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Abstract

Corticotropin releasing hormone (CRH)
is a key hormone in integrated response to
stress, acting as the major regulator of
the hypothalamic-pituitary-adrenal axis.
Recently, local production of CRH has
been detected in normal human colonic
enterochromaffin cells. CRH is locally
secreted in granulomatous and arthritic
tissues in rats and humans, where it seems
to act as a local proinflammatory agent.
To find out if CRH is present in colonic
tissues of patients with ulcerative colitis,
this study examined the expression of this
peptide in the large bowel of patients with
ulcerative colitis. Colonic tissues of
patients with ulcerative colitis obtained by
endoscopic biopsy were immunostained
with anti-CRH antibody. CRH messenger
(m) RNA was also examined in biopsy
specimens of ulcerative colitis by the
reverse transcribed polymerase chain
reaction method and by in situ hybridisa-
tion. Considerably enhanced expression
of immunoreactive CRH was found in
mucosal inflammatory cells. Intense
staining with anti-CRH antibody was also
shown in mucosal macrophages. CRH
mRNA was expressed in mucosal epithe-
lial cells. The expression of immuno-
reactive CRH in colonic mucosal
epithelial cells of ulcerative colitis slightly
increased, but not significantly, compared
with normal colonic mucosal epithelial
cells. These results suggest that CRH may
play a part in the modulation of intestinal
immune and inflammatory system, and
as a modulator in the pathogenesis of
ulcerative colitis.

(Gut 1995; 37: 544-551)
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Corticotropin releasing hormone (CRH), a 41-
amino acid hypothalamic peptide,! is a major
regulator of the stress response and of the
immune/inflammatory reaction.2”7 In the
central nervous system, CRH stimulates
several stress related behaviours, as well as the
pituitary production of adrenocorticotropin
releasing hormone (ACTH), which in turn
stimulates the production of glucocorticoids by
the adrenal cortex.® The adrenal cortex exerts
indirectly anti-inflammatory and immuno-
suppressive effects. Immunoreactive CRH and
CRH messenger (m) RNA are also present in

cells of the immune system and peripheral
tissues outside the brain, such as the spinal
cord, adrenal medulla, lung, liver,® pancreas,!?
placenta,!! and ovary.!2 Recent in vitro
findings support that CRH have several
immunomodulatory roles, such as the secre-
tion of cytokines (interleukin (IL)-1, IL-2, and
IL-6),13 14 stimulation of lymphocyte prolifera-
tion and expression of IL-2 receptor,!®
enhancement of natural killer cell mediated
lysis,!® and secretion of leucocyte derived
ACTH and B-endorphin.!?

Some studies have previously shown that
CRH is locally secreted in inflammatory sites
of several animal models and arthritic joints of
patients with rheumatoid arthritis.!820 The
extent and intensity of immunoreactive CRH
in inflammatory sites correlated to the extent
and intensity of mononuclear cell infiltration.
In the carrageenin mediated inflammation,
immunoneutralisation of CRH resulted in a
significant decrease in the volume and cellu-
larity of the inflammatory exudate.!® These
findings suggest that CRH has predominantly
proinflammatory effects in peripheral inflam-
matory sites.

The presence of several neuropeptides such
as substance P2! and vasoactive intestinal
peptide?? have been reported in the gut. These
peptides have a role in the pathogenesis of
inflammatory bowel disease23 as well as several
gastrointestinal functions, such as digestion,
gastrointestinal motility, secretion of gastric
acid, and immunomodulation of the activity of
gut associated lymphoid tissues.?42° Recently,’
we found that CRH was locally secreted by
enterochromaffin cells in human colon,3? but
the function of this neuropeptide in colonic -
mucosa is still unclear. In this study, we inves-
tigated the role of CRH in the pathogenesis of
ulcerative colitis. To accomplish this, we
examined colonic mucosa from-patients with
ulcerative colitis, and compared them with
those of normal subjects by immunohisto-
chemical CRH staining, and CRH mRNA
detection by reverse transcribed polymerase
chain reaction (PCR) method and by in situ
hybridisation.

