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Over-expression of interleukin 10 in mucosal T cells of patients with active
ulcerative colitis

S. MELGAR*, M. M.-W. YEUNG¥*, A. BAS*, G. FORSBERG*, O. SUHRY, A. OBERG#, S. HAMMARSTROM*,
A. DANIELSSONt & M.-L. HAMMARSTROM?* Departments of *Clinical Microbiology, Immunology, tMedicine,

Gastroenterology and tSurgery, Umea University, Umea, Sweden

(Accepted for publication 30 July 2003)

SUMMARY

Ulcerative colitis (UC), a chronic inflammatory bowel disease, exhibits pronounced increase of T lym-
phocytes in the inflamed mucosa. To understand the role of intestinal T lymphocytes in the pathogenesis
of UC their cytokine production in the mucosa was analysed. Intestinal T lymphocytes of UC, Crohn’s
disease and control patients were analysed for cytokine mRNA levels by real-time quantitative reverse
transcription-polymerase chain reaction (RT-PCR) directly after isolation without in vitro stimulation.
Frequencies of cytokine positive cells were determined in UC and control colon by immunomorphom-
etry. T lymphocytes in normal colon expressed interleukin (IL)-2, interferon (IFN)-y, tumour necrosis
factor (TNF)-o and transforming growth factor (TGF)-f1, but not IL-4, IL-5 or IL-10. In UC, a highly
significant increase in IL-10 mRNA levels in T lymphocytes and an increased frequency of IL-10 pos-
itive cells was seen in colon. IL-10 mRNA levels were also elevated in T lymphocytes of the non-
inflamed ileum and correlated with disease activity at both locations. CD4* T lymphocytes were the
major source of IL-10 mRNA. IL-2, IFN-yand TNF-oc mRNA levels were decreased in colonic T lym-
phocytes, and virtually no IL-2, IFN-y, TNF-o or TGF-p positive cells were detected in basal lymphoid
aggregates. However, scattered IL-10 positive cells were found here. Lamina propria outside the aggre-
gates contained IL-10-, IFN-y, TNF-a and TGF-f but not IL-2 positive cells. T cells of UC patients did
not express IL-4 or IL-5. Taken, together the data suggest a generalized activation of IL-10 producing
CD4" T cells along the intestine of UC patients. The local environment seems to determine the biolog-

ical consequences of elevated IL-10.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory disease
restricted to the large bowel. A marked increase in the number of
immune cells in the colonic mucosa and patchy destruction of the
epithelium are typical features of the disease. There are indica-
tions that immune mechanisms play an important role in the
pathogenesis of the disease. Autoantibodies directed against
colon antigens have been demonstrated in serum and colonic
mucosa of UC patients [1,2] and immunosuppressive drugs are
effective in the treatment of the disease [3].

That T cell-mediated immune mechanisms play an important
role in inflammatory bowel disease (IBD) has become evident
from studies of genetically manipulated mice. Thus, T cell recep-
tor (TCR)-« chain-, TCR-f chain-, MHC class II deficient mice
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and mice with aberrant T cell development due to transfection
with human CD3e-chain followed by bone marrow reconstitution
all develop intestinal inflammation. Moreover, disruption of
genes for certain cytokines produced by T cells, e.g. interleukin-2
(IL-2), IL-10 and transforming growth factor-f (TGF-f), also
causes bowel inflammation [4]. A role for the CD4 expressing T
cell subset has been suggested in several mouse models for inflam-
matory bowel disease and is implicated most strongly by the fact
that transfer of CD4*CD45RB"" cells to SCID mice induces coli-
tis [5]. The disease development in TCR-¢o and IL-10 deficient
mice is dependent on the presence of commensal microbial flora
in the gut [4,6].

The colonic lamina propria of UC patients is heavily infil-
trated by lymphocytes. The majority of these lymphocytes are
located in basal lymphoid aggregates, a microanatomical struc-
ture not found in normal colon [7]. The most prominent T cell sub-
type in the aggregates is a cell of the suppressive phenotype
CD4'CD28 TCR-of3". Furthermore, activated y0T cells constitute
as much as 12% of the cells in the aggregates.
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It is still unresolved whether a Thl- or Th2-type of immune
response dominates in UC. Elevated local antibody production
is seen in UC [1,8]. Two experimental colitis models resembling
human UC were shown to display a Th2 cytokine profile [9,10].
However, Th2 cytokines have not been demonstrated conclu-
sively in UC colon (reviewed in [11]). Crohn’s disease (CD),
the other major IBD in man, seems to be dominated by a Th1-
type of immune response and CD patients have been treated
successfully with monoclonal antibodies (MoAbs) directed
against the Thl-cytokine tumour necrosis factor-o¢ (TNF-o)
[11,12].

The aim of this study was to determine the cytokine produc-
tion by T lymphocytes in UC, to gain insights into the role
played by local immune responses in the pathogenesis of the
disease.

MATERIALS AND METHODS

Patients

Specimens were obtained from 44 patients suffering from UC.
Twenty-six of these were endoscopic punch biopsies and 18
were colonic resection material. Twelve of the patients had inac-
tive disease while the others had active disease with varying
degrees of inflammation, as judged by clinical symptoms and
routine histopathology. The duration of disease was less than 1
year for 11 patients while 19 patients had had UC for 10 years
or more. Samples were from 29 male and 15 female patients 19—
71 years old (mean 35 £ 13 years). Eleven patients had no medi-
cation the last 4 weeks prior to sampling, 20 received predniso-
lone alone or in combination with 5-aminosalicylic acid or
azathioprine, whereas 13 patients received 5-aminosalicylic acid
compounds only. Ileal and colonic punch biopsies were simulta-
neously collected from 20 patients. The ileal samples did not
show any sign of inflammation.

