently in the absence of H2AX and its asso- 
ciated foci. 
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Demyelination by 
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Absence of Immune Cells 
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Demyelination results in severe disability in many neurodegenerative dis- 
eases and nervous system infections, and it is typically mediated by in- 
flammatory responses. Mycobacterium leprae, the causative organism of 
leprosy, induced rapid demyelination by a contact-dependent mechanism in 
the absence of immune cells in an in vitro nerve tissue culture model and 
in Rag -knockout (Rag 1-/-) mice, which lack mature B and T lymphocytes. 
Myelinated Schwann cells were resistant to M. leprae invasion but undergo 
demyelination upon bacterial attachment, whereas nonmyelinated Schwann 
cells harbor intracellular M. leprae in large numbers. During M. leprae- 
induced demyelination, Schwann cells proliferate significantly both in vitro 
and in vivo and generate a more nonmyelinated phenotype, thereby securing 
the intracellular niche for M. leprae. 
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Demyelination is one of the central patho- 
logic conditions that ultimately lead to 
prolonged neurologic disability in many 
neurodegenerative diseases (1). The pro- 
cess of demyelination involves multiple 
factors (2). Although inflammatory re- 
sponses seem to be needed for the complete 
manifestation of pathologic conditions of 

'Laboratory of Bacterial Pathogenesis and Immunol- 
ogy, The Rockefeller University, New York, NY 10021, 
USA. 2Departments of Cell Biology and Neurology, 
New York University Medical Center, New York, NY 
10016, USA. 

*To whom correspondence should be addressed. E- 
mail: rambuka@maiLrockefeller.edu 

Demyelination is one of the central patho- 
logic conditions that ultimately lead to 
prolonged neurologic disability in many 
neurodegenerative diseases (1). The pro- 
cess of demyelination involves multiple 
factors (2). Although inflammatory re- 
sponses seem to be needed for the complete 
manifestation of pathologic conditions of 

'Laboratory of Bacterial Pathogenesis and Immunol- 
ogy, The Rockefeller University, New York, NY 10021, 
USA. 2Departments of Cell Biology and Neurology, 
New York University Medical Center, New York, NY 
10016, USA. 

*To whom correspondence should be addressed. E- 
mail: rambuka@maiLrockefeller.edu 

demyelination and associated neurological 
symptoms (1, 3), virtually nothing is known 
about the mechanisms involved in early 
events of such neurological injury. One of 
the classic examples of infectious neurode- 
generative diseases of the peripheral ner- 
vous system (PNS) is leprosy, which is 
caused by the obligate intracellular bacte- 
rium Mycobacterium leprae (4) and is a 
leading cause of nontraumatic neuropathies 
in the world (3). Demyelination is a com- 
mon pathologic feature in the nerve damage 
in leprosy (5-8) and is likely to substantial- 
ly contribute to the neurologic disability in 
these patients. The nerve damage in leprosy 
is widely thought to be secondary to the 
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Fig. 1. Attachment of M. leprae and its cell-wall 
components to Schwann cell-axon units in vitro l 
induces striking demyelination. (A) Control im- 
munofluorescence micrograph showing a 
Schwann cell-DRG neuron coculture that had 
myelinated for 3 weeks and was labeled with 
monoclonal antibody (mAb) against myelin ba- 
sic protein (MBP), which represents the compact 
myelin. Note the intact myelin segments, one of 
which is demarcated by arrows that denote the 
nodes of Ranvier. (B) M. leprae induce significant 
demyelination upon attachment. Cocultures 
were first incubated for 1 hour with M. leprae to 
attach to Schwann cell-axon units and then 
further incubated for another 24 hours, fixed, 
and labeled with MBP-specific antibody. Inset 
shows the attached M. leprae (green notes) to 
nerve fibers in similar cultures as visualized by 
acid-fast labeling (13). Note the demyelinating 
nerve fibers (arrowheads) with characteristic 
myelin ovoids (arrows) as compared with intact 
myelin segments in controls. (C) PGL-1 of the M. 
leprae cell wall is sufficient to induce significant 
demyelination. Myelinated cocultures were 
treated with purified native PGL-1 as in (B). After 
24 hours, PGL-1 causes significant demyelina- 
tion, which is similar to that of whole M. leprae 
(B). Inset shows the bound PGL-1 (green) to a 
myelinated nerve fiber after 1 hour of incubation 
and detected by anti-PGL-1 mAb. Demyelinated 
fibers indicated by the arrowheads and the myelin ovoids are shown by 
the arrows. Also shown are myelin debris labeled with MBP-specific 
antibody as red dots. (D) Quantification of in vitro demyelination 
induced by M. leprae (ML), the total cell wall (CW), and purified native 
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PGL-1 (PGL-1) as compared with controls (PBS). Fibers were classified as 
demyelinated if the myelin sheath was crenated or fragmented and the 
percentage of demyelination was quantified from two to three separate 
experiments. 

