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Intestinal intraepithelial lymphocytes have a

promiscuous interleukin-8 receptor

A I Roberts, M Bilenker, E C Ebert

Abstract
Background-Human intraepithelial lym-
phocytes (IELs), predominantly T cells of
the CD8+CD45RO+ phenotype that are
situated between epithelial cells, have a
chemotactic response to the a-chemo-
kines, IL-8 and GRO, and the 0-chemo-
kine, and the protein termed regulated on
activation, normal T cell expressed and
secreted (RANTES).
Aim-To evaluate the specificity of the
IL-8 receptor on IELs.
Methods-Specificity was determined by
the degree of desensitisation of the IL-8
response caused by each chemokine and
the degree of inhibition of IL-8 binding to
the cell.
Results-IELs migrated towards two
additional 13 chemokines, macrophage
inflammatory protein-i and monocyte
chemotactic protein (MCP). All chemo-
kines inhibited IL-8 induced chemotaxis
and calcium ion mobilisation by IELs,
with IL-8 having the greatest effect and
MCP the least. In addition, specific
binding of radiolabelled IL-8 to IELs was
reduced by each of the five chemokines in
cold competition experiments, whereas
only GRO and IL-8 itself displaced 525I-IL-
8 from receptors on peripheral blood
mononuclear cells.
Conclusions-The IL-8 responsiveness of
IELs is desensitised by chemokines ofboth
the a and , families, and this is likely to
occur by the binding of the chemokines to
common receptors.
(Gut 1997; 40: 333-338)
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Interleukin 8 (IL-8), a proinflammatory cyto-
kine with molecular mass of about 8 kDa, is a
chemoattractant for many cell types, including
neutrophils, basophils, peripheral blood T
lymphocytes, natural killer cells, and jejunal
intraepithelial lymphocytes (IELs). '6 It is pro-
duced by monocytes, neutrophils, hepatocytes,
and intestinal epithelial cells after stimulation
with cytokines such as IL-1 and TNFao.7-2
Along with other soluble factors, IL-8 co-

ordinates the inflammatory response to injury.
IL-8 is a member of a class of proteins called

chemokines that are grouped into two families
depending on the sequence of a common
conserved region: the sequence C-X-C is
characteristic of the ct-chemokines, whereas
the sequence C-C identifies the family. The

a-chemokines, including IL-8 and GRO, are
potent chemoattractants for neutrophils and T
cells, but not monocytes, whereas the
3-chemokines, such as monocyte chemotactic

protein (MCP), macrophage inflammatory
protein (MIP), and the protein termed
"regulated upon activation, normal T cell
expressed and secreted" (RANTES) attract
monocytes and T cells, but not neutro-
phils.'"22 Five different chemokine receptors
have been identified: (1) the IL-8 RA receptor
which binds IL-8 at high affinity (Kd 2 nM)
and GRO at low affinity (Kd 450 nM); (2) the
IL-8 RB receptor which binds IL-8 and GRO
at high affinity (Kd 2 nM)'7; (3) the RANTES/
MIP-lot receptor which binds the first at high
affinity (Kd of 0 7 nM) and the second at lower
affinity (Kd 35 nM); (4) the MCP-1 receptor
which binds only this chemokine at Kd 0 5
nM,'9 and (5) the erythrocyte CK receptor,
which binds both a-chemokines and 1-
chemokines except MIP-la and MIP-1lB at
high affinity (Kd 5 nM).21
The IELs, predominantly T cells of the

CD8+CD45RO+ phenotype that are situated
between epithelial cells, migrate toward
IL-8, GRO, and RANTES, whereas lamina
propria lymphocytes (LPLs), in which the
CD4+CD45RO+ T cell phenotype predomi-
nates, show less chemotaxis.5 6 By contrast,
among peripheral blood T cells, the
CD4+CD45RO+ phenotype shows preferential
attraction for RANTES but not IL-8.22
Another unusual feature of the IEL response to
chemokines is that calcium ion mobilisation
due to release of internal stores is variable
(greatest with IL-8 and absent with GRO),
and does not correlate with the migratory
response.5 6 Preliminary experiments have also
shown that IELs become desensitised to both
IL-8 and RANTES on exposure to either
individual chemokine, suggesting a receptor
that can bind both ot and [3 chemokines,
perhaps similar to the promiscuous chemo-
kine receptor on erythrocytes.56 This, too,
contrasts with peripheral blood T cells, which
have exclusive receptors for each family of
chemokines.
To determine the nature of the chemokine

receptor(s) on IELs, this study measured the
responsiveness of IELs, LPLs, and PBMCs to
the a- and 1-chemokines through chemokine
induced cell stimulation, as detected by cal-
cium ion mobilisation and chemotaxis. The
specificity of the IL-8 receptor on IELs was
examined by determining which chemokines
compete with IL-8 for binding to the receptor
and which ones can desensitise the cells to
subsequent IL-8 stimulation.
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Methods

