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This year, 2015, will mark the sixtieth anniversary of the seminal work by Guillemin and Rosenberg
(1955) and Schally and Saffran (1955) which, along with the earlier work from Geoffrey Harris’ lab,
initiated the search for an adrenocorticotropin releasing factor that culminated with the discovery
of corticotropin-releasing factor (CRF) in 1981 by Wylie Vale’s laboratory (Vale et al., 1981). Since
the 1980s, the CRF story has had many twists and turns from the finding that CRF and its recep-
tors are located in many extra-hypothalamic brain areas and extending to the discovery that two
genome duplications expanded the CRF peptide family hundreds of millions of years ago. Because
of the early metazoan ancestry of CRF, this peptide has become ensconced in a number physiologi-
cal processes. We now know that stress in vertebrates is comprised of a complex set of physiological
actions that regulate organismal metabolism to promote protection of the individual and progeny
from life-threatening situations. This stress response likely evolved before the earliest multicel-
lular organisms yet has been retained throughout metazoan evolution. Vertebrates, in particular,
have developed some of the most complex stress-regulating mechanisms. Integral to this stress
response is CRF, and its paralogue, urocortin (urotensin-I/sauvagine) and a parallel paralogous
lineage consisting of urocortin 2 and 3.

Six review papers in this volume summarize some of the latest research on the role of CRF
and urocortin (UCN) peptides in modulating behavior during stress. In addition, two new research
studies present data supporting an ancient role for CRF/UCN receptors in social behavior and feed-
ing, while two additional papers explore the role of extrahypothalamic CRF neurons in behavioral
and endocrine responses.

A consistent theme running through this set of papers is that many of the effects of CRF/UCN
peptides on physiology and behavior are evolutionarily conserved. In their contribution, Chen et al.
(2013) examine the evolutionary origins of the tenuerin C-terminal associated peptides (TCAP),
peptides which may have predated the origin of the CRF peptide family. Chen et al. (2013) review
data on the neuromodulatory actions of TCAP-1 and both its direct and indirect effects as an
indirect modulator of CRF intracellular signaling.

Feeding and intake of nutrients is essential for the success of any species. A stress-response, as
regulated by the CRF family of peptides, generally has suppressive actions on appetite and digestion
in order to shunt energy from a parasympathetic need to arousal and sympathetic requirements.
From an evolutionary point of view this may be an adaptive response when an animal is threatened
by a threat in its environment, however there are obvious energetic costs if anorexia is prolonged.
As the papers by Matsuda (2013) and Ortega et al. (2013) indicate, CRF inhibition of appetite is a
phylogenetically ancient response based on data in fishes. Matsuda (2013) summarizes the data on
CRF and appetite in fish and points out the complexities of dissociating specific effects on appetite
from the broader impact of CRF peptides on anxiety and locomotor behavior. Ortega et al. (2013)
present new data in rainbow trout (Oncorhyncus mykiss) suggesting that the anorexic effects of

http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org/Neuroscience/editorialboard
http://www.frontiersin.org/Neuroscience/editorialboard
http://www.frontiersin.org/Neuroscience/editorialboard
http://www.frontiersin.org/Neuroscience/editorialboard
http://dx.doi.org/10.3389/fnins.2015.00122
http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive
https://creativecommons.org/licenses/by/4.0/
mailto:james.carr@ttu.edu
http://dx.doi.org/10.3389/fnins.2015.00122
http://www.frontiersin.org/journal/10.3389/fnins.2015.00122/full
http://community.frontiersin.org/people/u/20532
http://community.frontiersin.org/people/u/20533


Carr and Lovejoy CRF/urocortins in metabolism and behavior

serotoninmay bemediated by CRF- and/or urotensin I receptors.
Stengel and Taché (2014) provide an extensive and critical look at
CRF/UCN peptide signaling via CRF R1/2 receptors in feeding
behavior in mammals. These authors not only summarize the lat-
est studies on the central actions of CRF peptides related to food
intake in the context of stress adaptation but also look at the inter-
esting possibility that peripheral receptors also may be involved.
Stengel and Taché (2014) also summarize studies on CRF recep-
tor single nucleotide polymorphisms (snps) that are associated
with obesity.

Emerging evidence from comparative and preclinical studies
indicates that CRFmay play an adaptive role inmodulating social
behavior. In vertebrates, social stress is one of the greatest forms
of stressors. Prolonged and intense social stress can affect nutrient
acquisition and reproduction thus compromising both the health
of the individual and the population. In their paper, Solomon-
Lane et al. (2013) review the literature linking the hypothalamus-
pituitary-interrenal axis to socially-mediated sex change in fishes
and provide new data on the role of socially mediated sex change
in the blue banded goby (Lythyrpnus dalli). Backström and Win-
berg (2013) take a broad comparative approach to examine the
role of the HPI/HPA axis on social stress while Hostetler and
Ryabinin (2013) provide an extensive review of the role (s) that
central CRF pathways play in social and particularly, reproduc-
tive and courtship behavior. Interestingly, a number of authors
have commented on the close relationship between the CRF
system and the regulation of 5-HT, a neurotransmitter whose
evolutionary origins predate multicellular organisms.

