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Abstract. The etiology and the pathogenesis of inflammatory bowel diseases (IBD), e.g. Crohn’s disease and
u� lcerative colitis are still not completely understood. However, there is growing evidence t

�
hat an alteration of the

m� ucosal immune system towards luminal antigens in a genetically susceptible host plays a k
	
ey role in the

p
 athogenesis of IBD. In particular, cytokines produced by intestinal epithelial cells, la� mina propria macrophages
a� nd CD4+ T cells appear to contribute to the initiation and perpetuation of intestinal inflamma� tion in IBD. This
review focuses on the role of the mucosal immune system in the pathogenesis of IBD and potent

�
ial novel

immunotherapeutic strategies for chronic intestinal inflammation. Such strategies include recombinant antiinflam-
matory cytokines, neutralizing antibodies or fusion proteins, antisense oligonucleotide� s and adenoviral gene
t

�
ransfer.

K



ey words: Crohn’s disease; ulcerative colitis; cytokines; immunotherapy; gene transfer.

The primary function of the small bowel is to absorb
n� utrients into the circulation14. Since the bowel is ex-
p
 osed to numerous bacterial and dietary antigens during
t

�
he course of its activity, there is a strong need for
c� ontrol elements such as the epithelial barrier and the
mucosal immune system to prevent harmful reactions9

�
, 10.

The latter system is well developed and comprises lym-
p
 hocyte populations in the peyer’s patches, intestinal
e� pithelial cells, intraepithelial lymphocytes and macro-
p
 hages and lymphocytes in the lamina propria (LP)28.
B

�
ased on the above observations, this system has to

maintain  immunoregulatory  mechanisms  that  down-
-regulate immune responses while retaining the ability
t

�
o respond to pathogenic organisms. One mechanism

t
�
hat helps to maintain this crucial balance is the down-

r� egulation of mucosal T cell responses upon activation
o� f the T cell receptor.

There is growing evidence that alterations of the
m� ucosal immune system may contribute to the pa-
t

�
hogenesis of inflammatory bowel diseases (IBD) that

c� omprise two major forms: ulcerative colitis (UC) and
C

�
rohn’s disease (CD)23, 28. One aspect of the altered

immunoregulation in IBD patients is a hyperrespon-
siveness of lamina propria mononuclear cells to muco-
sal antigens, in particular to otherwise less immu-
nogenic or harmless products of the intestinal flora. It
w� as shown that normal mucosal T cells mount lower in
v� itro proliferative responses to common microbial anti-
g� ens than do peripheral T cells, whereas IBD mucosal
T cell responses are equal to that of peripheral T cells.
I

�
n addition, whereas lamina propria mononuclear cells

from normal individuals do not respond to components
o� f the resident intestinal flora by cell proliferation, such
r� esponse is found in IBD patients10. These data indicate
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a� n important role of the bacterial microflora in the pa-
t

�
hogenesis of IBD. This hypothesis is supported by

studies in mice models of colitis, showing that chronic
i

�
ntestinal inflammation is prevented when mice are kept

u� nder germfree conditions12, 15, 27. In addition, these
findings are underlined by the fact that manifestations
o� f both CD and UC are most frequently seen in gut
a� reas with the highest bacterial concentrations (ileum,
c� olon), that CD relapses are prevented by diversion of
t

�
he fecal stream and that increases in gut permeability

p
 recede acute flares in CD10, 14. Finally, it was recently
shown that exposure of uninvolved gut to luminal con-
t

�
ents from diseased areas in CD may induce histologic

signs of CD8. Based on these data, an uncontrolled re-
a� ction of the mucosal immune system to luminal, most
l

�
ikely bacterial, antigens appears to be an important

factor in the pathogenesis of IBD.

Role of Cytokines in the Pathogenesis of IBD

T
�

here is now strong evidence that LP CD4+ T cells
p
 lay a key role in the pathogenesis of IBD5

�
, 28. The

p
 athogenic role of LP T cells in IBD is most likely due
t

�
o an altered activation status with consecutive cytokine

release and macrophage activation. Several groups have
t

�
hus studied Th1 (IFN-γ� , IL-2) and Th2 (IL-4, IL-5)

c� ytokine production by mucosal T cells in IBD. FU
�

SS

e� t al.13 analyzed cytokine production by purified LP
C

�
D4+ T cells from gut specimens from IBD patients

u� pon cell stimulation with anti-CD2/CD28. There was
a�  decreased IL-2 production of LP CD4+ T cells in pa-
t

