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Abstract
Background and Aims-The effects of
dextran sulphate sodium (DSS) on mouse
intestinal epithelial cells and intraepi-
thelial lymphocytes were analysed to
investigate the mechanism by which DSS
induces colitis and tumours in mice.
Cytotoxicity of DSS towards intestinal
epithelial cells and intestinal intra-
epithelial lymphocyte hybridomas or
fresh intestinal intraepithelial lympho-
cytes seems to have concentration, time,
and cell type dependency with increasing
concentrations and time causing in-
creased cytotoxicity.
Results-Integrin a4 expression was mar-
ginally down regulated by 0.5% of DSS,
while oLM290 expression was up regulated.
DSS inhibits the binding of 9.1 yS cells to
both extracellular matrix (ECM) and epi-
thelial cells. Conversely at high concentra-
tions it increases binding to all ECM except
poly-L-lysine. Various cytokines including
TGF3, interleukin 2, and tumour necrosis
factorat as well as prostaglandin alter the
expression of the integrin a4 and M290
subunits at the cell surface, and also alter
the adhesion of 9.1 -yS cells to epithelial
monolayers. The expression of a large
number of cell adhesion molecules
expressed on intraepithelial lymphocytes is
affected by a combination of the abundant
gut cytokine TGF1 and DSS, suggesting
that DSS induced colitis may ultimately
arise from a combination of gut cytokine
and DSS. DSS also triggers intraepithelial
lymphocyte aggregation on all ECM coated
plate tested.
Conclusions-These data suggest that
the potential roles of DSS induced colitis
may be: (a) direct cytotoxicity; (b) inter-
ference with the normal interaction
between intestinal lymphocytes, epithelial
cells, and ECMs; (c) aberrant modulation
of the expression of the integrin 17
receptors, other cell receptors, and their
functions.
(Gut 1996; 39: 234-241)
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Intraepithelial lymphocytes (IELs) reside on
the basolateral surface of the intestinal epithe-
lial cells. IELs are part of the mucosal immune
defence mechanisms,1 which are poised to
respond to antigenic challenges from the
intestinal lumen. The immune functions of
IELs depend in part on a new family of integrin

receptors, the 137 integrins,2 3 which are
expressed mostly on intestinal IELs and lamina
propria lymphocytes. The integrin 17 subunit
associates with at least two alternative ox sub-
units. The first is called oxHML-1 or oIEL or
OaE4 in humans or otM290 in mice.5 The second
a subunit of the 137 integrins is called o4.6
Although the HML-117 integrin can be
induced on peripheral blood lymphocytes by
activation7 8 and is expressed on some
tumours,9 its predominance in vivo on intra-
epithelial and lamina propria lymphocytes
suggests that the HML- 137 receptor interacts
mostly with ligands in the intestinal epithelium
such as E-cadherin. 10 It could be crucial for the
immunological defensive functions of IELs,
including cell adhesion, activation, differentia-
tion, and cytotoxicity.
The aetiology of inflammatory bowel disease

(IBD) and colorectal carcinoma, which can sub-
sequently arise as a complication, is unknown.
Several studies suggest a central role for
immunological mechanisms in the patho-
genesis of IBD. It is established that colorectal
carcinoma can develop as a complication of
longstanding ulcerative colitis. Therefore, to
understand the mechanism of IBD and cancer
development, and its prevention and treatment
it is important to develop an experimental
model of IBD that could progress to cancer. A
model of experimental colitis and colorectal
carcinoma induced in mice by the feeding of
dextran sulphate sodium (DSS) was developed
recently in our laboratory. This model was first
successfully established in rats and hamsters by
other investigators. 1" These investigators
showed that colonic cancer can develop after
prolonged existence of ulcerative lesions
formed by exposing the colonic mucosa to
DSS. The colitis and neoplasias had histologi-
cal similarities to those in humans.'0 11
However, the mechanisms by which DSS
induced colitis and colonic tumours are
unknown.
DSS is a polyclonal B andT cell activator.'2 13

