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Stress is a key environmental factor in alcohol addiction, and the stress system has been linked 26 

to alcohol use prior to dependence, after dependence, and in relapse to drinking after abstinence in 27 

both humans and rodent model systems (reviewed in Lowery and Thiele, 2010; Phillips et al., 2015, Ray, 28 

2011). The key central nervous system regulator of the mammalian stress response is Corticotropin-29 

Releasing Factor (CRF). This peptide mediates its primary effects through binding to G-protein coupled 30 

receptors, CRF receptor 1 (CRF-R1) and CRF receptor 2 (CRF-R2), and its activity is modulated by the CRF-31 

binding protein (CRF-BP). Dysregulation of the CRF system has been observed in a number of rodent 32 

models of binge drinking and alcohol dependence, with most studies focusing on the roles of CRF and 33 

CRF receptors, particularly CRF-R1 (reviewed in Lowery and Thiele, 2010; Phillips et al., 2015).  CRF-R1 34 

antagonists decreased binge drinking and self-administration in alcohol-dependent animals (Lowery and 35 

Thiele, 2010), suggesting potential therapeutic uses for CRF-R1 antagonists.  However, fewer studies 36 

have investigated the roles of CRF-R2 and CRF-BP in binge drinking and alcohol dependence.  37 

 In the recent study by Albrechet-Souza and colleagues (2015), a variety of drinking paradigms 38 

and pharmacological tools were utilized to examine the roles of CRF-BP and CRF-R2 in the ventral 39 

tegmental area (VTA) and central nucleus of the amygdala (CeA) in binge drinking and alcohol 40 

dependence. To model binge drinking, the authors used the drinking in the dark (DID) paradigm, in 41 

which mice were given limited access to 20% ethanol in the dark phase of their circadian cycle, resulting 42 

in drinking to intoxication and pharmacologically relevant blood ethanol concentration. Two variations 43 

of the DID paradigm were employed, both one-bottle and two-bottle choice (Rhodes et al., 2007).  44 

Alcohol dependence was modeled using a 4-week two-bottle choice, intermittent access to alcohol (IAA) 45 

paradigm. To investigate the role of CRF-BP in each of these paradigms, the CRF-BP ligand inhibitor  46 

CRF6-33 Sutton et al., 1995 was utilized ( ). The authors found that CRF-BP in the VTA, but not CeA, 47 

regulates one-bottle choice binge drinking, but not dependence-induced alcohol consumption. To 48 

investigate the role of CRF-R2 in the VTA in binge drinking, the CRF-R2 selective antagonist astressin 2B 49 

(A2B) was used. A2B injected alone into the VTA at a high dose led to a decrease in ethanol intake in 50 

two-bottle choice DID, while low dose A2B had no effect. Together, these exciting results reveal novel 51 

roles for CRF-BP and CRF-R2 in the VTA in binge drinking. 52 
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Roles for CRF-binding protein (CRF-BP)

The CRF-BP is a 37 kDa secreted glycoprotein that binds CRF and the CRF-like ligand, urocortin 1 54 

(Ucn1), with very high affinity. It is co-localized with CRF or CRF receptors at numerous sites (i.e. 55 

amygdala and BNST), suggesting potential sites of interaction in stress-reward pathways (reviewed in 56 

Westphal and Seasholtz, 2006). In humans, it is estimated that 40-60% of CRF in the brain is bound by 57 

CRF-BP, and CRHBP SNPs have been associated with alcohol use disorder and stress-induced alcohol 58 

craving (

: 53 

Ray, 2011), suggesting a role for the CRF-BP in susceptibility to alcohol use and addiction. 59 

The CRF-BP has been studied for over 20 years with many postulated roles.  In an inhibitory role, 60 

CRF-BP reduces CRF receptor activation, likely by sequestering CRF or Ucn1 and/or targeting them for 61 

degradation.  Consistent with this model, purified CRF-BP reduces CRF-mediated ACTH release from 62 

anterior pituitary cultures or AtT-20 cells (Cortright et al., 1995; Potter et al., 1991; Sutton et al., 1995). 63 

Recombinant CRF-BP also attenuates CRF-R1-mediated increases in cAMP (Boorse et al., 2006).  64 

Similarly, CRF-BP-deficient mice show increased baseline anxiety-like behavior and slowed return to 65 

homeostasis after lipopolysaccharide stress, consistent with elevated free levels of CRF in the absence of 66 

an inhibitory CRF-BP (Karolyi et al., 1999). In contrast, the study by Albrechet-Souza and colleagues 67 