�
ients with CD, but not UC, after accessory pathway

stimulation. However, BREESE et al.4
 
 found that lesional

C
�

D tissues contained increased numbers of IL-2 secret-
ing cells, whereas UC tissues did not. These unequivo-
c� al data could be due to technical differences or may
reflect the fact that IL-2 production in CD is dependent
o� n the stage of disease. An alternative explanation is
t

�
hat basal levels of IL-2 production are increased in CD,

w� hereas the capacity to further induce IL-2 production
is reduced. The expression and production of IFN-γ� ,
a� nother and perhaps more definitive Th1 cytokine than
IL-2, in CD, but not UC, was found to have increased1, 4.
C

�
onversely, the study by FU

�
SS et al.13 showed an in-

c� reased production of IFN-γ�  by LP CD4+!  T cells in CD,
b

"
ut not UC, when cells were stimulated via accessory

signalling pathways.
W

#
ith regard to Th2 cytokine production in IBD,

FU
�

SS et al.13 described decreased production of IL-4 by
L

$
P CD4+ T cells in both CD and UC. Such decrease of

IL-4 production was associated with reduced numbers

o� f IL-4 producing cells, as shown by elispot analysis.
Furthermore, IL-5 production by LP CD4+ T cells in
C

�
D was found to be decreased, whereas an increased

I
�
L-5 production was observed in UC. In summary,

t
�
hese data suggest that mucosal T cell responses in CD
a� re associated with a Th1-like cytokine response (IFN-γ� )

%
,

w� hereas UC is associated with an IL-5 response.
To determine possible reasons for this divergent cy-

t
�
okine production by LP T cells between CD and UC,
v& arious groups have looked at IL-12 and IL-18 produc-
t

�
ion by LP mononuclear cells and macrophages17, 19, 21.

Both cytokines have been shown to augment IFN-γ�  re-
sponses in T cells at the transcriptional level by activat-
ing the transcription factors STAT-4 and AP-1, respec-
t

�
ively2. The functionally active IL-12 (p35/p40)

h
'
eterodimer and IL-18 were both found to be increased

in the LP of patients with CD, but not UC. Since IL-12
is a potent inducer of Th1 T cell differentiation, these
d

(
ata provide reason to believe that IL-12 could be a key

c� ytokine for Th1 T cell differentiation in CD, whereas
l

�
ower IL-12 levels in UC in the presence of the IL-12-
-antagonising cytokine EBI3 may favor a different
T cell differentiation in this disease6

)
. Furthermore, high

levels of IL-18 may contribute to an activation of Th1
e� ffector cells in CD. Interestingly, high expression of
IL-18 was also seen in intestinal epithelial cells, sug-
g� esting that also these cells, may have an important
immunoregulatory role in IBD.

In addition to IL-12 and IL-18, the expression and
p
 roduction of various other cytokines produced by
m� ononuclear cells and macrophages have been ana-
lyzed22. A decrease of the IL-1R antagonist/ IL-1 ratio
w� as found in patients with IBD whose levels correlated
inversely with severity of the disease. In addition, vari-
o� us groups described increased levels of various proin-
flammatory cytokines (IL-1, IL-6, IL-8, TNF) in in-
f

*
lamed CD and UC tissue samples compared to control

p
 atients. Thus, mononuclear cells in the gut show pro-
f

*
ound alteration of cytokine profiles. The differences

b
"
etween CD and UC may provide a rational basis for

a�  specific immunotherapy in IBD patients.

N
+

ovel Animal Models of Chronic Intestinal
I

,
nflammation: a Milestone for the Development

o- f New Immunotherapeutic Strategies

Several novel animal models of chronic intestinal
i

�
nflammation have been established in the last 5 years
w� hich have provide new insights into the immunopa-
t

�
hogenesis of IBD12. These models comprise inducible

models in otherwise healthy animals with normal im-
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m� une systems, adoptive transfer models, spontaneously
o� ccuring models and models created by gene manipu-
lation. The latter group is the most rapidly growing
g� roup and comprises rats carrying transgenes for HLA-
-B27 and β2

. -microglobulin, transgenic mice for STAT-
-4, T cell reconstituted Tgε/ 26 mice transgenic for the
h

'
uman CD3ε/  gene, mice carrying a dominant negative

N
0

-cadherin mutant, knockout mice for the All-rich re-
g� ion of the TNF gene and mice in which the genes for
I

�
L-2, IL-10, Giα2 and the α or β chain of the T cell

receptor have been inactivated by homologous recom-
b

"
ination15, 30. These models clearly showed that modu-

l
�
ation of cytokine levels in the inflamed gut may cause

p
 ersistent mucosal inflammation. One very interesting
f

*
inding in the last years was that most models appear

t
�
o be mediated by Th1 T cells that produce large
a� mounts of IFN-γ� . This excessive Th1 response can be
c� ounterregulated by Th2/Tr1 (IL-10) and Th3 (TGF-β)

%

c� ytokine responses18, 24, 26. However, recent evidence
suggests that also Th2 cytokines such as IL-4 may
c� ause intestinal inflammation in some of the above
m� odels3

1
, 16.

