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Abstract Background: The acute
murine semiallogenic graft-versus-
host disease (GvHD) is known to be
associated with Th1 cytokines se-
creting lymphocytes in the spleen
and lymph nodes. However, whether
this cytokine secretion pattern is also
involved in the intestinal manifesta-
tions of acute GvHD (crypt hyper-
plasia and villous atrophy) is not
known, so far. Methods: We first in-
vestigated the secretion of interleu-
kin (IL) 4 (indicative of Th2-type
differentiation) and interferon (IFN)
γ (Th1-type differentiation) by splen-
ic and by small bowel lamina propria
lymphocytes. In addition, animals
were treated with neutralizing anti-
bodies to IL-4 or IL-12. The effect of
this treatment on the intestinal mor-
phology was examined. Second, we
also investigated the effect of donor-
derived IFN-γ by using donor lym-
phocytes from IFN-γ knock-out ani-
mals. Third, animals were treated
with the fusion protein OX40-Ig
which interferes with the OX40-
OX40L interaction and thereby in-
hibits the intestinal manifestations of
acute GvHD. Results: We found that,
whereas splenic lymphocytes secrete

an excess of IFN-γ, lymphocytes of
the intestinal lamina propria secrete
less IFN-γ and IL-4 than control ani-
mals. When OX40-Ig is adminis-
tered to animals with acute GvHD,
the intestinal histology normalizes as
well as the secretion of IFN-γ and
IL-4, indicating that the intestinal
morphology is not affected by the se-
cretion of IFN-γ by lamina propria
lymphocytes. The treatment of ani-
mals suffering from acute GvHD
with anti-IL-4 and anti-IL-12, which
blocks the differentiation of IFN-γ
secreting T-lymphocytes, did not sig-
nificantly affect the development of
crypt hyperplasia or villous atrophy.
Furthermore, donor lymphocytes of
IFN-γ knock-out animals also in-
duced the intestinal manifestations
of acute GvHD. Conclusions: These
findings indicate that IFN-γ is not
crucial for the development of crypt
hyperplasia and villous atrophy in
the murine semiallogenic GvHD.
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Introduction

Many new insights into the physiology of numerous im-
mune mechanisms have accompanied the concept, first
postulated by Coffman and Mosmann [1], of the differ-
entiation of pathways of CD4+ T helper cells into the

Th1-type [secretion predominantly of interferon (IFN) γ,
tumor necrosis factor (TNF) α secretion] and the Th2-
type [secretion of interleukins (ILs) 4, 5, 10]. The possi-
bility of actively inducing a shift from a Th1 to a Th2
type of response or vice versa has opened many new
therapeutic aspects in the management of infectious dis-
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eases [2], tolerance induction, vaccine therapy, autoim-
mune disease, and transplant rejection (for review see
[3]). For example, in an experimental model for a Th1-
mediated inflammatory bowel disease (trinitrobenzene
sulfonic acid induced colitis) the disease was cured by
treatment with anti-IL-12 or anti-CD40L [4, 5], which
both induce a switch from a Th1 to a Th2 type of re-
sponse. Similar results have been obtained in multiple
other animal models for autoimmune diseases [3]. Fur-
thermore, it has been demonstrated in the murine acute
semiallogenic graft-versus-host disease (GvHD) that a
Th1 type of cytokine secretion prevails in the spleen and
lymph nodes [6]. After the treatment with anti-IL-12 a
switch to a Th2 type of immune response was induced,
and the systemic manifestations of GvHD were prevent-
ed [7]. However, the acute semiallogenic GvHD is a well
established animal model for the investigation of T cell
mediated intestinal crypt hyperplasia and villous atrophy
[8]. The intestinal cytokine secretion pattern that is po-
tentially involved in these manifestations has not been
studied so far, although it has been speculated that a Th1
type of cytokine secretion would prevail. In addition, a
study by Mowat [9] demonstrated that treatment of
GvHD animals with an monoclonal anti-IFNγ antibody
prevents the intestinal manifestations of this disease.
However, the actual intestinal cytokine secretion pattern
was not investigated.

