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The corticotropin-releasing factor (CRF) family of neuropeptides
includes the mammalian peptides CRF, urocortin, and urocortin II,
as well as piscine urotensin I and frog sauvagine. The mammalian
peptides signal through two G protein-coupled receptor types to
modulate endocrine, autonomic, and behavioral responses to
stress, as well as a range of peripheral (cardiovascular, gastro-
intestinal, and immune) activities. The three previously known
ligands are differentially distributed anatomically and have distinct
specificities for the two major receptor types. Here we describe the
characterization of an additional CRF-related peptide, urocortin III,
in the human and mouse. In searching the public human genome
databases we found a partial expressed sequence tagged (EST)
clone with significant sequence identity to mammalian and fish
urocortin-related peptides. By using primers based on the human
EST sequence, a full-length human clone was isolated from
genomic DNA that encodes a protein that includes a predicted
putative 38-aa peptide structurally related to other known family
members. With a human probe, we then cloned the mouse or-
tholog from a genomic library. Human and mouse urocortin III
share 90% identity in the 38-aa putative mature peptide. In the
peptide coding region, both human and mouse urocortin III are
76% identical to pufferfish urocortin-related peptide and more
distantly related to urocortin II, CRF, and urocortin from other
mammalian species. Mouse urocortin III mRNA expression is found
in areas of the brain including the hypothalamus, amygdala,
and brainstem, but is not evident in the cerebellum, pituitary, or
cerebral cortex; it is also expressed peripherally in small intes-
tine and skin. Urocortin III is selective for type 2 CRF receptors and
thus represents another potential endogenous ligand for these
receptors.

Corticotropin-releasing factor (CRF), a 41-aa peptide that
was first isolated from ovine hypothalamus (1), plays an

important role in the regulation of the pituitary-adrenal axis, and
in endocrine, autonomic and behavioral responses to stress (2).
Until recently, the CRF family of neuropeptides comprised
structurally related mammalian and nonmammalian peptides
including urocortin (Ucn), a 40-aa peptide originally identified
in rat brain (3), fish urotensin I (Uro; ref. 4), and amphibian
sauvagine (Svg; ref. 5).

In addition to effects on the pituitary and central nervous
system, CRF and related peptides have been shown to modulate
cardiovascular and gastrointestinal functions and inflammatory
processes in mammals. The actions of CRF-related peptides are
mediated via specific binding to G protein-coupled receptors
derived from two distinct genes, CRF type 1 (CRF-R1; refs. 6–8)
and CRF type 2 (CRF-R2; refs. 9–11) receptors. CRF-R1 and
CRF-R2 have distinct pharmacologies and differ in their ana-
tomical distribution (12). CRF and Ucn bind and activate
CRF-R1 with similarly high affinities (3). Ucn displays high
affinity for CRF-R2, whereas CRF has approximately 10-fold
lower affinity for this receptor. We recently identified a second
mammalian urocortin II (Ucn II), a 38-aa peptide from mouse

brain, that binds CRF-R2 selectively and with high affinity (13).
A human sequence closely related to Ucn II (human urocortin
related peptide or URP) was also identified, but lacks the typical
consensus proteolytic cleavage site associated with C-terminal
processing (13). Because we were aware of an additional ex-
pressed sequence tag (EST) related to urocortin in the human
database, we left open the question of whether human URP may
represent the mouse Ucn II ortholog until we could search for
additional genes in the mouse. We have now identified both
human and mouse genes encoding a deduced 38-aa peptide that
represents a new member of the CRF family, which we name
urocortin III (Ucn III). Ucn III preferentially binds and activates
CRF-R2 and has a discrete central nervous system and periph-
eral distribution.

Materials and Methods
PCR Amplification and Hybridization Screening. Nested PCR primers
were designed based on the partial human EST sequence,
59-AAG AGT CCC CAC CGC ACC AAG TTC ACC-39 and
59-TCC CTC GAC GTC CCC ACC AAC ATC ATG-39, and
used to screen a Human GenomeWalker Kit (CLONTECH).
Nested PCR was performed for 35 cycles at 66°C for 12 min. The
amplified fragments were subcloned into pCRIITOPO vector
(Invitrogen), sequenced, and found to encode the full-length
mature peptide. A 144-bp probe was generated that included the
mature peptide region of human Ucn III. This probe was used
to screen a mouse genomic library in lFIXII vector (Stratagene)
by using standard hybridization techniques (3). By using primers
designed from the mouse genomic sequence, a mouse Ucn III
cDNA was isolated from whole brain cDNA by PCR. PCR was
performed at 55°C for 35 cycles with 2 min extension at 72°C.