Isolation oflymphocytes
IELs were separated from jejunal mucosa

obtained from healthy subjects undergoing
gastric bypass operations for morbid obesity.
Briefly, the minced mucosa was treated for 30
minutes with 1 mM dithiothreitol at 37°C
followed by three 45 minute treatments with
0 75 mM EDTA in a shaking water bath at
37°C and the supernatant cells were collected.
After purification by a Percoll density gradient,
IEL preparations were over 90% lymphocytes
that were 94±5% CD2+ and 89±2% CD8+.
For all experiments, IELs were first incubated
with IL-2 (10 U/ml; Amgen, Thousand Oaks,
CA, USA) for 72 hours as this increased IL-8
binding.
To isolate LPLs, the treated tissue received

three more 45 minute incubations with EDTA,
and the released cells were discarded. The
remaining tissue was digested for three hours
at 37°C in 20 U/ml collagenase and 0-01%
deoxyribonuclease, then pressed through a

wire mesh sieve to free any trapped cells.
Purification on a Percoll density gradient
yielded LPLs that were 55(SD 10)% CD4+,
35(SD 1 1)% CD8+.5

Peripheral blood mononuclear cells (PBMCs)
were isolated from whole blood by Ficoll density
gradient centrifugation.

Migration assay
The multiwell chemotaxis chamber of Boyden
was used to measure lymphocyte migration in
response to various factors. The upper and
lower chambers were separated by a polyvinyl-
pyrrolidone-free polycarbonate membrane with
5 ,um pores. Lymphocytes (1 X10i/0-05 ml)
were placed in the upper chambers and various
concentrations of purified recombinant human
IL-8, GRO, RANTES, MCP-1, and MIP-la
(R and D Systems, Minneapolis, MN, USA)
were added to the lower chambers in duplicate.
After a four hour incubation at 37°C, the
apparatus was kept at 4°C overnight to release
lymphocytes bound to the underside of the
membrane. After disassembly, the number of
lymphocytes in each lower chamber was
counted. After gently wiping the upper surface
of the membrane to remove any adherent
lymphocytes, the membrane was fixed in 70%
ethanol, stained with toluidine blue, and then
examined by light microscopy to verify that the
lower surface was free of cells. Only viable
lymphocytes migrated through the membrane,
as determined by trypan blue exclusion.

Calcium ion mobilisation studies
Lymphocytes were loaded with Fura-2 AM (1
p,g/ml, Molecular Probes, Eugene, OR, USA)
for 20 minutes at 37°C, washed, resuspended
to 1-2X 106/ml, and placed on ice. After
warming for five minutes, a 3 ml sample was

transferred to a polystyrene cuvette. Fluor-
escence was monitored in a fluorescence
spectrophotometer for five minutes after the
addition of each cytokine using an excitation

wavelength of 340 or 380 nm while monitoring
an emission wavelength of 510 nm. Ionomycin
(iX 1O M) was added as a positive control.
Changes in cytoplasmic free calcium ion
concentration ([Ca2+]i) were calculated as a
percentage of maximal fluorescence, with
the dye fully chelated by the addition of
ionomycin.

Chemokine binding
Cells (4-5x 106/0.2 ml) were incubated for 90
minutes on ice in siliconised polypropylene
tubes with various concentrations (10`'l to
101M) of '25I-labelled IL-8 (DuPont-NEN,
Wilmington, DE, USA) combined with various
concentrations of an unlabelled chemokine in
binding medium, consisting of RPMI 1640
with 10 mM HEPES and 1% bovine serum
albumin (BSA), pH 7-4. The incubation
period commenced with the addition of the
cells to the reaction mixture and was ter-
minated by the separation of the cells from this
mixture by a density gradient. To accomplish
this separation, the cell suspension was layered
over a 0-2 ml cushion of ice cold Percoll diluted
to 20% in binding medium in a 400 RI poly-
ethylene microfuge tube, then centrifuged at
12 000 g for three minutes. The tubes were
snap frozen in liquid nitrogen and the tips were
cut off. The radioactivity in the tips containing
the cell pellet ("bound") and that remaining in
the reaction mixture in the tube ("free") were
counted. The amount of specifically bound
labelled peptide was calculated from known
standards as the difference between total
and non-specifically bound radioligand. Non-
specific binding was measured in the presence
of 10-6 M unlabelled ligand.23 25

Statistical analysis
For each set of data, a mean and SD were
calculated. Pairs of data sets were analysed by
Student's t test for paired or independent
variables.