Colon samples were also obtained from six patients with
Crohn’s colitis. Four samples were obtained by surgical resection
and two were endoscopic punch biopsies. Two of the patients had
active disease. Samples were from two male and four female
patients 18-54 years old (mean 32 + 14 years). One of the CD
patients with active disease had no medication the last 4 weeks
prior to sampling. The other CD patients all received
azathioprine.

Control specimens from apparently normal human colon
(n=36) and ileum (n =8) were from patients with no history of
IBD. Specimens were obtained from patients undergoing bowel
resection for cancer (colonic and rectal carcinoma, n = 28; adeno-
carcinoma in appendix, n = 1; tubulovillous adenoma, n = 2) or
benign conditions (n = 3). Colonic surgical samples were from 21
male and 15 female patients 51-84 years old (mean 66 + 10 years)
and ileal samples were from four male and four female patients
39-78 years old (mean 62 * 14 years). Colonic and ileal samples
were from the same patient in seven cases. Control specimens
were distal to any macroscopically detectable lesion. In addition,
endoscopic punch biopsies of colonic tissue were obtained from
patients undergoing investigation for non-inflammatory
conditions (n =2).

All patients undergoing bowel resection received a single i.v.
dose of antibiotics 2 h prior to surgery according to preoperative
standard procedure. None of the control patients were or had
been subjected to radio- or chemotherapy, long-standing antibi-
otic medication or steroid treatment. This study was approved by

the Ethical Committee at the Medical and Odontological Faculty
of Umeé University Hospital and the patients gave their informed
consent.

Antibodies and substrates
The anticytokine antibodies used in the study were: anti-IL-2
(clone 80-3418-01, mouse IgGl; Genzyme, Cambridge, MA,
USA); anti-IL-4 (clone IL-4I(82), mouse IgGl), anti-IL-10
(clone JES3-9D7, rat IgG1, and clone JES3-19F1, rat IgG2a),
anti-IFN-y (clone 1-DIK, mouse IgG1) (all five from Mabtech,
Nacka, Sweden); anti-IL-5 (clone TRFKS, rat IgG1), anti-IFN-y
(clone MMHG-1, mouse IgG1), TGF- (clone TB21, mouse
IgG1) (all three from Nordic Biosite, Téby, Sweden); anti-IL-4
(clone 25D2, rat IgGl; Endogen, Woburn, MA, USA); anti-
TGF-f (IgG fraction of rabbit antiserum; R&D Systems, Abing-
don, UK); anti-TNF-¢ (clone Mabl, mouse IgG1; Pharmingen,
San Diego, CA, USA). Anti-cell-surface markers MoAbs used
were: anti-CD3 (clone OKT-3, mouse IgG2a; ATCC, Rockville,
MD, USA); anti-CD19 (clone HD37, mouse IgG1), anti-CD45
(a mixture of clones 2B11 and PD7/26, mouse IgG1), anti-CD68
(clone EBM11, mouse IgGl), epithelial cell marker anti-
BerEP4 (clone BerEP4, mouse IgGl; all four from Dakopatts,
Denmark). Control antibodies were: anti-Aspergillus niger glu-
cose oxidase (clone DAK-GO1, mouse IgG1; Dakopatts), IgG
fraction of normal rabbit serum (Dakopatts), and anti-
dinitrophenyl (clone LO-DNP-1, rat IgGl; Serotec, Oxford,
UK). Conjugates and substrates used in immunohistochemistry
were horseradish peroxidase-conjugated F(ab’), fragments of
sheep antimouse Ig (Amersham, Buckinghamshire, UK), bioti-
nylated F(ab’), fragments of rabbit antirat IgG (Serotec),
horseradish peroxidase-conjugated donkey antirabbit Ig (Amer-
sham), 3,3’-diaminobenzidine tetrahydrochloride (DAB; Sigma,
Stockholm, Sweden), 3’-amino-9-ethylcarbazole (AEC; The
Binding Site, Birmingham, UK) and nitro-blue tetrazolium
chloride/5-bromo-4-chloro-3-indolyl ~ phosphate (NBT/BCIP;
Roche Molecular Biochemicals, Mannheim, Germany).
Paramagnetic beads used for cell fractionation were Dyna-
beads M-450 coupled with goat-antimouse IgG (Dynal, Oslo,
Norway) and charged with anti-CD3 MoAb, anti-CD45 MoAbs
or MoAb BerEP4 and Dynabeads M-450 directly coupled with
anti-CD2, anti-CD4, anti-CD8 or anti-CD19 MoAb (Dynal).

Isolation of intestinal leucocytes

Lamina propria leucocytes (LPL) were isolated from surgical and
biopsy samples as described previously [7,13]. Contaminating epi-
thelial cells were removed by incubation with MoAb BerEP4
charged magnetic beads [13]. Unbound cells were subjected to
positive selection using magnetic beads charged with MoAbs spe-
cific for CD2, CD3, CD4, CD8, CD19 or CD45 as described [14].
The weight of tissue collected as 10-20 punch biopsies varied
between 280 and 570 mg (365 = 85 mg and 340 £ 95 mg for colonic
and ileal samples, respectively). In UC patients, the average num-
ber of isolated cells/g tissue was 4-3 x 10° (range 0-2-16 x 10°) for
colonic CD3* LPL and 59 x 10° (range 0-7-7-5 x 10°) for ileal
CD3" LPL.