A Fig. 2. Demyelination is an early 
event in M. leprae infection that 
leads to axonal damage. (A) 
Demyelination is an initial con- 
sequence of in vitro M. leprae 
infection. Schwann cell-DRG 
neuron cocultures that had my- 

j_____________________________ _ ~elinated for 3 weeks were treat- 
ed with M. leprae for 12 hours, 
fixed, and double-labeled with 
MBP-specific polyclonal anti- 
body (red) and an mAb against 
neurofilament mAb (green). A 
demyelinated nerve fiber with a 
damaged myelin sheath (top) 
and its associated intact axon in 
the merged image (bottom; MBP 

is in red/orange and 
*: .: : neurofilament is in B 

B 
. il 

green) are shown 
'.'..i . ~, ..... '-- ' , by the arrows. The 

arrowheads denote 
ofM. le'a :netin El-to mcorpsthe Schwann cell 

treated wih M. nucleus of the de- 
BLisorganized . myelinated fiber. 
c t : -~~ : ,; ~ . :.,! ';Also note the nu- 

merous myelin de- 
bris (red/orange 
particles), which are .'.' , indicated by the 

t=: M small arrows. (B) 
..... ~"~.,'~..'.~,'~~4.-,: .' Axonal degenera- 

tion is a late event 
of M. leprae infection. Electron micrographs showing the ultrastructure of myelinated Schwann cell 
(SC)-axon (AX) units with surrounding basal lamina (BL) of cocultures that are untreated (left) and 
treated with M. leprae for 72 hours (right). Note the splitting of the myelin lamellae (arrows), the 
disorganized myelin sheath (MS), and the displaced degenerating axon in M. Ieprae-infected cultures as 
compared with controls. 

immune response against M. leprae itself 
(3, 4, 8). Because Schwann cells in the 
PNS provide a privileged site for M. leprae 
that eludes surveillance by the host immune 
cells, the early induction of nerve damage 
may not be associated with immune re- 
sponses (9). To test this hypothesis and to 
gain insight into the functional consequenc- 
es of early M. leprae interaction with 
peripheral nerves, we used a well-charac- 
terized myelinating Schwann cell-dorsal 
root ganglion (DRG) neuron coculture 
system (10) and mice with null mutation for 
the recombination-activating gene 1 
(RaglT/-), which lack mature T and B 
lymphocytes (11), as in vitro and in vivo 
models, respectively. 

