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ABSTRACT The light microscopic immunocytochemical lo-
calization of corticotropin-releasing factor (CRF) is described in
the endocrine pancreas of several species representing the major
classes of vertebrates: fishes (channel catfish, Ictalurus puncta-
tus), amphibians (African clawed toad, Xenopu8 laevis), reptiles
(chameleon, Anolis carolinensis), birds (chicken, Gallus domesti-
cus), and several mammals (rat, mouse, cat, rhesus monkey, and
man). The CRF-containing cells are scattered over the entire islet
tissue in primates and cat, whereas in rat and mouse they are lo-
cated at the periphery of the islets. In the chicken and catfish, the
CRF-containing cells are found in a central location within islets
and form larger clusters or cords. Single cells with CRF-like im-
munoreactivity are interspersed between acinar cells of the exo-
crine pancreas in all species studied. The CRF cells show a sub-
stantial topographical overlap with glucagon cells, but their precise
identity and function remain to be determined.

Corticotropin-releasing factor (CRF), a 41-amino acid peptide,
has been isolated and characterized from extracts of ovine hy-
pothalamus as a potent stimulator of the secretion of cortico-
tropin (ACTH) and 3-endorphin (1-3). Immunocytochemical
studies have established that most of the CRF in the hypo-
thalamus is located both in neurons of the paraventricular nu-
cleus and in terminals around portal capillaries of the median
eminence (4-7). CRF-like immunoreactivity has been identi-
fied in hypophysial portal blood (8). The neural pathways through
which CRF reaches the median eminence also have been de-
scribed (9). Like other neuropeptides, CRF is widely distrib-
uted in extrahypothalamic areas of the brain, determined by
both radioimmunoassay (10) and immunocytochemistry (11-13).
In addition to stimulating the release of ACTH and /8-endor-
phin, CRF has a broad range of pharmacological effects, which
include changes in behavior, heart rate, blood pressure, and in
blood concentrations of epinephrine, norepinephrine, gluca-
gon, and glucose (14-18). Thus, CRF appears to be an important
regulatory peptide mediating stress-related physiological re-
sponses and predictably possessing other, hitherto unsus-
pected, hormone- or neurotransmitter-like activities. On the
basis of current hypotheses concerning the common evolution-
ary origin of hormones and neurotransmitters (19-21), CRF may
be expected to occur at peripheral sites, such as autonomic and
sensory ganglia or nerve fibers and terminals, or in endocrine
cells scattered in a variety of organs.

This report describes the immunocytochemical localization
of CRF-like immunoreactivity in the endocrine pancreas in rep-
resentative species of the major classes of vertebrates, includ-
ing man.

MATERIALS AND METHODS
Sources of Tissues. Five adult male Sprague-Dawley rats

were obtained from ARS/Sprague-Dawley (Madison, WI). One
Sprague-Dawley rat and one White Leghorn chicken (Gallus
domesticus) were sacrificed at approximately 1 day of age. Three
adult female mice (C57BL/6J) were obtained from Blue Spruce
Farms (Altamont, NY). One African clawed toad (Xenopus lae-
vis) and pancreatic tissue from two channel catfish (Ictalurus
punctatus) were gifts from L. J. Haverkamp (Neurobiology Pro-
gram, University of North Carolina) and J. E. Brinn (Depart-
ment of Anatomy, East Carolina University), respectively. Three
lizards (Anolis carolinensis) were purchased from Carolina Bi-
ological Supply (Burlington, NC). Pancreatic tissue from two
adult cats and two adult rhesus monkeys (Macaca mulatta) also
was studied. Human pancreas (courtesy of E. K. MacRae and
F. D. Dalldorf) was from a 1-year-old infant who died in an ac-
cident.

Preparation of Tissues. Rat, mouse, cat, monkey, chicken,
toad, and lizard tissues were fixed by perfusion with 4% para-
formaldehyde as described (22). The pancreata from both the
human and the catfish were fixed by immersion, the former in
10% formalin and the latter in Bouin's solution. Fixation was
followed by washing, dehydration, and embedding in paraffin.
Serial sections were cut at 5 or 8 1Am.

