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Alcoholism, CRF and Molecular Genetic Allostasis
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Alcoholism, or Substance Dependence on alcohol, is a chronic relapsing disorder characterized
by loss of control over intake (compulsive use) and the emergence of a negative emotional
state during abstinence. Stress long has been considered a key element in the etiology of alcohol
dependence, yet the exact mechanisms by which stress exacerbates and interacts with alcohol
dependence have remained elusive. Recent work on the brain neurotransmitter corticotropin-
releasing factor (CRF) [see footnote on nomenclature] has provided new insights into the stress-
alcohol dependence interaction. Two papers in this issue of Biological Psychiatry (1,2) provide
an exciting molecular mechanism for this interaction that may have heuristic value for future
translational advances.

CRF is a 41 amino acid polypeptide with a wide distribution throughout the brain but high
concentrations of cell bodies in the paraventricular nucleus of the hypothalamus, the basal
forebrain (notably the amygdala and bed nucleus of the stria terminalis) and the brainstem.
Central administration of CRF mimics the behavioral response to activation and stress in
rodents, and administration of competitive CRF receptor antagonists generally have anti-stress
effects (3). Two major CRF receptors have been identified, with CRF; receptor activation
associated with increased stress responsiveness and CRF5 receptor activation associated with
decreases in feeding and decreased stress responsiveness, although there is some controversy
in this area depending on the location of the CRF, receptors in question.

In the current issue of Biological Psychiatry, Sommer et al. (1) studied rats using an animal
model of alcohol dependence and showed that CRF and expression of the crhl transcript within
the amygdala are upregulated in postdependent animals. Animals trained to self-administer
alcohol in a two-bottle, free-choice procedure and exposed to intermittent ethanol vapors to
induce dependence showed a doubling of ethanol intake and increased sensitivity to stress
which was reversed by a CRF receptor antagonist. CRF mRNA was increased in the central
nucleus of the amygdala, and crh1l transcript expression was increased in the basolateral
amygdala, with a concomitant decrease in crh2 transcript expression in the basolateral
amygdala.

These new results fit well with a burgeoning dataset implicating an increase in
extrahypothalamic CRF function with the excessive drinking associated with alcohol
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1The correct International Union of Pharmacology nomenclature for the peptide corticotropin-releasing factor is CRF, though some
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dependence in animal models. Rats with either a genetic predisposition for anxiety-like
behavior and excessive drinking, or with a history of dependence, show decreases in drinking
with administration of CRF4 antagonists administered systemically (4,5). CRF antagonists also
block stress-induced reinstatement to alcohol and other drugs of abuse (6). These effects have
been localized to the region of the central nucleus of the amygdala; local injection of a CRF1/
CRF, antagonist produced similar effects (7). A CRF, agonist microinjected into the central
nucleus of the amygdala also had a similar effect, consistent with the opposing actions on
crhl and crh2 gene transcripts in the present Sommer results. Thus, it appears that not only is
there increased expression of CRF neuropeptide activity in the amygdala in dependent rats,
but also an increase in CRF4 receptor activity and a concomitant decrease in CRF, receptor
activity. Another innovative aspect of the Sommer results is that these molecular and behavioral
effects persist into protracted abstinence, supporting the data from earlier pharmacological
studies (8). Altogether, these results demonstrate numerous targets for treatment of alcohol
dependence and open a new vista for addiction treatment in general.

In Blomeyer et al. (2) in the current issue, an ongoing cohort from the Mannheim Study of
Children at Risk were genotyped for two alleles of the CRF; receptor. Results showed that
individuals homozygous for the C allele of one single nucleotide polymorphism of the CRF;
receptor (rs1876831) drank higher maximum amounts of alcohol per occasion and had greater
lifetime rates of heavy drinking but only in relation to negative life events. No similar gene x
environment interactions were observed for the other crhl allele (rs242938). These results are
consistent with the observation that the genetically selected Marchigian-Sardinian alcohol
preferring (msP) rat line has high alcohol preference with increased behavioral responsivity to
stress and an innate upregulation of the crh1 transcript in several brain regions. Both the single
nucleotide polymorphism observed in Marchigian rats and the one in the human study were in
non-coding regions of the gene that can potentially influence transcription, with the former in
a promoter region and the latter in an intron. Together these results suggest the exciting
possibility that certain single nucleotide polymorphisms in the human population may predict
vulnerability to certain subtypes of excessive drinking syndromes and, perhaps somewhat more
mundane but equally provocative, may predict responsiveness to the use of CRF receptor
antagonists for the treatment of alcoholism. Of course, as the authors noted, some caution must
be considered given the relatively small sample size for a genetic association study. Replication
of this association with attention to defined phenotypes will be an important future pursuit.

