
Gut 1995; 37: 536-543

Interleukin 8 secretion by colonic crypt cells in
vitro: response to injury suppressed by butyrate
and enhanced in inflammatory bowel disease

P Gibson, 0 Rosella

Abstract
Epithelia from several sites exhibit
inducible secretion ofinterleukin 8 (IL-8).
This study aimed to characterise secretion
of IL-8 by colonic epithelial cells in vitro.
Colonic crypt cells were isolated enzyma-
tically from resected colon and the IL-8
content of culture supernates was

measured by ELISA. The rate of secretion
ofIL-8 accelerated and levels ofIL-8 tran-
scripts increased appreciably during cul-
ture. Exposure to tumour necrosis factor
ar (TNFa) failed to increase secretion
further. Secretion was not induced by the
enzymatic digestion or by serum used in
the culture medium but was significantly
inhibited by butyrate, by a mean of 23%.
Control experiments indicated that
colonic crypt cells were the likely source.

The secretion of IL-8 over 24 hours by
cells from uninflamed mucosa of patients
with ulcerative colitis or Crohn's disease
was more than twofold that from normal
cells, while that from cancer bearing
colons was normal. TNFa (10 mM) signifi-
cantly suppressed IL-8 secretion only in
the ulcerative colitis group and the change
was different to those in the normal
(p=0.007) and Crohn's disease groups
(p=0.012). Cells from inflamed areas

secreted more IL-8 than those from auto-
logous uninflamed areas (p=0.009) but
responses to modulating factors were no

different. The induction of IL-8 secretion
by colonic crypt cells in vitro is probably a

response to injury associated with isola-
tion and culture. It is suppressed by
butyrate and increased in inflammatory
bowel disease independently of the
presence of mucosal inflammation.
Whether epithelial derived IL-8 plays a

part in the pathogenesis of inflammatory
bowel disease is not yet clear.
(Gut 1995; 37: 536-543)
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The colonic epithelium is the major barrier
between the potentially injurious luminal
environment and the internal milieu of the
body. When this epithelium is breached, either
because of epithelial injury or because of
invasion by, for example, bacteria, poly-
morphonuclear leukocytes (PMN) migrate
from the circulation up a chemotactic gradient
to that injured area. Chemoattractant factors

may originate from within the mucosa (for
example, leukotriene B4 or interleukin 8
(IL-8)) or from the lumen (for example, bac-
terial derived peptides). Although the cellular
origin of mucosal derived chemoattractants
has long been thought to be mainly from
inflammatory cells, recent studies have shown
that, in vitro, epithelial cells, including kera-
tinocytes,' bronchial,2 3 and renal cortical
cells4 in primary culture, and colon cancer cell
lines5-7 are capable of releasing IL-8. This
secretion seems to occur constitutively but is
greatly enhanced when the cells are exposed
to macrophage derived monokines such as
tumour necrosis factor ox (TNFox) or inter-
leukin 1 (IL- 1)1 2 4 5 7 or after infection of the
cells by, for example, influenza virus A in
bronchial epithelium,8 herpes simplex virus
infection of human corneal keratinocytes,9 or
invasive Salmonella species in a differentiated
colon cancer cell line.6 Thus, the epithelium
itself may be an important source of chemo-
attractants especially early in response to
epithelial injury before other inflammatory
cells are recruited to the injured area.
Normal human colonic epithelial cells have

recently been shown to secrete IL-8 in vitro5
but the factors that might control this expres-
sion and whether there are disease differences
are unknown. This study aimed to determine
the pattern of secretion of IL-8 by isolated
colonic crypt cells, to define some modulating
factors, and to determine whether IL-8 release
and its response to modulating factors differs
according to the underlying large bowel
disease.

Methods

PATIENTS AND SPECIMENS STUDIED
Details of patients from whom tissue was
obtained are shown in Table I. Macro-
scopically normal mucosa was obtained from
large bowel surgically resected in 16 patients
because of non-malignant large bowel disease.
Seven patients had diverticular disease, two
had constipation, one had rectal prolapse, one
angiodysplasia, one colonic leiomyoma, three
had recurrent sigmoid volvulus, and one
patient with a normal large bowel had been
misdiagnosed as having a caecal carcinoma by
barium enema. The tissue from these patients
was considered to represent normal large bowel
mucosa.