Peptide Synthesis. Human and mouse Ucn III were synthesized
manually by using the solid phase approach, and purified by using
RP-HPLC as described for mouse Ucn II (13). The peptide was
cleaved and deprotected in hydrofluoric acid and then purified
on a Vydac (Hesperia, CA) C4 cartridge using 0.1% trif luoro-
acetic acid (TFA); ref. 14]. Peptides were greater than 95% pure
by the criteria of independent HPLC and capillary zone elec-
trophoresis. Mass spectra confirmed the composition of the
preparations.

Abbreviations: CRF, corticotropin-releasing factor; CRF-R1, CRF receptor type 1; CRF-R2, CRF
receptor type 2; CRF-BP, CRF binding protein; Ucn, urocortin; CHO, Chinese hamster ovary;
EST, expressed sequence tag; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; URP,
human urocortin related peptide.

Data deposition: The sequences reported in this paper have been deposited in the GenBank
database [accession nos. AF361943 (human Ucn III) and AF361944 (mouse Ucn III)].
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Binding Assays. Crude membrane fractions were prepared from
Chinese hamster ovary (CHO) cells stably expressing either
cloned human CRF-R1 or murine CRF-R2 as described (3). A
stably transfected cell line expressing human CRF-R2a was
generously provided by Demitri Grigoriadis (Neurocrine Bio-
sciences, San Diego). Test peptides and radio-ligand, [125I-
Tyr0,Glu1,Nle17]sauvagine, diluted in assay buffer (20 mM
Hepesy2 mM EGTAy0.1% BSAy10% sucrose, pH 7.6), were
combined with membrane fractions (10 mg) in 0.22-mm Duro-
pore microtiter plates (Millipore) precoated with 0.1% polyeth-
yleneimine. After 90 min at room temperature, the reaction
mixture was filtered and washed twice with assay buffer. The
radioligand complex was quantified by gamma-counting. Inhib-
itory binding constants, Ki’s, were determined by using GRAPH-
PAD software. The affinities of Ucn II and Ucn III for the CRF
binding protein (CRF-BP) were estimated on the basis of the
displacement of [D-125I-Tyr0]hCRF according to ref. 15.

cAMP Assay. CHO cells, stably transfected with either human
CRF-R1 or murine CRF-R2, were plated into 48-well tissue
culture dishes (Costar) and allowed to recover for 24 h. The
medium was changed at least 2 h before treatments to DMEMy
0.1% FBS. The cells were preincubated with 0.1 mM 3-isobutyl-
1-methylxanthine for 30 min and then exposed to peptides for 20
min at 37°C. Rat aortic smooth muscle cells, A7r5, were plated
into 48-well culture dishes and allowed to recover for 48 h. Cells
were starved in DMEMy0.2% FBS overnight before the exper-
iment. Cells were treated as described above for CHO cells. Rat
anterior pituitary cells were established in culture (16) and
treated with test peptides for 45 min at 37°C. Intracellular cAMP
was extracted from all cells and measured from triplicate wells
using a RIA kit (Biomedical Technologies, Stoughton, MA).
Potencies were determined by using PRISM GRAPHPAD software.

RNase Protection. Total RNA was extracted by using Tri Reagent
(Molecular Research Center, Cincinnati, OH). Mouse Ucn III
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
mRNA levels were measured simultaneously by RNase protec-
tion, using mouse GAPDH as an internal loading control. A
528-nt Ucn III antisense riboprobe specific to the mouse Ucn III
mRNA was synthesized by using T3 RNA polymerase. A 200-nt
antisense riboprobe specific to mouse GAPDH mRNA was
synthesized by using T3 RNA polymerase. All riboprobes were
synthesized in the presence of [a-32P]UTP [3,000 Ciymmol (1
Ci 5 37 GBq)] and either 20 mM UTP for Ucn III or 200 mM
UTP for GAPDH, as described (17). The fragment sizes pro-
tected by Ucn III and GAPDH riboprobes are 415 and 135
nucleotides, respectively.

