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IL-10 enhances IL-2-induced proliferation and cytotoxicity by human intestinal
lymphocytes
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SUMMARY

IL-10 modulation of human intestinal T lymphocyte functions was studied for the first time.
Lymphocyte proliferation was determined by *H-thymidine incorporation; cytokine production, by
ELISA; expression of surface markers, by immunofluorescence and flow cytometric analysis; and
cytotoxicity, by lysis of >'Cr-labelled target cells. IL-10 blocked phytohaemagglutinin (PHA)-induced
activation and proliferation of CD8" T cells from the epithelium and lamina propria. It was a greater
inhibitor of IL-2, interferon-gamma, and tumour necrosis factor-alpha production than were IL-4 or
transforming growth factor-beta. In contrast, IL-10 enhanced IL-2-stimulated proliferation of both
CD4" and CD8™ T cells by increasing cell division after activation. It also augmented IL-2- but not IL-
15-induced cytotoxicity of intestinal lymphocytes against colon cancer by a mechanism independent of
natural killer cells. In conclusion, IL-10 blocking of proinflammatory cytokine secretion probably
reduces intestinal inflammation. IL-10 augmentation of IL-2-induced cytotoxicity may help to maintain

host defence.
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INTRODUCTION

IL-10 is synthesized by a variety of cell types, such as T cells
(including lamina propria lymphocytes (LPL)), B cells, antigen-
presenting cells (APC), and malignancies. It is produced 24-48 h
after lymphocyte activation, indicating that it regulates the later
stages of the immune response. Among the many immunomodu-
latory events, IL-10 production by T lymphocytes and natural killer
(NK) cells is enhanced by IL-12, while synthesis by monocytes is
augmented by tumour necrosis factor-alpha (TNF-«) [1-5].
IL-10 affects T cells indirectly through reduction of APC
activities, such as production of IL-1 and TNF-«, and expression
of costimulatory molecules, such as B7 and MHC class II [6—8]. In
certain rare situations, IL-10 alters T cell functions directly [9].
Besides its action on lymphocytes, IL-10 prevents interferon-
gamma (IFN-vy)-induced loosening of the colonic epithelial
cell tight junctions, thereby permitting entry of foreign antigens
from the lumen [10]. The studies of IL-10 vary considerably from
one another, so generalizations are often difficult to make.
Such variables include: use of rodents versus humans; T cell
clones versus fresh T cells; splenocytes versus lymphocytes from
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peripheral blood; and the presence of monocytes/macrophages
versus dendritic cells. No studies have evaluated the actions of
IL-10 on human intestinal lymphocytes.

The colon and ileum display IL-10 in the epithelium, lamina
propria, and submucosa, while jejunum has IL-10 in the epithelium
[11,12]. This cytokine is crucial for suppressing inflammation in
the gut. IL-10 knockout animals develop a disease resembling
ulcerative colitis (UC) [13]; transforming growth factor-beta (TGF-
) knockouts develop various abnormalities, some of which resemble
inflammatory bowel disease (IBD) [14]; whereas IL-4 knockout
mice have no intestinal disease [15].

The role of IL-10 in IBD is unclear. The concentrations of IL-
10 in pg/ml amounts were elevated in the serum of patients with
active disease [16], while in another study, serum levels were
normal [17]. Intestinal mRNA levels were reported to be normal or
reduced in UC [17,18]. Yet IL-10, given systemically to those with
Crohn’s disease (CD) and by enema to those with UC, ameliorated
symptoms, demonstrating its therapeutic potential [18,19].

The present study evaluates for the first time the effects of IL-
10 on intestinal lymphocytes to determine which T cell subsets
react to this cytokine, which functions are affected, and whether
the changes are inhibitory or enhancing. The increased LAK
activity induced by IL-10 in intestinal lymphocytes is a novel
finding. These basic studies are important in order to define the role
of IL-10 in intestinal diseases and its therapeutic implications.
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MATERIALS AND METHODS

Isolation of intraepithelial lymphocytes, LPL, peripheral blood
mononuclear cells, and T cell subsets

