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Allograft inflammatory factor-1 regulates trinitrobenzene sulphonic
acid-induced colitis

TAIKI MOROHASHI,* KAZUYA IWABUCHI,* KEIKO WATANO,* NYAMBAYAR DASHTSOODOL,* TETSUYA
MISHIMA,* YUKIHITO NAKAL* SHIGEKI SHIMADA,* RYUTARO NISHIDA,* SATOSHI FUJIIt &
KAZUNORI ONOE* *Division of Immunobiology, Research Section of Pathophysiology, Institute for
Genetic Medicine, Hokkaido University and tDepartment of Cardiovascular Medicine,

Graduate School of Medicine, Hokkaido University, Sapporo, Japan

SUMMARY

The expression of allograft inflammatory factor-1 (AIF-1) in 2,4,6-trinitrobenzene sulphonic
acid (TNBS)-induced colitis, a model for T helper 1 (Thl) type disease, was investigated in
BALB/c mice. The AIF-1 expression was significantly increased in the colitis lesion compared
to that in the normal colon. We then prepared AIF-1 transgenic mice (Tgm) with the BALB/c
background that express high levels of AIF-1 in lymphoid tissues and the colon. When AIF-1
Tgm were administrated TNBS, the TNBS-induced colitis was ameliorated compared with
that in non-transgenic littermates. The amelioration of colitis was associated with the low
expression of interleukin-1p in the colon. The present findings suggest that AIF-1 regulates

Thl-type inflammatory responses.

INTRODUCTION

Inflammatory bowel diseases (IBD), including ulcerative colitis
and Crohn’s disease, are chronic inflammatory disorders of the
intestinal tract. Although the precise aetiology of IBD is still
unclear, it is generally considered that complex interactions
among genetic and environmental factors associate with the
onset and perpetuation of IBD."' Recently various animal mod-
els for IBD have been developed, and it has been revealed that
the pathogenesis of IBD involves immunological abnormality,
especially dysfunction of T cells.”™

Dextran sulphate sodium (DSS)-induced colitis and 2,4,6-
trinitrobenzene sulphonic acid (TNBS)-induced colitis are mur-
ine colitis models that are morphologically similar to human
IBD.>>* Lesions of DSS-induced colitis mainly reside in the
mucosa and lamina propria.” Although it was shown that
changes of the intestinal microflora population, direct toxicity
for epithelial cells, and activation of macrophages were related
to the DSS-induced colitis,5 78 the exact mechanism remains
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unclear. In TNBS-induced colitis, a transmural colitis model, it
has been reported that T helper type 1 (Thl) responses are
involved in induction of the colitis.>® Indeed, Thl cells are
dominant infiltrating cells in the lamina propria.

Allograft inflammatory factor-1 (AIF-1) is a novel and
hydrophilic polypeptide functioning across species barriers.
AIF-1 contains a 12-amino acid region similar to an EF-hand
(calcium-binding structure) domain.”~'? AIF-1 was originally
identified as a gene product expressed in infiltrating macro-
phages in cardiac allografts of a rat model with chronic
rejection.” The expression of AIF-1 is increased in macrophages
activated by interferon-y (IFN-y). Within local inflammatory
lesions of chronic autoimmune animal models such as experi-
mental allergic encephalomyelitis (EAE), experimental auto-
immune uveoretinitis (EAU) and experimental allergic neuritis
(EAN), infiltrating macrophages predominantly express AIF-1."3
Using immunohistochemical analyses it was reported that
AIF-1 was expressed in dendritic cells of the intestine and
Kupffer cells of the liver in rats. It was also shown in a human
system that mRNA of AIF-1 was expressed in the liver, colon
and small intestine.'®'* However, immunological functions of
AIF-1 in the gastrointestinal tract have been totally unclear,
although Mentschel ef al.' reported that AIF-1 expression was
elevated in the gut mucosa of malnourished pigs compared to
optimally fed controls.

In the present study using TNBS-induced colitis we inves-
tigated the expression of AIF-1 in the lesions. We show herein
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that the AIF-1 expression increases in the colitis lesions.
Furthermore, the TNBS-induced colitis is ameliorated in
AIF-1 transgenic mice (Tgm) compared with that in non-
Tgm littermates. The present findings suggest that AIF-1 reg-
ulates TNBS-induced colitis.