RNase protection analysis was carried out as described (17).
RNA samples (50 mg of peripheral tissue or 20–25 mg of brain
tissues) were hybridized in 24 ml of deionized formamide plus 6
ml of hybridization buffer containing 107 cpm of Ucn III and 3 3
104 cpm GAPDH antisense riboprobes. After heating to 85°C for
5 min, the samples were hybridized at 42°C for 12 h and
subsequently digested by RNase (175 mgyml RNase A and 500
Uyml RNase T1) at 24°C for 60 min. The samples were resolved
on 5% polyacrylamide urea gels. Image analysis was performed
by using the PhosphorImager system (Molecular Dynamics) and
the IMAGEQUANT 4.0 software package.

In Situ Hybridization. 33P-labeled antisense and sense cRNA
probes transcribed from linearized mouse Ucn III cDNA were
hybridized to 20 mM coronal brain sections of adult C57BLy6
mice and Sprague–Dawley rats. After hybridization, the slides
were dipped in Kodak NTB-2 liquid emulsion and exposed at 4°C
for 10 days.

Results
Cloning of Human and Mouse Ucn III. We screened the human EST
database of GenBank by using a pufferfish (Takifugu rubripes)
sequence (GenBank assession number AJ251323) related to
urocortin (URP) as a probe. A partial human EST was identified
that was structurally related to the pufferfish URP sequence and
contained the precursor sequence and the first 29 aa of the
mature peptide region. To extend sequence information at the
C terminus, primers were designed based on the partial human
EST sequence to screen a human GenomeWalker Kit (CLON-
TECH) by PCR. Library pools of human genomic DNA were
screened by using gene-specific and anchored primers in a nested
PCR strategy. We identified a full-length human gene encoding
a protein for a putative peptide, Ucn III, which is related to
known CRF family members.

Based on the full-length human Ucn III sequence, a 144-bp
probe that spanned the mature peptide region was generated to
search for a mouse ortholog. The probe was used to screen a
mouse genomic lFIXII library (Stratagene) by low stringency
hybridization. A full-length mouse genomic clone was identified
and sequenced. To verify expression of the gene, we performed
RT-PCR with primers based on the mouse sequence and iden-
tified a mouse cDNA from whole brain.

Both human and mouse Ucn III genes contain two potential
initiation sites for translation. The nucleotide sequence of the
human gene encodes a protein deduced to be either 161 or 159
aa, with preference for the first methionine (ref. 18; Fig. 1A).
Similarly, the mouse gene encodes a protein deduced to be either
a 164- or 162-aa precursor also with preference for translation
beginning at the first methionine (Fig. 1B). The C-terminal
sequence of both human and mouse Ucn III peptides contains
a pair of basic residues, RK for the human and KK for the mouse,
immediately preceded by a glycine, presumed to be involved in
C-terminal amidation. From among several options, we tenta-
tively selected a cleavage site that would generate the same
length peptide (38 aa) in both mouse and human, but the size of
the mature Ucn III has yet to be established. The predicted
mature peptide regions of the human and mouse Ucn III
peptides are shown in the boxed regions (Fig. 1 A and B).
Because the mature peptide regions of human and mouse Ucn
III differ only by 4-aa residues, we consider them likely to be
orthologous.

In Fig. 1C, the putative 38-aa mature peptide region of human
Ucn III sequence is compared with that of other family members.
Human and mouse Ucn III share 40% identity to mouse Ucn II
and they share 37% identity to human URP. They are more
distantly related to Ucn and CRF. Human and mouse Ucn III
share 21% and 18% identity with human and mouse Ucn,
respectively. Human and mouse Ucn III share 32% and 26%
identity to humanyrat CRF. The mammalian urocortins II and
III appear to be a separate but related evolutionary branch of the
CRF-family with closer ties to two pufferfish urocortins than to
mammalian Ucn or CRF (Fig. 1D). At the amino acid level, the
pufferfish URP (GenBank accession no. AJ251323) is most
closely related (76% identity) to both human and mouse Ucn III,
and more distantly related to human URP (42%) and mouse Ucn
II (37%). A second pufferfish urocortin sequence (GenBank
accession no. AL175143) is also more closely related to Ucn III
(53%) than to any of the other mammalian CRF family mem-
bers. A third pufferfish peptide (GenBank accession no.
AL218869) is most similar to the fish urotensin I with highest
amino acid identity to flounder urotensin I (63%).