The binding of sulphated glycans, such as DSS,
is believed to play an important part in
regulating or mediating the functions of a
number of cell adhesion molecules,'4 15 includ-
ing CD214 and CD4, as well as growth factors
and extracellular matrix (ECM) proteins. A
natural ligand for the Ti 12 epitope of CD2 was
identified as a sulphated carbohydrate.'4 The
binding of P-selectin to neutrophils is inhibited
by sulphated glycans such as heparin and
dextran sulphate, suggesting that the sulphated
glycan binding site and the neutrophil receptor
binding site on P-selectin are either identical or
proximal. 16 Binding ofL or P-selectins to either
SLeX or SLea is inhibited by dextran sulphate.
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It was suggested that dextran sulphate interact
with epidermal growth factor (EGF) domains
or complement regulatory sequence repeats,
thereby including conformational changes of
selectins.17 The integrin 17 subunit has four
cysteine rich EGF-like repeated domains, which
could interact with DSS. DSS also interacts
with fibronectin and strengthens the binding of
fibronectin to collagen.18 DSS could interact
with these molecules by ionic interaction or

intramolecular perturbation, or both, or by
direct binding. DSS may interfere with normal
17 integrin functions or expression, leading to
exaggerated or uncontrolled immune responses
to a variety of environmental antigens and,
consequently, to a cascade of events, including
lymphocyte proliferation, cytokine release, and
secondary recruitment of auxiliary effector cells
such as neutrophils. Neutrophil products could
amplify the immune response and cause exces-

sive non-specific or 'innocent bystander' injury.
To delineate the potential mechanisms of

DSS induced colitis and the role of ,B7
integrins, we studied the expression of ,B7
receptors and properties of IEL hybridomas
(IELH), and the effects of DSS on interaction
between intestinal epithelial cells and lympho-
cytes or ECM proteins.

Methods

Cell lines, monoclonal antibodies, cytokines, and
other reagents
Rat ileum epithelial cell line, LEC-18; mouse

rectal carcinoma cell line, CMT-93; mouse

lymphoma cell line, BW5147; rat hybridoma
cell line secreting mAb to murine a4 integrin
chain (R1-2); VCAM-1 (M/K- 1.9), CD44 or

Pgp-1 (KM 201), CD45RB (MB23G2),
ICAM-1 or CD54 (YN1/1.7.4), LFA-lao or aL
or CD11a (M17/4.4.11.9), MAC-la or aM
(M1/70.15.11.5), LFA-1 or CD1la/CD18 or

acLI32 (FD441.8), CD4 (GK1.5), dendritic cell
(33D1), common leucocyte antigen or CD45
(M1/89.18.7); hamster antimouse CDllc or

oxX (N418); were all obtained from American
Type Culture Collection, Rockville, USA. 9.1
-yb IELH were generously supplied by Dr
Mitchell Kronenberg. It was made by fusing
freshly isolated IELs from the CD1 strain of
mice that were transgenic for a rearranged
V.yl 1 Jy4 Cy4 gene to a TCR a-,-variant of
BW5147. A rat hybridoma producing mAb to
aM290 (M290)5 was generously supplied to us

by Dr Peter Kilshaw from Cambridge, UK.
Interleukin (IL) 2, IIA, IL7 are gifts from
Immunex, Seattle, Washington. Tumour
growth factor (TGF)11, and tumour necrosis
factor (TNF)a were purchased from R and D
Systems; DSS, MW 40 000-50 000, was pur-
chased from United States Biochem Corp and
prostaglandin E2 was purchased from Sigma.

In vitro MTT cell adhesion assay
The MTT [3(4,5-dimethylthiazoyl-2-yl)2,5
diphenyl-tetrazolium bromide] assay1923 has
been modified to detect the adhesion ofunstim-
ulated and stimulated IELH or IELs to a rat