Results

Migration ofIELs, LPLs, andPBMCs to
chemokines
The migratory response of each lymphocyte
type to the various chemokines was tested in
the Boyden multiwell system after stimulation
with IL-2 for three days (Fig 1). The spon-
taneous migration to medium alone, averaging
5X104 cells, was subtracted from each exper-
imental value. Chemokines were added to the
lower chambers at concentrations of 1 to 1000
nM. The migratory response of IELs to IL-8
depended on the concentration of chemokine,
reaching a maximum of 18750 cells at 1000
nM. This exceeded the similarly profiled dose-
response ofLPLs (p<0.01), but was equivalent
to the maximal response of PBMCs, which
occurred at 100 nM. The responses to GRO,
also an a-chemokine, showed a different
pattern: the maximal response of IELs,
occurring at 10 nM GRO, was greater than the
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maximum for PMBCs (p<0 01), occurring at
100 nM, but no different from the LPL
response, peaking at 10 nM. RANTES
induced a greater peak response by IELs than
LPLs or PBMCs (p<0.05; occurring at 1000,

1000, and 100 nM, respectively). MIP, in
contrast, attracted more PBMCs than IELs or
LPLs (p<0 05 with peak responses at 10, 10,
and 1000 nM, respectively), whereas MCP
produced similar migratory responses in all
three lymphocyte types.
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Calcium mobilisation by IELs, LPLs, and
PBMCs
Cell stimulation in response to chemokine
exposure was determined by changes in the
cytoplasmic concentration of the secondary
messenger, divalent calcium ion [Ca2"]; as
measured by changes in fluorescence emission
of Fura-2 loaded cells after the addition of
chemokine. IL-8 induced the largest increase
in [Ca2+], in IELs, whereas RANTES had a
smaller effect: 13-3(SD 0-5)% and 8-7(SD
0 1)% of maximum respectively (n=7; Fig 2).
Little calcium flux occurred with the other
chemokines: 0 7(SD 0 7)% with GRO, 0 6(SD
0-6)% with MIP, and 1-5(SD 0-9)% with
MCP. LPLs, in contrast, showed negligible
calcium mobilisation with any chemokine.
PBMCs, like IELs, showed the greatest influx
with IL-8 (8-6(SD 1-9)%), a lesser response to
RANTES (3-6(SD 2-9)%) and MIP (3-2(SD
0 5)%), and little response to GRO or MCP
(1*8(SD 13)% and 1 1(SD 10)%, respec-
tively) (n=3).
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Figure 2: Changes in cytoplasmic free calcium ion
concentration as measured byfluorescence emissionfrom
Fura-2 loaded IELs. IL-8 (U) orRANTES (A) were
added at 1000 nM at time=0. Values are percentages of
maximalfluorescence obtained on the addition of
ionomycin, for seven experiments. Bars are SD.
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Figure 1: IELs (U), LPLs (@), and PBMCs (A)
were testedfor migration toward IL-8, GRO, RANTES,
MIP-1, andMCP with concentrations rangingfrom 1 to
1000 nM in six experiments. The number of cells migrating
toward medium alone was subtractedffrom each result.
Bars are SD.

Figure 3: IEL were cultured with IL-2for two days with or
without each chemokine listed on the x axis, and then tested
for their migratory response to IL-8 (1000 nM). All
chemokines desensitised IEL chemotaxis to IL-8 in eight
experiments. Bars are SD. *p<0.05; **p<001;
***p<0.001.
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Desensitisation experiments
The ability of IELs to become desensitised to
IL-8 stimulation by each of the chemokines
was tested in two ways. Firstly, to measure
desensitisation of the chemotactic response,