(2015) suggests an enhancing or facilitatory role.  In this role, CRF-BP may bind CRF and increase CRF 68 

signaling, likely by delivering CRF to the receptor, extending the half-life of CRF, or modulating its 69 

interaction with the receptor.  Consistent with this hypothesis, VTA CRF-BP may normally facilitate 70 

alcohol consumption, as administration of CRF6-33 into VTA reduced binge drinking in mice (Albrechet-71 

Souza et al., 2015). Similarly, intra-VTA administration of CRF6-33

Wang et al., 2007

 attenuated CRF-induced relapse to 72 

cocaine seeking in rats ( ). Altogether, these results suggest that CRF-BP may have 73 

different roles depending on the specific cell type or context in which it is expressed, consistent with 74 

ultrastructural localization studies (Peto et al., 1999). Finally, the CRF-BP may exert ligand and/or 75 

receptor independent actions.  Administration (i.c.v.) of CRF6-33 elicits c-fos activation not only in a 76 

subset of CRF receptor-expressing cells, but also in CRF-BP-expressing cells that do not express ligand or 77 

CRF receptors, suggesting additional actions of CRF6-33 Chan et al., 2000 and/or CRF-BP ( ).  Hence, further 78 

studies are needed to elucidate the multiple roles of CRF-BP in vivo, as the actions of CRF-BP are likely 79 

brain region and cell type-dependent.  80 

CRF Receptors in Binge Drinking and Dependence: 81 
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The CRF receptors are highly homologous G-protein coupled receptors with similar, yet distinct 82 

ligand binding profiles. CRF binds with very high affinity to CRF-R1, but binds to CRF-R2 with about 30 83 

fold lower affinity. Both CRF receptors couple predominantly to Gαs, activating adenylyl cyclase and 84 

increasing cAMP levels and protein kinase A activity. However, they have also been shown to act 85 

through other G protein subtypes, including Gαq/11, Gαo, Gα i,  

Hillhouse and Grammatopoulos, 2006

in certain cellular contexts (reviewed in 86 

).   87 

There is a large body of literature implicating the role of CRF-R1 in excessive alcohol drinking 88 

(reviewed in Lowery and Thiele, 2010; Phillips et al., 2015). Altered CRF-R1 expression has been 89 

observed in rats with a history of alcohol dependence, and peripheral administration of CRF-R1 90 

antagonists reduced both binge drinking and dependence-induced alcohol consumption (Lowery and 91 

Thiele, 2010). Furthermore, CRF receptor regulation of alcohol consumption may be brain region-92 

specific, with CeA and VTA as major sites of action. Intra-CeA (but not basolateral amygdala) 93 

administration of a CRF-R1 antagonist decreased binge drinking (Lowery-Gionta et al., 2012). Similarly, 94 

intra-VTA CRF-R1 antagonist administration decreased binge drinking in a DID paradigm (Sparta et al., 95 

2013) and decreased excessive drinking during the two-bottle choice IAA paradigm (Hwa et al., 2013). 96 

Although less studied, CRF-R2 has also been implicated in excessive alcohol drinking, but often in an 97 

inverse fashion to CRF-R1. For example, i.c.v. administration of the CRF-R2-selective agonist Urocortin 3 98 

dose-dependently decreased binge drinking, and intra-CeA administration of Urocortin 3 resulted in 99 

decreased alcohol self-administration in alcohol dependent rats (reviewed in Lowery and Thiele, 2010; 100 

Phillips et al., 2015). Hence, CRF-R1 antagonists and CRF-R2 agonists often elicit similar responses.  In 101 

contrast, in the recent study by Albrechet-Souza et al. (2015), intra-VTA CRF-R2 antagonist (astressin 2B) 102 

administration decreased alcohol drinking in the two-bottle DID paradigm, suggesting that VTA CRF-R2 is 103 

facilitating drinking.  Additional studies that directly compare the effects of CRF-R1 and CRF-R2, via 104 

genetic approaches and/or receptor-selective agonists and antagonists, in the VTA, CeA and other brain 105 

regions will be required to fully elucidate the roles of these two receptors in alcohol binge drinking and 106 

dependence.   107 

 The CRF system is unique in that very few neuropeptides have a high affinity binding protein 109 

that is totally distinct from its receptors. CRF and Ucn1 bind to CRF-BP with very high affinity (K

Potential CRF-BP/CRF Receptor Interactions and Future Directions: 108 

d <1nM), 110 

equal to or greater than the affinity of these ligands for CRF-R1 and/or CRF-R2. Interestingly, the CRF-BP 111 

is widely expressed in brain, localizing to sites of CRF or Ucn1 expression or release, sites of CRF-R1 or 112 
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CRF-R2 expression, and sites where neither the receptors nor ligands are detected (Chan et al., 2000; 113 