Antisera. All primary antisera (except the antiinsulin serum)
were prepared in rabbits. The antiserum to CRF (SV-22) was
made by coupling synthetic ovine CRF (gift from D. H. Coy,
Department of Medicine, Tulane University) to bovine serum
albumin with glutaraldehyde (7). The glucagon antiserum (R-32)
against highly purified porcine glucagon was a gift from K. P.
Lund (Department of Physiology, University of North Caro-
lina) and D. J. Sanders (Department of Physiology, Medical
School, Newcastle upon Tyne, England). The antiserum rec-
ognizes the midportion of the glucagon molecule and binds both
pancreatic glucagon and its precursors. The antiserum (6-F) to
somatostatin (somatotropin release-inhibiting factor, SR-IF) was
made by using synthetic SR-IF-14 coupled to bovine thyro-
globulin with glutaraldehyde and was a gift from E. R. Perl (De-
partment of Physiology, University of North Carolina). The in-
sulin antiserum (no. 7) was raised in a guinea pig against purified
porcine insulin and was a gift from L. E. Underwood (Depart-
ment of Pediatrics, University of North Carolina). The anti-
serum to bovine pancreatic polypeptide (PP) was purchased from
Accurate Chemical (Westbury, NY). Optimal dilutions for all
antisera ranged between 1:2,000 and 1:10,000.

Abbreviations: ACTH, corticotropin; CRF, corticotropin-releasing fac-
tor; PP, pancreatic polypeptide; SR-IF, somatotropin release-inhibiting
factor or somatostatin.
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Immunocytochemistry. Slides were deparaffinized and stained
by using the peroxidase-antiperoxidase complex (Stemberger-
Meyer Immunocytochemicals, Jarrettsville, MD) according to
the "double PAP" method (23). The distribution of CRF was
compared to that of other pancreatic hormones by localizing two
antigens in the same section with contrasting chromogens (24).

Controls. Method specificity (25) was tested by a series of
increasing dilutions of the primary antiserum, resulting in a
gradual decrease and eventual disappearance of the immuno-
staining. Antiserum specificity was tested by absorption of the
anti-CRF serum with synthetic CRF, bovine insulin (Sigma),
glucagon (Sigma), synthetic SR-IF-14 (Beckman Bioproducts,
Palo Alto, CA), pentagastrin (Bachem Fine Chemicals, Marina
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Del Rey, CA), 'y-endorphin (Peninsula Laboratories, San Car-
los, CA), bovine PP (gift from R. E. Chance, Lilly Research
Laboratories, Indianapolis, IN), and synthetic human gastrin I,
motilin, secretin, gastric inhibitory peptide, and vasoactive in-
testinal polypeptide (gifts from D. H. Coy, Tulane University).
The anti-CRF serum also has been characterized by immuno-
diffusion and radioimmunoassay (7) and by immunocytochem-
istry on brain tissue (9, 11).

Sections stained for the simultaneous localization of two an-
tigens, and adjacent sections stained alternatively for CRF and
either insulin, glucagon, SR-IF, or PP, provided additional con-
trols of specificity. These techniques also were used in attempts
to determine whether CRF-like immunoreactivity occurred in
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FIG. 1. CRF-like immunoreactivity in pancreatic tissue. (A) Islet of Langerhans from.the mouse pancreas. Note peripheral localization of CRF
cells. (x250.) (B) CRF cell in the exocrine pancreas of the toad (X. laevis). The cell is wedged between exocrine cells at the periphery of an acinus.
(x 1,000.) (C) Cat pancreas. A cluster of CRF cells is attached to a nerve ganglion (*) located in the interlobular connective tissue. EP, exocrine
pancreas. (x250.) (D) Islet of Langerhans from the cat pancreas. CRF cells are present both at the periphery and in the central regions of the islet.
(x400.) (E) Islet of Langerhans from the pancreas of a 1-year-old human. The CRF cells are scattered in all regions of the islet. (x250.) (F) Islet
of Langerhans from the pancreas of a rhesus monkey. The CRF cells are distributed evenly over the entire islet. (x 250.)
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the same cells together with any of the known pancreatic hor-
mones. The results were analyzed with a Zeiss Universal mi-
croscope equipped with a drawing attachment (camera lucida).

