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Alteredd Expression of Interferon-7 and Interleukin-4 in 
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Summary::  Experimental data indicate that mucosa! CD4+ T 
cellss play an important role in the pathogenesis of inflamma-
toryy bowel disease (1BD). Based on the pattern of cytokine 
production.. CD4+ T cells may be distinguished into two dif-
ferentt phenotypes. Thl responses are characterized by secretion 
off  interleukin (IL)-2, tumor necrosis factor (TNF)-a. lympho-
toxin.. and interferon (IFN)-'y and are associated with delayed-
typee hypersensitivity reactions, whereas Th2 responses, which 
aree characterized by secretion of IL-4, IL-5, and IL-IO, have 
beenn associated with humoral immune responses and allergy. 
Too assess the number of IFN-a and IL-4 positive cells in IBD 
andd normal intestinal specimens, frozen sections from intestinal 
specimenss from 10 Crohn's disease (CD), 8 ulcerative colitis 
(UC).. and 8 healthy controls were examined by immunohtsto-
chemistry.. Monoclonal antibodies for CD3, CD8, IFN--y, and 
IL-44 were used, T-lymphocyte infiltration and cytokine expres-

INTRODUCTION N 

Antigen-dependentt T-cell stimulation results in differ-
entiationn into various phenotypes that are characterized 
byy specific cytokine profiles. Thl cells produce interleu-
kin-22 (IL-2), interferon-7 (IFN--y). and tumor necrosis 
factor-aa (TNF-a), and mediate cellular immune re-
sponses,, whereas Th2 cells, which produce IL-4. IL-5. 
IL-10,, and IL-13, are implicated in humoral responses 
andd allergy. 

TT lymphocytes have an important role in the patho-
genesiss of intestinal inflammation, and increased produc-
tionn of IFN--V is a hallmark of Crohn's disease (CD) (1). 
Recently,, two studies have demonstrated increased mu-
cosall  production of IL-12, the major inducer of IFN-7. in 
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sionn by epithelial, lamina propria, and submucosal cells were 
scoredd on a four-point scale by two independent observers who 
weree blinded for the clinical data. One-way analysis of variance 
lANOVA )) testing was used for statistical analysis. In intestinal 
specimenss from IBD patients, the number of CD3+ cells was 
foundd increased in the lamina propria and, within the submu-
cosa,, this increase was significant (p < 0.001). In CD the num-
berr of lamina propria IFN-7 positive cells was significantly 
increasedd as compared with controls (p < 0.002). In UC the 
numberr of both IFN-7 and IL- 4 producing cells in the lamina 
propriaa was not significantly increased as compared with con-
trols.. The present results confirm the existence of a Thl-biased 
patternn production in CD but not in UC. Key Words: Inflam-
matoryy bowel disease—Crohn's disease—Ulcerative colitis— 
Cytokines-—Interferon-a—Interleukin-4—Immunohistochem--
istry. . 

activee CD (2,3). In contrast, ulcerative colitis (UC) is 
characterizedd by increased production of IL-5 (4). These 
dataa suggest that the immunological mechanisms that 
underliee CD and UC markedly differ. Thl-type cytokine 
productionn is generally increased in CD, whereas a Th2 
typee pattern is found in UC. However, this scheme is 
complicatedd by repons that in early CD lesions, mucosal 
IL-44 messenger ribonucleic acid (mRNA) dominated and 
IFN-77 mRNA decreased (5). Moreover, increased muco-
sall  production of IL-10 was found increased in both ac-
tivee CD and UC (6). 

Mostt studies on mucosal cytokine production have 
usedd methods that measure total mucosal cytokine pro-
ductionn (enzyme-linked immunosorbent assay [ELISA], 
reversee transcribed polymerase chain reaction [RT-
PCR]),, or cytokine production by isolated lamina propria 
mononuclearr cells. These methods do not allow for 
analysiss of the distribution of cytokine producing cells 
withinn the mucosal layers. 