Potter et al., 1992).  CRF-BP synthesis and release are also highly responsive to environmental cues, as 114 

stress, CRF, glucocorticoids and IL-6 all regulate CRF-BP expression (Westphal and Seasholtz, 2006).  Yet 115 

we still know little about the molecular mechanisms of its actions.  Purified CRF-BP attenuates CRF or 116 

Ucn1 activity at endogenous CRF receptors in cultured cells (Westphal and Seasholtz, 2006). In contrast, 117 

in vivo or slice studies suggest a facilitatory role for CRF-BP in VTA, with CRF6-33

Albrechet-Souza et al., 2015

 administration into the 118 

VTA decreasing ethanol consumption, CRF-induced relapse to cocaine, and CRF-mediated potentiation 119 

of NMDA EPSCs on dopamine neurons ( ; Ungless et al., 2003; Wang et al., 120 

2007).  Strikingly, many of the facilitatory effects of CRF-BP in VTA appear to be associated with CRF-R2 121 

(Ungless et al. 2003; Wang et al. 2007). In fact, Ungless et al. (2003) has proposed that CRF-BP is 122 

required for CRF activation of CRF-R2 and the downstream phospholipase C/protein kinase C, but not 123 

PKA, signaling pathway in VTA dopamine neurons. The study by Albrechet-Souza et al. (2015) begins to 124 

address this VTA CRF-BP/CRF-R2 interaction in the two-bottle choice DID paradigm, but does not test 125 

CRF6-33

Hence, while this interesting study by Albrechet-Souza et al. (2015) reveals new roles for the CRF 127 

system, especially CRF-BP and CRF-R2, in alcohol binge drinking, many questions remain. We propose 128 

that CRF-BP plays multiple roles in stress and alcohol addiction, likely in a brain-region and cell-type 129 

specific manner, with CRF receptor subtype and signaling pathway as potential determinants. Clearly, 130 

additional in vitro and in vivo studies are needed to define the mechanisms of CRF-BP/CRF/CRF receptor 131 

interactions. Future studies should also include viral and genetic approaches allowing cell-type specific 132 

overexpression or knockdown of CRF-BP, and/or CRF receptors, in various brain regions within the 133 

stress-reward pathway, as the transition from pre-dependent to dependent states in alcohol addiction 134 

involves different sites and circuits.  Together, these multidisciplinary approaches will allow us to better 135 

understand the multiple roles of the CRF-BP in inhibiting and facilitating CRF and/or Ucn1 interactions 136 

with CRF-R1 and CRF-R2 and the functional outcomes of these interactions in stress and addiction.   137 

 alone in this protocol, making it difficult to ascertain whether CRF-BP and CRF-R2 are interacting. 126 

 138 

Acknowledgements: 139 

The authors thank Dr. Gwen Stinnett for critical reading of the manuscript.  This work was supported by 140 

NIAAA INIA U01 AA013641 (AFS) and NSF Graduate Research Fellowship F031543 (KDK). 141 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

 

References: 142 

Albrechet-Souza, L., Hwa, L. S., Han, X., Zhang, E. Y., Debold, J. F. & Miczek, K. A. (2015) Corticotropin 143 

Releasing Factor Binding Protein and CRF Receptors in the Ventral Tegmental Area: Modulation 144 

of Ethanol Binge Drinking in C57BL/6J Mice. Alcohol Clin Exp Res. e-pub. 145 

Boorse, G. C., Kholdani, C. A., Seasholtz, A. F. & Denver, R. J. (2006) Corticotropin-releasing factor is 146 

cytoprotective in Xenopus tadpole tail: coordination of ligand, receptor, and binding protein in 147 

tail muscle cell survival. Endocrinology, 147, 1498-507. 148 

Chan, R. K., Vale, W. W. & Sawchenko, P. E. (2000) Paradoxical activational effects of a corticotropin-149 

releasing factor-binding protein "ligand inhibitor" in rat brain. Neuroscience, 101, 115-29. 150 

Cortright, D. N., Nicoletti, A. & Seasholtz, A. F. (1995) Molecular and biochemical characterization of the 151 

mouse brain corticotropin-releasing hormone-binding protein. Mol Cell Endocrinol, 111, 147-57. 152 

Hillhouse, E. W. & Grammatopoulos, D. K. (2006) The molecular mechanisms underlying the regulation 153 

of the biological activity of corticotropin-releasing hormone receptors: implications for 154 

physiology and pathophysiology. Endocr Rev, 27, 260-86. 155 

Hwa, L. S., Debold, J. F. & Miczek, K. A. (2013) Alcohol in excess: CRF(1) receptors in the rat and mouse 156 