In addition, the new animal models offered interes-
t

�
ing ways to test immunotherapeutic strategies (Table

1). Administration of recombinant antiinflammatory
c� ytokines such as IL-10 (but not IL-4) was shown to
b

"
e effective in the treatment of colitis in SCID mice

a� fter CD4+!  T cell transfer2
.
5. Furthermore, antibodies to

p
 athogenic cytokines have been commonly used in
c� olitis models. For instance, it was shown that IL-12 is
e� ssential for disease perpetuation in many Th1 colitis
models, as treatment with antibodies to IL-12 sup-
p
 ressed or even abrogated disease activity by induction
o� f T cell apoptosis19. In addition, antibodies to IFN-γ�

a� nd TNF were shown to be effective in Th1-mediated
mucosal inflammation, as disease was prevented or re-
d

(
uced by administration of specific neutralizing anti-

b
"
odies25.

A
2

s discussed above, regulatory T cell populations
(Th2, Tr1, Th3) may prevent development of colitis by
p
 roduction of cytokines whose functions antagonize
t

�
hose of Th1 T cells. Thus, another approach for the
t

�
reatment of Th1-mediated intestinal inflammation con-

sisted in the induction of regulatory Th2 and Th3 cells

b
"
y the induction of oral tolerance mechanisms12, 18. In

summary, these data suggest that the mucosal balance
b

"
etween pro- and antiinflammatory cytokines is a key

r� egulator in chronic intestinal inflammation. Thus,
modulation of IL-12, TNF and TGF-β levels may have
relevance for treatment of IBD. Such modulation may
b

"
e performed by the administration of recombinant cy-

t
�
okines, cytokine receptors or neutralizing antibodies.

However, some recent studies indicate that antisense
D

3
NA approaches and adenoviral gene transfer should

a� lso be considered to modulate gene expression in the
g� ut20, 31. For instance, it was shown that antisense DNA
t

�
o the transcription factor NF-κB

�
 suppresses proinflam-

matory cytokine production by LP cells and conse-
q4 uently intestinal inflammation.

Immunotherapy in IBD Patients: 
Current Status and Future Perspectives

B
�

ased on the above data, it appeared to be possible
t

�
o design rational immunotherapies in IBD patients

(Table 2). Initial trials focused on the application of
recombinant human IL-10 to CD patients7

5
. While such

t
�
reatment appeared to be safe and well tolerated, only

a�  minority of the patients clinically responded to the
t

�
herapy. Similar data have been obtained with recom-

b
"
inant human IL-11. However, several very promising

studies in the last years have shown that systemic ad-
ministration of anti-TNF antibodies may be effectively
u� sed in CD11, 29. In particular, there was a significant
reduction in clinical activity scores in steroid-refractory
C

�
D patients upon antibody treatment. Furthermore,

t
�
here was a marked reduction in the number of draining

fistulas in anti-TNF treated patients. Although some
q4 uestions with regard to safety and toxicity remain to
b

"
e answered, these data indicate that antibodies to TNF

a� ppear to be very promising for treatment of chronic
a� ctive CD. In addition to anti-TNF antibodies, anti-IL-
-12 antibodies will soon be available for phase II
studies in CD, thus providing another potentially inter-
e� sting option for immunotherapy in IBD patients.

Taken together, various novel immunotherapies are
c� urrently being tested in IBD patients. Although no
final evaluation can be made so far, the data suggest
t

�
hat such therapies may find their way into routine ap-

p
 lication in the near future.

Table 1. Immunotherapeutic strategies in experimental bowel in-
flammation

Recombinant cytokines: IL-4, IL-10, TGF-β
6

Antibodies: anti-IFN-γ7 ,�  anti-TNF, anti-IL-12, anti-IL-6R
Receptors: soluble TNF receptor
Antisense DNA: anti-NF-κB, anti-ICAM-1
Adenoviral gene transfer: IL-4

Table 2. Current Immunotherapy in IBD patients

Recombinant cytokines: IL-10, IL-11, IFN-α8

Antibodies: anti-TNF, anti-IL-12

4
 

 – Archivum Immunologiae... 2/2000

M. F. Neurath: Immunotherapy in IBD 83



A
9

cknowledgment. This work was supported by grants from the
Deutsche Forschungsgemeinschaft (Ne490/1-1 and Ne490/3-1).