In Schwann cell-DRG neuron cocultures, 
M. leprae (12) avidly bound to both myeli- 
nating and nonmyelinating Schwann cell-ax- 
on units after 1 hour of inoculation [Fig. 1B, 
inset (13)]. We studied the functional conse- 
quences of this binding (14) on individual 
Schwann cell phenotypes. In myelinating 
Schwann cells, M. leprae induces significant 
demyelination 24 hours after bacterial attach- 
ment in a dose-dependent manner, whereas in 
nonmyelinating Schwann cells, bacterial in- 
vasion in large numbers is the most conspic- 
uous feature. The induction of demyelination 
by M. leprae was rapid and was observed as 
early as 24 hours after infection (Fig. 1, B and 
D) without any signs of apoptosis (15) or 
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cytopathic effects to Schwann cells (16), sug- 
gesting that M. leprae-induced demyelina- 
tion does not result from apoptosis or toxic 
effects. Demyelination was found over long 
lengths of the nerve or in short sporadic 
segments as compared with cultures treated 
with phosphate-buffered saline (PBS) alone 
(Fig. 1, A and B). Electron microscopic anal- 
ysis further showed disrupted myelin sheaths 
and the separation of lamellae with wide 
spaces as compared with intact myelin 
sheaths in controls (Fig. 2B). The most dis- 
tinctive feature is the formation of myelin 
ovoids (Fig. 1B), which are characteristics of 
myelin pathology (17, 18). Because the axons 
remain intact in most of these demyelinating 
fibers at early time points (Fig. 2A), this 
condition resembles classic segmental demy- 
elination (17, 18), which is also common in 
leprosy patients (3, 5-7). Experiments per- 
formed in parallel with Mycobacterium smeg- 
matis, a related species that does not cause 
neuropathy, showed no significant demyeli- 
nation (<20%) (16). 

Viability of M. leprae is not required for 
its ability to induce demyelination in vitro, 
because y-irradiated M. leprae and the M. 
leprae cell-wall fraction alone (19) were as 
effective as live bacteria (Fig. 1D). This sug- 
gests that the components of the M leprae 
cell wall have the capacity to induce demy- 
elination during early infection. Prominent 
among the biologically active components of 
the M. leprae cell wall is M. leprae-specific 
phenolic glycolipid-1 (PGL-1) (19-22), 
which has recently been implicated for the 
neural predilection of M. leprae (21). Al- 
though PGL-1 represents >2% of the bacte- 
rial mass, little is known about its biological 
functions (20). Here we show that the binding 
of native PGL-1 (19) to myelinating nerve 
fibers [Fig. 1C, inset; (21)] results in demy- 
elination in a dose- and time-dependent man- 
ner (Fig. 1, C and D). Because the pattern of 
PGL-1-induced demyelination resembles 
that of whole M. leprae (Fig. 1, B and C), we 
propose that the PGL-1 is a crucial molecule 
in the M leprae cell wall that is directly 
involved in the neuropathogenesis of leprosy. 
We also excluded the possibility that demy- 
elination, induced by the M. leprae cell-wall 
or PGL-1 preparations, was caused by con- 
tamination with lipopolysaccharide or other 
endotoxins (14). 

A time-course analysis showed that demy- 
elination is an initial event that is followed by 
axonal damage during M leprae infection. 
Although axons remain intact in early infec- 
tion (Fig. 2A), M. leprae-treated cultures 
began to exhibit substantial axonal degener- 
ation in addition to the myelin damage after 
72 hours (Fig. 2B). However, no bacteria 
were found in axons (16). Because our in 
vitro culture model is completely devoid of 
immune cells, but only comprised of 

Schwann cells and neurons, we conclude that 
such in vitro induction of demyelination and 
axonal degeneration by M. leprae is mediated 
by a nonimmune mechanism(s). 

To test this in vivo, we used Ragl-/- 
mice, which lack mature T and B lympho- 
cytes and thus are incapable of mounting 
adaptive immune responses against patho- 
gens (11). Although null mutation of the 
Ragi gene causes severe deficiency in the 
immune system, the nervous system of these 
mice is intact (11). In the PNS, sciatic nerves 
of Ragl-/- mice show normal, thick and 
compact myelin as in wild type [Fig. 3, A and 
C; (23)]. Intraneural administration of either 
viable or dead M. leprae or the whole cell- 
wall fraction to sciatic nerves of Ragl-/- 
mice (24) produced significant demyelina- 
tion (P < 0.0005) in varying degrees as 
compared with that in the mice injected with 
PBS (Fig. 3, A to D). Myelin breakdown in 
various stages was seen in all the fascicles of 
M. leprae-infected nerves with widely sepa- 
rated myelin lamellae (Fig. 3, B and D). 
Semithin sections of sciatic nerves and the 
corresponding electron microscopic analysis 
revealed that demyelination in infected 
nerves was time-dependent and quite dramat- 