Methods

Tissues specimens

Colonic mucosal samples were obtained from
endoscopic biopsy specimens of 10 patients
with ulcerative colitis (male: 5, female: 5, age:
21-36 years). The diagnosis of ulcerative colitis
was based on history and clinical examina-
tion, endoscopic examination, and pathological
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findings of ulcerative colitis. Three patients had
pancolitis, five patients had left sided colitis, and
two patients had proctitis. All patients were
receiving no treatment at the onset of disease.
Four specimens were obtained from ascending
colon, one from transverse colon, two from
descending colon, eight from sigmoid colon,
nine from rectum. The control group, which
underwent total colonoscopy to exclude polyps
(male: 6, female: 4, ages: 20-76 years) had
normal physical and endoscopic examination,
and these biopsy specimens were diagnosed as
normal tissues with haematoxylin and eosin
stain. In the control group, two specimens were
obtained from ascending colon, two from trans-
verse colon, one from descending colon, three
from sigmoid colon, two from rectum. All
patients were prepared with oral polyethylene-
glycol lavage solutions but no enema, to
decrease mechanical stimulation of colon.

RNA preparation and analysis

Biopsy specimens of colonic mucosa from 10
patients with ulcerative colitis and from 10
normal subjects were obtained for RNA
analysis. Total RNA was collected from three
biopsy specimens of each person. Total cellular
RNA was extracted by the acid guanidium thio-
cyanate-phenol-chloroform method.3! For PCR
analysis of RNA cDNA was prepared by reverse
transcription of 10 ug of each RNA sample
using the GeneAmp RNA PCR kit (Perkin-
Elmer Cetus Instruments, Norwalk, CT, USA)
with random hexamer primers.!® The cDNA
was diluted to 100 pl and the same mixtures
were used in all PCR reactions. PCR reactions
were performed in a 50 pl reaction volume con-
taining 5 pl of each cDNA in 50 mM KCl, 10
mM TRIS-HCI (pH 8-3), 2 mM MgCl,, 200
M each of dATP, dCTP, dGTP, and dTTP,
2 ng/ul each of the sense and antisense primers,
a 5 units of Taq polymerase (Perkin-Elmer
Cetus). The primers used were: (a) human
CRH,2° sense 5'-CAATCGAGCTGTCAA-
GAGAGC-3' and antisense 5'-GGAA-
GAAATCCAAGGGCTGAG-3', (b) B-actin,
sense 5'-GTGGGGCGCCCCAGGCACCA-
3’, and antisense 5'-CTTTAGCACGCACT-
GTAATTCCTC-3'. All primer pairs
amplified a fragment that crossed an intron,
thereby distinguishing by the size of the
expected fragment after amplification between
cDNA and contaminating genomic DNA. The
conditions for thermal cycling were: 94°C for
one minute, 55°C for two minutes, and 72°C
for three minutes for 50 cycles. This pro-
gramme was preceded by five minutes at the
given denaturation temperature and followed
by seven minutes at 72°C. The amplification
reactions were analysed on 3-0% agarose gels.

Antibodies

Rabbit polyclonal anti-CRH antibody was affin-
ity purified by absorption to and elusion from a
CRH-conjugated sepharose 4B (Pharmacia
Fine Chemical, Uppsala, Sweden) column.!8 19
Characteristics of this antibody used was: titre,
1:96 000; dilution that causes 10% displace-
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ment of radiolabelled tracer, effective doseg, 40
pg/ml; concentration that causes 50% displace-
ment of radiolabelled tracer, effective doses,
170 pg/ml. The anti-CRH antiserum has cross
reactivity of less than 0-001% for growth hor-
mone releasing hormone, luteinising hormone
releasing hormone, antidiuretic hormone,
ACTH, luteinising hormone, follicle stimulat-
ing hormone, thyroid stimulating hormone,
prolactin, B-endorphin, and growth hormone.
Antihuman pan-macrophage antibody (Ki-
M1)32 for double antibody immunostaining
was purchased from Seikagaku Corporation,
Tokyo, Japan. This antibody was secreted
by a hybridoma formed from the fusion of
mouse myeloma cells from BALB/C mouse
immunised against human macrophages.