Receptor and CRF-BP Binding and Cellular Activation. Receptor bind-
ing. Comparisons of the binding affinities and potencies for
stimulating cAMP accumulation in cells stably expressing the
human CRF-R1, rat CRF-R2a, and mouse CRF-R2b are shown
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in Table 1. Ucn is significantly more potent than either Ucn II
or Ucn III in binding to CRF-R1. Both Ucn II and Ucn III
selectively bind both splice variants of CRF-R2, compared with
CRF-R1. Human Ucn III displays lower affinity for either type
2 receptor than Ucn or Ucn II. Mouse Ucn III displays consid-
erably higher affinity for murine CRF-R2 receptors than does
human Ucn III. Both Ucn II and Ucn III display slightly higher
affinities for CRF-R2b compared with CRF-R2a. The potency
advantage of mouse Ucn III over human Ucn III is also observed
for binding to human CRF-R2a (data not shown).

Activation of adenylate cyclase in receptor-transfected cells.
Intracellular cAMP accumulation in cells stably transfected with
either CRF-R1 or CRF-R2 was used as a measure of receptor
activation. Both Ucn II and Ucn III have very low potencies to
activate CRF-R1 (.100 nM), contrasting sharply with that of
Ucn, whose EC50 is '0.15 nM. Indeed, Ucn III shows no
activation of CRF-R1 even at very high doses (1 mM). The
potencies of Ucn II and III in activating CRF-R2a and CRF-R2b
are approximately equal and nearly equivalent to that of Ucn.
Thus, in the cAMP stimulation assay both Ucn II and III show
selectivity for CRF-R2 over CRF-R1, but no preference with
respect to CRF-R2a and CRF-R2b. Further, the relative po-

tencies of murine and human Ucn II and Ucn III to functionally
activate CRF-R2 overlap despite the lower affinity of human
Ucn III for binding to CRF-R2.

Activation of adenylate cyclase in cells expressing endogenous
receptors. The abilities of Ucn II and Ucn III to activate
adenylate cyclase in cells expressing endogenous CRF-R1 (cul-
tured primary anterior pituitary cells; ref. 3) or CRF-R2b (A7r5
cells; ref. 19) are shown in Fig. 2. Ucn II and Ucn III are able to
activate endogenous CRF-R2b at sub- or low nanomolar con-
centrations of ligand (Fig. 2 A). Expectedly, Ucn II exhibits low
potency to increase cAMP in cultured pituitary cells expressing
CRF-R1, whereas Ucn III is inactive in this assay even at
concentrations .1 mM (Fig. 2B).

Binding to CRF binding protein. As opposed to CRF and
urocortin, which have subnanomolar affinities for CRF-BP,
neither Ucn II nor Ucn III exhibit appreciable affinity for this
protein (data not shown).

Ucn III mRNA Expression. RNase protection assays were performed
to determine the tissue distribution of mouse Ucn III mRNA. Total
RNA from tissue encompassing several regions of the central
nervous system and peripheral tissues was hybridized with a 528-bp

Fig. 1. (A) Predicted amino acid sequence encoding hu-
man Ucn III and (B) mouse Ucn III. Amino acids are num-
bered starting with the initiating methionine. The putative
mature peptide coding region is in the boxed area. (C)
Alignment of putative mature peptide regions of human
and mouse Ucn III with pufferfish urocortins, human and
mouse Ucn II, human and ovine CRF, pufferfish urotensin
(Uro), frog sauvagine, and human and mouse Ucn. Residues
identical to human Ucn III sequence are boxed. Alignment
was made by using the CLUSTAL method of MEGALIGN in
DNASTAR. Z, pyroglutamic acid; ■, amidation site (putative
for human Ucn II). (D) The phylogenetic tree groups human
and mouse Ucn III with the pufferfish urocortins and human
and mouse Ucn II. The more distantly related group is
comprised of ovine and human CRF, human and mouse
Ucn, pufferfish Uro, and frog sauvagine. The scale beneath
the tree measures sequence distances. The phylogenetic
tree was generated by DNASTAR.