VTA and DRN. Psychopharmacology (Berl), 225, 313-27. 157 

Karolyi, I. J., Burrows, H. L., Ramesh, T. M., Nakajima, M., Lesh, J. S., Seong, E., Camper, S. A. & Seasholtz, 158 

A. F. (1999) Altered anxiety and weight gain in corticotropin-releasing hormone-binding protein-159 

deficient mice. Proc Natl Acad Sci U S A, 96, 11595-600. 160 

Lowery, E. G. & Thiele, T. E. (2010) Pre-clinical evidence that corticotropin-releasing factor (CRF) 161 

receptor antagonists are promising targets for pharmacological treatment of alcoholism. CNS 162 

Neurol Disord Drug Targets, 9, 77-86. 163 

Lowery-Gionta, E. G., Navarro, M., Li, C., Pleil, K. E., Rinker, J. A., Cox, B. R., Sprow, G. M., Kash, T. L. & 164 

Thiele, T. E. (2012) Corticotropin Releasing Factor Signaling in the Central Amygdala is Recruited 165 

during Binge-Like Ethanol Consumption in C57BL/6J Mice. J Neurosci, 32, 3405-13. 166 

Peto, C. A., Arias, C., Vale, W. W. & Sawchenko, P. E. (1999) Ultrastructural localization of the CRF-167 

binding protein in rat brain and pituitary. J. Comparative Neurology, 413, 241-154. 168 

Phillips, T. J., Reed, C. & Pastor, R. (2015) Preclinical evidence implicating corticotropin-releasing factor 169 

signaling in ethanol consumption and neuroadaptation. Genes Brain Behav, 14, 98-135. 170 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

Potter, E., Behan, D. P., Fischer, W. H., Linton, E. A., Lowry, P. J. & Vale, W. W. (1991) Cloning and 171 

characterization of the cDNAs for human and rat corticotropin releasing factor-binding proteins. 172 

Nature, 349, 423-6. 173 

Potter, E., Behan, D. P., Linton, E. A., Lowry, P. J., Sawchenko, P. E. & Vale, W. W. (1992) The central 174 

distribution of a corticotropin-releasing factor (CRF)-binding protein predicts multiple sites and 175 

modes of interaction with CRF. Proc Natl Acad Sci U S A, 89, 4192-6. 176 

Ray, L. A. (2011) Stress-induced and cue-induced craving for alcohol in heavy drinkers: Preliminary 177 

evidence of genetic moderation by the OPRM1 and CRH-BP genes. Alcohol Clin Exp Res, 35, 166-178 

74. 179 

Rhodes, J. S., Ford, M. M., Yu, C. H., Brown, L. L., Finn, D. A., Garland, T., Jr. & Crabbe, J. C. (2007) Mouse 180 

inbred strain differences in ethanol drinking to intoxication. Genes Brain Behav, 6, 1-18. 181 

Sparta, D. R., Hopf, F. W., Gibb, S. L., Cho, S. L., Stuber, G. D., Messing, R. O., Ron, D. & Bonci, A. (2013) 182 

Binge ethanol-drinking potentiates corticotropin releasing factor R1 receptor activity in the 183 

ventral tegmental area. Alcohol Clin Exp Res, 37, 1680-7. 184 

Sutton, S. W., Behan, D. P., Lahrichi, S. L., Kaiser, R., Corrigan, A., Lowry, P., Potter, E., Perrin, M. H., 185 

Rivier, J. & Vale, W. W. (1995) Ligand requirements of the human corticotropin-releasing factor-186 

binding protein. Endocrinology, 136, 1097-102. 187 

Ungless, M. A., Singh, V., Crowder, T. L., Yaka, R., Ron, D. & Bonci, A. (2003) CRF requires CRF-binding 188 

protein to potentiate NMDA receptors via CRF receptor 2 in dopamine neurons. Neuron, 39, 189 

401-407. 190 

Wang, B., You, Z. B., Rice, K. C. & Wise, R. A. (2007) Stress-induced relapse to cocaine seeking: roles for 191 

the CRF(2) receptor and CRF-binding protein in the ventral tegmental area of the rat. 192 

Psychopharmacology (Berl), 193, 283-94. 193 

Westphal, N. J. & Seasholtz, A. F. (2006) CRH-BP: the regulation and function of a phylogenetically 194 

conserved binding protein. Front Biosci, 11, 1878-91. 195 

 196 

 197 A
u
th

o
r 

M
a
n
u
s
c
ri
p
t