RESULTS
Immunoreactive CRF was detected in pancreatic cells in all of
the species studied (Figs. 1, 2, and 3). There was substantial
CRF-like immunoreactivity in the pancreas of the 1-year-old
human and the 1-day-old rat and chicken. Absorption of the anti-
CRF serum with synthetic CRF (7.5 ag/,ld) abolished all im-
munostaining, whereas absorption with excess insulin, gluca-
gon, SR-IF, PP,.gastrin, y-endorphin, motilin, secretin, gastric
inhibitory peptide, or vasoactive intestinal polypeptide had no
effect on the intensity or distribution of the reaction product.
Cells containing CRF-like immunoreactivitywere generally small,
oval, or polygonal and were only rarely stellate. The immu-
nostaining was granular and was localized over the cytoplasm.

In the mouse and the rat, CRF cells were located at the pe-
riphery of the islets of Langerhans (Figs. 1A and 3A). Some of
these cells were attenuated and often appeared to constitute the
outermost boundary of the islet. In all of the species studied,
CRF cells were found scattered in the exocrine tissue, often
wedged between acinar cells like endocrine cells in the gas-
trointestinal epithelium (Fig. 1B). In the cat, a large cluster of
CRF-positive cells was found closely attached to a nerve gan-
glion in the interlobular connective tissue, entirely separate from
the pancreatic parenchyma (Fig. 1C). The same cluster con-
tained a large number of glucagon cells as well. No CRF-con-
taining cells were seen in the epithelium of the pancreatic ducts,
although SR-IF cells in such locations were readily detected,

confirming the observations of Hokfelt et aL (26). In the human,
the monkey, and the cat, the cells with CRF-like immunoreac-
tivity were scattered throughout the islets, with only a slight
tendency for greater numbers to occur at the periphery (Fig. 1
D-F). However, larger areas (sometimes as much as one-third)
of certain islets were completely free of CRF cells. A small pro-
portion of the islets did not appear to contain any CRF at all.
The CRF cells were especially numerous in the chicken (Fig.
2A) and the catfish (Fig. 2B). In both species, they were present
in the central regions of certain islets, whereas they seemed to
be absent from others. In both chicken and catfish, several
neighboring CRF cells formed cords or columns in close ap-
position to capillaries. Only the duodenal portions of the lizard
and toad pancreas were studied. No islets were present in this
region, but individual cells with CRF-like immunoreactivity were
seen dispersed within the endocrine parenchyma (Fig. 2 C and
D). In the lizard, CRF cells were more frequent in the vicinity
of small intralobular ducts.

Immunostaining of adjacent sections from rat, mouse, cat,
chicken, and human pancreata and dual staining for two anti-
gens in the same section from rat pancreas established that the
CRF-containing cells in these species were distinct from insu-
lin-containing (B) cells (for the classification of gastroentero-
pancreatic endocrine cells, see ref. 27). The same tests, together
with the nonstellate morphology of the CRF cells, indicated that
the latter also were distinct from SR-IF-containing (D) and PP-
containing (F) cells (cf. refs. 28 and 29). However, an extensive,
although incomplete, topographical overlap was seen between
the cells containing CRF.and those containing glucagon (A cells;
Fig. 3).
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FIG. 2. CRF-like immunoreactivity in pancreatic tissue. (A) Pancreas from a 1-day-old chicken. Numerous CRF cells form clusters and cords

in the central regions of the islets. (x200.) (B) Pancreas from the catfish (I. punctatus). Dense clusters of CRF cells are located centrally in the islet.
(x 160.) (C) Duodenal lobe of the lizard (A. carolinensis) pancreas. Note scattered CRF cells in the exocrine parenchyma in the vicinity of two small
ducts (*). (x400.) (D) Duodenal lobe of the toad (X. laevis) pancreas. CRF cells are scattered in the exocrine parenchyma. (X200.)

.- .:i'¢ . {

Medical Sciences: Petrusz et al.

Am.

:It
:L:

-i .. -.:.

.I.

Q:



1724 Medical Sciences: Petrusz et al.

te \ !. ? f 8

\ ,; i- - I vIa-

.,..... * .s E l--E w w * g .*E i ..... . A.
W w t: v

s s
b % -s*,lu I;- \S4.

44

m-.~ .,, ,.¢

FIG. 3. Adult rat pancreas. Near-adjacent 5-pum paraffin sections showing the distribution of immunoreactive CRF (A), glucagon (B), SR-IF
(C), and PP (D). For detailed explanation, see the text. (x200.)