Therefore we investigated the intestinal cytokine se-
cretion pattern in this animal model. Furthermore, we
studied the effect of an induced switch from a potential
Th1 to a Th2 type of response and vice versa by the ad-
ministration of anti-IL-4 and anti-IL-12 monoclonal anti-
bodies to the development of crypt hyperplasia and vil-
lous atrophy. In another set of experiments we studied
the effect of a treatment with the OX40-Ig fusion pro-
tein, which has been was shown to inhibit the intestinal
manifestation of GvHD [10] on the intestinal cytokine
secretion pattern in order to investigate whether this in-
hibitory effect of OX40-Ig is associated with a switch in
the differentiation pathways of CD4+ T helper cells.

Materials and methods

Animals, cell preparations, and induction of acute semiallogenic
graft-versus-host disease

C57BL/6, DBA2, and the F1 generation of these two mouse
strains (B6D2F1) were raised and kept under standard conditions
in the animal facility of the University Hospital of Kiel, Germany.
To induce semiallogenic GvHD a slightly modified procedure as
described by Guy-Grand and Vassalli [11] was performed. To pre-
pare donor lymphocytes, spleen and mesenterial lymph nodes of
C57BL/6 or of IFN-γ knock-out mice, respectively, were removed
and pressed through a cell filter (40-µm pore size). Red blood 
cells were subsequently lysed by a hypotonic lysing buffer (ACK
buffer, Böhringer Ingelheim, Germany). The resulting lympho-
cytes (80×106 cells/animal) were transferred to 8- to 14-week-old
irradiated (7.5 Gy) B6D2F1 mice of the same sex by intraperitone-

al injection. The small bowel was removed and frozen in liquid ni-
trogen or fixed in 10% phosphate-buffered (pH 7.4) formalin for
further analysis. Control animals consisted of irradiated B6D2F1
mice which were transferred with the same amount of syngeneic
(B6D2F1) cells.

Treatment regimens of recipient animals

After the induction of GvHD one group of recipient B6D2F1 mice
were treated with anti-IL-12 monoclonal antibody (C17.5, kindly
provided by Dr. Trinchieri, Philadelphia, Pa., USA; 500 µg or
1 mg on days 0 and 2), anti-IL-4 (11B11, kindly provided by Dr.
R.L Seder; 500 µg or 1 mg on days 0 and 2) or the OX40-Ig fusion
protein (200 µg per day intraperitoneally on days 0–4; kindly pro-
vided by David Calderhead [12]) or human IgG as control. The
animals were killed, and organs were removed as described above.
Each group consisted of at least five animals.

Detection of mucosal atrophy

Formalin-fixed jejunum specimens were embedded in paraffin and
cut in 6- to 8-µm sections. To detect mucosal atrophy some slides
were stained with hematoxylin and eosin, and the villous height
and crypt depth were measured using a graded ocular.

Preparation of lamina propria lymphocytes

Lamina propria lymphocytes were isolated as described previously
[5]. In brief, the small bowel of treated or untreated animals was
prepared 6 days after the induction of GvHD and cut longitudinal-
ly. These slices were incubated in Hank’s balanced salt solution
(without calcium and magnesium) containing EDTA and dithio-
threitol for 30 min in a shaking water bath at 37°C. Subsequently
the intestines were incubated for 2×15 min in RPMI 1640 contain-
ing collagenase (Boehringer Mannheim, Mannheim, Germany)
and DNase I (0.1 mg/ml; Boehringer Mannheim) in a shaking wa-
terbath at 37°C. Afterwards the resulting cell suspension was
passed through cotton wool and separated using a Percoll
(Pharmacia, Uppsala, Sweden) gradient of 40% and 80%. The
cells of the interface were collected and incubated on six-well
plates coated with anti-CD3 (1 µg/ml) and anti-CD28 (1 µg/ml;
Pharmingen, San Diego, Calif., USA) for 2 days. The supernatants
were then collected and stored at –20°C for further analysis.

Cytokine ELISA

The determination of the secreted IFN-γ and IL-4 was performed
using the antibodies and the protocol as described by Pharmingen.