MATERIALS AND METHODS

Transgene construction

Murine AIF-1 cDNA was obtained as previously described.' A
444-bp BamHI fragment of the cDNA was cloned into an
expression vector driven by human CDI11b promoter with
human growth hormone polyadenylation signal, which was
provided by Dr Daniel Tenen, Harvard Medical School. It
has been reported that the insert under the human CD11b is
expressed at highest levels late during differentiation of myeloid
cells such as macrophages.'® The expression vector was linear-
ized and 4-4 kb Xhol/Sacll fragment was gel-purified and
employed for the microinjection into the fertilized eggs.

Generation of Tgm

The linearized DNA containing above described was micro-
injected into 235 fertilized eggs obtained from (B6 x DBA/2)F1
and transplanted into ICR recipients at Japan SLC, Inc. Depart-
ment of Bioresource Development (Hamamatsu, Japan).
Seventy-one pups were weaned and analysed for the integration
of transgene by genomic polymerase chain reaction (PCR).
Finally, three lines of Tgm were established and used for further
characterization. AIF-1 protein was highly expressed in the
CD11b-positive fraction as expected when tested by Western
blot analysis. The expression of transgene was obviously
detected in lymphoid organs such as spleen, lymph nodes
and bone marrow (data not shown). The intensity of AIF-1
expression as tested by Northern blot analysis was high in line
#22 and #39 in almost same amount, and weak in line #12. The
#39 Tgm were backcrossed for four generations to BALB/c
mice as described elsewhere,!” because the experimental system
for TNBS-induced colitis was suitable with BALB/c back-
ground. BALB/c mice were also obtained from the Japan
SLC. These mice were maintained under specific pathogen-
free conditions in the animal facility at Institute for Genetic
Medicine, Hokkaido University. Six-week-old female mice
were used throughout the study. The animal care and experi-
mental procedures conformed to the regulation of Hokkaido
University Animal Care and Use Committee.

Induction of colitis

Mice were anaesthetized by intraperitoneal injection of xylazine
(50 mg/kg) and ketamine (50 mg/kg). One mg of TNBS
(Sigma Chemical Co., St Louis, MO) for normal BALB/c mice
or 1-5 mg of TNBS for AIF-1 Tgm and non-transgenic litter-
mates (non-Tgm) in 50% ethanol was administered intrarec-
tally via a vinyl catheter inserted 3-5 cm into the colon. Animals
were kept in a vertical position for 30 s. Control mice were
administered phosphate-buffered saline (PBS) using the same
procedure. Animals were daily observed and weighed. For
further analyses animals were killed 3 days after TNBS admin-
istration. Distal colon (2-5 c¢cm long) was removed, and 0-5 cm
of distal side and 2 cm of proximal side were used for the
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histological analysis and reverse transcription (RT)-PCR,
respectively.

Pathologic studies
Samples were removed 5 mm apart from the anus, embedded in
OCT. compounds (Sakura Finetechnical Co. Ltd, Tokyo, Japan)
and snap-frozen in liquid nitrogen as described elsewhere.'¢
The embedded samples were sectioned at 5 um with a cryostat,
fixed with 10% formalin/PBS, and then stained with haema-
toxylin and eosin. To evaluate the severity of inflammation, six
cross-sections that were at intervals of 0-5 mm were graded
according to the Ameho criteria by two histologists blinded to
the experimental group.'® The mean grade was calculated for
each section and expressed as histological score.