In 20 patients, macroscopically normal
mucosa was obtained from large bowel
resected because of colorectal carcinoma. Tissue
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Interleukin 8 and colonic epithelium

Details ofpatient and tissue samples obtained

Age (y) Region*
(median Male!

Patient group No (range)) female Proximal Distal Rectum

Normal 16 71 (18-83) 4/12 4 10 2
Cancer 20 69 (35-80) 12/8 7 7 6
Ulcerative colitis 17 39 (17-61) 9/8 16 5t 1
Crohn's disease 14 23 (20-48) 9/5 11 4t 1

*Large bowel regions: proximal=caecum/ascending colon; distal=descending/sigmoid colon;
rectum=rectum. tIncludes paired samples.

was taken more than 10 cm from the edge of
the tumour and adjacent mucosa was histo-
logically normal. Dukes's staging was A in
four, B in six, and C in 10.
Mucosa was also obtained from 16 patients

with ulcerative colitis. Adjacent mucosa was
assessed histopathologically and judged to be
uninflamed or inflamed on standard criteria.
Using historical data and the current histo-
pathology, tissue was obtained from seven
apparently unaffected, histologically normal
segments, six previously inflamed now inactive
segments, and nine actively inflamed segments
(including five samples paired with apparently
normal mucosa). Drug treatment comprised
moderate to high dose corticosteroids in 14
(none in two), a mesalazine delivering drug in
1 1, azathioprine in one, and tinidazole in one.
Mucosa was also obtained from 14 patients

with Crohn's disease. In 11 the mucosa was
normal and in five it was inflamed (including
one sample paired with an inflamed sample).
Seven patients had Crohn's colitis, five ileo-
colitis, and two ileitis. Drug therapy in this
group comprised moderate to high dose corti-
costeroids in 10 patients, azathioprine in two, a
mesalazine delivering drug in six, and metroni-
dazole or tinidazole in two. The procurement
of colonic specimens was approved by The
Royal Melbourne Hospital Board of Medical
Research and Ethics Committee.

ISOLATION OF COLONIC CRYPT CELLS
Colonic crypt cells were isolated in the form of
whole or partial crypts from resected mucosa
using the collagenase/Dispase technique as
previously described in detail.10 Cell popula-
tions were contaminated with less than 50/o
non-epithelial cells on morphological criteria
and the viability of colonic epithelial cells
immediately after isolation was always >98%
as assessed by 0. 1% trypan blue exclusion. The
culture media in which the viability of crypt
cell populations has been studied in detail pre-
viously comprised either Dulbecco's modifica-
tion of Eagle's medium containing 20% Nu-
serum-1 (Collaborative Research, Bedford,
MA, USA), 25 mmol/l HEPES, 4 mmol/1
iiglutamine, 50 U/ml penicillin, 50 pVg/ml
gentamicin, and 100 U/ml nystatin,0- 12 or the
same medium but without addition of Nu-
serum.12 the criteria upon which the continu-
ing viability of crypt cell populations that have
been in culture for over 16-24 hours have been
established and include ultrastructure,10 rates
of protein and DNA synthesis,10-12 and leak-
age of intracellular proteins from 51Cr-prela-
belled cells.10 12

ASSAY OF IL-8
Colonic crypt cells were cultured in 96 well
U-bottomed plates in order to maintain the
crypts in suspension. The culture medium
described above was used with or without the
addition of Nu-serum (final concentration
20%). For experiments examining modulation
of IL-8 secretion, short chain fatty acids
(SCFA), sodium butyrate, propionate, or
acetate (all at pH 7.4), or TNFcx (human
recombinant; gift of Boeringer Mannheim),
were added at the beginning of the culture
period. SCFA were used at a concentration of
1 mmolI1 since this concentration of butyrate
achieves near maximal effects in colonic crypt
cells and colon cancer cell lines for other bio-
logical parameters but is well below the limits
of toxicity. TNFot was used only at a high con-
centration (10 nmol/l). The cells and medium
were aspirated and centrifuged at 300 g for 5
minutes to separate the supernate from the cell
pellet, which was then washed and mechani-
cally homogenised in 1 ml of mannitol buffer
(50 mmol/l mannitol and 2 mmolI1 trizma base
in dH2O, pH 7.4). Cell homogenates and
supernates were stored at - 20°C until assayed.
All studies were performed in triplicate or
quadruplicate.
The IL-8 content of supernates was