Immunohistochemistry

Tissue immunohistochemical staining was
done with the Vectastain avidin-biotin peroxi-
dase complex kit (Vector Laboratories,
Burlingame, CA, USA). Colonic tissue speci-
mens from 10 ulcerative colitis patients and 10
control subjects were preserved in 10% forma-
lin. Specimens were embedded in paraffin wax,
serially sectioned onto microscope slides at a
thickness of 4 um, and then deparaffinised.
The slides were immersed for 45 minutes in
0-3% hydrogen peroxide in methanol to
deplete endogenous peroxidase. Non-specific
binding sites were saturated with 0-3% bovine
serum albumin, normal goat serum diluted to
1:66-7 in phosphate buffered saline for 20
minutes. Primary antibodies against CRH
(affinity purified anti-CRH immunoglobulin G
(I1gG), 30 wg/ml), or control normal rabbit IgG
(Vector) applied to tissue sections and
incubated in a humidified chamber at a room
temperature for 30 minutes. The sections were
then washed with phosphate buffered saline for
10 minutes. Biotinylated goat antirabbit IgG
(Vector) in 10 ml of phosphate buffered saline
were applied to tissue sections, and the slides
were incubated at room temperature for 30
minutes. They were further washed with
phosphate buffered saline for 10 minutes. This
was followed by incubation with performed
avidin DH-biotinylated peroxidase (Vector)
for 45 minutes, and followed by phosphate
buffered saline for 10 minutes. Finally, colour
was developed by immersion of the sections in
a peroxidase substrate solution (0-05% 3,3'-
diaminobenzidine tetrahydrochloride, 0-04%
nickel chloride, and 0-01% hydrogen peroxide
in 0-05 M TRIS-HCI (pH 7-2)) for two to five
minutes. The sections were counterstained
with 0-5% light green (Sigma Chemical, St
Louis, MO, USA). Positive staining was
shown by brownish-black deposits, and back-
ground staining was light green.

For each of the tissue specimens, the extent
and intensity of staining with anti-CRH anti-
body in mucosal inflammatory cells were
graded on a scale of 04+ by two blinded
observers on two separate occasions using
coded slides as previously described.!® 20 A 4+
grade implies maximally intense staining,
whereas 0 implies no staining. Analysis of data
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603 bp —»
310 bp —»

Figure 1: Polymerase chain reaction (PCR) analysis of
reverse transcribed RNA isolated from colonic mucosa.
Total RNA (20 pg) was purified from 10 normal subjects
and 10 patients with ulcerative colitis, and collected from
three biopsy specimens of each person. Primers for CRH
generated the expected 425 nucleotide band after 50 cycles
of PCR. Negative control reactions performed with no
RNA added to the reverse transcribed reaction or no reverse
transcriptase yielded no detectable bands. Lane 1; normal
colonic mucosa, lane 2; colonic mucosa from a patient with
ulcerative colitis, lane 3; no RNA, lane 4; normal subject
with no reverse transcriptase.

was performed using the Mann-Whitney U
test.

Double antibody immunostaining

Double antibody immunostaining was done
with the Vectastain avidin-biotin peroxidase
complex kit (Vector) using the manufacturer’s
suggested protocol and reagents.3°33 The
same tissues for the same block were stained
with antimacrophage antibody (Seikagaku)
diluted to 1:100 in phosphate buffered saline
using the alkaline phosphatase method and
with anti-CRH antibody (30 pg/ml) using the
peroxidase method. Control staining was done
with BALB/C ascites fluid (Cendarlane,
Ontario, Canada) or normal rabbit IgG
(Vector). Counterstaining was done with 0-5%
light green. Positive staining was shown by
brownish-black deposits for the peroxidase
method, red deposits for the alkaline phos-
phatase method, and black-red deposits for the
double antibody staining.

Oligonucleotide probe

We used an oligonucleotide probe to detect
specific nucleotide sequences of CRH mRNA.
This probe (5'-GAGAGCCGCGGGGCT-
GTCGAGCGAGCGCCGAGGCAGCAGC-
AGCTGCT-3') was made by a DNA syn-
thesiser (Applied Biosystems, Foster City, CA,
USA) and was complementary to a region
between nucleotides 1668 and 1714 of the
human CRH gene.?* This region had 79%
nucleotide sequence homology to nucleotides
898-999 of the rat CRH mRNA. The oligo-
nucleotide was labelled at the 3’ end with o 32P-
dCTP (ICN, Tokyo, Japan) using terminal
transferase (GIBCO BRL, Gaithersburg, MD,
USA).