Inn the present study we have analysed the mucosal 
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distributionn of cells producing IFN-7 ;ind IL-4 111 resec-
110111 specimens obtained from patients witli CD. UC. and 
fromm non inflammatory controls. Here we confirm (he 
presencee of increased numbers of IFN-7-positive lym-
phocytess in CD. and report that these cells are mainly 
locatedd within the lamina propria compartment. 

MATERIAL SS AND METHOD S 

Patients s 

Resectionn specimens were obtained from 10 patients 
withh CD (4 male. 6 female) who underwent bowel re-
sectionn because of medical treatment failure (n = 4). 
extensivee inflammatory infiltrate In = 5), or fistula for-
mationn {11 = 1). The mean age of this group was 32 years 
(range.. 17 54 years) and (lie disease duration ranged 
fromm 1-19 years (mean, d.2 years). Four patients had 
ileall  disease, five had colonic localization, and in one 
patientt both colon and ileum were involved. Seven pa-
tientss used corticosteroids. 

Eightt patients (three male, five female) with UC. mean 
agee 32.8 years (range, 18-54 years), underwent total col-
ectomy.. Their disease duration was 5.4 years (range, 
0.2-155 years). Five patients had shown insufficient re-
actionn to medical treatment and seven patients were on 
corticosteroidd treatment. 

Thee control group consisted of eight normal speci-
menss obtained from patients who had a bowe! resection 
forr various reasons (two carcinoma, two diverticulitis, 
onee polyposis colt syndrome, one ischemia, one perfo-
ration,, and one adenomatous polyp). 

Specimenss were snap-frozen in liquid nitrogen and 
storedd in -70°C until analysis. Sections were cut and 
tissuess stained with hematoxilin and eosin for histologic 
analysis. . 

Immunohistochemistry y 

Thee single stain protocol was as follows. Serial tissue 
sectionss (6 u.m) were cut on a cryostat, mounted on 
gelatine-coatedd glass slides, and fixed in ice-cold ac-
etone.. Staining was performed according to a three-step 
immunoperoxidasee method. 

Afterr a brief wash in phosphate buffered saline (PBS), 
sectionss were incubated for 30 minutes in \0% normal 
goatt serum (Dako A/S. Glostrup, Denmark) and then 
incubatedd with the first antibody diluted in PBS/1% bo-
vinee serum albumin (Sigma, St. Louis, MO, U.S.A.) 1 
hourr at room temperature (monoclonal mouse antihu-
man-CD33 and -CD8, Beclon Dickinson, Montain View. 
CA,, U.S.A.) or overnight at 4°C (monoclonal mouse 

arui)uiman-lFN-"YY and -IL-4 antibodies, Gen/yme. Cam-
bridge.. MA, U.S.A.). Endogenous peroxidase activity 
wass quenched by placing the slides in a solution of 

-methanol/1%% H,02 for 20 minutes. Following a further 
washh in PBS, sections were incubated with hiotinylated 
rabbitt aniimouse antibody (Dako) diluted 1:200 in PBS/ 
\()\()rr/r/r  AB serum for 30 minutes (CLB. Amsterdam. The 
Netherlands)) and then with streptavidin complex (Dako) 
forr 30 minutes. Slides were developed using hydrogen 
peroxidee (HTGM and 3.3-amino-9-ethyl carhazole 
(Sigma)) and N,N-dimethylformamide (Sigma) in acetate 
buffer.. Following counter-staining with hematoxylin, 
sectionss were coated with glycerol and a cover slip was 
applied.. In control sections, the primary antibod\ was 
omitted.. In double-staining experiments, a mouse anti-
human-IL-44 antibody was incubated overnight at 4üC, 
andd after a wash in PBS a rabbit antihuman-CD3 was 
incubatedd for I hour at room temperature. Endogenous 
peroxidasee activity was quenched by placing the slides in 
aa solution of methanol/1 % V\202 for 20 minutes. Follow-
ingg a further wash in PBS, sections were incubated with 
alkalinee phosphatase-conjugated swine-antirabbit (Dako) 
andd biolin-eonjugated goat-antimouse (Southern Bio-
technologyy Associates, Birmingham, AL, U.S.A.) and 
dilutedd in TBS/10% AB serum were incubated together 
forr 30 minutes and then with streptavidin complex 
(Dako)) for 30 minutes. Alkaline phosphatase activity 
(bluee staining) was detected using Fast Blue (Sigma) and 
naphtol-AS-MX-phosphatee (Sigma), to which levami-
solee (Sigma) was added; peroxidase activity (red activ-
ity)) was detected using 3,3-amino-9-ethil carbazole and 
N.N-dimethy!formamide. . 