intestinal epithelial cell line (IEC-1 8) or mouse
rectal carcinoma cells (CMT-93 or ECM.
Briefly, 96 well plates were treated with poly-L-
lysine (approximate molecular weight 400 000,
Sigma), fibronectin, laminin (GIBCO BRL),
and ProNectin F (protein polymer, a genetically
engineered high molecular weight protein poly-
mer incorporating multiple copies of the RGD
cell attachment site ofhuman fibronectin) at 0-1
mg/1 ml in phosphate buffered saline (PBS), 40
,uVwell for two hours. The plates were then
washed twice with PBS and incubated with 0O1
ml of 1% bovine serum albumin in PBS for one
hour, and washed twice more with PBS. Plates
were covered with parafilm and were stored at
4°C. Adherent cells were harvested from expo-
nential phase cultures by trypsinisation,
counted, and plated in 96 well flat bottomed
microtitre plates (1-2X 104 cells in 100 u1/well)
for two to three days. Some 2X105 of either
unstimulated or stimulated (for 20 hours) IELH
cells (in 200 ,1) were added to each well having
confluent IEC-18, and CMT-93 monolayers or
coated with ECM; in the presence or absence of
various concentrations of DSS or mAbs. The
unbound cells were gently removed by washing
three times with 100 ,l of PBS. The number of
adherent cells was measured by the MTT assay.
The assay was performed by the addition of 20
,l ofMTT. After three hours ofincubation, 0.1
ml ofDMSO was added to each well and mixed
gently. The absorbence at 570 nm was recorded
by an ELISA reader. The OD570 is directly
proportional to the number of living cells in the
wells. The specific adhesion and inhibition of
adhesion was calculated as described in each
Figure legend. Experiments were done at least
in triplicate.

Cytotoxicity assays by measuringMTT reduction
and trypan blue exclusion
Various concentrations ofDSS were incubated
with IEC-18 or CMT-93 cells (2X104/well,
plated 24 hours earlier) as well as IELH for
30 minutes, one hour, four hours, and 20
hours. The cytotoxic effects were measured
by MIT assay and the percentage of
cytotoxicity was calculated as: 100 -
ODexperimental/ODcontrolx 100.19-23 The cyto-
toxic effects were also measured by trypan blue
exclusion assay and the percentage of cytotoxi-
city was calculated as: trypan blue (+) cell
numberexpemental/total cell numberX 100.

Aggregation assay
IELH and IELs were incubated with ECM
coated plates in the presence of various con-
centrations of DSS or mAbs, or both, to a4 or
aM290 (1:10) for various times. The aggrega-
tion was scored as described by Ruegg et a124
with 0 indicating less than 10% aggregation,
1 = 10-20%, 2=20-40%, 3=40-60%/, 4=60-
80%, 5=80-100%.

Flow cytometry analysis
Cell surface expression ofthe leucocyte antigens
and cell adhesion molecules was analysed with a
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FACScan using the Lysis II program and cali-
bration with the AutoCOMP program.'9-21
Unstimulated and TGF3 (5 ng/'ml), 0.5%
DSS, PGE2 (3 gM), TGF3 (5 ng/ml), TNFa
(100 U/ml), and IL2 (100 U/ml) stimulated
(one or 20 hours) IELH (0 5 ml, 106/ml) in
RPMI 1640 with 5% fetal bovine serum were
incubated for 30 minutes at 48C with various
mAbs. Cells were washed twice with PBS con-
taining 1% bovine serum albumin and 0.1%
sodium azide and then incubated (30 minutes at
4°C) with FITC labelled antirat or antihamster
antibodies (10 .lI). The cells were washed twice
before performing flow cytometry analysis.
Intensities of fluorescence were determined
relative to a negative control threshold set by
substituting normal immunoglobulin for the
primary antibody or omitting the primary
antibody.

Statistical analysis
Variability of the data is expressed as the
standard error of the mean (SEM). For the
comparative analysis, the data were examined
using an unpaired Student's t test with
StatWorks software. Values of p<0 05 were
considered statistically significant.