In situ hybridisation and autoradiography

We analysed CRH mRNA by in situ hybridisa-
tion in biopsy specimens from three ulcerative
colitis patients and three normal subjects. In
ulcerative colitis patients, one specimen was
obtained from ascending colon, one from
descending colon, one from sigmoid colon,
two from rectum. In normal subjects, one
specimen was obtained from ascending colon,
one from transverse colon, one from descend-
ing colon, one from sigmoid colon, one from
rectum. In situ hybridisation was performed as

described previously by us.3? Colonic tissue
sections were embedded in paraffin wax and
placed onto gelatin coated slides at a thickness
of 4 wm. The slides were then acetylated,
rinsed in phosphate buffered saline, dehy-
drated in graded solutions of ethanol, and
dried before hybridisation. Hybridisation was
performed for 24 hours at 37°C using 1X10°
cpm of 32P-labelled oligonucleotide probe.
The slides were washed for one hour at 55°C
in 0-2Xstandard saline citrate. After further
washing, the slides were dehydrated in graded
solutions of ethanol, air dried, and dipped into
photographic emulsion. After exposure for 14
days at 4°C, the slides were developed in
Kodak D 19 developer (Kodak, Rochester,
NY, USA) for three minutes, rinsed in water,
and fixed in Fixer (Naniwa Photochemical
Supplies, Osaka, Japan) for three minutes. The
slides were finally counterstained with haema-
toxylin. Tissue sections were incubated with
RNase buffer containing 0-5% NaCl, 10 m
TRIS-HCI buffer (pH 8:0, 1 mM EDTA), and
0-02% RNase (Sigma) at 37°C for 30 minutes
before hybridisation and used as a negative
control.

Results

CRH mRNA transcripts in ulcerative colitis
Recently, some studies have shown CRH
mRNA in synovia from Lewis rats with adju-
tant induced arthritis and patients with
rheumatoid arthritis.’8!° Using a similar
reverse transcribed PCR method, we detected
the segments of cDNA corresponding to
specific CRH mRNA extracted from biopsy
specimens from ulcerative colitis patients and
normal subjects. Amplification of cDNA with
CRH primers used in this study predicted a
fragment of 425 base pair (bp) in length. All 10
ulcerative colitis patients and 10 normal
subjects expressed CRH mRNA in colonic
mucosa by PCR method. We could detect the
same size bands for CRH mRNA. Figure 1
shows representative data of a normal subject
(lane 1) and an ulcerative colitis patient (lane
2). Negative controls, performed with no RNA
(lane 3) or no reverse transcriptase (lane 4),
yielded no detectable bands. Primers specific
for human B-actin generated the expected
541 bp in all ulcerative colitis patients and
normal subjects (data not shown).

Immunohistochemistry

Colonic biopsy specimens from normal
subjects and ulcerative colitis patients were
evaluated for immunoreactive CRH with affin-
ity purified anti-CRH IgG. In normal colonic
tissues, immunoreactive CRH expressed in a
few mucosal epithelial cells and monocyte
(Fig 2(C)). We found considerably enhanced
expression of immunoreactive CRH in
mucosal inflammatory cells in all ulcerative
colitis patients, but not in the mucosal nerve
fibres and the plexus (Fig 2(A)). Immuno-
reactive CRH of mucosal inflammatory cells
was mainly distributed in mononuclear cells
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Fig 24

Fig 2B

including Immunoreactive

macrophages.
CRH expressed in colonic mucosal epithelial
cells of ulcerative colitis was slightly, but not
significantly, increased compared with that of

normal colonic mucosal epithelial cells.
Immunostaining with normal rabbit IgG was
uniformly negative in all cases (Fig 2(B)).

Statistical analysis of CRH immunostaining
The extent and intensity of colonic tissues
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Fig 2C

Figure 2: Immunostaining for CRH in colonic mucosa from
ulcerative colitis patients and normal subjects. Adjacent
colonic tissue sections were stained with anti-CRH antibody
(A4, C), or normal rabbit IgG (B). Positive
immunostaining (A, C) was shown by brownish-black
deposits and background was light green. Immunoreactive
CRH localised to mucosal epithelial cells and mucosal
inflammatory cells in patients with ulcerative colitis (A),
and in mucosal epithelial cells and mucosal monocytes in
normal colonic mucosa (C). Control immunostaining with
normal rabbit IgG was uniformly negative (B).

(Bar=100 pm.)

stained with anti-CRH antibody were graded
0 to 4+ by two blinded observers on 10
ulcerative colitis patients, and 10 normal
subjects. The extent and intensity of CRH
immunostaining of mucosal inflammatory cells
(Fig 3) from ulcerative colitis patients were
significantly greater than normal subjects
(p<0-01).