TwoTwo different isotype antibodies, mouse antihuman-
CD3.. IgGl (incubated overnight at 4°C), and mouse an-
tihumann IFN-7, IgG2a (incubated 1 hour at room tem-
perature),, were used as functional markers for T cells and 
IFN-77 and alkaline phosphatase-conjugated goal-
antimouse-IgGll  (Southern Biotechnology Associates) 
andd peroxidase-conjugated goat-antimouse-IgG2a 

(Southernn Biotechnology Associates) were used as sec-
ondaryy antibodies. Alkaline phosphatase and peroxidase 
activitiess were detected as previous described. 

Microscopicc Analysis 

T-eelll  infiltration and cytokine expression within the 
epithelial,, lamina propria, and submucosal layers were 
scoredd on a four-point scale by two independent observ-
erss who were blinded for clinical data. A score of 0 
representedd minimal infiltration, while a score of 4 rep-
resentedd infiltration by numerous inflammatory cells. In-
dividuall  readings were identical or differed by only one 
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point.. Minimal differences between the observers were 
resolvedd by mutual agreement. 

Statisticall  Analysis 

Differencess between the three patient groups were 
testedd by one-way analysis of variance using SPSS sta-
tisticss for Windows (SPSS. Inc., Chicago, IL, U.S.A.). A 
two-sidedd p < 0.05 was considered significant. 

RESULTS S 

Histologicall  analysis showed active inflammation in 
alll  10 CD patients and the presence of granulomas in 8 
specimenss (data not shown). Five UC patients had active 
colitiss and three had mild inflammation. Table 1 sum-
marizess the clinical data of both 1BD populations. The 
threee groups were well matched for age, sex ratio, dura-
tionn of disease, and localization of disease. The cortico-
steroidd use in CD and UC patients was equally distrib-
uted. . 

Monoclonall  antibodies specific for CD3, CD8, [FN-7, 
andd IL-4 were used in single-staining (Fig. 1) and CD3 in 
combinationn with either IFN-7 or IL-4 in double-
staining.. T-cell infiltration was scored on epithelial, 
laminaa propria, and submucosal compartments (Table 2). 
Thee number of intraepithelial CD3+ T cells was slightly 
(nonsignificantly)) increased in CD as compared with UC 
andd controls. The number of CD3+ T cells in lamina 
propriaa was somewhat increased in both diseases com-
paredd with controls, but the most striking difference was 
observedd in the submucosa of CD specimens that con-
tainedd an increased number of CD3+T cells (p < 0.001). 
Thee pattern of epithelial and lamina propria CD8+ cells 
revealedd no significant differences in both diseases, as 
comparedd with controls with the only exception of an 
increasee of CD8+ T celts in the submucosal compartment 

TABL EE L Clinical findings of patient and controls 

Crohn'' s 
disease e 
nn = 10 

Ulcerative e 
colitis s 
nn = 8 

Controls s 
nn = 8 

Agee mean 32(17-54}  32.8 < 17-54-j 54.7(14-79) 
Sexx ratio m:l 4:6 3:5 5:3 
Disease e 

historyy mean 6.2 (1-19) 5,4 (0.27-15) 
Localizationn ileum 2 4 

colonn 5 8 4 
bothh 1 

Steroidss 7 7 
Histologyy normal 8 

mildd 5 
activee 10 3 

Surgeryy 10 8 8 

inn CD patients (p = 0.002). By analyzing single-stained 
seriall  sections, it was shown that the majority of CD3+ T 
cellss were CD4+ T cells. 