measured by ELISA (#RPN 2147, Amersham
International, Little Chalfont, Buckingham-
shire, UK). The results were expressed relative
to the protein content of autologous cell
homogenates; this was measured using bovine
gamma globulin as standard. 13 For experi-
ments comparing the effect of serum on IL-8
secretion, levels were expressed relative to the
DNA content of cell homogenates (measured
using calf thymus DNA as standard14) because
of previous observations that serum affects the
protein content of colonic crypt cells.'1 IL-8
was not detectable in Nu-serum. The coeffi-
cient of variation between replicate wells for all
assays was < 1/0%.

NORTHERN BLOT ANALYSIS
Total RNA was extracted from both freshly
isolated and cultured colonic crypt cell popu-
lations using the guanidium thiocyanate
method.15 Total RNA (10 [tg) was denatured
with formamide and separated on 1.4%
agarose-formaldehyde (2.2 mmol/l) gels. Ethi-
dium bromide staining of the gel was used to
assess the integrity and to monitor the loading
of the RNA. After overnight (18 hours)
transfer of the RNA to a nylon membrane
(Zeta-Probe, BioRad, Richmond, CA, USA),
hybridisations were performed using a 1.3 kb
complementary DNA probe for IL-816 (gift of
Dr Karen O'Rourke), labelled with 32P-dATP
(specific activity 109 cpm .g- 1 .l- 1) by
random priming (Promega Corporation). All
autoradiograms were exposed using two
intensifying screens for up to two days at
-70°C. For some experiments, membranes
were stripped by heating in a buffer containing
15 pmol/l sodium chloride, 1*5 R.mol/l tri-
sodium citrate, and 05°/o sodium dodecyl sul-
phate for 40 minutes at 95°C before probing
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again with a cDNA to glyceraldehyde phos-
phate dehydrogenase (GAPDH), also random
primed with 32P-dATP. Laser densitometry
(Molecular Dynamics, Kew, Victoria) was
used to compare the relative expression of IL-8
between lanes in individual experiments.
Where RNA loading on gels was uneven, den-
sities were normalised relative to that of
GAPDH. RNA was run in duplicate or tripli-
cate to ensure an acceptable coefficient of vari-
ance was achieved in densitometry
measurements (<20%). The linear range of x
ray exposure was used in all experiments.

CONTROL EXPERIMENTS

Effects of the isolation process
The potential effect of the isolation process on
the production of IL-8 by colonic epithelial
cells was assessed in the colon cancer cell line,
LIM1863 (gift of Dr Robert Whitehead,
Ludwig Institute for Cancer Research,
Melbourne). These cells grow in suspension in
crypt-like structure17 and can be handled simi-
larly to normal crypts. These were harvested by
mild mechanical trauma and sieved through a
fine stainless still mesh to remove large cell
lumps before the study. The cells were incu-
bated for 1.5 hours in medium containing col-
lagenase and Dispase, identical to that used in
the isolation process, and then processed as for
colonic crypts. A control population was
treated similarly but without the enzymes in
the medium. The production of IL-8 by the
cells over the next 24 hours was then measured
and compared.

Effects of contaminating non-epithelial cells
The non-epithelial cells contaminating colonic
crypt populations have been previously charac-
terised and comprise mostly mononuclear and
plasma cells with some mesenchymal
(vimentin-positive) cells.9 These cells were iso-
lated from resected mucosa by first removing
the colonic epithelium by incubation for 90
minutes in multiple changes of HBSS contain-
ing 3 mol/l EDTA followed by vigorous shak-
ing. The mucosa devoid of epithelium
(confirmed by histological examination of a
sample of tissue) was scraped from the submu-
cosa and subjected to collagenase/Dispase
digestion, trituration, sieving, and washing
steps as for colonic epithelial cells except that
centrifugation was performed at 300 g for 5
minutes. The resulting population was conta-
minated with <5% epithelial cells, contained
similar cell types to those contaminating crypt
cell populations, and >95% were viable on try-
pan blue exclusion. The cells were then cul-
tured and harvested in the same way as for
colonic crypts and the IL-8 content of cell
supernates measured.