Isolation of peripheral blood mononuclear cells (PBMC) and
polyclonal T cell activation

PBMC were isolated from nine healthy adult blood donors
(median age 36 years; range 26-48 years) by Ficoll-Paque
(Amersham Pharmacia Biotech, Uppsala, Sweden) gradient

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 134:127-137



Cytokine production by intestinal T cells in inflammatory bowel disease 129

centrifugation. PBMC were either frozen immediately or acti-
vated by incubation with the mitogenic anti-CD3 MoAb OKT3
(100 ng/ml) for 7 h at a concentration of 1x10° cells/ml in
HEPES-buffered RPMI-1640 containing 0-4% human serum
albumin and antibiotics, at 37°C in humid air with 5% CO.,.

Immunohistochemistry and immunomorphometry

Fresh tissue samples were rinsed in cold 0-15 M phosphate
buffered saline (PBS), snap-frozen in isopentane precooled in
liquid nitrogen and stored at —80°C. Staining for surface anti-
gens and cytokines was performed using indirect immunoper-
oxidase staining technique for mouse MoAb and IgG fraction
of rabbit antibodies [7] or the ABC-peroxidase technique
(Dakopatts) for rat MoAbs. Saponin (0-1%) was included in
incubation buffers for staining of cytokines in single- and
double-staining protocols. Final concentrations of anticytokine
MoAbs ranged between 5 and 25 ug/ml. Double staining was
performed as follows. Sections were fixed in 2% paraformalde-
hyde and blocked with 0-02 M PBS (pH 7-2) containing 20%
horse serum. Anti-IL-10 MoAb in combination with either
anti-CD3, anti-CD19 or anti-CD68 MoAb was applied to the
sections and incubated overnight at 4°C. Endogenous peroxi-
dase activity was quenched with 1% H,0O, in methanol, fol-
lowed by addition of avidin/biotin blocking solution
(Dakopatts). Sections were incubated with secondary antibod-
ies conjugated with horseradish peroxidase and biotin, fol-
lowed by alkaline phosphatase conjugated strepavidin (Jackson
Immunoresearch). AEC was used as substrate for peroxidase
and NBT/BCIP for alkaline phosphatase. Sections incubated
with isotype and concentration matched irrelevant MoAb and
IgG fraction of rabbit preimmune serum, respectively, served
as negative controls.

Morphometry analysis of cells in aggregates, in solitary fol-
licles and in lamina propria outside aggregates and/or follicles
of inflamed and control colon was performed by the lattice
point method as described [7]. Eight to 15 randomly chosen
ocular fields were counted. Morphometry analyses were per-
formed independently by two people (S.M. and M.M.-W.Y.).
Two different antibodies were used for 1L-4, IL-10, interferon-y
(IFN-y) and TGF-f staining. The results were identical for a
particular cytokine, irrespective of which specific reagent was
used.

Immunoflow cytometry

After selection procedures LPL and unbound cells were charac-
terized either by single or dual colour immunoflow cytometry as
described previously [7,13].

RNA preparation and qualitative reverse transcriptase-
polymerase chain reaction (RT-PCR)

Total RNA was isolated from positively selected LPL subpop-
ulations still attached to the magnetic beads and from resid-
ual non-bound LPL fractions as well as from freshly isolated
and activated PBMC, as described previously [14]. Reverse
transcription of RNA to ¢cDNA and PCR amplification was
performed using recombinant thermostable Thermus thermo-
philus DNA polymerase (P-E Biosystems, Norwalk, CT, USA)
and specific primer pairs for IL-2, IL-4, IL-5, IL-10, IFN-y,
TNF-o, TGF-p1, B-actin and CD45 as described [13]. S-actin
and CD45 mRNA served as controls for RNA quality. A pool
of RNA from PBMC activated with anti-CD3 MoAb OKT3

for 4h, 7 h and 20 h served as positive control in RT-PCR for
all primers.

Real-time quantitative RT-PCR

Levels of mRNA for IL-2, IL-4, IL-10, IFN-y, TNF-o, TGF-f1 and
GAPDH were determined in real-time quantitative RT-PCR
using the TagMan EZ technique (P-E Applied Biosystems). Spe-
cific primer pairs are placed in different exons and used in com-
bination with a 5’-fluorescent reporter dye-labelled internal probe
hybridizing over the exon boundary. For sequences of primers
and probes in cytokine mRNA assays see Forsberg et al. [15]. The
emission from released reporter dye is monitored by ABI Prism
7700 Sequence Detection System (P-E Applied Biosystems). For
each cytokine a specific RNA copy standard was prepared (see
below). Determinations were carried out in triplicate and expre-
ssed as copies of mRNA/ul as determined from paralle]l RT-PCR
of serial dilutions of the standard. All samples were analysed for
their content of mRNA for the housekeeping gene
glyceraldehyde-3-phosphate-dehydrogenase (GAPDH), using
the primers and probe supplied by the manufacturer (P-E
Applied Biosystems). The amount of GAPDH/cell was not statis-
tically different between the patient groups. Therefore, results are
expressed as cytokine mRNA copies per GAPDH mRNA unit as
an estimation of the average cytokine mRNA content per cell.

RNA copy standard preparation

A pool of PBMC activated with anti-CD3 MoAb OKT3 for 4 h,
7 h and 20 h was used as starting material for copy standard prep-
arations and for optimization of the assays (see above). RT-PCR
products from the different cytokine RT-PCR assays were cloned
and sequenced to ascertain proper sequence and used thereafter
for preparation of RNA copy standards, as described previously
[16].