Statistical analysis

Statistical analysis was performed using the analysis of variance 
t test for paired subgroups.

Results

IL-4 and IFN-γ secretion by splenic 
and lamina propria lymphocytes

Six days after the induction of acute semiallogenic
GvHD or after the transfer of syngeneic lymphocytes
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(control animals) the intestinal manifestations of acute
GvHD are characterized by infiltrating CD4+ T cells,
crypt hyperplasia, and villous atrophy as previously de-
scribed [10]. Lymphocytes of the spleens and of the lam-
ina propria of the small bowel were prepared and incu-
bated for 2 days on anti-CD3 plus anti-CD28 coated six-
well plates. As depicted in Fig. 1, splenocytes of GvHD
animals secrete significantly more IFN-γ than IL-4 (Th1
type of differentiation) than the syngeneic control ani-
mals which exhibit a more Th2 type of cytokine secre-
tion, for example, they predominantly secrete IL-4.
Treatment with OX40-Ig, which inhibits the develop-
ment of crypt hyperplasia and villous atrophy in this ani-
mal model [10] did not significantly change the cytokine
secretion of those animals that were transferred with
semiallogenic lymphocytes. In contrast, as also shown in
Fig. 1, lamina propria lymphocytes of GvHD animals se-
crete neither IL-4 nor IFN-γ. Furthermore, when the ani-
mals are treated with OX40-Ig, the cytokine secretion
pattern of syngeneic lamina propria lymphocytes is al-
most resumed.

Effect of treatment with monoclonal antibodies anti-IL-4
and anti-IL-12

To evaluate whether a Th1 or Th2 cytokine secretion
pattern is crucial for the establishment of the intestinal
manifestations of acute GvHD we treated one group of
animals after the induction of acute GvHD with an anti-
IL-4 and another group with an anti-IL-12 monoclonal

Fig. 1 Lymphocytes of the spleen (A,B) or of the lamina propria
of the small bowel (C,D) from semiallogenic GvHD animals, from
syngeneic control animals, and from OX40-Ig treated GvHD ani-
mals were prepared as described in the text and incubated on anti-
CD3/anti-CD28 coated plates for 48 h. Interferon-γ (A,C) or IL-4
(B,D) secretion was determined by enzyme-linked immunosorbent
assay. The depicted data are from one of five representative, inde-
pendent experiments (mean +SD)

Fig. 2 Villous length and crypt depth of syngeneic control ani-
mals, of untreated semiallogenic GvHD animals and of anti-IL-12
(0.5 mg) or anti-IL-4 (0.5 mg) treated GvHD animals were deter-
mined on hematoxylin and eosin stained paraffin sections using a
graded ocular. Each group consisted of at least five animals. The
depicted data are the mean (±SD) of the ratio of crypt depth/vil-
lous length. There was no difference in the outcome of the animals
treated with 0.5 mg or with 1 mg of the respective antibodies on
days 0 and 2 (data not shown)



GvHD (crypt hyperplasia and villous atrophy). As dem-
onstrated in Fig. 2, these antibody treatments did not
cause significant changes concerning crypt hyperplasia
and villous atrophy in the GvHD animals (as confirmed
by the analysis of variance t test).

Transfer of semiallogenic donor lymphocytes 
from IFN-γ knock-out mice

When donor lymphocytes from IFN-γ knock-out mice
(BL/6 background) were prepared and transferred into
B6D2F1 recipient mice, the intestinal architecture of
GvHD animals was unaltered by the use of IFN-γ defi-
cient mice as donor animals. Figure 3 demonstrates that
donor-derived IFN-γ does not seem to be crucial for the
development of crypt hyperplasia and villous atrophy in
the recipient mice.