100
I

75 K

50 H

25 -

o
IL-8 GRO RANTES

Chemokine

MIP MCP

Figure 4: IELs were culturedfor two days with IL-2, loaded
with Fura-2, and exposedfor 10 minutes to each chemokine
listed on the x axis to induce desensitisation. Then cells were
testedfor calcium mobilisation in response to IL-8 (1000
nM). All chemokines desensitised IELs to IL-8 in six
experiments. Bars are SD. *p<0.05; ***p<0001.
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Figure 5: IELs, LPLs, and PBMCs, usedfresh or after
IL-2 activation, were testedfor specific binding ofIL-8.
Cells were incubated on ice with 12 I-IL-8 (10 nM) in the
absence or presence of unlabelled IL-8 (1000 nM) (non-
specific binding), and radioactivity associated with the cell
pellet determined. Specific binding was calculated as the
difference between total and non-specific binding. Values
represent the mean (SD) for six experiments.
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IELs were cultured with IL-2 with or without
each chemokine (1000 nM). After 72 hours,
the cells were washed and tested for their
migratory response to 1000 nM IL-8 (Fig 3).
Pre-exposure to chemokines from either the cx
or a families caused a pronounced reduction in
IEL chemotaxis to IL-8 compared with the
unexposed control. The greatest inhibition
occurred with IL-8 (89(SD 2)%), and the least
with MCP (54(SD 13)%).

Secondly, desensitisation to IL-8 was tested
in the calcium ion mobilisation response. IELs
were cultured with IL-2 for 72 hours, loaded
with Fura-2, and then exposed to a chemokine
(1000 nM) for 10 minutes. Then the response
to 1000 nM IL-8 was measured (Fig 4). Again,
all five chemokines greatly inhibited IL-8
induced calcium influx: IL-8 had the greatest
inhibitory effect (89(SD 7)%), and MCP had
the least (69(SD 17)%)/. Thus all five
chemokines desensitised IELs to IL-8.

Radioligand binding
Specific binding of '25I-IL-8 (1O nM) to IELs,
LPLs, and PBMCs was measured before and
after stimulation with IL-2 for 72 hours (Fig
5). Fresh IELs and LPLs bound much less
IL-8 than did PBMCs (p<0 05). However,
IL-2 stimulation more than doubled IL-8
binding to IELs (p=0 05).
The specificity of the receptor for its ligand

was determined by the ability of the other
chemokines to compete for binding to the same
receptor. Radiolabelled IL-8 (10 nM) and a
100 x excess of cold chemokine were added
simultaneously and the effect on specific radio-
ligand binding was measured (Fig 6). For
IELs, all chemokines tested reduced cell
associated radiolabelled IL-8 to a similar
extent, suggesting the presence of a promis-
cuous receptor on these cells. TNFac, by
contrast, had no effect on binding of radio-
labelled IL-8 to IELs. Binding to LPLs was
significantly reduced by the at-chemokines,

* PBMCs

60

IL-8 GRO RAN MCP MIP IL-8 GRO RAN MCP MIP IL-8 GRO RAN MCP MIP

Cold competitors
Figure 6: Inhibition of 'I5-IL-8 binding by IELs, LPLs, and PBMCs by unlabelled chemokines (cold competition).
Radiolabelled IL-8 (10 nM) with 100 X molar excess of the chemokine were added simultaneously to the binding assay and
the decrease in cell bound radioactivity measured and compared with a control with no cold competitor: *p<0 05, n=6,
paired Student's t test.
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whereas 1-chemokines had a smaller effect.
This difference was more pronounced for
PBMCs: strong inhibition by the ax-chemo-
kines and no inhibition by the 3-chemokines.

Discussion
The present study shows that IELs migrate in
response to chemokines of both the a and a
families. They respond better to IL-8, GRO,
and RANTES than do LPLs and PBMCs,
whereas their responses to MCP and MIP were

equal to or less than that of PBMCs. Yet,
concurrent calcium ion mobilisation in IELs
occurred only with IL-8 and RANTES, but not
GRO, MCP, or MIP. Similar results were

obtained with PBMCs, whereas LPLs had no

calcium mobilisation response to any chemo-
kine. All lymphocytes were first stimulated
with IL-2 for 72 hours before each assay as

IL-8 binding increases on IELs after this
treatment. The degrees of chemotaxis and
calcium mobilisation in the present study are

similar to those described elsewhere.3 '3All five
chemokines desensitised IELs to subsequent
IL-8 stimulated chemotaxis and calcium
mobilisation and displaced radiolabelled IL-8
from its receptor on IELs. This interplay of
cytokines is suggestive of a common receptor
for both a- and r-chemokines on IELs.