Intestinal lymphocytes were obtained from jejunal mucosa from
morbidly obese individuals undergoing gastric bypass operations
as described previously [20]. In brief, the minced mucosa was
treated for 30 min with 1 mm dithiothreitol, then for three 45-min
incubations with 0-75 mM EDTA. The cells in the supernate were
separated by a discontinuous Percoll density gradient to obtain
intraepithelial lymphocytes (IEL). After removing residual IEL
and epithelial cells from the partially treated tissue with three more
EDTA treatments, the remaining tissue was digested for 3 h at 37°C
in collagenase (20 U/ml), then pressed through a wire mesh sieve to
obtain a single-cell suspension of LPL, also purified by Percoll
density gradient centrifugation. Peripheral blood mononuclear
cells (PBMC) were isolated by Ficoll density gradient centrifuga-
tion. After separation, IEL were 96 + 5% CD2%, 8 = 4% CD4™,
89 +2% CD8™", and 1 + 1% CDI14™; LPL were 94 = 5% CD2™",
65 = 12% CD4™, 30 = 1% CD8™, and 1 = 0% CD14"; and PBMC
were 89 +4% CD2" and 8 = 1% CDI14%. T lymphocytes were
separated into CD41 and CD8" subsets by negative selection
with immunomagnetic sorting using antibodies to CD8 and CD4
(Coulter-Immunotech, Hialeah, FL), respectively, followed by
goat anti-mouse IgG conjugated to magnetic beads as detailed
previously [21]. The purity of the CD4" T cells was 96 *+ 4%,
while that of the CD8™ subset was 96 + 5%.

Depletion of APC

Monocyte depletion was accomplished by immunomagnetic
removal of DR™ or CD14 cells, resulting in <0-01% monocytes.
MHC-DR is expressed on most APC, including dendritic cells. B
cells are infrequently found in jejunal LPL (= 1%). CD14 is found
on macrophages/monocytes but not on the majority of dendritic
cells.

Measurement of proliferation

Lymphocytes (2x 10%/0-2ml) were cultured with one or more of
the following agents: phytohaemagglutinin (PHA; 1 ug/ml; Murex
Diagnostics, Norcross, GA), IL-2, IL-7, IL-10, IL-15, antibody to
IL-10 (all from R&D Systems, Minneapolis, MN), antibody to
CD3-¢ (1 pg/ml; Immunotech, Westbrook, ME), and antibodies
to T11, and T113 (1:500 dilution, kind gift of E. Reinherz, Dana-
Farber Cancer Institute, Boston, MA). After a 3-day incubation,
proliferation was determined by *H-thymidine incorporation.

Determination of cytokine levels

The amounts of IL-2, IFN-y, and TNF-« content in supernates of
IEL cultured for 3 days with PHA and IL-4, IL-10, or TGF-f3 were
measured by ELISA (R&D).

Immunofluorescence

Indirect immunofluorescence was performed by incubating mono-
nuclear cells with MoAbs to CD2, CD4, CD8, CD14, CD16, CD56,
CD80, CD86, MHC class II (DR), and IL-2 receptors (Immuno-
tech), followed by fluorescein-conjugated goat anti-mouse IgG.
Data were analysed on a Coulter Epics Profile analytical flow
cytometer.

Cytotoxicity (! Cr-release) assay
IEL were cultured for 3 days with different concentrations of IL-2
or IL-15 with or without IL-10. In some experiments, NK cells

expressing CD16 or CD56 were removed by immunomagnetic
sorting just prior to the cytotoxicity assay (resulting in <0-1% NK
cells). The cells were washed and incubated for 4 h at various ratios
with >'Cr-labelled HT-29 cells (American Type Culture Collec-
tion, Rockville, MD). The percentage of cytotoxicity was calcu-
lated in relation to the spontaneous and maximal releases of the
radiolabel by the target cells in medium or 2% cetrimide solution
(Fisher Scientific, Springfield, NJ), respectively, as described
previously [21].

Statistical analysis

For each data set, an arithmetic mean and s.e.m. were calculated.
Pairs of data sets were compared by Student’s z-test for paired or
independent variables.

RESULTS

The effects of IL-10 (100 ng/ml) on the proliferation of IEL, LPL,
and PBMC in response to various stimuli were measured (Fig. 1).
For all three lymphocyte types, IL-10 had similar inhibitory effects
with PHA- and anti-CD3-induced events and similar enhancement
of IL-2-induced proliferation. A major difference was the reduc-
tion in CD2 antibody-induced events by IEL but not by LPL or
PBMC. Also, IL-10 had variable effects on IL-7-induced prolif-
eration. The actions of IL-15, the most powerful cytokine for IEL
proliferation and cytotoxicity [22], were unaffected by IL-10.