Results

Cytotoxicity ofDSS to intestinal epithelial cells
and lymphocytes
To delineate the mechanisms ofDSS induced
colitis, we studied the effects of DSS on
intestinal epithelial cells and lymphocytes.
Various concentrations of DSS were incu-
bated with IEC-18 (Fig IA), CMT-93 (Fig
IB), 9.1yS (Fig 1C, ID), and several other
IELH cells. The cytotoxic effects were
measured by both MTT (an assay of both
mitochondrial functions and cell number)
and trypan blue staining (an assay of both
plasma membrane integrity and cell number).
Direct cytotoxicity of DSS towards IEC-18,
CMT-93 intestinal epithelial cells and 9 1 yi
IELH or fresh IELs (not shown) seems to
have both concentration and time depen-
dency with increasing concentrations and
time causing increased cytotoxicity. Within
30 minutes or one hour, 2/5% of DSS or less
showed insignificant cytotoxicity to most of
the cell types tested. IEC-18 cells were more
resistant to the cytotoxicity of DSS than
CMT-93, while IELH were more sensitive
than epithelial cells, and fresh IELs were the
most sensitive.
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Figure 1: The cytotoxicity ofDSS towards IEC-18 (A), CMT-93 (B), and 9.1 yb (C, D) cells. Various concentrations
ofDSS were incubated with IEC-18 cells (2X104/well, plated 24 hours earlier) for 30 minutes, one, four, and 20 hours.
The cytotoxic effects were measured byMTT assay (A-C) and the percentage of cytotoxicity was calculated as:
100- ODexpenmentaI/ODcontrolXlOO. In (D), the cytotoxic effects were measured by a trypan blue exclusion assay and the
percentage of cytotoxicity was calculated as: trypan blue (+) cell numberexpe,iment,j/Total cell numberXl00.
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hybridoma cells were incubated with IEC-18 or CMT-93
monolayers in the presence of various concentrations of
DSSfor 30 minutes, and then gently washed three times
with 100 ,ul ofPBS. The number of adherent cells was
measured byMTT assay. The data represent the
percentage of adherent ceUis compared with control wells in
which no DSS was added, calculated as 100 -
OD &IZOD,,,,,,,1l 00. (B) Increasedadhesion of
9-1 IEL hybridoma cells to IEC-18 monolayers by PGE2,
TGF,8, TNFa, and IL2. 9.1 RyS celZs werefirst incubated
with PGE2 (3 ,uM), TGF/P (5 ng/m1), TNFa (100
Ulml), and IL2 (100 Ulml) for one hour, washed with
PBS, and then either incubatedfor a further 20 hours (one
hour+20 hours) before adding to IEC-18 cells, or added
directly to IEC-18 monolayers. After incubation for a
further one hour, percentage of adherent cells was calculated
as OD,,,spm,,,,.,10/Dc,,,,rooX100-100.

Effects ofDSS on adhesion ofIELH to intestinal
cells and its modulation by cytokines or PGE2
To delineate the potential role of ,B7 receptors
in DSS induced colitis, we studied the effects
of DSS on the interaction between intestinal
epithelial cells and lymphocytes and its modu-
lation by cytokines or PGE2. The adhesion of
9.1 y8 cells (Fig 2A) to IEC-18 or CMT-93
monolayers was inhibited when cells were
allowed to adhere in the presence of various
concentrations of DSS for 30 minutes. In a
previous study,21 we found that 1B7 integrin
receptors play an important part in the
adhesion of IEL hybridomas and freshly
isolated IELs to intestinal epithelial cells. In
addition, inhibition of 17 receptors with
specific antibodies reduced the adhesion of
IELs to intestinal epithelial monolayers. It is

possible that the dose dependent inhibition of
adhesion of IELH to epithelial cells resulted
from a direct interaction between DSS and ,7
or its ligands in epithelial cells during adhesion
assay.
When 9.1 -y5 cells were first incubated with

PGE2, TGFI, TNFa, and IL2 for one hour,
adhesion to IEC-18 (Fig 2B) was increased by
5 to 15%. After stimulation for one hour and
then incubating for a further 20 hours, adhe-
sion to IEC-18 (Fig 2B) was significantly
increased (up to 15 to 30%).

Effect ofPGE2, TGFJ, TNFac, IL2, and DSS
on 9 1y8 IELH cell surface expression of the
integrin a4 and M290 subunit and other cell
surface receptors
Cell surface expression (% of positive cells) of
the a4 and aM290 subunits was increased
slightly by brief stimulation of cells with PGE2
for one hour; however, after washing away the
PGE2 and incubating for a further 20 hours,
the expression of the two a subunits decreased
to basal values. The expression of a4 was
marginally increased by stimulation of cells
with TNFa for one hour and incubating for a
further 20 hours, while expression of oaM290
was increased by stimulation of cells with
TNFa for one hour and remained increased
after incubation for an additional 20 hours (Fig
3A). Expression of otM290 was also increased
by stimulation of cells with TGFP, whereas a4
expression was slightly lowered.
When DSS and integrin subunit mAbs were

added together during the detection of surface
antigen, the expression of a4 was increased
(Fig 3B), whereas, the expression of aM290
was decreased. These data suggest that DSS
directly affects interactions between cell sur-
face receptors and their mAbs by intefering
with or increasing the interactions between
receptors and mAbs, as has previously been
described for CD2.14 When cells were treated
with DSS for one hour, washed, and incubated
for an additional 20 hours, the expression ofa4
and axM290 was increased, with a much more
significant increase when DSS was present
during the entire 20 hour incubation period
(Fig 3B). These data suggest that DSS affects
the expression of cell surface receptors by
either inducing translocation of molecules to
the cell surface, or more probably by modulat-
ing the synthesis of cell surface molecules.
As IELs of mice with DSS induced colitis