All the chemokines shown here to affect
IELs also have effects on peripheral blood T
lymphocytes (in addition to their main actions
on neutrophils and monocytes). However, the
T cell phenotype attracted in peripheral blood
often does not match the CD8+CD45RO+
phenotype of IELs. For IL-8, the studies are

contradictory: CD4+ T lymphocytes migrate
to IL-8,3 but CD8+ T lymphocytes express
IL-8 receptors.'7 GRO attracts CD45RO+ T
lymphocytes of both the CD4+ and CD8+
phenotype,'3 whereas RANTES draws mainly
CD4+CD45RO+ T lymphocytes.22 All these
chemokines attract more IELs than LPLs,
indicating that the reactive phenotype in the
intestine is not the same one as in peripheral
blood. MCPI is specific for both CD4+ and
CD8+ T lymphocytes of the CD45RO+
memory phenotype,26 27 whereas MIP acts
mainly on CD4+ T cells.28 Memory cells, which
make up most IELs and LPLs, are particularly
motile.29

Desensitisation experiments showed that all
five chemokines nearly eliminated the IL-8
responsiveness of IELs, in both chemotaxis
and calcium mobilisation. However, effective-
ness in desensitising IELs to IL-8 does not
necessarily impart on a chemokine the ability
to stimulate them. Indeed, whereas all five
chemokines desensitised IELs to IL-8, only
IL-8 itself and RANTES induced calcium ion
mobilisation; GRO, MIP, and MCP did not.
Although most of the increase in [Ca2+], in
IELs is due to a release of internally seques-

tered ions,5 the absence of an IL-8 induced
response after pre-exposure to the other
chemokines was not due merely to a depletion
of internal stores as, in three out of five cases,

no internal stores were released in the initial
exposure. This lack of correlation between

calcium influx and chemotaxis suggests that
other processes mediate IEL mobilisation:
signalling involving the dissociation of G
proteins and desensitisation involving phos-
phorylation ofC terminal cytoplasmic residues
on G protein linked receptors. 14
The ability of chemokines to modulate IL-8

responsiveness could be due to heterologous
desensitisation rather than direct competition
with the IL-8 receptor. However, inhibition of
IL-8 binding to the cell by chemokines of both
the ot and ,B families suggests that the IL-8
receptor is promiscuous. MCP offered the least
desensitisation, perhaps due to an imperfect fit
with the IL-8 receptor. By contrast, IL-8 and
GRO were the only chemokines able to
compete for the PBMC IL-8 receptor. The IEL
receptor binds a broader range of chemokines
than even the erythrocyte receptor in that it
binds MIP as well as IL-8, GRO, RANTES,
and MCP. Unfortunately, low specific binding
precluded a more quantitative analysis of
receptors, but differences in specific binding in
the presence or absence of competition by
other chemokines were still clearly discernable.
In agreement with this finding, IL-8 receptors
have been found to be on only a small fraction
of T lymphocytes (5o/o-25%)'7 and at low
density.'3 One group, however, was able to
estimate that 1200 to 2600 IL-8 receptors were
found on each lymphocyte with a Kd of 0 55
nM.3 If this large a receptor number had been
present on IELs, it would have been detected
by the technique used in our laboratory.24

It is surprising that more IELs than LPLs
respond to chemokines, given the greater T
cell responsiveness of LPLs, particularly in
proliferation and the production of proinflam-
matory cytokines.30 This finding is consistent
with the idea that T cells destined to become
IELs reside in the lamina propria and, when
given the appropriate stimulus, traverse the
basement membrane and enter the epithelium,
particularly during injury to the epithelium.
Epithelial cells do secrete IL-8, MCP, and
probably other IEL chemoattractants in res-
ponse to injury such as bacterial invasion and
stimulation by TNFao or IL-i 8-'21 IELs may
migrate towards the epithelium in response to
any of these chemokines. In fact, IL-8
production is in the ng/ml range, certainly
enough to affect IELs. It may be by this
mechanism that IEL numbers increase in
diseases in which the initial insult is to the
epithelium - for example, coeliac sprue, giar-
diasis, cow's milk allergy, and tropical sprue.
The IELs may then lyse the injured epithelial
cells in a manner similar to their destruction of
colon cancer cells,32 resulting in a loss of
surface epithelium and the shortened villi
found in these diseases.
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