Effect of TNFa on cell viability
Whether TNFo had any unspecific suppressive
or toxic effect on colonic crypt cells was exam-
ined by determining its effect on the rate of

protein synthesis over the last four hours of a
24 hour culture period. To do this, the specific
uptake into acid-precipitated proteins of 14C-
leucine was measured using methodology pre-
viously described in detail.1" 12 The results
were expressed as dpm per hour of exposure to
14C-leucine.

STATISTICAL EVALUATION
Data that approximate a normal distribution
are expressed as mean (SEM) while non-para-
metric data are shown as median (range). For
comparison of the effects of modulating factors
between or across groups, the change in IL-8
concentration was expressed as a ratio of that
with the modulating factor to that for the
autologous control cells. All statistical analyses
were performed using Microstat release 4.1
(Ecosoft Inc, Indianapolis, USA 1984).
Paired/unpaired data were compared by paired
Student's t test or Wilcoxon rank sign/sum
tests respectively according to the number of
replicate experiments performed and the distri-
bution of data. Differences across groups were
assessed by analysis of variance. The relation-
ship between IL-8 secretion and age was eval-
uated by linear regression analysis and the
Pearson correlation coefficient (r) calculated.
Differences with a p value 60 05 were consid-
ered to be statistically significant.

Results

SECRETION OF IL-8 BY COLONIC CRYPT CELLS
There was a time dependent increase in the
concentration of IL-8 in supernates of cultured
colonic crypt cells and, as shown in Figure 1,
the appearance of IL-8 seemed to accelerate in
the period 12-18 hours compared with 0-6
hours. Secretion over 24 hours from the 60
crypt cell populations isolated from unin-
flamed mucosa was 32 (4) ng/mg protein. The
secretion of IL-8 was similar for cells cultured
under serum-free conditions, in which the cells
have been shown to remain viable on several
criteria12 (15 (6) ng/,g DNA), as for autolo-
gous cells cultured with 20% Nu-serum (15
(5) ng4,Lg DNA; n=7). Age related or regional
differences were not observed (data not
shown).

Northern blot analysis showed that mRNA
specific for IL-8 was always detectable in
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Figure 1: Pattern of secretion of interleukin-8 (IL-8) from
colonic crypt cells over 18 hours' culture.
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Figure 2: Northern blot analyses ofRNA extractedfrom
colonic crypt cells from two cancer bearing colons
immediately after isolation andfollowing 4 or 6 and 18
hours' culture. (A) This experiment was perfornmed in
triplicate for the zero (t= 0) and 6 hours (t= 6) time points
and in duplicate at 18 hours (t= 18). The gel stained with
ethidium bromide is also shown to demonstrate even loading
of the lanes. A short exposure time of the x ray film was
used to demonstrate time related changes best. (B) Single
lanes were run at three time points and, because of uneven
RNA loading, the membrane was washed and reprobed
with cDNA specific for gluceraldehyde phosphate
dehydrogenase to permit normalisation of results.

freshly isolated colonic crypt cells (isolated
from cancer bearing colons in all experiments).
Its relative expression, however, increased
appreciably during culture, as illustrated in
Figure 2. In three separate experiments, IL-8
mRNA levels increased 30 to 100 fold follow-
ing 4-6 hours' culture, and increased by an
additional 64 to 120% following a further 14
hours' culture.
To compare levels of IL-8 secretion across

disease groups, only results from cell popula-
tions isolated from uninflamed mucosa were
used. A shown in Figure 3, levels of IL-8 dif-
fered significantly across the four disease
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Figure 3: Interleukin 8 (IL-8) secretion from colonic crypt
cells during 24 hours' culture in relation to the underlying
disease process. Differences across the disease groups were

statistically significant (p= 0 02; analysis of variance). As
shown by the asterisks, secretion from ulcerative colitis and
Crohn 's disease groups were greater than those from the
normal group (p= 0.007 and 0.012 respectively; Student's
t test). The numbers ofpatients studied in each group are

shown in parentheses.