Table 1. Binding properties and functional activities of CRF-family ligands

Peptide
Binding* hCRF-R1

(Ki, nM)
Binding* rCRF-R2a

(Ki, nM)
Binding* mCRF-R2b

(Ki, nM)
cAMP† hCRF-R1

(EC50, nM)
cAMP† rCRF-R2a

(EC50, nM)
cAMP† mCRF-R2b

(EC50, nM)

Ucn (rat) 0.32 (0.14–0.77) 2.2 (0.91–5.4) 0.62 (0.14–2.8) 0.15 (0.03–0.64) 0.063 (0.014–0.28) 0.087 (0.017–0.43)
Ucn II (human) .100 1.7 (0.73–4.1) 0.50 (0.22–1.16) .100 0.26 (0.11–0.61) 0.42 (0.16–1.1)
Ucn II (mouse) .100 2.1 (0.78–5.4) 0.66 (0.13–3.3) .100 0.14 (0.04–0.43) 0.05 (0.02–0.12)
Ucn III (human) .100 21.7 (8.2–57) 13.5 (9.2–19.7) .100 0.16 (0.09–0.28) 0.12 (0.06–0.20)
Ucn III (mouse) .100 5.0 (4.0–6.3) 1.8 (0.77–4.1) .100 0.073 (0.052–0.10) 0.081 (0.08–0.80)

The values were determined from three to six independent experiments using stably transfected Chinese hamster ovary cells (†) or their membranes (*) for
each test peptide. EC50 and Ki values were determined by using PRISM software. Their log10 values were averaged (g). The average EC50 or Ki was taken to be 10g.
The standard deviation of the log10 values was calculated (d). The ranges given were taken to be [(10g)10d or 10gy10d]. Ucn, urocortin.
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cRNA probe that spanned the mature peptide region and gave a
protected fragment of 415 bp. In the central nervous system, sites
of mRNA expression include the hypothalamus, brainstem, and
lateral septum (LS)ybed nucleus of stria terminalis (BnST) (Fig. 3).
The pituitary, cerebellum, and cerebral cortex showed no detect-
able mRNA expression. In the periphery, Ucn III mRNA is
expressed in small intestine and skin, with no detectable expression
in heart, aortic vessel, liver, or lung (Fig. 3).

To reveal a more detailed pattern of expression of Ucn III in
the brain, we carried out in situ hybridization on both rat and
mouse brain sections by using antisense and sense cRNA probes
generated from a 528-bp mouse Ucn III cDNA template. A
positive Ucn III mRNA signal was observed only in sections
hybridized with the antisense probe. The distribution of Ucn III
mRNA expression was found to be limited mainly to a few
discrete regions of the ventral forebrain (Fig. 4). One was in the
median preoptic nucleus, where a continuous band of positively
labeled cells comprised an inverted Y-shaped midline grouping.
Neither of the circumventricular cell groups with which the
median preoptic nucleus is intimately associated (the vascular
organ of the lamina terminalis and the subfornical organ)
contained positive hybridization signals, and the only additional
sites of Ucn III mRNA expression at this level were over
scattered cells in medial and lateral preoptic areas. A second
major locus of Ucn III mRNA expression appeared as a longi-
tudinally organized cluster of labeled cells associated with (and
essentially encircling) the columns of the fornix throughout the

rostral hypothalamus. This cluster includes cells situated within
the posterior part of the bed nucleus of the stria terminalis,
anterior and lateral hypothalamic areas, and the ill-defined
region just lateral to (but seldom within) the paraventricular
nucleus of the hypothalamus. The caudal extension of this
grouping occupied an analagous position, mainly dorsal and
lateral to the rostral aspects of the dorsomedial hypothalamic
nucleus. Apart from this ‘‘rostral perifornical’’ group, scattered
positively hybridized neurons were seen reliably in the ventral
part of the anterior periventricular nucleus and the retrochias-
matic area. The third major site of Ucn III mRNA expression was
over a subset of cells in the anterodorsal part of the medial
amygdaloid nucleus. In the brainstem, the only reliable site of
Ucn III expression was localized discretely to an auditory-related
cell group, the superior paraolivary nucleus (Fig. 4).