Elaboration of the central nervous system is a hallmark of
vertebrate morphology and success. It is not surprising, there-
fore, that the CRF peptide family is associated with numerous
neurological circuits regulating most behaviors. The role of CRF
and its regulation of pituitary ACTH have been well covered in
the past. However, several of the papers in this volume touch
on the involvement of CRF/UCN peptides targeting receptors in
extra hypothalamic brain areas. These studies collectively high-
light the diverse phenotypes of cells producing CRF within the
CNS. Fox and Lowry (2013) review the interaction between CRF-
and 5-HT-producing neurons in the dorsal raphe nucleus, the
major site for 5-HT production within the brain. Dabrowska
et al. (2013) provide evidence that CRF neurons in the BNST and
PVN are phenotypically different based upon their physiological
response to local neurotransmitter release and whether they also
synthesize GABA or glutamate and may have either inhibitory
or excitatory actions, respectively. Callahan et al. (2013) use
RNAi techniques to locally knockdown CRF expression in the
central nucleus of the amygdala. Interestingly, disruption of
CRF synthesis in this brain area interferes with stress-induced
HPA activity and the expression of anxiety-like behaviors during
stress.

In summary, papers within this compendium illustrate the
long evolutionary history of the CRF family of peptides and their
importance to organismal physiology and behavior. Despite the
achievements over the last 60 years, there remains much to learn
about the role of the CRF family of peptides in the physiology and
pathology of vertebrates.

References

Backström, T., and Winberg, S. (2013). Central corticotropin releasing factor and

social stress. Front. Neurosci. 7:117. doi: 10.3389/fnins.2013.00117

Callahan, L. B., Tschetter, K. E., and Ronan, P. J. (2013). Inhibition of corticotropin

releasing factor expression in the central nucleus of the amygdala attenuates

stress-induced behavioral and endocrine responses. Front Neurosci. 7:195. doi:

10.3389/fnins.2013.00195

Chen, Y., Xu, M., De Almeida, R., and Lovejoy, D. A. (2013). Teneurin

C-terminal associated peptides (TCAP): modulators of corticotropin-

releasing factor (CRF) physiology and behavior. Front. Neurosci. 7:166. doi:

10.3389/fnins.2013.00166

Dabrowska, J., Hazra, R., Guo, J. D., Dewitt, S., and Rainnie, D. G. (2013). Central

CRF neurons are not created equal: phenotypic differences in CRF-containing

neurons of the rat paraventricular hypothalamus and the bed nucleus of the

stria terminalis. Front. Neurosci. 7:156. doi: 10.3389/fnins.2013.00156

Fox, J. H., and Lowry, C. A. (2013). Corticotropin-releasing factor-related pep-

tides, serotonergic systems, and emotional behavior. Front. Neurosci. 7:169. doi:

10.3389/fnins.2013.00169

Guillemin, R., and Rosenberg, B. (1955). Humoral hypothalamic control of

anterior pituitary: a study with combined tissue cultures. Endocrinology 57,

599–697. doi: 10.1210/endo-57-5-599

Hostetler, C. M., and Ryabinin, A. E. (2013). The CRF system and social behavior:

a review. Front. Neurosci. 7:92. doi: 10.3389/fnins.2013.00092

Matsuda, K. (2013). Regulation of feeding behavior and psychomotor activity by

corticotropin- releasing hormone (CRH) in fish. Front. Neurosci. 7:91. doi:

10.3389/fnins.2013.00091

Ortega, V. A., Lovejoy, D. A., and Bernier, N. J. (2013). Appetite-suppressing

effects and interactions of centrally administered corticotropin-releasing fac-

tor, urotensin I and serotonin in rainbow trout (Oncorhynchus mykiss). Front

Neurosci. 7:196. doi: 10.3389/fnins.2013.00196

Schally, A. V., and Saffran, M. (1955). The release of corticotrophin by anterior

pituitary tissue in vitro. Can. J. Physiol. Pharmacol. 33, 408–415.

Solomon-Lane, T. K., Crespi, E. J., and Grober, M. S. (2013). Stress and

serial adult metamorphosis: multiple roles for the stress axis in socially

regulated sex change. Front. Neurosci. 7:210. doi: 10.3389/fnins.2013.

00210

Stengel, A., and Taché, Y. (2014). CRF and urocortin peptides as modulators of

energy balance and feeding behavior during stress. Front. Neurosci. 8:52. doi:

10.3389/fnins.2014.00052

Vale, W., Spiess, J., Rivier, C., and Rivier, J. (1981). Characterization of a 41-

residue ovine hypothalamic peptide that stimulates secretion of corticotropin

and beta-endorphin. Science 213, 1394–1397. doi: 10.1126/science.6267699

Conflict of Interest Statement: The authors declare that the research was con-

ducted in the absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Copyright © 2015 Carr and Lovejoy. This is an open-access article distributed under

the terms of the Creative Commons Attribution License (CC BY). The use, distribu-

tion or reproduction in other forums is permitted, provided the original author(s)

or licensor are credited and that the original publication in this journal is cited, in

accordance with accepted academic practice. No use, distribution or reproduction is

permitted which does not comply with these terms.

Frontiers in Neuroscience | www.frontiersin.org 2 April 2015 | Volume 9 | Article 122

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive

	Energy metabolism and behavior in the corticotropin-releasing factor family of peptides
	References