Statistics

Mann—Whitney’s ranking test was used for statistical analysis of
differences between the groups in cytokine mRNA expression
levels. Percentage of cytokine mRNA expressed in different cell
types is given as mean = 1 S.E. and Student’s ¢-test was used in sta-
tistical analyses. Values obtained by immunomorphometry anal-
yses are given as mean = 1 S.D. and statistical analyses of
differences in frequencies of cytokine positive cells between UC
and normal colon were performed using Student’s #-test. Analyses
of correlation between mRNA levels of different cytokines were
performed using Spearman’s rank correlation test. Two-tailed
analyses were used throughout.

RESULTS

Cytokine mRNA profile of colonic lamina propria T cells

Because the great majority of the T cells in UC colon are
located in the lamina propria, particularly in the basal lym-
phoid aggregates, we isolated these cells from UC colon lamina
propria by positive selection with anti-CD3 MoAb giving
CD3'LPL. For comparison, CD3'LPL from control colon as
well as from non-inflamed UC ileum and control ileum were
also isolated. In the initial screening qualitative RT-PCR was
used. Five to 13 samples were analysed for each cytokine
mRNA. We noted that IFN-y, TNF-o and TGF-1 mRNA were
detected in almost all samples of CD3*LPL, both from UC
colon and control colon. In contrast, IL-4 and IL-5 mRNA were
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not found in any of the CD3"LPL samples. IL-10 mRNA was
detected in most CD3*LPL samples from UC colon but not in
CD3*LPL samples from control colon. The reverse was true for
IL-2 mRNA, which was found only rarely in CD3*LPL samples
from UC colon (2/13) but was frequent in CD3"LPL samples
from control colon (7/9).

As a quality control we also analysed the CD37/non-T cell or
CD19*/B cell fractions from control and UC colon for IFN-yand
IL-2 mRNA. mRNA for these T cell-specific cytokines was not
found in these fractions. Moreover, no CD3" cells were detected
in the unbound fraction by immunoflow cytometry. These results
show that T cells were efficiently retrieved in the CD3* fraction by
the positive selection procedure.

IL-10 mRNA levels are increased in colonic lamina propria T
cells of UC patients and varies with disease activity

Real-time quantitative RT-PCR assays were developed for cytok-
ines with suggested importance as indicated by the cytokine
mRNA screening, i.e. IL-2, IL-10, IFN-y, and TNF-¢, and in addi-
tion for IL-4 and TGF-f1. Cytokine and GAPDH mRNA levels
were determined in freshly isolated colonic CD3* LPL and the
average cellular expression levels of cytokine mRNA were calcu-
lated as the ratio between the cytokine and GAPDH mRNA lev-
els in the individual samples.

Almost all CD3" LPL samples from control colon expressed
detectable levels of IL-2, IFN-y, TNF-o and TGF-1 mRNA,
while IL-10 was detected in 70% of analysed control samples,
although mainly at low levels (Fig. 1). IL-4 was detected in only
20% of analysed control samples (Fig.1). The level of IL-10
mRNA was increased significantly in colonic CD3* LPL of UC
patients compared to the corresponding cells of controls (Fig. 1a),
with a 10-fold increment in the median value. In contrast, IL-2
mRNA levels in CD3" LPL were significantly lower in UC
(Fig. 1b), with a threefold decrease in the median value. Similarly,
the mRNA levels for the proinflammatory cytokines IFN-y and
TNF-o were significantly lower in CD3* LPL of UC patients com-
pared to controls with 2-1- and 3-6-fold decreases in the median
values, respectively (Figs 1d,f). The mRNA levels of TGF-f31 were
not significantly different in UC patients compared to controls
(Fig. 1c). IL-4 mRNA was detected only in occasional UC sam-
ples and occurred at the same frequency as in controls, i.e. in 20%
of analysed samples (Fig. 1le).

When UC patients were subdivided with regard to disease
activity, significantly higher IL-10 mRNA levels were observed in
CD3" LPL of patients with active inflammation (P = 0-003; Fig. 1a,
filled circles). The median IL-10 mRNA copiess GAPDH mRNA
unit values for CD3" LPL of patients with active disease was
approximately four times higher than that of patients with inac-
tive disease (open circles; 39 versus nine copies/GAPDH unit,
respectively), which in turn was higher than in controls (median:
3 IL-10 copies/GAPDH unit). CD3" LPL from areas with high
and low inflammatory activity was analysed from one UC patient
(data not included in Fig. 1a). Interestingly, in this patient the IL-
10 mRNA expression level was markedly higher in the active area
(38 IL-10 copies/GAPDH unit) compared to the inactive area (0-1
IL-10 copiessfGAPDH unit). No significant correlation between
mRNA levels and disease activity was observed when the other
cytokines were analysed in the same way. However, within the
group of UC patients with active disease there was an inverse
relationship between the IL-10 and the IFN-y levels (n=09,
P =004, r=-07).

The observed differences in cytokine mRNA levels between
CD3* LPL in UC and controls were consistent when UC patients
with and without medication were analysed separately. Further-
more, the same significant changes in cytokine mRNA expression
were observed when CD3" LPL isolated from endoscopic punch
biopsies and from surgical samples were analysed separately in
UC and controls.