Finally, the two present studies have provided molecular insight into a hypothesized conceptual
framework for addiction that, in a sense, is reorienting neurobiology of addiction field.
Addiction, and alcoholism in particular, has been hypothesized to reflect a break with
homeostasis that represents a chronic change in reward set point that results in the emergence
of a negative emotional state during abstinence. Continued drug taking to “self-medicate” the
elevation in reward set point produces short-term relief but drives the set point further from
homeostasis. Such a physiological change represents a classic allostatic mechanism (9) and
has been hypothesized to be driven by not only decreases in reward neurotransmission (e.g.,
the action of opioid peptides or dopamine), but also by recruitment of brain stress systems such
as CRF, neuropeptide Y, and norepinephrine (10). Most remarkable about the two studies in
this issue of Biological Psychiatry is that a molecular target has been identified supporting the
dark (stress) side of this conceptual framework that can be influenced by both the genetic
makeup of the organism (“being born that way”) and by excessive drug taking (environmental
insult) resulting in a possible gene x environment interaction. The implications of the CRF
story for the treatment, diagnosis, and prevention of alcoholism are profound.

Biol Psychiatry. Author manuscript; available in PMC 2009 January 15.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Koob Page 3

References

1. Sommer WH, Rimondini R, Hansson AC, Hipskind PA, Gehlert DR, Barr CS, Heilig MA. Upregulation
of voluntary alcohol intake, behavioral sensitivity to stress, and amygdala crhrl expression following
a history of dependence. Biol Psychiatry. 2007in press

2. Blomeyer D, Treutlein J, Esser G, Schmidt MH, Schumann G, Laucht M. Interaction between crhrl
gene and stressful life events predicts adolescent heavy alcohol use. Biol Psychiatry. 2007in press

3. Heinrichs SC, Koob GF. Corticotropin-releasing factor in brain: a role in activation, arousal, and affect
regulation. J Pharmacol Exp Ther 2004;311:427-440. [PubMed: 15297468]

4. Hansson AC, Cippitelli A, Sommer WH, Fedeli A, Bjork K, Soverchia L, Terasmaa A, Massi M, Heilig
M, Ciccocioppo R. Variation at the rat Crhrl locus and sensitivity to relapse into alcohol seeking
induced by environmental stress. Proc Natl Acad Sci USA 2006;103:15236-15241. [PubMed:
17015825]

5. Funk CK, Zorrilla EP, Lee M-J, Rice KC, Koob GF. Corticotropin-releasing factor 1 antagonists
selectively reduce ethanol self-administration in ethanol-dependent rats. Biol Psychiatry 2007;61:78—
86. [PubMed: 16876134]

6. Liu X, Weiss F. Additive effect of stress and drug cues on reinstatement of ethanol seeking:
exacerbation by history of dependence and role of concurrent activation of corticotropin-releasing
factor and opioid mechanisms. J Neurosci 2002;22:7856-7861. [PubMed: 12223538]

7. Funk CK, O’Dell LE, Crawford EF, Koob GF. Corticotropin-releasing factor within the central nucleus
of the amygdala mediates enhanced ethanol self-administration in withdrawn, ethanol-dependent rats.
J Neurosci 2006;26:11324-11332. [PubMed: 17079660]

8. Valdez GR, ZorrillaEP, Roberts AJ, Koob GF. Antagonism of corticotropin-releasing factor attenuates
the enhanced responsiveness to stress observed during protracted ethanol abstinence. Alcohol
2003;29:55-60. [PubMed: 12782246]

9. Sterling, P.; Eyer, J. Allostasis: A new paradigm to explain arousal pathology. In: Fisher, S.; Reason,
J., editors. Handbook of Life Stress, Cognition and Health. Chichester: John Wiley; 1988. p. 629-649.

10. Koob GF, Le Moal M. Addiction and the brain anti-reward system. Annu Rev Psychol. 2007in press

Biol Psychiatry. Author manuscript; available in PMC 2009 January 15.