Dose—response curves were constructed depicting various
concentrations of IL-10 and their actions on IEL proliferation to
PHA, CD3 ligation, and IL-2. IL-10 concentrations > 1 ng/ml were
needed to trigger changes in lymphocyte proliferation (Fig. 2).

To determine whether IL-10 affected activation or cell division
of IEL, this cytokine (100 ng/ml) was added on days O, 1, or 2 of a
3-day culture containing PHA, antibody to CD3, or IL-2 (Fig. 3).
With the first two stimuli, IL-10 reduced blastogenesis only when
added within the first 24h of culture, indicating that it targets
lymphocyte activation. In contrast, IL-10 enhanced IL-2-induced
proliferation when added up to 48 h after the culture was started,
suggesting that it acts on cell division after activation. To sub-
stantiate these findings further, an activation event, IL-2 receptor
expression, was measured 24 h after incubating IEL with each
stimulus in the presence or absence of IL-10 (Fig. 4). IL-2 receptor
expression declined when IL-10 was added with PHA but did not
change with medium or IL-2, confirming its effect on lymphocyte
activation with PHA but not IL-2.

T cell subsets from both IEL and LPL were analysed separately
for IL-10-induced changes in proliferation (Fig. 5). For both
intestinal lymphocyte types, IL-10 reduced PHA stimulation of
the CD8™ subset and increased IL-2 effects on both the CD4 ™ and
CD8* T cell subsets.

The ability of IL-10 to block the production of IL-2, IFN-y, or
TNF-o by PHA-activated LPL and PBMC was compared with the
suppressive abilities of IL-4 and TGF-g (Fig. 6). IL-10 caused the
greatest reduction in proinflammatory cytokine synthesis.

To determine the role of APC on IL-10 effects, IEL were
depleted of CDI14- or MHC class II (DR)-expressing cells by
immunomagnetic removal (n =4 and n =5, respectively) and then
tested for proliferation to PHA or IL-2 with or without IL-10
(Fig. 7). This manipulation reduced but did not eliminate the PHA
response, suggesting either that a small number of APC remaining
after depletion triggered PHA-induced T cell proliferation, or that
part of the stimulation, like IL-2 produced by activated T cells,

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 119:426—432



428 E. C. Ebert

IEL proliferation (ct/min x 10%)

el

Med PHA Anti-CD3 Anti-CD2 IL-2 IL-7 IL-15
50

40 +

30

20 *

10 *
* *

0 L

Med PHA Anti-CD3 Anti-CD2 IL-2 IL-7

LPL proliferation (ct/min x 10°)

IL-15
60 -

40 -

30 -

10 |

0 .

Med PHA Anti-CD3 Anti-CD2 IL-2 IL-7

PBMC proliferation (ct/min x 103)

IL-15

Fig. 1. Effects of IL-10 on proliferation of intraepithelial lymphocytes
(IEL) (top), lamina propria lymphocytes (LPL) (middle), and peripheral
blood mononuclear cells (PBMC) (bottom). Lymphocytes were cultured for
3days with each stimulus listed on the abscissa with or without IL-10
(100 ng/ml). Proliferation was determined by *H-thymidine incorporation
and expressed as the mean * s.e.m. Those values with IL-10 that differed
significantly from its pair without IL-10 are denoted by asterisks (P <0-05,
n=06, Student’s #-test, paired variables). Additives: [J, none; W, IL-10.

could stimulate T cells without APC. Removal of APC did not
affect IL-2-induced proliferation, suggesting that this stimulus
does not require APC. The IL-10 effect was the same whether or
not APC were removed.

Since IL-10 is produced by NK cells [4] and increases
cytotoxic T lymphocyte precursor frequency [23], it may affect
IL-2-induced cytotoxicity (LAK activity). Lymphocytes were
cultured with different concentrations of IL-2 or IL-15 in the
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Fig. 2. Effects of different concentrations of IL-10 on proliferation of
intraepithelial lymphocytes (IEL) stimulated with phytohaemagglutinin
(PHA; W), antibody to CD3 (A), or IL-2 (V). IEL were cultured with
each stimulus in the presence of different concentrations of IL-10, and
proliferation was determined 3 days later. Those values marked with
asterisks differed significantly from those representing cultures without
IL-10 (P<0-05, n=35, Student’s t-test, paired variables).