Colonic T cells from six CD colitis patients were studied. Sim-
ilar to colonic T cells of UC patients the IL-2 mRNA levels were
decreased compared to controls (Fig. 1b) and two of the samples
had high IL-10 mRNA levels. In contrast to UC, there appears not
to be a decrease in the levels of IFN-y and TNF-c. Instead, the
levels of mMRNA for IFN-yand TNF-¢, as well as for TGF-f1 and
IL-4 in T cells, did not differ from the levels of corresponding
cytokines in controls (Fig. 1c—f).

CD4"* cells are the main producers of IL-10, TGF-BI, IFN-y and
TNF-o. in the colonic lamina propria of UC patients

T cells, B cells and macrophages are the main producers of IL-10.
To determine the relative contribution by intestinal T cells, IL-10
mRNA levels were determined in colonic T cells (CD3* LPL) and
non-T cell leucocytes (CD3™ LPL) from UC and control patients.
In UC, T cells accounted for =75% of all the IL-10 mRNA, which
was significantly more than non-T cells (Fig.2). Non-T cells
accounted for most of the IL-10 mRNA in controls (Fig. 2). In fur-
ther experiments total LPL preparations were subjected to
sequential positive selection with anti-CD4 MoAb charged beads
yielding CD4" cells. Unbound cells were treated further with anti-
CD8 MoAb charged beads yielding CD8"CD4" cells. Residual
unbound cells were treated with anti-CD2 MoAb charged beads
yielding CD4CD8 double-negative T cells (CD2'DN cells). As
much as 90% of the IL-10 mRNA was expressed by the CD4" cells
in UC samples (Table 1). CD4" cells were also the main source for
TGF-p1, IFN-y and TNF-a mRNA in UC (Table 1). CD8" cells
were the second largest source, while the CD4CDS8 double-nega-
tive T cells expressed only low levels of all four cytokines
(Table 1). In controls, the comparatively low levels of IL-10
mRNA in T cells were also expressed predominantly by CD4*
cells (Table 1). Interestingly, CD4" cells of controls contributed
with 12% of the IFN-y mRNA compared to about 50% in UC.
Most IL-2 mRNA was expressed in CD4" cells (69 £ 9%) of con-
trols. IL-2 levels in colonic T cell subpopulations of UC were too
low to allow calculations.

Cytokine mRNA expression in ileal T cells of UC patients

To investigate whether the abnormal cytokine mRNA expression
pattern noted above was limited to T cells of inflamed colon in UC
patients, we also analysed lamina propria T cells from their non-
inflamed ileum. Colonic and ileal biopsies were collected at the
same occasion from 11 UC patients. For comparison we also anal-
ysed cytokine mRNA expression in CD3" LPL of control ileum
and in PBMC before and after activation with anti-CD3 MoAb.
Figure 3 shows the results for IL-10, IL-2, IFN-y and TNF-o. The
results may be summarized as follows: (1) there is no difference
between lamina propria T cells from control colon and control
ileum with respect to expression levels of mRNA for IL-10, IL-2,
IFN-y, TNF-o and TGF-p1 (the latter not shown); (2) lamina pro-
pria T cells in normal intestine express high levels of IFN-y, TNF-
o and IL-2 compared to freshly isolated PBMC. However, IL-10
mRNA levels are low both in CD3" LPL from normal intestine
and PBMC. (3) The IFN-y, TNF-a and IL-2 mRNA levels in
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Fig. 1. IL-10 (a), IL-2 (b), TGF-p1 (c), IFN-y (d), IL-4 (e) and TNF-¢ (f) mRNA levels in freshly isolated colonic lamina propria T
lymphocytes, CD3* LPL, of ulcerative colitis patients (UC), patients with Crohn’s disease (CD) and control patients (Ctrl). The amounts of
cytokine mRNA and GAPDH mRNA were determined using the quantitative 7agMan EZ real time quantitative RT-PCR technology. The
average level of cytokine mRNA/T cell was calculated as the ratio between the concentration of cytokine mRNA copies and GAPDH mRNA
units in each sample. For the different cytokines each circle or triangle represents the value from a single subject. Filled circles indicate samples
from patients with active colitis. Open circles indicate samples from patients with inactive colitis. Triangles indicate samples from controls.
Horizontal bars indicate medians. Statistically significant differences with P-values < 0-01 are indicated. (Mann—Whitney’s ranking test).
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normal intestinal CD3" LPL correspond to those of anti-CD3 acti-
vated PBMC, e.g. of activated blood T cells; (4) as noted earlier
and also shown here, IL-10 mRNA levels were highly increased in
CD3" LPL from UC colon compared to CD3" LPL from control
colon. For IL-2, IFN-y and TNF-o the reverse was true. Compar-
ing CD3* LPL from UC ileum with CD3* LPL from control ileum
revealed that IL-10 mRNA levels are also significantly higher in
UC (Fig. 3a), while there is no difference between ileal T cells of
the two groups with respect to expression levels of IL-2, IFN-y
and TNF-o mRNA (Fig. 3b—d). (5) Finally, when CD3" LPL from
UC colon were compared with CD3* LPL from UC ileum we
found that the mRNA levels for IL-10, IFN-yand TNF-o were the
same in the two cell populations while the IL-2 mRNA level was
clearly decreased in the T cells from the diseased UC colon.

Cytokines mRNA levels in ileal CD3" LPL did not correlate
to medication.