are exposed to DSS and the mucosal cytokine
TGF3, we sought to find out if the combina-
tion of DSS and TGF3 might have unique
effects on adhesion molecules expression.
Figure 4 shows that a4 expression was down
regulated by TGF, and 0.5% DSS, while
aM290 expression was up regulated, which is
consistent with the effects seen with TGFI
alone (Fig 3A). Expression of CD1 ib, CD54,
CD4, CD45RB, and VCAM-1 were consider-
ably up regulated by 0.50/O DSS stimulation for
20 hours. The CD44 cell surface glycoprotein
is widely expressed on a variety of cells and is
thought to be a major receptor for hyluronic
acid, fibronectin, and collagen.25 Our adhesion

237

A

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.39.2.234 on 1 A

ugust 1996. D
ow

nloaded from
 

http://gut.bmj.com/


Ni, Chen, Hollander

A
W3 Medium Z TGFPi = IL 2
M PGE TNFa

1 h 1 h+20h 1 h 1 h+20h
R1-2 M290

CM4 C14 CN C14
+ +

R1-2 M290

Figure 3: (A) Effect ofPGE2, TGFW,, TNFa, IL2 on 9.1
-yb IEL hybridoma cell surface expression of the A4 and
M290 integrin subunits. 9.1 yb IEL hybridoma cells were
incubated with either medium, PGE2 (3 ,iM), TGF/3
(5 ng/ml), TNFa (100 U/ml) or IL2 (100 U/ml) for one
hour in the presence ofmAbs, and then washed with PBS
containing 1% bovine serum albumin and 0-1% sodium
azide (one hour) prior to FACS analysis. In a separate
experiment (designated one hour+20 hours), the cells were
incubated with stimulifor one hour, washed, then
incubatedfor a further 20 hours in media. (B) Effect of
DSS on the expression of the a4 and M290 integrin
subunits. 9.1 y8 IEL hybridoma cells were incubated with
either media or DSSfor one hour in the presence of mAbs,
and then washed with PBS containing 1% bovine serum
albumin and 0.1% sodium azide prior to FACS analysis.
In a third experiment (designated 20 hours), cells were
incubated with medium containing 1% DSSfor 20 hours,
and then washed with PBS containing 1% bovine serum
albumin and 0 1% sodium azide. Finally cells were
preparedfor FACS analysis by incubation for one hour at
4°C with the Rl-2 and M290 mAbs. Fluorescence
intensities were determined relative to a negative control
threshold set by omitting the primary antibody.

studies suggested that CD44 participates in
binding of 9.1 yb to IEC-18 cells. More than
92% of 9 1 y8 IELH cells expressed CD44 and
its expression was only marginally up regulated
by TGFI and DSS. CD45 receptors are found
on all cells of haematopoietic origin, except
erythrocytes.26 Most 9 1 yS IELH cells
expressed CD45 and 500/o of the cells
expressed the CD45RB form. Expression of
CD45RB on IELH cells was considerably up

regulated by DSS and TGF1 despite the over-
all expression of CD45 remaining essentially
unchanged. When cells were stained with
mAbs in the presence of 05% DSS, the per-
centage of R1-2 (ox4) and VCAM-1 positive
cells was decreased; while the percentage of
CD54, CD4, CD45RB, oxM290, and 33D1
positive cells was increased and in particular
the CD4, CD54, and M290 antigens. The
rapid decrease of R1-2 (a4) and VCAM-1
positive cells when DSS is together with mAbs
again suggests that DSS may be perturbing the
interaction between mAbs and their antigens.
Similarly, the rapid increase of CD54, CD4,
CD45RB, oLM290, and 33D1 positive cells
when DSS was added at the same time with
mAbs is in accord with the notion that DSS
may increase or block the interaction between
mAbs and their antigens, change the confor-
mation and accessibility of these molecules, or
cause translocation and rapid expression of cell
surface molecules. The changes in the percent-
age of positive cells may be the net effect or
balance between these different interactions.
They seem to depend on the concentration of
DSS, as 0.5% DSS and 1% DSS have converse
effects on the expression of c4 and M290 sub-
units (compare Fig 3B and Fig 4).