References

 1. AU
:

TSCHBACH F., SC
;

HURMANN G., QI
<
AO L., ME

=
RZ H. et al.

(1995): Cytokine messenger RNA expression and proliferation
status of intestinal mononuclear cells in noninflamed gut and
Crohn’s disease. Virchows Arch., 426, 51.

 2. BARBULESCU K., BECKER C., SC
;

HLAAK J., SC
;

HMITT E. et al.
(1998): Cutting Edge: Interleukin-12 and interleukin-18 dif-
ferentially regulate the transcriptional activity of the human
IFN-γ7  promoter in primary CD4+!  T lymphocytes. J. Immunol.,
160,�  3642.

 3. BO
>

IRIVANT M., FU
:

SS I. J., CH
?

U A. and ST
@

ROBER W. (1998):
Oxazolone colitis: A murine model of T helper cell type 2
colitis treatable with antibodies to interleukin 4. J. Exp. Med.,
188,�  1929.

 4. BR
A

EESE E., BR
A

AEGGER C. P., CO
>

RRIGAN C. J., WA
B

LKER-SM
C

ITH

J. A. and MACDO
>

NALD T. T. (1993): Interleukin-2 and interfe-
ron-γ7  secreting T cells in normal and diseased human intestinal
mucosa. Immunology, 78, 127.

 5. BREESE E. and MACDO
>

NALD T. T. (1996) TNF-α8  secreting
cells in normal and diseased human intestine. Adv. Exp. Med.
Biol., 3

D
71B, 821.

 6. CHRIST A., STEVENS A., KO
>

EPPEN H., WALSH S. et al. (1998):
An interleukin 12-related cytokine is up-regulated in ulcerative
colitis but not in Crohn’s disease. Gastroenterology, 115,�  307.

 7. DEVENTER S. V., ELSON C. and FEDORAK R. (1997): Multiple
doses of intravenous interleukin 10 in steroid-refractory
Crohn’s disease. Gastroenterology, 113, 383.

 8. D’HA
B

ENS G., GE
=

BOES K., PE
=

ETERS M. and BA
B

ERT F. (1998):
Early lesions of recurrent Crohn’s disease caused by infusion of
intestinal contents in excluded ileum. Gastroenterology, 114,�
262.

 9. DO
>

NALDSON R. (1989): Crohn’s disease. In: SLEISENGER M.
and FO

>
RDTRAN J.: Gastrointestinal disease. W. B. Saunders

Corp., Philadelpia, 1327.
10. DU

:
CHMANN R. and ZEITZ M. (1999): Crohn’s disease. In:

OG
E

RA P.  and STROBER W. (eds.): Handbook of mucosal immu-
nology. Academic Press, New York, 1055.

11. DU
:

LLEMEN H. v., DEVENTER S. v., HO
>

MMES D., BIJL H. et al.
(1995): Treatment of Crohn’s disease with anti-tumor necrosis
factor chimeric monoclonal antibody (cA2). Gastroenterology,
109,�  129.

12. ELSON C. O., SARTOR R. B., TENNYSON G. S. and RIDDELL R. H.
(1995): Experimental models of inflammatory bowel disease.
Gastroenterology, 109, 1344.

13. FU
:

SS I., NEURATH M. F., BO
>

IRIVANT M., KLEIN J. S. et al.
(1996): Disparate CD4+ lamina propria (LP) lymphocyte secre-
tion profiles in inflammatory bowel disease. J. Immunol., 157,�
1261.

14. KO
>

RNBLUTH A., SALOMON P. and SACHAR D. B. (1995):
Crohn’s disease. In FO

>
RDTRAN J. and SL

F
EISINGER M. (eds.):

Gastrointestinal disease. Pathophysiology, diagnosis, manage-
ment. W. B. Saunders Corp., Philadelphia, 1270.

15. KÜ
G

HN R., LÖ
H

HLER J., RENNICK D., RAJEWSKY K. and MÜ
G

LLER

W. (1993): Interleukin-10-deficient mice develop chronic en-
terocolitis. Cell, 75,�  263.

16. M I
<
ZOGUCHI A., MI

<
ZOGUCHI E. and BH

?
AN A. K. (1999): The

critical role of interleukin 4 but not interferon γ7  in the pathogen-

eI sis of colitis in T-cell receptor α8  mutant mice. Gastroentero-
logy, 116,�  320.