Discussion
We identifed Ucn III by sequence homology screening of the
human GenBank database. Analyses of the peptide or nucleotide
sequences of the complete proteins or putative mature peptide
regions of Ucn III and Ucn II suggest that they represent a
separate branch of the CRF family more closely related to one
another than they are to other members (Fig. 1D). With 76%
identity within the putative mature peptide domain, Ucn III and
pufferfish URP are likely to be orthologous. It is likely that the
human URP gene, which is most related to mouse Ucn II, is the
human Ucn II ortholog. We propose that the human URP gene
be renamed the human urocortin II gene. The fact that the
human Ucn II precursor lacks consensus proteolytic processing
residues at the putative C-terminal region (although the poten-
tial amide-donating glycine is present) and has multiple potential
N-terminal cleavage sites raises the possibility that the product
of the human Ucn II prohormone may be an extended peptide
or even a cyclic protein that is larger than the other members of
the family. The orthologous relationship between murine and

Fig. 2. Effects of Ucn-related peptides on cAMP accumulation in a CRF-R2b-
expressing cell line (A) and primary rat anterior pituitary cells (B). (A) A7r5 rat
aortic smooth muscle cells. EC50: mUcn II, 0.18 nM; mUcn III, 3.7 nM; hUcn III,
80.9 nM. (B) Primary rat anterior pituitary cells were established in culture and
were stimulated with various peptides for 45 min. EC50: rUcn, 2.3 nM; hUcn II,
1 mM; mUcn II, 0.75 mM (EC50 for hUcn II and mUcn II estimated by using the
plateau of rUcn).

Fig. 3. Expression of mouse Ucn III mRNA in brain and peripheral tissues. A
representative image of RNase protection assay of Ucn III mRNA. Total RNA
isolated from each tissue listed was hybridized with the mouse Ucn III anti-
sense probe and mouse GAPDH. The protected fragments were resolved on a
6% polyacrylamide urea gel. BnST, bed nucleus of stria terminalis.
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human Ucn II notwithstanding, the chemical nature and func-
tions of Ucn II in the human remain at issue.

Both mouse and human Ucn III are highly selective for the
type 2 CRF receptors and, like Ucn II, exhibit low affinities for
type 1 receptors and minimal abilities to induce cAMP produc-
tion in cells expressing either endogenous (anterior pituitary
corticotropes; Fig. 2B) or transfected (Table 1) CRF-R1. Human
Ucn III has lower affinity for the type 2 receptors than do either
mouse Ucn III or human or mouse Ucn II. Only four residues
differ between human and mouse Ucn III, providing structurey
function insight regarding the requirements for high affinity
CRF-R2 binding. Human Ucn III is also less potent on human
CRF-R2a (data not shown), indicating that the affinity differ-
ences between mouse and human Ucn III are not related to the
species source of the receptor. However, despite its relatively low
binding affinity for CRF-R2, human Ucn III is functionally quite
potent (EC50 , 1 nM) to promote cAMP production by cells
expressing this receptor. Therefore, both human and mouse Ucn
III exhibit sufficient potency to serve as native ligands for
CRF-R2. Neither of the CRF-R2 selective ligands, Ucn III or
Ucn II, are bound by CRF-BP with high affinity. By contrast, the
two ligands with high affinity for CRF-R1 also have high affinity
for CRF-BP.

From the RNase protection analyses, it is feasible that Ucn III
could gain access to receptors derived from CRF-R2 in both the
brain and periphery. In the periphery, Ucn III mRNA is found
in the small intestine and skin, although the cell types in which
Ucn III mRNA is expressed remain to be determined. In the GI
tract, CRF-R2 has been shown to be involved in modulating gut
motility (20).