groups (p=0 020). Secretion of IL-8 by cells
from colon affected by ulcerative colitis and

°S Crohn's disease was similar but in both cases
was significantly greater than secretion in the
normal group (p=0.007, 0*012, respectively).
Secretion in the cancer group was not different

28S from normal. The clinical (Dukes's) stage of
the cancer did not influence the results

1RQ (p=0-91; analysis of variance across the
stages).
The effect of mucosal inflammation was

examined in autologous pairs of cells from
quiescent or apparently normal areas and from
inflamed areas in five patients with ulcerative
colitis and two with Crohn's disease. Secretion
of IL-8 by cells from inflamed areas (median
(range) 55 (4-287) ng/mg) was significantly
greater than that from uninflamed areas
(median (range) 10 (3-145) ng/mg; p=0.009,
Wilcoxon signed rank test).

In patients with ulcerative colitis, the
mucosa from which the colonic crypt cells were
isolated was not simply classified according to
the current state of inflammation (assessed
histopathologically in the resected tissue). It
was also classified in uninflamed mucosa
according to whether inflammation had previ-
ously been present in that segment (deter-
mined by current histopathological features
and findings from previous investigations
including colonoscopic biopsies). Cells iso-
lated from apparently unaffected mucosa
secreted amounts of IL-8 (50 (20) ng/mg;
n-7) similar to those obtained from mucosa
previously affected but not currently inflamed
(43 (14) ng/mg; n= 6).

CONTROL EXPERIMENTS
LIM1863 cells processed identically to colonic
crypt cells exhibited mild suppression rather
than stimulation of IL-8 secretion (0.9 versus
0.5 ng/mg and 0.9 versus 0-6 ng/mg, respec-
tively). Thus, the enzymatic digestion itself
was unlikely to be stimulating IL-8 secretion.
The contribution made by the non-epithelial

minority population contaminating the colonic
crypt cell preparation to the secreted IL-8 was
investigated by isolating lamina propria cells
using an identical method to that for epithelial
cells except that the epithelium was stripped
from the mucosa using EDTA before the
digestion. In four experiments (two in cancer
bearing colons and two in uninflamed Crohn's
disease), the lamina propria cells secreted 33,
23, 30, and 12 ng/mg protein respectively,
which was similar to that secreted by autolo-
gous colonic crypt cells (17, 26, 30, and 25
ng/mg respectively). Since the colonic crypt
cell populations usually comprise <5%/o non-
epithelial cells, the contaminating cells con-
tributed little to the total secreted IL-8.

EFFECT OF TNFo- ON IL-8 SECRETION
To determine whether IL-8 secretion by
colonic crypt cells could be further enhanced,
the cells were exposed to TNFot at a relatively
high concentration (10 nmol/l) for 24 hours.
TNFot has been shown to stimulate potently

.....~. ___-
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Figure 4: The effects of tumour necrosis factor a (TNFa)
(10 mmoNl) on secretion of interleukin 8 (IL-8) by colonic
crypt cells in relation to the underlying disease. The results
shown are expressed as percentage change of treated cells to
control (untreated) cells. Only in the ulcerative colitis group
did TNFa significantly change IL-8 secretion (p= 0 036).
As illustrated by the asterisks, the change found in the
ulcerative colitis group was significantly different to the
changes observed in the normal (p= 0 007; Student's t test)
and Crohn 's disease groups (p= 0.012). The numbers of
patients studied in each group are shown in parentheses.