Thee number of lamina propria IFN-7+ cells was sig-
nificantlyy greater in CD compared with controls (p < 
0.002)) (Fig. 3). and the morphology of lamina propria 
IFN-7++ cells was typical of macrophages and lympho-
cytess (Fig. 1). In UC, the pattern of IFN-7+ cells showed 
noo difference between the patient material and normal 
tissue,, whereas the number of lamina propria IL-4+ cells 
wass increased, but not significantly (Figs. 2 and 3). In 
CD.. the number of lamina propria and submucosal IL-4+ 
cellss was slightly and not significantly increased as com-
paredd with normal specimens (Fig. 3). 

DISCUSSION N 

Wee report that the number of lamina propria CD3+ (T 
lymphocytes)) cells in both CD and UC was increased. 
Thee number of submucosal CD3+ cells was increased in 
bothh diseases as compared with normal specimens (p = 
0.001). . 

IFN-*y++ cells were more often present in the lamina 
propriaa of CD specimens as compared with UC and with 
controlss (p < 0.002). No differences were seen in the 
epitheliall  and submucosal compartments between the 
threee groups. In UC. the number of IL-4+ cells was only 
slightlyy and nonsignificantly increased as compared with 
normall  controls, and the pattern of IFN-*/+ cells within 
thee three examined compartments did not differ from 
controls. . 

Thesee results are in accordance with several previous 
studiess that reported an increase of the number of CD4+ 
TT cells in active CD and UC (7). In addition, high levels 
off  IFN-^ mRNA were found in freshly isolated lamina 
propriaa mononuclear cells (LPMN) from patients with 
activee CD (1.8.9). IFN-7 mRNA concentrations also 
weree increased in mucosal biopsies from active CD (1). 
Severall  studies have reported unchanged or even de-
creasedd production of IL-4 in UC (10-13). Interestingly, 
whenn lamina propria CD4+ cells were isolated from UC 
biopsiess and stimulated in vitro, IL-5 production was 
increasedd (4). IL-5 is probably produced by highly dif-
ferentiatedd Th2 cells no longer capable of produce IL-4, 
whichh may explain why we could detect very littl e IL-4 
expressionn in UC specimens. 

Ourr results are in accordance with findings in Thl-
biasedd models of IBD that are characterizedd by increased 
productionn of lFN-'v (14-19), Moreover, neutraliza-
tionn of IFN-7 abrogated the established colitis in severe 
combinedd immunodeficient mice transferred with the 
CD45RBhlghh T-lymphocytes (20,21), whereas in the 
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FIG.. 1. IFN-7+ cells In the lamina propria of Crohn's disease (CD) specimens Top left : a diffuse infiltration of cells with macrophage and 
lymphocytee morphology (magnification x250). Lowe r left : a higher power view of lamina propria IL-4+ cells of the same CD specimens 
(x500).. IFN-7+ cells in lamina propria and submucosal layers in a UC specimens Top right : The architecture of the mucosa is completely 
alteratedd and infiltration of inflammatory cells is confined to the muscolaris mucosae (x250). Lowe r right : infiltration of cells with basophil 
andd lymphocyte morphology (x250) confined to the lamina propria compartment. 