DISCUSSION
Our results demonstrate that cells with CRF-ike immunoreac-
tivity can be detected with immunocytochemistry in the en-
docrine pancreas of representative species of the major classes
of vertebrates-i.e., fishes, amphibians, reptiles, birds, and
mammals (including man). Extensive tests of specificity indi-
cate that the antigen we have localized shares major determi-
nants with synthetic ovine CRF but is different from a large
number of known pancreatic and gastrointestinal hormones, in-
cluding the recently described preproglucagon molecule (30).
The precise relationship of the pancreatic CRF-like material to
brain CRF and to other CRF-like peptides (cf. ref. 1) can be
established only by future extraction and sequence analysis
studies.
The majority of the cells with CRF-like immunoreactivity in

the rat and the mouse are located at the periphery of the islets
of Langerhans, like glucagon-, SR-IF-, and PP-containing cells.
In the human, monkey, and cat pancreas, CRF cells are dis-
tributed over the entire islet tissue, whereas in the chicken and
the catfish they are located centrally within the islets. In ad-
dition, scattered individual cells with CRF-like immunoreac-
tivity are present in the exocrine pancreas in all of the species
studied. Observations on adjacent serial sections and on dual
stainings for two antigens in the same section from rat, cat, mouse,
and chicken pancreatic tissue did not provide evidence for co-
localization of CRF with insulin, SR-IF, or PP. However, a sub-
stantial, although still incomplete, overlap was seen between
the cells containing CRF and those containing glucagon. Thus,
it appears that the pancreatic CRF cell represents either a dis-
tinct cell type closely associated with glucagon cells or a sub-
population of the glucagon cells. Additional light and electron

microscopic studies will be required to fully characterize the
pancreatic CRF cell.
The presence of CRF-containing cells in the human pancreas

is particularly interesting. In the human, islet cell tumors ac-
companied by an "ectopic ACTH syndrome" have been de-
scribed and have been shown to contain bioassayable CRF-like
activity (31). The presence of CRF in such tumors can be better
understood in the light of our findings. It may be noted that
another recently discovered hypothalamic peptide, growth hor-
mone-releasing factor, was isolated from a human pancreatic tu-
mor (32).

Although little is known about the peripheral role(s) of CRF,
several interesting hypotheses may be proposed with regard to
the functional significance of our results. Various forms of stress
may be associated with decreased glucose tolerance, hypergly-
cemia, and elevated glucagon concentration (cf. ref. .33). These
effects are generally regarded as neurogenic and are thought to
be mediated through the rich autonomic innervation of islet cells
(34). Local "paracrine" (35) regulation of glucagon release by
CRF may represent a complementary mechanism, which may
be the stimulatory counterpart of the inhibitory effects of SR-
IF (36). Intracerebroventricular administration of CRF is fol-
lowed by a significant increase in blood glucagon and glucose
concentrations (14).
The blood circulation of the pancreas is organized as an in-

sulo-acinar portal system, so that long veins which drain the cap-
illaries of the islets divide into a secondary capillary network to
supply the exocrine (acinar) tissue (37). This anatomical arrange-
ment would permit pancreatic CRF to influence the secretory
activities of the exocrine pancreas. Similar interactions have been
described for other islet hormones (38, 39). The consistent pres-
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ence of CRF cells scattered among the acinar cells in all species
studied reinforces this possibility.

It also has been shown that CRF as well as the related pep-
tides sauvagine and urotensin I possess significant vasomotor
activities (16, 40-42). Thus, pancreatic CRF may play a role in
the local regulation of blood flow through the endocrine or the
exocrine pancreas. Finally, it is possible that pancreatic CRF,
like insulin, glucagon, and PP, enters the general circulation to
function as a "hormone" in the classical sense. However, its pe-
ripheral target sites are currently unknown.

In summary, we have described the presence of CRF-like
immunoreactivity in endocrine cells of the pancreas of catfish,
toad, lizard, chicken, mouse, rat, cat, monkey, and man. The
cells with CRF-like immunoreactivity occur in close association
with glucagon cells, but their precise identity remains to be es-
tablished. The functional significance of these findings is not
known at this time. However, the presence of a CRF-like an-
tigen in the pancreas over a wide phylogenetic range points to
considerable physiological importance for this recently discov-
ered neuropeptide and provides further support for the concept
of a close evolutionary and embryonic relationship between the
nervous system and the endocrine system.
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