IL-8 secretion in other cell types. At this con-

centration TNFa had no effect on the rate of
protein synthesis after 20-24 hours' exposure;
in 13 colonic crypt cell populations (two
normal, two cancer bearing, two Crohn's
disease, six ulcerative colitis), the uptake of
14C-leucine was 314 (64) dpmlh when exposed
to TNFoa compared with 320 (55) dpm/h in
control cells. TNFo did not change the secre-

tion of IL-8 from 30 colonic crypt cell popula-
tions isolated from histologically uninflamed
mucosa (51 (7) ng/mg to 50 (7) ng/mg). Of
individual disease groups, TNFoa induced
changes only in cells from ulcerative colitis
where IL-8 secretion was suppressed by a small
but statistically significant magnitude
(p=0037; Fig 4). The change induced by
TNFot in the ulcerative colitis group (6 (3)%
suppression; n= 9) was significantly different
from the change in the normal (25 (13)% stim-
ulation; n=6; p=0O007) and Crohn's disease
groups (10 (6)% stimulation; n=8; p=0.012).
The suppressive effect was not a result of
unspecific suppression of protein synthesis
since 14C-leucine uptake was similar in control
(421 (94) dpmlh) and TNFox treated cells (443
(115) dpmlh) from six ulcerative colitis
patients. There were no disease related differ-
ences in the response to TNFoL in cells from
inflamed or uninflamed mucosa in inflam-
matory bowel disease patients (data not
shown).

EFFECTS OF SCFA ON IL-8 SECRETION
The effects of the physiologically relevant
SCFA - butyrate, acetate, and propionate - at
a concentration of 1 mmol/l on IL-8 secretion
were evaluated in four colonic crypt cell popu-
lations isolated from cancer bearing colons.
Twenty four hour exposure to butyrate caused
a consistent and significant change in the IL-8
concentration in the supemate from 26 (6)
ng/mg to 21 (5) ng/mg (p=00 12) while propi-
onate (26 (7) ng/mg) and acetate (25 (7)
ngfmg) had no effect. Butyrate at concentra-
tions of 2 and 4 mmol/l also significantly

B

IL-8 A

Control Butyratem i mr
..

- 28S

-18S

28S

18S

Figure 5: Northern blotting showing the effect of (A) 4
hours' exposure and (B) 18 hours' exposure to butyrate (1
mmol/l) on levels ofmRNA for interleukin 8 (IL-8) in
colonic crypt cellsfrom separate patients with colorectal
cancer. The experiments were performed in duplicate.
Ethidium bromide staining of the transfer in (A) and the
gel in (B) show even loading ofRNA.

(p<0 05) reduced secreted IL-8 in the autolo-
gous cells to 23 (5) ng/mg and 21 (4) ng/mg
respectively, but a concentration dependent
effect was not observed. In 56 cell populations
from uninflamed mucosa examined, sodium
butyrate (1 mmol/l) caused a modest suppres-
sion of IL-8 secretion after 24 hours by 23
(3)% from 33 (5) nglmg to 26 (4) ng/mg
(p<0 0001, paired t test).
The effects of butyrate on levels of mRNA

for IL-8 were also examined in cell populations
from cancer bearing colons and an example is
shown in Figure 5. Northern analysis showed a
37% reduction in IL-8 mRNA levels in each of
two separate experiments after 4 hours' expo-
sure to butyrate (1 mmol/l). A similar degree of

.-|111 'I 00l' 1-""00' '- '-' '-----'----- -' '-' -' '-' '-' -- '-0-' '-'' -'--'
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Figure 6: The effects of butyrate (1 mmolii) on secretion of
interleukin 8 (IL-8) by colonic crypt cells according to the
underlying disease. The results shown are expressed as
percentage change of treated cells to control (untreated)
cells. In every disease group, IL-8 secretion from butyrate
treated cells was significantly less than thatfrom control
cells (p<O.O5; paired t test). The numbers ofpatients
studied in each group are shown in parentheses.

suppression of IL-8 mRNA was observed fol-
lowing exposure to butyrate for 18 hours (35
(7)%; n=4).
There were no differences in butyrate medi-

ated changes across disease groups and, as
illustrated in Figure 6, butyrate significantly
suppressed IL-8 secretion in all patient groups.
For patients with inflammatory bowel disease,
butyrate mediated suppression was similar in
presence (32 (8)%; n= 1 1) or absence of
mucosal inflammation (25 (4)%; n=23). No
effects of age or regional differences were

found on butyrate responses (data not shown).