ic after 72 hours (Fig. 3, B and D). Labeling 
of teased fibers prepared from infected and 
control sciatic nerves with antibody to mye- 
lin-specific P0 protein further confirmed de- 
myelinated fibers and characteristic myelin 
ovoids in M. leprae-infected nerves (Fig. 3, 
E and F). As in Ragl-'- mice, M. leprae 
injection to sciatic nerves of wild-type 
C57BL/6 (B6) mice also caused considerable 
demyelination as early as 24 hours (16). Be- 
cause inflammatory cells are unlikely to be 
recruited at such an early stage (24 hours), we 
suggest that demyelination in wild-type mice 
in early infection is also caused by a nonim- 
mune mechanism(s). Our finding that demy- 
elination can be induced by dead M. leprae or 
bacterial cell wall alone both in vitro and in 
vivo may provide new insights into the un- 
derlying causes for continuing neurological 
injuries in patients who have been cured of 
leprosy (bacteriological cure) after multidrug 
therapy (25). It is likely that such nerve dam- 
age may be associated with dead M. leprae or 
residual cell-wall components, such as PGL- 
1, retained in nerve tissues in treated leprosy 
patients (26). 

In demyelinating diseases, inflammation 
and/or immune responses are thought to be 

Fig. 3. In vivo induction : ' : 
of demyelination in be sd 

early M. leprae infec- w 6 
inflammatory and/or o m o::) 
immune response. (A 50- T and B) Methylenes 
blue-stained semithin M 
transverse sections of 
sciatic nerves of 
Rag l-'- knockout i -a1-* 
mice 72 hours after in- 
traneural injection of 
PBS (A), and viable M. 
leprae (B). Note the de- 
generated myelinated 
fibers in M. leprae- 
treated nerves. (C and 

those treated with PBS. 
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the cause for the myelin damage, in which 
macrophages, T lymphocytes, and antibodies 
play the crucial roles (1, 2, 4). However, 
much less is known about alternative mech- 
anisms for myelin damage. In M. leprae- 
induced demyelination, we found that there 
was no evidence of macrophage infiltration, 
as the number of CD68-positive macrophages 
was rare in the endoneurium of the sciatic 
nerves of infected Ragl-J- mice (16). Be- 
cause Ragl-/- mice are also devoid of func- 
tional T and B cells (11), we conclude that the 
demyelination induced by M. leprae in vivo 
is not the result of antibody-mediated phe- 
nomena or macrophage- or T cell-mediated 
inflammatory processes. Because these 
pathological conditions induced by M. leprae 
in both in vivo and in vitro models resemble 
neuropathies in human leprosy (3, 7), they 
may represent an early phase of nerve dam- 
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age in patients with other neurodegenerative 
diseases. One possible mechanism for such 
non-immune-mediated demyelination and/or 
nerve injury would be the perturbation of 
homeostasis of the neural microenvironment 
and signaling network by M. leprae infection. 