Double antibody immunostaining

To identify the localisation of immunoreactive
CRH in macrophages, we immunostained the
same sections from the colonic biopsy speci-
mens of ulcerative colitis by a double antibody
staining method with antimacrophage anti-
body and anti-CRH antibody. Intense black-
red deposits were detected in many mucosal
inflammatory cells (Fig 4(A)). Control staining
with normal rabbit IgG and BALB/C ascites
fluid was uniformly negative (Fig 4 (B)).
Staining with anti-CRH antibody/BALB/C
ascites fluid showed only brownish-black
deposits (data not shown). Staining with anti-
macrophage antibody/normal rabbit IgG
showed only red deposits (Fig 4(C)). These
findings suggested that many of the intense
staining of CRH positive inflammatory cells in
the colonic tissues of ulcerative colitis were
mucosal macrophages.
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Figure 3: Statistical analysis of CRH immunostaining of
colonic mucosal inflammatory cells from patients with
ulcerative colitis. The extent and intensity of
immunostaining with anti-CRH antibody 1n mucosal
inflammatory cells of colonic tissues with normal subjects
and ulcerative colitis patients were graded 0 to 4+ by two
blinded observers. CRH itmmunostaining was significantly
more extensive and intensive in colonic tissues of ulcerative
colitis patients (n=10) than normal colonic tissues (n=10)
by Mann-Whitney U test (p<0-01).

Fig 44

Expression of CRH mRNA in ulcerative colitis

To examine the localisation of CRH mRNA in
colonic tissues of ulcerative colitis patients and
normal subjects, we performed in situ hybridi-
sation with 32P-labelled oligonucleotide probe.
In all biopsy specimens of ulcerative colitis
patients (five of five)y CRH mRNA was
expressed in the colonic mucosal epithelial

Fig 4C

Figure 4: Double antibody immunostaining with anti-CRH
and antimacrophage antibody in same colon tissues of
patients with ulcerative colitis. Sections were stained with
antihuman pan-macrophage antibody using alkaline
phosphatase method and anti-CRH antibody using
peroxidase method (A), and stained with antimacrophage
antibody using alkaline phosphatase method and normal
rabbit IgG using peroxidase method (C). Counterstaining
was done with 0-5% light green. Positive staining was
shown by brownish-black deposits for the peroxidase
method, red deposits for the alkaline phoxphatase method,
and black-red d. s for the doubl ibody st

Control staining “with normal rabbit IgG and BALB/C
ascties fluid was uniformly negative (B). (Bar=200 um.)
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Figure 5: In situ hybridisation for CRH mRNA in colonic mucosa from patients with ulcerative colitis. CRH mRNA in
colonic mucosa in patients with ulcerative colitis was analysed by in situ hybridisation with 32P-dCTP-labelled CRH
oligonucleotide probe (A). Counterstaining was done with haematoxylin. CRH mRNA was expressed in only mucosal
epithelial cells. Negative control hybridisation incubated with RNase buffer showed only silver grains in background (B).

(Bar=100 um.)

cells. CRH mRNA was localised to the
mucosal layer. It was not detected in the
submucosa, however, nor in the nerve fibres
and plexus (Fig 5(A)). In all biopsy specimens
of normal subjects (five of five), CRH mRNA
was expressed in normal colonic mucosal
epithelial cells (data not shown). It was diffi-
cult to compare inflamed mucosa with normal
mucosa, because the structure of mucosa of
ulcerative colitis was destroyed by inflamma-
tion and ulceration. In our study, the expres-
sion of CRH mRNA in mucosal epithelial cells
of ulcerative colitis was not significantly
increased compared with that of normal sub-
jects. Negative control hybridisation incubated
with RNase buffer showed only a few back-
ground silver grains (Fig 5(B)).

Discussion

We have shown that immunoreactive CRH
expression was considerably increased in
mucosal inflammatory cells in ulcerative colitis
patients. The expression of immunoreactive
CRH in colonic mucosal epithelial cells was
slightly increased, but not significantly, com-
pared with normal colonic mucosal epithelial
cells including enterochromaffin cells. Double
antibody immunostaining for CRH and
macrophages antigen also showed that
immunoreactive CRH was mainly expressed in
mucosal macrophages. The extent and inten-
sity of CRH immunostaining correlated with
that of mononuclear cell infiltration in inflam-
matory colonic mucosa. This finding has been
also shown in streptococcal cell wall and

adjuvant induced arthritic joints in rats,!® and
arthritic joints of patients with rheumatoid
arthritis.2? The expression of CRH protein was
abundant in colonic mucosal tissues from
ulcerative colitis patients and correlated to the
intensity of inflammation.