Discussion
Colonic crypt cells from normal or diseased
colons actively secrete immunoreactive IL-8 in
vitro and express mRNA specific for IL-8. IL-
8 found in culture supemates was likely to be
predominantly from colonic epithelium since
lamina propria cells, a minority population
(about 5%), secreted similar levels to crypt
cells. The apparent acceletation of secretion
during cell culture and the noticeable and
rapid increase in mRNA for IL-8 indicated
that the induction of IL-8 was occurring in
vitro. The enzymatic digestion itself was

unlikely to be the stimulus since similar
exposure of LIM1863 cells to the enzymes did
not increase their level of secretion. Likewise,
IL-8 secretion did not result from stimulation
by factors contained within serum: cells cul-
tured in medium containing nutrients and
buffer alone secreted amounts of IL-8 similar
to those cultured with serum. It is more likely
that the stimulus was the cell 'injury' associ-
ated with the disaggregation process and cul-
ture in vitro. These data support the view that
induction of IL-8 is an early epithelial response
to injury.
Whether the colonic crypt cells could be

further stimulated to secrete IL-8 was

addressed by exposing the cells to a high but
non-toxic concentration of TNFa, a cytokine
that potently induces IL-8 production in many
other cell types including colon cancer cell
lines.' 24 5 7 No consistent effect was observed
suggesting that the colonic epithelial cells
approach maximal stimulation during their

isolation and culture. Unexpectedly, exposure
of colonic crypt cells from patients with ulcera-
tive colitis to TNFot resulted in significant
suppression of IL-8 secretion that was not
attributable to unspecific suppression or
toxicity of the cells. This change was signifi-
cantly different from that seen with both
normal cells and those from patients with
Crohn's disease. Though the small magnitude
of the effect is of little likely relevance in vivo, it
does demonstrate an ulcerative colitis specific
abnormality in responsiveness of colonic
epithelial cells. The finding was also indepen-
dent of the presence of inflammation suggest-
ing that the abnormality in the control of IL-8
secretion may be a primary rather than a sec-
ondary phenomenon in that disease. However,
more detailed analysis of the time course and
concentration effect of the inhibition are
required before such a conclusion can be
definitively reached.

Colonic crypt cells from histologically unin-
flamed mucosa from patients with either ulcer-
ative colitis or Crohn's disease exhibited
significantly enhanced secretion over 24 hours
compared with tissue from essentially normal
(or cancer bearing) large bowel. Secretion was
even higher in cells obtained from inflamed
mucosa. Of other potential variables, drug
therapy is one that it is impossible to control in
a study of this type since none of the patients in
the normal or cancer groups were taking anti-
inflammatory or immunosuppressive therapy,
but there were no age related or regional differ-
ences in IL-8 secretion. The proportion of
non-epithelial cells in the crypt cell popula-
tions isolated from mucosa of patients with
inflammatory bowel disease is similar to that
seen in non-inflammatory conditions but the
relative proportion of IL-8-secreting subtypes,
such as macrophages, may be different. To
attribute the twofold increase in IL-8 secretion
seen in the uninflamed inflammatory bowel
disease group to non-epithelial cells, however,
implies a massive output of IL-8 from a very
small subpopulation of cells. Furthermore,
IL-8 secretion from lamina propria cells under
the same conditions was similar in magnitude
to that from crypt cell populations isolated
from uninflamed inflammatory bowel disease
mucosa. A significant contribution of non-
epithelial cells to the increased levels secreted
by cells from inflamed mucosa cannot, how-
ever, be excluded.
Two pathogenic explanations for the

enhanced IL-8 secretion in vitro from colonic
crypt cells in inflammatory bowel disease are
proposed. Firstly, the cells may be activated
before isolation (that is, in vivo). This might
occur if mucosal inflammation were present,
especially since the mucosal IL-8 content is
noticeably high where there is active inflam-
mation.18-2' Although the crypt cells were
obtained from mucosa that was judged to be
normal or uninflamed on histopathological

r criteria, mild degrees of inflammation may
L have been present in some specimens.
L Furthermore, raised IL-8 concentrations have