Lymphocytes producing down-regulatory cytokines are present
in the basal aggregates of UC colon

The frequencies and distributions of cells stained for IL-10,
TGF-f, IL-2, IFN-y, TNF-¢, IL-4 and IL-5 protein/peptide
were studied by immunomorphometry in UC and control
colon. Cells located in basal lymphoid aggregates and in lam-
ina propria outside the aggregates and follicles were analysed
separately in UC samples. These microanatomical compart-
ments were compared, respectively, to solitary follicles and to
lamina propria outside the follicles in control colon. The basal
lymphoid aggregates of UC occupy approximately 25% of lam-
ina propria and are composed of densely packed T and B lym-
phocytes, whereas monocytes and granulocytes are generally
not found [7]. Cells stained for IL-10 and TGF-f were present
in the aggregates. IL-10 positive cells constituted up to 1-5% of
the cells and were scattered throughout the aggregates
(Table 2, Fig. 4b). The majority of the IL-10 positive cells were
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were positively selected from freshly isolated colonic LPL of four UC
patients and three controls (Ctrl) and IL-10 mRNA amounts were deter-
mined in bound (CD3"; black columns) and unbound (CD37; hatched
columns) LPL. The amount of IL-10 mRNA was determined as described
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indicate mean £ 1 S.D. Student’s -test was used for statistical analysis.
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Fig. 3. IL-10 (a), IL-2 (b), IFN-y (c) and TNF-cr (d) mRNA levels in
freshly isolated mononuclear cells from blood (PBMC), PBMC activated
for 7 h with anti-CD3 MoAb (Act. PBMC) and freshly isolated lamina
propria T lymphocytes, CD3* LPL, from colon and ileum of control
patients (Ctrl colon, Ctrl ileum) and of ulcerative colitis patients (UC
colon, UC ileum). The cytokine mRNA levels were determined as
described in Fig. 1. Whiskers indicate the range, boxes the 25th to 75th
percentile and horizontal bars inside boxes the median values. Presented
results are based on analysis of seven to nine PBMC samples, seven to
nine samples of activated PBMC, 12 or 13 control colon samples, eight
control ileum samples, 16-19 UC colon samples and 14-17 UC ileum
samples for each cytokine. Statistically significant differences with
P-values < 0-01 are indicated. (Mann—Whitney’s ranking test).
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Table 1. Relative contribution of cytokine mRNA expressed by different lamina propria T lymphocyte subsets in UC and control colon

% of cytokine mRNA expressed by indicated T cell subtype

UC patients Controls
Cytokine CD4"f CD8'CD4- CD2" DN CD4* CD8'CD4- CD2" DN
1L-10 91 £ 5% 10£5 <1 87£10 12+10 <1
TGF-p1 59+10 37+11 5+4 48+11 47+12 12+2
IFN-y 53 £16* 4617 1+1 12+6 82+12 17£15
TNF-o 74+18 25+19 1x1 59£13 40+13 3+1

FT cell subset. Freshly isolated LPL from UC and control patients were subjected to sequential positive selection by treatment with magnetic beads
coupled with anti-CD4 MoAb (CD4"), followed by beads with anti-CD8 MoAb (CD8'CD4") and finally beads with anti-CD2 MoAb (CD2* DN). {In the
individual samples the percentage cytokine mRNA expressed by a particular T cell subset was calculated for each cytokine as [amount of cytokine mRNA
in the indicated cell type/(amount of cytokine mRNA in CD4" LPL + CD8'CD4” LPL + CD2'DN LPL)] x 100. Results are given as mean + 1 S.E. of four
independent experiments for UC and control patients, respectively. *P-value < 0-05 compared to CD4" cells in controls (Student’s 7 —test).

Table 2. Frequency of cytokine positive cells in colonic tissue of ulcerative colitis (UC) and control patients as determined by immunomorphometry

% positive cells in

Aggregates/folliclest Lamina propria*

Cytokine ucC Control Significance® ucC Control Significance n
IL-10 0-9 £ 0-47 0-1+0-1 P <0001 21£10 0-5£03 P <001 6
TGF-p 0-6+02 02+03 NS 42+0-4 45£03 NS 4
IL-2 <0-1 <0-1 NS 02£02 55£03 P <0-001 6
IFN-y <0-1 <0-1 NS 6:6+2-6 3-8+ 04 NS 4
TNF-o 0-5+0-1 0-1+01 P <0-001 2:8£0-6 31+02 NS 5
1L-4 02+02 <0-1 NS 0-6£0-3 0-3£03 NS 6
IL-5 02+0-1 <0-1 P <001 0-7+03 0101 P <001 6

$Basal lymphoid aggregates were counted in UC colon and solitary follicles in control colon. *Lamina propria is defined as the area between the
epithelium and mucosa muscularis, excluding basal lymphoid aggregates and solitary follicles in UC colon and excluding solitary follicles in control colon.
“Statistical analysis comparing UC and control colon was performed using two-tailed Student’s r-test. NS = not significant. fFrequencies of cytokine positive
cells is expressed as percentage stained cells of all cells in the indicated compartment (mean £+ 1 S.D.).

CD3 positive (Fig.5b) and very few B cells were IL-10 posi-
tive (data not shown). The TGF-f positive cells were less fre-
quent and were located often in the outer rim of the
aggregates. A few TNF-¢ positive cells were also present and
exhibited similar distribution to TGF-f positive cells (Table 2
and not shown). Virtually no IL-2, IL-4, IL-5 or IFN-y positive
cells were detected (Table 2, Figs 4c,d). Solitary follicles of nor-
mal colon were essentially devoid of cells expressing any of the
seven cytokines studied here (Table 2).