An important consequence of M. leprae at- 
tachment to the Schwann cell-axon units is 
bacterial invasion. Molecular dissection of M. 
leprae attachment and early invasion in animal 
models has been difficult, however, mainly ow- 
ing to the failure of localization of M. leprae 
within Schwann cells for as yet unknown rea- 
sons (27). Although this was also the case in 
Ragl-'/- mice described in the present study 
(16), we could localize significant numbers of 
M. leprae in close proximity to myelinated and 
nonmyelinated Schwann cells within the endo- 
neurium, and some bacteria were found at- 
tached to myelinated Schwann cells (Fig. 4C). 
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Fig. 4. Distinct functional consequences of nonmyelinated and myelinated Schwann cells in 
response to M. leprae infection in vitro and in vivo; bacterial invasion, demyelination, and Schwann 
cell proliferation. (A and B) Nonmyelinated Schwann cells (NMSC) are preferentially invaded by M. 
leprae, whereas myelinated Schwann cells (MSC) are resistant to bacterial invasion but undergo 
demyelination (see Fig. 1). (A) Quantification of nonmyelinated and myelinated Schwann cells 
infected with M. leprae in vitro. (B) Intracellular M. leprae (arrows) were found exclusively in 
nonmyelinated Schwann cells in high numbers. Axons in nonmyelinated Schwann cells are normal 
(arrowheads) in spite of the numerous bacteria. (C) Representative electron micrograph of sciatic 
nerve of Ragl-/- mice 72 hours after infection showing extracellular M. leprae (arrows) either 
attached to or close to myelinated Schwann cells, one of which is shown with extensive 
demyelination (double arrowheads). (D to F) In vitro and in vivo proliferation of Schwann cells in 
M. leprae-infected Schwann cell-neuron cocultures and sciatic nerves of Ragl-/- mice that are 
undergoing demyelination. Quantification of 5-bromo-2'-deoxyuridine (BrdU)-positive cells in 
cocultures (D) and in teased fiber preparations from sciatic nerves of Rag'-/- mice (F) reveals that 
M. leprae (+ML) induce a statistically significant increase in Schwann cell proliferation (P < 0.05 
and P < 0.005 in vitro and in vivo, respectively). (E) Representative confocal micrograph showing 
demyelinated fibers associated with Schwann cell proliferation in vitro as detected by double- 
labeling with BrdU-specific antibody (green) and MBP-specific mAb (red). The arrows denote the 
demyelinated fibers (red) with proliferating Schwann cell nuclei (green). 

In contrast, the nerve culture model was found 
to be suitable for M. leprae invasion studies, 
because this in vitro model mimics the prefer- 
ential localization of M. leprae to nonmyeli- 
nated Schwann cells as in patients with lepro- 
matous leprosy (6, 7) (described below). We 
have therefore focused our efforts on this in 
vitro model of M. leprae invasion. 

Analyzing the events of M. leprae inva- 
sion in myelinated versus nonmyelinated 
phenotypes in in vitro cultures (28) showed 
striking differences. The most consistent 
finding in myelinated Schwann cells is their 
resistance to M. leprae invasion even after 72 
hours (Fig. 4A), although at that time point 
M. leprae induces significant demyelination 
and axonal degeneration in this phenotype 
(Fig. 2B). This clearly indicates that M. lep- 
rae invasion is not necessary to cause demy- 
elination, but the bacterial attachment alone 
is sufficient to induce this nerve pathology 
via a contact-dependent mechanism(s). This 
also seems to be the case in Ragl-/- mice 
infected with M. leprae, because some bac- 
teria were found attached to or in the vicinity 
of the myelinated Schwann cells that are 
undergoing demyelination in vivo (Fig. 4C). 