For immunohistochemical analysis frozen sections of 5 pm
thickness were fixed with acetone and stained with anti-mouse
AIF-1 antibody'? as described elsewhere.'®

RT-PCR

Total RNA was prepared according to a standard procedure
from the colons.?’ Complementary DNA (cDNA) was synthe-
sized from 10 pg RNA using random hexamer and Moloney
murine leukemia virus reverse transcriptase (SuperScript™,
Gibco/BRL, Gaithersburg, MD) at 37° for 1 hr in the presence
of dNTPs and RNase inhibitor, RNasin (Promega, Madison,
WI). One-twentieth of reverse transcripts were used as tem-
plates for the amplification reaction. Primers for AIF-1, [FN-v,
interleukin-1f3 (IL-1$), tumour necrosis factor-a (TNF-o), IL-
10, IL-4, IL-12 p40, IL-13, hypoxanthine phosphoribosyl
transferase (HPRT) and (-actin have been described pre-
viously.">*"?7 Reaction mixture (50 pl) contained 200 nM
of each primer, 0-4 mM dinitrotriphosphate, 20 mM Tris-HCI
(pH 8-4), 50 mM KCI, 1-5 mM MgCl, and 2 units 7ag DNA
polymerase (Life Technologies, Gaithersburg, MD). PCR
amplification was performed with 30 cycles for HPRT, B-actin,
IL-1B and TNF-a, or 34 cycles for IL-13, or 35 cycles for IL-4,
IL-12 p40, IFN-y and IL-10 or 38 cycles for AIF-1. An
annealing temperature of 58° was used for AIF-1, IL-13 and
B-actin, 60° for HPRT, 65° for IL-4, 63° for IL-13 and 55° for
IFN-y, TNF-a, IL-12 p40 and IL-10. Thermal cycling was
performed as heat denaturation at 94° for 1 min, annealing
temperature for 1 min and 72° for 2 min, and a final extension
step at 72° for 10 min For B-actin, IL-13, TNF-a, IFN-y, IL-10
and AIF-1 analyses the amplified PCR products were electro-
phoresed on 1-5% agarose gel containing ethidium bromide.
Quantitative analysis of the amplified products was performed
by an image analyser with NIH Image software. The result
was evaluated as a relative unit determined by normalization of
the density of each band to that of the -actin, which was added
as an internal control. For IL-4, IL-12, IL-13 and HPRT
analyses the amplified products were electrophoresed on 2%
agarose gel and then stained with SYBR Green I (Molecular
Probes, Eugene, OR). The fluorescence intensities of the
specific bands were visualized using FLA-3000 (Fuji Film,
Tokyo, Japan) and were analysed with Science Laboratory 99
Image Gauge Ver. 3-4 software (Fuji Film). The result was
evaluated as a relative unit determined by normalization of the
density of each band to that of the HPRT, which was presented
as percentage HPRT.
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RESULTS

AIF-1 mRNA expression in TNBS-induced colitis in
BALB/c mice

Amounts of AIF-1 and IFN-y messages in RNA extracted from
colons of TNBS- or PBS-treated or non-treated BALB/c mice
were semiquantitatively analysed. Figure 1(a) shows a repre-
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Figure 1. Change of AIF-1 mRNA expression in TNBS induced colitis.
(a) RT-PCR analysis. Equal amounts of RNA extracted from colons of
TNBS- or PBS-treated mice or no treated mice were reverse transcribed
with random hexamer, and RT products were amplified with AIF-1 or
IFN-y primer pairs. The same RT products were amplified with B-actin
primer pairs for a control. (b, ¢) Quantitative analysis of the RT products.
A relative unit was determined by normalization of the density of each
AIF-1 (b) or IFN-y (c) band relative to that of the B-actin band as
described in Materials and methods. The data represents means = SEM
of three or four mice. Statistical analysis was performed by ANOVA with
a Bonferroni/Dunn correction. *P < 0-001.

sentative result of expression bands of AIF-1, IFN-vy and B-actin
(control). An AIF-1 band in TNBS-treated (colitis) group shows
higher intensity than that in no treatment or PBS-treated group.
This difference is more clearly shown in Fig. 1(b) in which
mean of a relative unit determined by normalization of the
density of each AIF-1 band relative to that of the (3-actin band is
illustrated (three to four mice/each group). The colons from
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Figure 2. Severity of TNBS-induced colitis of AIF-1 Tgm ameliorated
compared with non-Tgm. (a) RT-PCR analysis. Equal amounts of RNA
extracted from colons of AIF-1 Tgm or non-Tgm were reverse tran-
scribed with random hexamer, and RT products were amplified with
AIF-1 primer pairs. The same RT products were amplified with B-actin
primer pairs for a control. (b) Survival rate of AIF-1 Tgm or non-Tgm
with TNBS-induced colitis. Non-Tgm, solid line; Tgm, dotted line. (c)
Sequential change of percentage body weight (BW) of AIF-1 Tgm or
non-Tgm with TNBS induced colitis which survived more than 3 days
after administration of TNBS. The data indicate means = SEM of nine
non-Tgm or 13 Tgm. Non-Tgm, open circle; Tgm, open triangle.
Statistical analysis was performed by Student’s #-test. *P < 0-05.
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TNBS-treated mice expressed significantly larger amounts of
AIF-1 than those in control mice. On the other hand no
significant differences in the IFN-y message were detected
among these three groups (Fig. 1c).