presence or absence of a constant amount of IL-10 (100 ng/ml).
They were then tested for lytic activity against HT-29 target cells.
Using the three lymphocyte types, IL-10 increased cytotoxicity
induced by IL-2 but not IL-15 (not shown). To determine whether
NK cells were involved, cultured IEL were depleted of CD16" and
CD56" lymphocytes, and then tested for LAK activity (Fig. 8). In a
representative of three experiments, IEL LAK activity was par-
tially mediated by NK cells, since it declined by 37% with NK cell
depletion, as shown previously [21]. IL-10 enhanced LAK activity
whether or not NK cells were present, indicating that it targeted
IEL lacking NK markers. IL-10 added to IL-2-stimulated IEL did
not alter the percentage of CD161 and CD56" lymphocytes (n =4,
not shown).
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Fig. 3. Effects of IL-10 added on different days to intraepithelial lympho-
cytes (IEL) cultured with phytohaemagglutinin (PHA), antibody to CD3, or
IL-2. IEL were cultured with the stimuli listed on the abscissa. IL-10
(100 ng/ml) was added on day O (initiation of the culture), day 1, or day 2 of
a 3-day culture, and proliferation measured. The asterisks denote those
values that differ significantly from IEL proliferation without IL-10
(P<0-05, n=6, Student’s r-test, paired variables).
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Fig. 4. Effects of IL-10 on IL-2 receptor expression by intraepithelial
lymphocytes (IEL). IEL were cultured with the stimuli listed for 3 days with
(M) or without IL-10 (CJ) and then stained by immunofluorescence for IL-2
receptor expression. *Differs significantly from the value without IL-10
(P<0-05, n=>5, paired Student’s #-test).

DISCUSSION

Although IL-10 is thought to be predominantly inhibitory, this
study shows that it can either reduce or enhance intestinal lym-
phocyte functions, depending upon the stimulus and the lym-
phocyte subset. On the one hand, IL-10 blocked PHA-activated
proliferation and cytokine production (IL-2, IFN-vy, and TNF-«) by
intestinal lymphocytes. This IL-10 effect on proliferation occurred
during activation, required APC, and mainly affected CD8* T
cells. The inhibitory effects were indirect, reducing APC functions

(a)

which, in turn, blocked T cell activation [6—8]. On the other hand,
IL-10 enhanced IL-2-induced proliferation and LAK activity by
intestinal lymphocytes, acting on cell division of both T cell
subsets probably without APC. This may result from a direct
action of T lymphocytes with IL-10 [9].

The effect of IL-10 on intestinal lymphocytes was analysed in
this study since these cells function quite differently from PBMC
and since IL-10 may be important in the treatment of IBD [19].
Normally, the proliferative responses of IEL and LPL to mitogens,
CD3 ligation, and alloantigens are quite low due to incomplete
activation, although their responses to CD2 ligation are brisk
[20,24]. Intestinal lymphocytes, unlike those in the periphery, are
chronically activated memory cells. Furthermore, the type of APC
in the intestine is probably a mixture of macrophages and dendritic
cells, two APC types that differ in surface markers and response to
IL-10. Despite these distinctions between lymphocytes in the
intestine and peripheral blood, IL-10 proved to have similar effects
when using certain stimuli (e.g. PHA, anti-CD3, IL-2) but not
others (anti-CD2 and IL-7). This cytokine may serve to reduce
further the already low PHA- and CD3/TCR-induced activation by
IEL. CD8™ T cells are more sensitive to IL-10-induced inhibition
than CD4™" T cells, probably because they become more quickly
starved of IL-2 as IL-10 sharply reduces production of this
cytokine. The prominence of the IL-10 action on the CD8' T
cell subsets was found previously using circulating lymphocytes
[6,8,25].

IL-10 down-regulates certain surface markers on APC, parti-
cularly CD80, CD86, and MHC class II [7]. This IL-10 effect may
have less impact in the intestine since expression of CD28 on
intestinal lymphocytes is low [26]. IL-10 reduction in the actions of
dendritic cells, which often do not express B7, may lead to
tolerization of T cells [27]. This laboratory has found that human
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Fig. 5. Effects of IL-10 on proliferation of CD4" and CD8" intraepithelial lymphocytes (IEL) (a) and lamina propria lymphocytes (LPL) (b).
Unseparated T cells and T cell subsets of IEL and LPL were cultured for 3 days with phytohaemagglutinin (PHA) or IL-2, with or
without IL-10, and proliferation determined by *H-thymidine incorporation. The asterisks mark those values significantly different from their

pair (P <0-05, n =4, paired Student’s t-test). [J, Medium; H, IL-10.
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Fig. 6. Effects of IL-4, IL-10, and transforming growth factor-beta (TGF-(3)
on lamina propria lymphocyte (LPL) synthesis of tumour necrosis factor-
alpha (TNF-«) (a) and IL-2 (b). LPL were cultured with phytohaemagglu-
tinin (PHA) and each of the three suppressive cytokines for 3 days. The
culture supernate was tested for TNF-« and IL-2 content by ELISA. The
values marked with asterisks are significantly lower than those generated
with PHA alone (‘none’) (P <0-05, n =4, Student’s #-test, paired variables).