In contrast to myelinated Schwann cells, 
nonmyelinated Schwann cells are highly sus- 
ceptible to M. leprae invasion in vitro, with 
intracellular bacteria found in the majority of 
nonmyelinated cells (>75%) in varying de- 
grees (that is, 1 to 30 bacteria per cell; Fig. 4, A 
and B). This is also the case in human leprosy, 
where intracellular M. leprae are frequently 
seen in nonmyelinated Schwann cells (70 to 
80%) in the early stage, but bacilli are rarely 
seen in myelinated Schwann cells (-4%) even 
in advanced lepromatous patients with high 
bacterial load (6, 7). This susceptibility of non- 
myelinated Schwann cells to M. leprae invasion 
may provide this bacterium with a clear advan- 
tage for its intracellular survival within the 
PNS. M. leprae-induced demyelination and ax- 
onal damage in vitro and in vivo resemble 
peripheral nerve injury such as in Wallerian 
degeneration, where Schwann cells rapidly pro- 
liferate to promote the regeneration of injured 
nerves (29). Strikingly, Schwann cells in M. 
leprae-infected cocultures and sciatic nerves of 
Ragl-'/- mice proliferate (30) significantly 
(P < 0.05 and P < 0.005, respectively) after 72 
hours (Fig. 4, D to F), at which point myelin- 
ated fibers both in vitro and in vivo have un- 
dergone substantial demyelination and axonal 
degeneration (Figs. 2B and 3). On the basis of 
these findings, we propose that M. leprae-in- 
duced nerve injury contributes to Schwann cell 
proliferation, as in other nerve injury responses 
(29), and, thereby, increases the number of 
nonmyelinating Schwann cells in the early 
phase of the infectious process. Because M. 
leprae is an obligate intracellular bacterium, it 
must invade its preferred nonmyelinating phe- 
notypes in order to survive within the PNS. 
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However, as the infection progresses and bac- 
teria undergo unrestrained multiplication, the 
availability of nonmyelinating Schwann cells 
becomes a limiting factor. To avoid such a 
situation, leprosy bacilli may induce demyeli- 
nation and axonal damage as an effective strat- 
egy to increase the number of nonmyelinating 
Schwann cells so that a sufficient intracellular 
niche is available for bacterial survival. Be- 
cause myelinated Schwann cells do not serve as 
an intracellular niche for M. leprae, we propose 
that M. leprae propagates a nonmyelinating 
phenotype by inducing demyelination and 
nerve injury in myelinated Schwann cells in the 
early phase of infection, a novel bacterial sur- 
vival strategy in the nervous system. 
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There is a relation between stress and alcohol drinking. We show that the 
corticotropin-releasing hormone (CRH) system that mediates endocrine and 
behavioral responses to stress plays a role in the control of long-term alcohol 
drinking. In mice lacking a functional CRH1 receptor, stress leads to enhanced 
and progressively increasing alcohol intake. The effect of repeated stress on 
alcohol drinking behavior appeared with a delay and persisted throughout life. 
It was associated with an up-regulation of the N-methyl-D-aspartate receptor 
subunit NR2B. Alterations in the CRH1 receptor gene and adaptional changes 
in NR2B subunits may constitute a genetic risk factor for stress-induced alcohol 
drinking and alcoholism. 
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Alcoholism is a multifactorial disorder in 
which the environment interacts with genetic 
predisposition to produce the final level of 
risk (1, 2). Stressful life events and maladap- 
tive responses to stress influence alcohol 
drinking and relapse behavior (3-6). Al- 
though the relation between stress and alco- 
hol drinking in humans (3, 4) and laboratory 
animals (5, 6) is complex, it is known that in 
some individuals alcohol drinking is an at- 
tempt to cope with stress. Stress-induced al- 
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cohol drinking and relapse behavior appar- 
ently have a significant genetic component 
(7, 8), but molecular and cellular mechanisms 
underlying stress-induced alcohol drinking 
and relapse behavior are still obscure. Recent 
studies have implicated the CRH system and 
the glutamatergic system in these processes 
(9, 10). 

CRH regulates endocrine responses to 
stress (11) and mediates stress-related behav- 
ioral responses by means of extrahypotha- 
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lamic sites (12). The CRH signal is transmit- 
ted by two types of receptors, termed the 
CRH1 and CRH2 receptors, which differ in 
their pharmacology and expression pattern in 
the brain (13, 14). Dysregulation in the CRH/ 
CRH1-receptor system has been attributed to 
a variety of stress-related psychiatric disor- 
ders, including alcoholism (9). Mice lacking 
a functional CRH1 receptor (Crhrl-/-) (15) 
represent a useful animal model to address 
the question of whether a dysfunctional CRH/ 
CRH1-receptor system influences individual 
vulnerability for alcohol drinking, under bas- 
al and stress conditions, and whether long- 
term alcohol self-administration is influenced 
by this mutation. 

Before studying alcohol drinking in 
Crhrl-'- mice, we further tested the func- 
tional impairment of the CRH1 receptor. 
Crhrl-/- mice that are lacking the G pro- 
tein-coupling domain show a blunted hor- 
monal stress response (15). Extracellular 
field potential measurements that are exem- 
plary in the CA1 region of the hippocampus 
were used to document the dysfunctional sig- 
nal transduction (16). In an in vitro prepara- 
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