Discussion

The present study suggests that IFN-γ is not crucial for
the establishment of the intestinal manifestations of
acute GvHD in mice. This hypothesis is based on four
lines of evidence. First, lamina propria lymphocytes of
GvHD animals produce less and not more IFN-γ than
control animals. In addition, the treatment with OX40-Ig,
which prevents the intestinal damage of GvHD in this
model [10], is associated with greater IFN-γ production
than in untreated GvHD animals. Third, the administra-
tion of anti-IL-12, which inhibits the differentiation of
Th1-T cells, does not result in a significant amelioration
of intestinal morphology. Finally, the administration of
donor lymphocytes from IFN-γ knock-out animals also
leads to significant crypt hyperplasia and villous atrophy.
These data are in accordance with a previous study using
IFN-γ receptor knock-out mice as small bowel donor an-
imals an allotransplantation model. Intestinal allografts
from these animals were rejected in the same way as
allografts from wild-type mice [13]. Another previous
study using IFN-γ knock-out mice as donors did not in-
vestigate their effect on the intestinal damage [14]. How-
ever, the present data are in contrast to an earlier study
by Mowat [9] who demonstrated that antibodies to IFN-γ
prevent the modest intestinal damage taking place during
acute GvHD in nonirradiated B6D2F1 host animals.
Furthermore, the present study to some extent contra-
dicts the dogma that acute GvHD is mainly associated
and – even more clearly – a product of a Th1 type of 
T-helper cell differentiation [6, 15].

The recent literature on the involvement of cytokines
in acute GvHD, however, does not support the view that
a Th1 type of differentiation is deleterious in this patho-
logical clinical and experimental condition. In contrast,
numerous studies have shown that IFN-γ, or IL-12 via
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Fig. 3 Irradiated recipient animals were either transferred with
80×106 syngeneic lymphocytes (A), semiallogenic wild-type
C57BL/6 cells (B), or lymphocytes from interferon-γ knock-out
mice on a C57BL/6 background (C). On day 6 after the cell trans-
fer the animals were killed and hematoxylin and eosin stained par-
affin section of the jejunum were made as described in the text.
The depicted photomicrographs demonstrate representative sec-
tions of four independent experiments

antibody. Anti-IL-4 inhibits the differentiation of Th2-
type T cells while anti-IL-12 prevents the priming of
Th1 type of cytokine secreting cells. On day 6 we killed
these animals and examined formalin-fixed, paraffin-em-
bedded sections of the jejunum for the manifestations of
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IFN-γ, prevents GvHD in murine bone marrow trans-
plant models. This somewhat surprising effect has been
reproduced by many different laboratories [16, 17, 18,
19, 20, 21, 22, 23]. How IFN-γ mediates its “suppressor”
effects is not quite clear; increased NO production in-
duced by IFN-γ may be one mechanism [24]. However,
it is important to note that the same systemic immuno-
logically mediated disease has different types of T cell
differentiation patterns in different organs. This may also
indicate that a simple therapeutic strategy in human
GvHD based on the Th1-Th2 concept will not be able to
implement in the nearest future.

The intestinal damage of the murine acute semiallo-
genic GvHD largely resembles the histological changes
in the human small intestine in disease entities such as
celiac disease (gluten-sensitive enteropathy). Therefore
this animal model was used to study possible pathoge-
netic mechanisms of this immune-mediated human dis-
ease. Whether the results of the present study shed any
new light on the role of cytokines in human celiac dis-

ease, however, can so far be doubted, in our opinion. The
published data on the cytokine expression by lamina pro-
pria lymphocytes in celiac disease are not at all consis-
tent [25], but the more compelling evidence points to up-
regulated IFN-γ production in the intestines of patients
with celiac disease [26, 27, 28, 29]. Furthermore, IFN- γ
is the first cytokine to be upregulated after an in vivo
gluten challenge in gluten-sensitive individuals [30]. In
addition, anti-IFN-γ treatment in organ cultures of glu-
ten-sensitive patients in vitro inhibits the intestinal dam-
age induced by gluten [31].

In conclusion, the present study suggests that IFN-γ is
not important for the intestinal damage in the murine
acute semiallogenic GvHD. These data are in accordance
with those of previous studies demonstrating an even
beneficial effect of IFN-γ in allogenic bone marrow
transplant models. However, in this specific point this
animal model probably does not mimic the clinical con-
dition of human celiac disease, which seems to be affect-
ed more by IFN-γ secreting lymphocytes.
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