In the brain, Ucn III mRNA is found in discrete subcortical
regions where its distribution is distinct from that of CRF (21),
Ucn (22), and Ucn II (13). Although identification of the
contexts in which Ucn III may operate must await the results of
detailed immunohistochemical and functional analyses, some
initial insights may be gleaned from its major sites of expression
in the median preoptic nucleus, what we term here the rostral
perifornical region, and the medial nucleus of the amygdala. By
virtue of receiving inputs from both circumventricular structures
of the lamina terminalis and the brainstem, the median preoptic
nucleus is considered a key site for the integration of neural and
humoral signals from the viscera, related to fluid and cardio-
vascular homeostasis (23, 24). Among the major targets of its
projections are multiple relevant neurosecretory and preauto-
nomic populations of the paraventricular andyor supraoptic
nuclei of the hypothalamus (25), at least some of which are
known to express CRF-R2 (26). It is decidedly more difficult to
assign potential functions to the rostral perifornical group of Ucn
III-expressing cells, because this cluster spans several cytoarchi-
tectonically defined cell groups, and is distinct from the peri-
fornical hypothalamic nucleus recognized by some authors (27).
It may be pointed out, however, that the perifornical region has
been identified as a sensitive site of action for several neuroactive
agents in stimulating ingestive behavior (28–30), and for exci-
tatory amino acids in eliciting cardiovascular responses (31).
Aspects of the perifornical region have been identified as
projecting to such major sites of CRF-R2 expression as the
lateral septal and ventromedial hypothalamic nuclei (32–34), and
the sources of local inhibitory (GABAergic) projections to
stress-related neuroendocrine and autonomic effectors in the
paraventricular nucleus includes a rostral perifornical compo-
nent (35) whose distribution is very similar to that of Ucn
III-expressing neurons. With regard to the third major site of
Ucn III expression identified in our material, anatomical and
functional studies have indicated that medial nucleus of the
amygdala projects extensively to the hypothalamus (including
the ventromedial nucleus) and other limbic forebrain structures
(36) and is involved in modulation of behaviors (37, 38) and
neuroendocrine function (39, 40) related particularly to repro-
duction and stress. Overall, the central sites of Ucn III expression
described here are consistent with potential roles for this peptide
in modulating stress-related autonomic, neuroendocrine, and
behavioral function, perhaps including some previously thought
to be a province of other members of this peptide family.

The distributions of the three murine urocortins exhibit some
potential for interacting with type 2 CRF receptors, and each
exhibits high affinity for these receptors. By contrast, CRF itself
is highly selective for CRF-R1 and has lower affinity for CRF-
R2. Under the assumption that the nomenclature for the three
urocortin-related peptides becomes accepted, it would be rea-
sonable to consider CRF-R2 to be a urocortin receptor both in
function and in name. The ‘‘CRF system’’ now includes ligands
with selectivity for each receptor type as well as the bivalent
ligand, urocortin. Careful anatomic and physiologic studies will
be required for the understanding of the roles of the various
components of this complex and important regulatory network.

Note Added in Proof. Since submission of this manuscript, Hsu and Hsueh
[(2001) Nat. Med. 7, 605–611] have described putative precursor peptides for
two new CRFyurocortin family members identified in the human genome,
named stresscopin and stresscopin-related peptide, which are identical to
human urocortin III, reported here, and human urocortin II, published
previously (13). Both groups agree that it is uncertain whether and how the
human urocortin II precursor may be processed to yield a functional
peptide. However, the presence of canonical proteolytic cleavage sites in
murine urocortin II (13) and murine urocortin III (present work) strongly
support the existence of both peptides in the mouse.

Fig. 4. Hybridization histochemical localization of Ucn III mRNA in the rat
brain. Positive hybridizing signal was most prominent in three regions of the
ventral forebrain. These included the median preoptic nucleus (A and B), the
rostral perifornical area that encompasses areas just lateral to the paraven-
tricular nucleus (C), the posterior part of the bed nucleus of stria terminalis (D),
and the medial amygdaloid nucleus (E). In the brainstem, positive hybridiza-
tion signals were detected mainly in the superior paraolivary nucleus (F). 3V,
third ventricle; ac, anterior commissure; BSTp, posterior part of the bed
nucleus of stria terminalis; fx, fornix; MeA, medial nucleus of amygdala;
MePO, median preoptic nucleus; OVLT, vascular organ of the lamina termi-
nalis; opt, optic tract; PVH, paraventricular nucleus of hypothalamus; SPO,
superior paraolivary nucleus; Tz, nucleus of the trapezoid body. (Scale bars,
50 mm.)
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