Severity of TNBS-induced colitis in AIF-1 Tgm

We then analysed TNBS-induced colitis in AIF-1 Tgm and
compared with that in non-Tgm littermates. A large amount of
AIF-1 message was detected in AIF-1 Tgm colon compared to
non-Tgm (Fig. 2a). Five to 7 days after intrarectal administra-
tion of TNBS, these AIF-1 Tgm showed higher survival rate
than non-Tgm (Fig. 2b). The high survival rate in AIF-1 Tgm
appeared to be related to the slight loss of body weight
compared to the control (Fig. 2c). The body weight loss in
AIF-1 Tgm surviving at 3 days after TNBS treatment was
significantly milder than that in non-Tgm. Thus, these findings
demonstrate that the TNBS-induced colitis in AIF-1 Tgm is
ameliorated compared with that in non-Tgm.

Histological analysis of TNBS-induced colitis in AIF-1 Tgm

AIF-1 Tgm or non-Tgm were administered TNBS and 3 days
later the colons of these mice were removed and histologically
analysed. Representative colon sections stained with haematox-
ylin and eosin are shown in Fig. 3(a). It is demonstrated in this
figure that colitis in AIF-1 Tgm is milder than that in non-Tgm
(compare Fig. 3a(i) and (ii)). In the non-Tgm group, the damage
comprised broad mucosal ulcers with necrosis and haemorrhage,
whereas the tissue destruction was mild in the Tgm group. We
then analysed immunohistochemically these colitic regions using
anti-mouse AIF-1 antibody.'? Fig. 3(b) shows that both epithelial
and interstitial cells in the lesion from Tgm are heavily positive
for AIF-1. Although only a small number of cells are AIF-1
positive in the lesion of non-Tgm compared to Tgm (Fig. 3b), this
population was undetectable in control colons (data not shown).

The histological scores of six to seven mice per group are
summarized in Table 1. The mean score in AIF-1 Tgm group
was significantly lower than that in non-Tgm group. These

Figure 3. Histological analysis of colons from AIF-1 Tgm or non-Tgm. Tgm or non-Tgm that had no treatment or were administered
TNBS were killed 3 days later. (a) Representative colon sections stained with haematoxylin and eosin (x100) are shown. (i) Control
non-Tgm; (ii) control Tgm; (iii) non-Tgm with TNBS-induced colitis; (iv) Tgm with TNBS-induced colitis. (b) Immunohistochemical
analysis of colitic regions. i, iii, v, non-Tgm; ii, iv, vi, Tgm. i, ii, stained with haematoxylin and eosin (x40); iii, iv, boxed areas in (i, ii)
stained with anti-AIF-1 (x40); v, vi, stained with anti-AIF-1 (x200).
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Figure 3. continued
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Table 1. Histological score of colons from TNBS-treated AIF-1
Tgm and non-Tgm

Group Histological score

AIF-1 Tgm (n = 7)
Non-Tgm (n = 6)

2797 £ 0-377*
3.958 £ 0-132

The data represent mean + SEM of six or seven mice/group. Statistical
analysis was performed by Mann—Whitney U-test. *Significantly lower than that
in non-Tgm group (P < 0-05).

findings again demonstrate that the TNBS-induced colitis in
AIF-1 Tgm is ameliorated.