Aggregation ofIELH on ECM coated plates in
the presence of various concentration ofDSS
When 9.1 -yV IELH cells were incubated in
empty wells, or in wells coated with
ProNectin, poly-L-lysine, fibronectin, and
laminin, there was no significant aggregation.
Less than 20% ofIELH cells aggregated in the
presence of high concentrations of DSS in
uncoated wells. However, when 9 1 y8 IELH
cells were added to ECM coated wells
together with various concentrations of DSS,
there was a significant dose, time, and ECM
type dependent aggregation of the cells.
Aggregation occurred after 10 to 15 minutes
of incubation and became more pronounced
at later time points. The data in the Table rep-
resent the aggregation after one hour of incu-
bation. The degree of aggregation decreased
in the following order: laminin>poly-L-
lysine>fibronectin>ProNectin. In ProNectin,
poly-L-lysine, fibronectin or laminin coated
wells, maximum aggregation was detected at
DSS concentrations of 0.2%, 0.1%, 0.1%,
and 0.05% respectively. There was no signifi-
cant difference when mAbs to (x4 and oxM290
were added to the ECM coated wells together
with various concentrations of DSS, suggest-
ing that DSS and ECM induced IELH
aggregation was not mediated by either (4 or
cxM290 subunits of the 17 integrin (Table).

Effect ofDSS and mAb to the crM290 subunit on
adhesion of 9.1 yb IELH cells or epithelial cells to
ECM
The data in Fig 5A show the percentage of 9a 1
yS cells adherent to ECM coated wells.
Approximately 36.5%, 60.8%, 28.2%, and
18.6% or 9.1 yi cells bound to ProNectin,
fibronectin, poly-L-lysine, and laminin coated
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Figure 4: Effect ofDSS and T 0,8on the expression ofIEL hybridoma 9.1 Zy cell surace antigens and cell adhesion
molecules. 9.1 oyS cells were either left untreated or 0.5% DSS was included during the one hour incubation staining of cells
with mAbs. In a separate experiment cells were treated with a combination of TGFP (5 nglml) and 0.5% DSSfor 20
hours prior to staining cells with mAbs for 30 minutes at4oC. Fluorescence intensities were determined relative to a negative
control threshold set by omitting the primary antibody.

plates respectively. The percentage of 9. 1 -y8
cells adherent to fibronectin was greater than
the percentage of o4 positive 9. 1 yb cells
(16%) measured at the same time period (Fig
4), suggesting that adhesion of 9 1 y8 cells to
fibronectin was mediated in part by a4P1 or
ox4P7 receptors, or both. Considerable varia-
tion in the adhesion of 9.1 y5 to ECM was
obtained by including various concentrations
of DSS (Fig 5B). DSS inhibited the binding of
9.1 y8 to poly-L-lysine and inhibition was
decreased by high concentrations ofDSS. DSS
inhibited the binding of 9 1 y8 to laminin at
low concentrations, whereas high concentra-
tions of DSS augmented binding. Augmented
binding at high concentration of DSS could
result from DSS binding to molecules on the
cell surface and the ECM, thereby acting as a
bridge. DSS inhibited the binding of 9.1 y8 to
fibronectin and ProNectin at low and mid-con-
centrations, while high concentrations of DSS
stimulated adhesion. There was no significant
difference when mAb to otM290 was added to
laminin, poly-L-lysine, and ProNectin coated
wells with various concentrations of DSS,
suggesting that laminin, poly-L-lysine, and

Effect ofDSS and ECM on aggregation of 9.1 yb IEL hybridomas

DSS (%o)
Plus 0 0.0125 0-025 0.05 0.1 0-2 04 0-8 1.6

Medium 0 0 0 0 0 0 0.3 0.3 0.7
ProNectin 0 0.7 1.0 1-3 1-7 2.0 1-7 1-3 0.3
Poly-L-lysine 0 1-3 2-7 3.0 3-3 2 7 2 1-3 0.3
Fibronectin 0 1-3 1-7 2-7 3-7 2-3 1-3 1.0 0.3
Laminin 0 1-3 2-7 4 3-7 2-7 1-3 1 0.7

Aggregation is scored as described by Ruegg et at24 with 0=indicating no aggregation,
1 = 10-20%, 2=20-40%, 3=40-60%, 4=60-80%, 5=80-100% aggregation. Data represent the
mean of triplicate experiments.