The frequencies of cytokine positive cells in the lamina pro-
pria outside aggregates and follicles were high compared to
those of cytokine positive cells within these structures (Table 2,
Fig. 4d). However, IL-2 was different because IL-2 positive cells
were virtually absent in the entire colonic mucosa of UC but
constituted on average as much as 5-:5% of the lamina propria
cells in controls (Table 2, Figs 4c and 6a,b). In contrast, the fre-
quency of IL-10 positive cells was significantly higher in UC
compared to control colon. On average 2:1% of the lamina pro-
pria cells in UC were stained by anti-IL-10 MoAb, while only a
few IL-10 positive cells were seen in control colon (Table 2,

Fig.4a). Most of these IL-10 positive cells in UC were stained
by anti-CD3 MoAb (Fig.5a). IFN-y, TNF-a and TGF-f8 posi-
tive cells were numerous in lamina propria of both UC and
control colon and constituted up to 10% of the cells (Table 2,
Fig. 6¢c—f). IL-4 positive cells were infrequent and only found in
occasional samples with no difference between UC and control
colon (Table 2). IL-5 positive cells were scarce in control colon
but present, although at a low frequency, in UC (<1%; Table 2).
Epithelial cells were not positive for any of the cytokines analy-
sed either in UC or in control colon (Figs 4 and 6 and data not
shown).

DISCUSSION

We noted three major differences between intestinal T lympho-
cytes of UC patients and controls with regard to cytokine produc-
tion. First, IL-10 mRNA levels were increased significantly in UC
patients, and IL-10 mRNA levels correlated with disease activity.
Notably, this was seen both in lamina propria T cells from the dis-
eased colon and from the apparently normal ileum. IL-10 positive
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Fig. 4. Inmunohistochemical staining of IL-10 (a, b), IL-2 (c) and IFN-y(d) in the colonic mucosa of UC patients. (a) Several IL-10 positive
cells are present in the lamina propria. (b) Scattered IL-10 stained cells can be seen in the lymphoid aggregate (arrows). (c) No IL-2 stained
cells are found in any compartment. (d) Only one IFN-y positive cell (arrow) can be seen in the lymphoid aggregate while several IFN-y
positive cells are present in lamina propria outside the aggregate (arrow heads). A = lymphoid aggregate; CR = crypt; E = epithelium;
L = lumen; LP = lamina propria; V = blood vessel. Original magnification x55 in (a); x220 in (b); x55 in (c, d).

Fig. 5. Immunohistochemical double staining of IL-10 (blue) and CD3 (red) in the colonic mucosa of UC patient. (a) A double positive
cell (thick arrow) in the lamina propria outside basal lymphoid aggregate among several single stained CD3" cells. (b) A double positive
cell (thick arrow) in the T cell area of a basal lymphoid aggregate. For abbreviations see Fig. 4. Original magnification x220.

cells were scattered in the basal lymphoid aggregates in UC colon
and the number of IL-10 positive cells was increased in the lamina
propria outside these aggregates. CD4 positive T cells were
responsible for almost all of the IL-10 production in UC while the
small amounts of IL-10 present in normal colon appeared to be
produced mainly by other leucocytes than T cells. Secondly, IL-2
production was decreased significantly in UC colon samples mea-
sured both as IL-2 mRNA expression and as frequency of cells
stained for IL-2 protein. In fact, almost no IL-2 positive cells were
detected in the entire colonic mucosa in UC. Thirdly, the average

contents of IFN-yand TNF-a mRNA/T cell were reduced signif-
icantly in UC colon compared to control colon. This reduction
was, to a large extent, due to the fact that almost none of the T
cells in the aggregates expressed these two cytokines.

To the best of our knowledge, this is the first study in which
the cytokine mRNA expression in isolated intestinal T cells of UC
patients has been determined in the absence of in vitro stimula-
tion using quantitative real-time RT-PCR technology. There was
good correlation between the results at the mRNA and protein
levels. In addition, identical results in mRNA analyses were
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Fig. 6. Immunohistochemical staining for IL-2 (a, b), TGF-f (c, d) and IFN-y (e, f) in the colonic mucosa of an UC patient (a, c, ¢) and a
control patient (b, d, f); (a), (c) and (e) show sequential sections of UC. The bold arrow indicates an equivalent position in the sections.
For abbreviations see Fig. 4. Counterstained with Mayer’s haematoxylin. Original magnification xX51 in (a, b, ¢, d, e, f), and x128 in the

insert in (d).

obtained using biopsies and resected intestine involving some-
what different isolation procedures. These findings suggest
strongly that the methods used to isolate T cells here give repre-
sentative cell recoveries and do not affect the level of cytokine
mRNA expression. It may be argued that medication given to the
patients could influence the cytokine expression in T cells. How-
ever, subgroup analyses of UC patients did not show any corre-
lation between cytokine mRNA levels and drug treatment.
Furthermore, IL-2 mRNA expression levels of colonic and ileal T
cells of the same individual were different, arguing against gen-
eral effects on cytokine production by medication. Thus, we are
confident that these data reflect ongoing T cell responses in the
intestinal mucosa of UC patients. Although the number of CD

colitis samples is too limited to allow firm conclusions about local
T cell responses in the mucosa of this disease, the results are con-
sistent with a Th1-type of response [11].

Our finding of increased IL-10 expression in UC is in line with
the results of Niessner and Volk [17], who showed increased IL-10
mRNA levels in crude extracts of colon biopsies from UC
patients, and of Kucharzik and colleagues [18], who reported ele-
vated serum levels of IL-10 in active UC. Moreover, in vitro acti-
vation of human intestinal T cells induces IL-10 production in
lamina propria lymphocytes [19].