CRH mRNA is detectable by northern blot
analysis of poly-A selected RNA from normal
human peripheral blood lymphocytes.!” CRH
mRNA is also detected by the reverse tran-
scribed PCR method in synovia from arthritic
joints of rats and humans.12° However, the
source of CRH in inflammatory sites has been
uncertain. We recently found that CRH was
locally secreted by enterochromaffin cells in
normal human colon.®® In this study, CRH
mRNA was also detected in total RNA from
ulcerative colitis colonic biopsy specimens
by the reverse transcribed PCR method.
Moreover, CRH mRNA was localised to
colonic mucosal epithelial cells of patients with
ulcerative colitis using in situ hybridisation. The
expression of CRH mRNA in mucosal epithelial
cells with ulcerative colitis was not significantly
increased compared with normal colonic
mucosal epithelial cells. We could not detect the
CRH mRNA in inflammatory cells that strongly
expressed immunoreactive CRH. This discrep-
ancy might be explained by the stability of the
mRNA or protein. One possibility is that CRH,
which is abundant in inflammatory cells of
ulcerative colitis, may be produced by the
mucosal epithelial cells at an early stage of the
onset of ulcerative colitis. At that time, CRH
mRNA may be strongly expressed in mucosal
epithelial cells such as enterochromaffin cells
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near the base of their crypts. Another possibility
is that CRH may also be delivered to the
inflammatory site of mucosal layer by
mononuclear cells in ulcerative colitis patients.

Hypothalamic CRH influences peripheral
glucocorticoids concentrations and thus exerts
indirect anti-inflammatory and immunosup-
pressive effects. In the chronically stressful
condition of adjuvant induced arthritis, hypo-
thalamic CRH mRNA and hypophyseal portal
venous CRH are decreased.3>37 In contrast,
peripheral CRH increases at the inflammatory
sites of adjuvant induced arthritis.!9 20
Immunoneutralisation of CRH results in a
significant decrease on both the volume and
cellularity of the carrageenin induced inflam-
matory exudate, suggesting that the overall
effect of this peptide is proinflammatory.!8 In
vitro study has also shown that CRH has many
regulatory effects on the immune system such
as the secretion of cytokines such as IL-1, IL-
2, and IL-6,1314 stimulation of lymphocyte
proliferation and expression of IL-2 receptor, !>
and enhancement of natural Kkiller cell
mediated lysis.!® These findings suggest that
peripheral CRH acts differently from hypothal-
amic CRH, modulating the function of many
local immunoregulatory cells and the secre-
tion/effects of a large array of inflammatory
mediators. Increased production of IL-13 and
IL-6 by mononuclear cells isolated from the
intestinal tissue of patients with ulcerative
colitis and Crohn’s disease has been
reported.384! Peripheral CRH in inflamed
colonic mucosa of ulcerative colitis patients
may enhance the expression of such cytokines
and stimulate the proliferation of lymphocytes,
thereby, contributing to the inflammatory
process.

Many gut neuropeptides, such as substance
P and vasoactive intestinal polypeptide, have
been implicated in the pathogenesis of
inflammatory bowel disease.2?> For example,
substance P and its mRNA are expressed in
the enteric nervous system throughout the
gastrointestinal tract, and have immunomodu-
latory effects, including enhancement of
lymphocyte and macrophage function.?427 In
ulcerative colitis, substance P is a potential
neurogenic link between stimuli and inflam-
mation of the intestinal tract. Immunoreactive
CRH is found in sympathetic components of
peripheral nervous system.*?43 In ulcerative
colitis, we could find CRH and CRH mRNA
in colonic epithelial and inflammatory cells,
but not in the mucosal or submucosal nerve
fibres and plexus. There is also the possibility
as to whether peripheral CRH in colonic
mucosa may be able to influence the mucosal
nervous system in ulcerative colitis.

Thus, it is very tempting to implicate CRH
as an important mediator in the pathogenesis
of ulcerative colitis. The mechanism of actions
of peripheral CRH are multiple and not com-
pletely elucidated, and the specific roles for
CRH in the inflammatory response in ulcera-
tive colitis remain to be solved. This study
suggests that CRH in the colonic mucosa may
act as a proinflammatory agent modulating the
intestinal immune system.
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