ProNectin were not the ligands of aM290r7
integrin (data not shown). However, when the
aM290 mAb was added to fibronectin coated
wells with various concentrations of DSS, the
inhibitory effect of low concentrations of DSS
was reversed, as was the stimulatory effect of
high concentration of DSS (Fig 5C). It seems
by some unknown mechanism that the ocM290
mAb antagonises the effect of DSS on the
adhesion of the cells to fibronectin. When
IEC-1 8 cells were added to ECM coated plates
together with various concentrations of DSS,
DSS inhibited about 50%/o of IEC-18 attach-
ment to fibronectin, ProNectin, and poly-L-
lysine coated plates, while DSS inhibited
IEC-18 cell attachment to laminin coated
plates by about 20% only at the highest con-
centration tested (0.4%) (Fig 5D).

Discussion
Our studies provide five important findings
with respect to the potential roles of DSS and
37 integrin and other cell adhesion molecules
in DSS induced colitis. Firstly, DSS exhibits a
concentration, time, and cell type dependent
cytotoxicity towards intestinal epithelial cells
(IEC-18, CMT-93) and IELH cells or fresh
IELs. Secondly, the adhesion ofIELH to IEC-
18 or CMT-93 is influenced by DSS, PGE2,
TGF,B, TNFa, and IL2. Thirdly, integrin o4
expression is marginally down regulated by
TGF,B and DSS, while otM290 expression is
up regulated and the expressions of several
other cell adhesion molecules were also
affected by DSS. Fourthly, DSS and ECM
together induced a significant dose, time, and
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Figure 5: Effect ofDSS and the M290 mAb on adhesion of 941 yb cells or epithelial cells to ECM. (A) Specific adhesion
of 9-1 yb cells to ECM. 9-1 yb cells readily adhered to ProNectin (PN), fibronectin (FN), poly-L-lysine (PLL), laminin
(LM); as did IEC-18 cells (data not shown). (B) Inhibitionlenhancement of adhesion of 9-1 yb cells to ECM by DSS.
Different concentrations ofDSS either inhibited or increased the binding of 941 yb cells to ECM depending on the
particular ECM. (C) The M290 mAb antagonises the effect ofDSS on the binding of 941 yb cells to FN. (D) Inhibition
of adhesion ofIEC-18 cells to ECM. High concentrations ofDSS inhibited the binding ofIEC-18 cells tofibronectin,
ProNectin, laminin, and poly-L-lysine.

ECM type dependent aggregation of mucosal
lymphocytes. Finally, in the presence of vari-
ous concentrations ofDSS, the adhesion of 9.1
y8 IELH cells and IEC-18 epithelial cells to
various ECMs was influenced to variable
extents by DSS.
The interaction between DSS and the P7

integrins can take place at multiple sites. It was
suggested that dextran sulphate interact with
epidermal growth factor domains or comple-
ment regulatory sequence repeats, thereby
inducing conformational changes of selectins. 17
The integrin ,7 subunit has four cysteine rich
epidermal growth factor like repeated domains,
which may interact with DSS, although we did
not provide direct evidence in this experiment.
As ,7 integrins are candidate receptors for IEL
activation, homing, or differentiation and are
highly expressed on intestinal lymphocytes in
the unique environment of the intestinal
mucosa, we propose that f7 integrins could be
pivotal receptors in the pathogenesis of IBD
and cancer development in IBD and that the
function of integrin I7 receptors could be
abnormally modulated by DSS leading to the
development of IBD and cancer.

Based on our results and on data in pub-
lished reports we suggest that DSS induced

colitis could be caused by: (a) direct cytotoxic-
ity of DSS; (b) interference of DSS with the
normal interaction between IELs, epithelial
cells and ECM; (c) modulation of the expres-
sion of the integrin 137 receptors, other cell
receptors, and their functions by DSS.
Our study with DSS induced colitis showed

that attenuation, or even prevention in some
cases, can be achieved by administration of
mAbs to oa subunit of 137 integrin receptors,
which inhibited the function of A4137 and
otM290137 receptor functions (unpublished).
These data supported our hypothesis that
integrin 137 receptors play an important part in
DSS induced colitis in mice.
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