IL-10 is a pleiotropic cytokine involved in both cell-mediated
and humoral immune responses. When added together with IL-2,
it was shown to increase the cytolytic potential of virus specific
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cytotoxic T lymphocytes [20]. Conversely, when added together
with soluble CD40-ligand it has the capacity to promote differ-
entiation of B cells, particularly memory B cells, into plasma cells
in vitro [21]. Furthermore, IL-10 has both anti-inflammatory and
proinflammatory effects. Anti-inflammatory effects include
induction and maintenance of oral tolerance [22] and preventing
colitis in SCID mice reconstituted with CD4*CD45RB"" T cells
[23]. Anti-inflammatory effects of IL-10 seem to be executed
through inhibiting the production of proinflammatory cytokines
by T cells and macrophages [24,25]. IL-10 is also a growth factor
for down-regulatory Trl cells [26]. Proinflammatory actions of
IL-10 have been reported both in man [20,27] and mice [28,29].
In this context it is interesting to note that two large clinical trials
with IL-10 treatment of CD patients showed limited therapeutic
effects and bell-shaped dose-response curves [30,31]. Recently, it
was reported that patients treated with high doses of rIL-10
showed induced IFN-y production and IFN-ymediated mac-
rophage activation [32]. Moreover, Colpaert and coworkers
showed that IL-10 might induce a proinflammatory response
rather than inhibition of intestinal LPL of CD patients [33].
Thus, the consequences of IL-10 production seem to be influ-
enced strongly by the local milieu, the type of target cell as well
as the concentration.

T cells in UC patients expressed high levels of IL-10 both in
small and large intestine, although inflammation was restricted to
the large intestine. It is conceivable that the small intestine, the
suggested site for induction and maintenance of oral tolerance, is
adapted to withstand high local concentrations of IL-10. How-
ever, high levels of this immunoregulatory cytokine may not be
tolerated in colon, with its dense resident microflora. Colonic T
cells produce IL-2, IFN-yand TNF-¢ in the normal situation, indi-
cating that these cytokines are required to keep the homeostasis
with the commensal microflora. The levels of all three cytokines
were significantly reduced in UC colon, which is most probably a
consequence of down-regulatory actions by IL-10. Low IL-2
expression was restricted to colonic T cells in UC patients. Low
IL-2 production was also seen in CD colitis and may be a general
feature of chronic inflammation in the gastrointestinal tract. This
notion is supported by previous reports on low IL-2 levels in the
colonic mucosa of IBD patients [17,34,35].

Although Thl cytokines were decreased in UC, there was no
corresponding increase in the mRNA levels of the Th2 cytokines
IL-4 and IL-5 in colonic T cells. Similarly, at the protein level we
found only occasional IL-4 positive cells and no difference
between UC and control colon was detected. These results are in
line with previous reports [36,37]. For IL-5 there was a statisti-
cally significant difference between UC and controls, although
the number of positive cells was very low (0-7% for UC). How-
ever, these cells are probably not T cells. Indeed, Lorentz and
colleagues [38] demonstrated recently that mast cells and eosino-
phils are the main sources for IL-5 in UC. Thus, we do not find
evidence for a Th2 response in UC patients as suggested by Fuss
and colleagues [39], but questioned by MacDonald and col-
leagues [11]. What, then, is the source of IL-10? Because we
have shown that CD4" T cells produce almost all IL-10 in UC the
probable source is regulatory T cells (Trl), which are known to
be induced in the presence of IL-10 and to produce high levels of
IL-10 and low levels of IL-2 and IL-4 [26]. Indeed, cells with sup-
pressor/regulatory phenotype (CD4*CD28 and/or CD25") are
present in inflamed mucosa of UC patients ([7] and our unpub-
lished data).

We found that TGF-f1 is produced at unchanged levels in UC
and that CD4" cells are also a major source for this cytokine. Thus,
it is probable that activated Trl cells producing both IL-10 and
TGF-p1 are present in UC. It is interesting to note that human
colonic mucosa was shown to harbour Trl cells specific for the
intestinal commensal Escherichia coli [40]. Furthermore, it was
reported recently that in vitro stimulation with intestinal micro-
bial antigens induced higher IL-10 secretion by colonic LPL from
IL-27" mice with colitis compared to the corresponding cells in
wild-type mice, indicative of an enhanced Trl response in this
IBD model [41]. IL-10 and TGF-f1 complement each other in
down-regulation of immune reactions and IL-10 was shown to
restore TGF-f1 responsiveness in activated T cells by induction of
TGF-f receptor type II [26,42]. Failure of TGF-f1 to attenuate
the inflammatory reaction could be due to aberrations in the
TGF-p intracellular signalling pathway in the responding colonic
T cells. Indeed, decreased phosphorylation of Smad3, an impor-
tant component for TGF-f signal transduction, was reported in
UC. Moreover, T cells of UC exhibited increased expression of
Smad?7, an inhibitory component of this pathway [43].

Taken together, these results suggest that the particular envi-
ronment in UC colon with lack of major Th2 cytokines, decreased
Th1 activity and aberrant TGF-fB-mediated regulation pave the
way for the proinflammatory actions of IL-10. The high levels of
IL-10 may also promote plasma cell differentiation and thereby
contribute to the production of autoantibodies seen in UC.
Although the initial events leading to IL-10 production may be a
response to inflammation and aimed at down-regulation, it may
instead exacerbate the disease in this milieu. The demonstration
of high levels of STAT-3 in UC support the notion of IL-10 medi-
ated signalling in the inflamed tissue [44].
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