TABL EE 2. Microscopic score ofT cell infiltration 

Anti-CD3 3 

Anli-CDX X 

"" p < 0.001 
' 'pp = 0 002 
SEM.. standa 

control l 

CD D 

UC C 

control l 

CD D 

UC C 

rdd error ol 

Epithelium m 

mean n 

00 625 
(+/-0.263II SEM) 

0.875 5 
(+/-0.2955 SEM) 

0.5 5 
(+/-0.22366 SEMJ 

1.3750 0 
(+/-0.183SEM) ) 

1.125 5 
(+/-0.2955 SEM) 

0.83 3 
[+/-0.16677 SEM) 

mean n 

median n 

0.5 5 

1 1 

0.5 5 

1 1 

1 1 

1 1 

Laminaa Propri 

mean n 

(+/-0.1899 SEM) 
27 7 

(+/-0.33 SEM) 
2.7 7 

(+/-0.3SEM) ) 
1.375 5 

t+M).183SEM] ] 
1.4 4 

<+/-<)) 1757 SUM) 
11 1 

(+/-0.2I08SEM) ) 

median n 

2 2 

3 3 

2.5 5 

1 1 

1 1 

1 1 

Submucos; ; 

mean n 

0.25 5 
(+/-00 1637 SEM) 

29 9 
(+/-0.37866 SEM) 

(+/-0.4226SEM) ) 
0.625 5 

(+/-0.I83SEM) ) 
11 X 

(+/-0.2SEM) ) 
11 25 

(W-0.25SEM) ) 

median n 

0

2.5 5 

1* * 

1 1 
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FIG.. 2. Expression of IFN--y+ cells in epithelial, lamina propria, and submucosa compartments trom noninflammatory controls fC) (n = 
8)) and from patients with Crohn's disease (CD) (n = 10) and ulcerative colitis (UC) (n = 8). The stainings were scored on a semiquantitative 
four-pointt scale. One-way analysis of variance (ANOVA) test was used for statistical analysis. The bar indicates median values of the 
IFN-77 immunoreactivity in each group. 

TNBS-inducedd colitis. anti-IL-12 decreased IFN-7 pro-
ductionn and abrogated established disease (22). 

Indeed.. T-cell modulation and inhibition of Thl re-
sponsess have become a primary therapeutic goal of CD. 
Depletionn of CD4+ T cells with an anti-CD4 monoclonal 
antibodyy (c.MT-412) in 12 steroid refractory CD patients 
causedd a dose-dependent reduction of circulating CD4+. 
reducedd the CDAI (Crohn's disease activity index) (23), 

andd reversed the abnormal expression of major histo-
compatibilityy complex class II DR on the intestinal epi-
theliumm (24). Because human leucocyte-associated-class 
III  expression by gut epithelial cells is up-regulated by 
IFN-7.. this finding suggests that anti-CD4 antibody 
treatmentt down-regulates T-lymphocyte activation. 

Treatmentt of steroid-refractory Crohn's patients with 
aa single dose of anti-TNF-a antibody has resulted in 
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FIG.. 3. Expression of IL-4» cells in epithelial, lamina propria, and submucosa compartments from noninflammatory controls (C) (n = 8) 
andd from patients with Crohn's disease (CD) (n = 10) and ulcerative colitis (UC) (n = 8). The stainings were scored on a semiquantitative 
four-pointt scale. One-way ANOVA test was used for statistical analysis. The bar indicates median values of the IL-4 immunoreactivity in 
eachh group. 
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importantt therapeutic etïecls (25-27). These findings 
suggestt thai targeting cytokines thai are involved in Thl 
responsess may be beneficial in CD. In particular, because 
off its proximal effects on Thl/Th2 differentiation, IL-12 
iss a promising candidate for the treatment of active CD 
andd or for the maintenance of the anii-TNF-ot -induced 
remission.. In summary, our findings support a predomi
nantt Thl response in CD but not in UC. 

A c k n o w l e d g m e n t ::  T h i s w o r k was suppor ted by T h e N e t h 

e r l andss D i g e s t i v e Diseases F o u n d a t i o n . 
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