17. MO
>

NTELEONE G., BI
<
ANCONE L., MA

B
RASCO R., MO

>
RRONE G. et

aJ l. (1997): Interleukin-12 is expressed and actively released by
C
K

rohn’s disease intestinal lamina propria mononuclear cells.
G
L

astroenterology, 112, 1169.
18. NEURATH M. F., FU

:
SS I., KELSALL B. L., PRESKY D. H. et al.

(
M
1996): Experimental granulomatous colitis in mice is abro-

gN ated by induction of TGF-β
6

-mediated oral tolerance. J. Exp.
M
�

ed., 1
O

83,�  2515.
19. NEURATH M. F., FU

:
SS I., KELSALL B. L., STUBER E.

aJ nd ST
@

ROBER W. (1995): Antibodies to IL-12 abrogate estab-
lished experimental colitis in mice. J. Exp. Med., 182, 1280.

20. NE
=

URATH M. F., PE
=

TTERSSON S., BU
:

SCHENFELDE K. H. M. z,
aJ nd STROBER W. (1996): Local administration of antisense
pP hosphorothioate oligonucleotides to the p65 subunit of NF-κQ B abro-
gN ates established experimental colitis in mice. Nat. Med., 2,�  998.

21. PIZARRO T. T., MICHIE M. H., BENTZ M., WO
>

RARATANAD-

H
?

ARM J. et al. (1999): IL-18, a novel immunoregulatory cyto-
kine, is up-regulated in Crohn’s disease: expression and local-
ization in intestinal mucosal cells. J. Immunol., 162, 6829.

22. PLEVY S. E., LANDERS C. J., PREHN J., CARRAMANZANA N. M.
eI t al. (1997): A role for TNF-α8  and mucosal T helper-1 cytokines
in the pathogenesis of Crohn’s disease. J. Immunol., 159, 6276.

23. PO
>

DOLSKY D. K. (1991): Inflammatory bowel disease. N. Engl.
J
R
. Med., 3

D
25, 928.

24. PO
>

WRIE F., CA
B

RLINO J., LE
=

ACH M. W., MA
B

UZE S. and CO
>

FFMAN

R. L. (
M
1996): A critical role for transforming growth factor-β

6

b
S
ut not interleukin-4 in the suppression of T helper type

1-mediated colitis by CD45Rb(low) CD4+!  T cells. J. Exp.
Med., 183,�  2669.

25. PO
>

WRIE F., LE
=

ACH M. W., MA
B

UZE S., ME
=

NON S. et al. (1994):
I
T
nhibition of Th1 responses prevents inflammatory bowel dis-

eI ase in scid mice reconstituted with CD45RBhi CD4+!  T cells.
Immunity, 2, 553.

26. RU
:

DOLPHI A., BO
>

NHAGEN K. and RE
=

IMANN J. (1996): Polyclo-
nal expansion of adoptively transferred CD4+ αβ8  T cells in the
cU olonic lamina propria of scid mice with colitis. Eur. J. Immu-
nol., 26,�  1156.

27. SA
B

RTOR R. (1998): Postoperative recurrence of Crohn’s dis-
eI ase: the enemy is within the fecal stream. Gastroenterology,
1
O

14, 398.
28. STROBER W. and NEURATH M. F. (1995): Chapter 94. Immuno-

logical diseases of the gastrointestinal tract. In RICH R. R. (ed.):
C
K

linical immunology. Mosby, St. Louis, 1401.
29. TA

B
RGAN S. R., HA

B
NAUER S. B., DE

=
VENTER S. J. V., MA

B
YER L.

eI t al. (1997): A short-term study of chimeric monoclonal anti-
b
S
ody cA2 to tumor necrosis factor α8  for Crohn’s disease. N.

E
�

ngl. J. Med., 337,�  1029.
30. WIRTZ S., FINOTTO S., KANZLER S., LO

>
HSE A. W. et al. (1999):

C
K

utting Edge: Chronic intestinal inflammation in STAT-4
t
V
ransgenic mice: Characterization of disease and adoptive trans-

f
W
er by TNF-plus IFN-γ7 -producing CD4+!  T cells that respond to

b
S
acterial antigens. J. Immunol., 162, 1884.

31. WI
<
RTZ S., GA

B
LLE P. and NE

=
URATH M. (1999): Efficient gene

d
X
elivery to the inflamed colon by local administration of recom-

b
S
inant adenoviruses with normal or modified fibre structure.

G
L

ut, 44, 800. 

Received in September 1999
Accepted in December 1999

84 M. F. Neurath: Immunotherapy in IBD