jejunal lymphocyte preparations contain about 1% APC, as deter-
mined by fluorescence staining with CD14, HLA-DR, CD80, or
CD86.

The reported effects of IL-10 on cytokine production are
variable. In most studies (including the present one), IL-10 reduced
production of IFN-y, TNF-«, and IL-2 [5,28,29]; another study,
however, demonstrated no effect [9]. These reports are hard to
compare. The present study used primary stimulation of fresh T
lymphocytes rather than T cell clones, and showed that IL-10
blocked proinflammatory cytokine synthesis to a greater extent
than did two other suppressive cytokines, IL-4 and TGF-8. This
may be partly due to reduced IL-12 synthesis by IL-10. Since such
proinflammatory cytokines are essential in the activity of IBD, the
greater suppressive ability of IL-10 may explain why a disease
with the closest resemblance to IBD is found in knockout mice
lacking IL-10 rather than IL-4 or TGF-g.

A novel finding in the present study was the IL-10 up-regulation
of IL-2-induced LAK activity by IEL, LPL, and PBMC against colon
cancer. Other studies showed that IL-10 does not alter LAK activity
by murine splenocytes [23] but reduces allospecific cytotoxic activity

20 -
1 IEL
I (EL-APC

Proliferation (ct/min x 10°)

i

PHA PHA+IL-10 IL-2

Medium IL-2 +1IL-10

40 -

30 -

20

Proliferation (ct/min x 10°)

Medium PHA PHA+IL-10 IL-2 IL-2+1L-10
Fig. 7. Effects of IL-10 on intraepithelial lymphocytes (IEL) depleted or not
of antigen-presenting cells (APC) (two experiments). IEL were depleted of
DR™ cells and tested for proliferative responses to phytohaemagglutinin
(PHA) and IL-2 with or without IL-10. In both cases IL-10 effect on PHA-
induced proliferation required APC, while that on IL-2-induced proliferation
did not.
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Fig. 8. Effects of IL-10 on LAK activity of intraepithelial lymphocytes
(IEL) with or without depletion of natural killer (NK) cells. IEL were
cultured for 3 days with IL-2 (1 ng/ml) in the presence or absence of IL-10
(100 ng/ml). A portion of the cells was then depleted of NK cells expressing
CDI16 and CD56. Lytic activity was tested by a 4-h >'Cr-release assay
against HT-29 cells. This is a representative of four experiments.
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by human PBMC [8]. A few reports indicated that IL-10 either
augmented or did not change the IL-2-driven proliferation of pre-
activated T cells and T cell clones [30—-35]. IL-10 also increased IL-2
receptor expression on peripheral blood T cells but not on fresh
intestinal lymphocytes. Tumour-infiltrating lymphocytes, which have
properties similar to IEL and LPL, may increase their LAK activity
in response to IL-10 [36], while susceptibility of tumour to lysis is
modulated by this cytokine [37]. IL-10, synthesized by LPL,
epithelial cells, and colon cancer, affects various aspects of
tumour cell lysis [2,11,12,30].

This is the first study to show the enhancing effect of IL-10 on
IL-2-stimulated proliferation and cytotoxicity by intestinal lym-
phocytes. Unlike most IL-10 effects, this one probably does not
involve APC. A few reports showed that IL-10 augmented or left
unchanged the IL-2-driven proliferation of preactivated T cells
and T cell clones [32-36], although no one looked into this
using intestinal lymphocytes. IL-10 also decreased the already
low proliferation to PHA and anti-CD3, through a mechanism
dependent on APC. This IL-10 enhancement of IL-2-induced LAK
activity by IEL may increase lysis of colon cancer or infected
epithelial cells, serving to strengthen the host immune response. Of
the inhibitory cytokines, IL-10 blocks proinflammatory cytokine
synthesis the most, thereby reducing inflammation.
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