been reported in inactive mucosa in patients
with ulcerative colitis.20 21 Whether this also
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applies to mucosa from apparently unaffected
areas is unknown but crypt cells from un-
affected regions also demonstrated raised IL-8
secretion in the present study. Preliminary
reports of in situ expression of IL-8 transcripts
by colonic epithelium have shown positive
evidence for its transcription in vivo only when
reverse transcription polymerase chain reac-
tion amplification was used.22-24 The second
possibility is that the cells are exhibiting
increased responsiveness to injury. Exces-
sive secretion of IL-8 in response to a given
stimulus might lead to a degree of inflamma-
tion that is inappropriate to that stimulus and,
therefore, may be of primary pathogenic
importance. In situ studies of colonic epithe-
lium in actively inflamed mucosa22 23 have
indicated that the epithelium is not a major
producer of IL-8 in advanced lesions in
patients with inflammatory bowel disease. This
finding does not, however, negate the pos-
sibility that epithelial derived IL-8 is involved
in the genesis of early lesions. These issues
need to be addressed further.

Increasing evidence points to a crucial role
for SCFA in the maintenance of the health of
colonic epithelium. Exposure of the colonic
epithelium to appreciably reduced concentra-
tions of luminal SCFA by, for example, divert-
ing the faecal stream, leads to epithelial and
mucosal atrophy25-27 and, in humans, mucosal
inflammation (diversion colitis).28 Butyrate
seems to be the most efficient SCFA in correct-
ing these abnormalities.27 29 The basis of this
apparent cause-effect relationship probably lies
in the importance of butyrate as the major
energy substrate for colonic epithelial cells
especially in distal colon and rectum.30 The
efficacy of butyrate enemas in distal ulcerative
colitis31 is, however, less well explained by a
butyrate mediated repletion of the energy state
of the epithelium since the actual oxidation of
butyrate is impaired in epithelium associated
with ulcerative colitis.32 It seems likely then
that butyrate acts via additional mechanisms. It
is well documented that butyrate modulates
appreciably the proliferation and differentiation
ofmany cancer cell lines33 but these effects can-
not be reproduced in colonic crypt cells in
vitro.11 The findings in the present study are
the first to show that butyrate can suppress the
production and release of a primary inflamma-
tory cytokine, IL-8. A pathogenic role for IL-8
in ulcerative colitis seems likely because
mucosal levels of IL-8 are noticeably increased
in inflamed mucosa and the prominent place
that PMNs have in the histopathology of the
mucosal lesion, even in mildly active disease,
gives biological feasibility to release of IL-8
early in the pathogenesis of mucosal inflamma-
tion. An epithelial origin for the raised mucosal
IL-8 concentrations, however, has yet to be
supported.22 23 IL-8 is not the only potentially
pro-inflammatory molecule suppressed by
butyrate. The release from colonic epithelium
of the neutral protease, urokinase, which is
found in increased concentrations in the
mucosa of patients with active ulcerative
colitis,3435 is also suppressed by butyrate in
vitro,36 and indirect evidence in rats suggests

such an effect of butyrate may also occur in
vivo.37
Whether the modest suppression of IL-8

secretion in vitro by butyrate has any biological
relevance in vivo has not been addressed in the
present study. The likelihood that IL-8 syn-
thesis and secretion by colonic crypt cells in
vitro are induced to near maximal levels indi-
cates that the injury associated with isolation
and culture is a potent stimulus. A mean in-
hibition of22% exerted by butyrate may, in the
presence of such a stimulus, be of considerable
biological significance in vivo where the stimuli
to its secretion may be less potent.

In conclusion, the present study shows that
normal colonic crypt cells are capable of
secreting IL-8 in vitro and the processes of cell
isolation and culture seem to induce its tran-
scription, synthesis, and secretion. TNFoL did
not further stimulate its secretion suggesting
near maximal levels of induction of IL-8 were
occurring. Sodium butyrate inhibits the secre-
tion of IL-8 and reduces mRNA levels.
Colonic crypt cells from uninflamed mucosa of
patients with ulcerative colitis or Crohn's
disease exhibit enhanced secretion of IL-8 in
vitro but normal butyrate responsiveness.
These data support the notion that IL-8 is
released by colonic epithelium early in
response to injury and suggest that the cells
have heightened responsiveness in patients
with inflammatory bowel disease. Whether
epithelial derived IL-8 is an important patho-
genic factor in inflammatory bowel disease,
however, is still unexplained.
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