Cytokine expression in colitis of AIF-1 Tgm or non-Tgm

Using RT-PCR analysis expressions of several cytokine mRNA
were analysed in TNBS-induced colitis and compared between

117

AIF-1 Tgm and non-Tgm. Mice were administered TNBS or
PBS (control) and 3 days later equal amounts of RNA were
extracted from these colons and reverse-transcribed with ran-
dom hexamer. These RT products were then amplified with
IL-1pB, IL-10, TNF-a or 3-actin primer pairs.

Figure 4(a) shows a representative expression pattern of
IL-1B and IL-10. A slight band of IL-10 was detected in the
colon of control AIF-1 Tgm but not that of control non-Tgm.
Both IL-1B and IL-10 bands were observed in colitis of
Tgm and non-Tgm. Notably an IL-1p band in colitis of non-
Tgm appeared to be more intense than that in colitis of Tgm. A
relative unit determined by normalization of the density of each
IL-1B, TNF-a or IL-10 band relative to that of the 3-actin band
is illustrated in Fig. 4(b—d), respectively. It should be noted in
Fig. 4(b) that colons from TNBS-treated non-Tgm showed
significantly larger amounts of IL-18 message than those from
TNBS-treated Tgm. Almost same amounts of TNF-a messages
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Figure 4. Cytokine expression of colons from AIF-1 Tgm or non-Tgm. (a) RT-PCR analysis. Equal amounts of RNA extracted from
colons of Tgm or non-Tgm that had no treatment or were administered TNBS 3 days previously were reverse transcribed with random
hexamer, and RT products were amplified with IL-1f or IL-10 primer pairs. The same RT products were amplified with 3-actin primer
pairs for a control. (b, c, d, e) Quantitative analysis of the RT products. A relative unit was determined by normalization of the density of
each IL-18 (b), TNF-a (c) or IL-10 (d) band relative to that of the B-actin band as described in Materials and Methods. (e) A relative unit
of IL-4 was determined by normalization to that of HPRT as described in Materials and Methods. The data represents means = SEM of
seven control or three TNBS administered mice. Statistical analysis was performed by Student’s r-test. *P < 0-05. **P < 0-005.
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were shown in colons of control Tgm, TNBS-induced colitis of
non-Tgm and Tgm (Fig. 4c). However, these amounts were
slightly large compared to those in control colons of non-Tgm.
Messages of IL-10 were significantly and slightly higher in
colons of control Tgm and TNBS-treated Tgm than those in
colons of control non-Tgm and TNBS-treated non-Tgm, respec-
tively (Fig. 4d). Colons of TNBS-treated Tgm also showed
large amounts of IL-4 mRNA, whereas no IL-4 message was
detected in colons of TNBS-treated non-Tgm (Fig. 4e). No
differences in amounts of IL-12 p40 and IL-13 messages were
seen between Tgm and non-Tgm of either control or TNBS-
treated groups (data not shown).

DISCUSSION

AIF-1 was originally identified in infiltrating macrophages in rat
cardiac allografts with the chronic cardiac rejection.” Thereafter
it has been reported that AIF-1 is expressed in the local
inflammatory lesions of EAE, EAU and EAN.'" Thus, it has
been postulated that AIF-1 is involved in enhancement of these
inflammatory responses or regulation of the inflammation.
However, no exact mechanisms underlying these apparently
opposite roles, enhancement or inhibitory influences on the
inflammatory responses, of AIF-1 have been demonstrated. It
has been reported by immunohistochemical study that AIF-1 is
expressed in dendritic cells of the intestine and Kupfter cells of
the liver in rats. AIF-1 mRNA is also expressed in the human
liver, colon and small intestine.'* However, again functional
roles of AIF-1 in the gastrointestinal tract have been obscure.

In the present study, we first demonstrated that the expres-
sion of AIF-1 mRNA and protein (data not shown) were
increased in acute inflammation sites of TNBS-induced colitis
in BALB/c mice. The TNBS-induced colitis as well as EAE,
EAU and EAN represent the Th1 type inflammation.?® ! Thus,
it seems to us that AIF-1 plays some roles in inflammatory
lesions where Thl dominant immune responses are induced.
Indeed, we have reported that the over-expression of AIF-1 in a
macrophage cell line results in augmentation of cytokine pro-
duction of Th2 type.'? Thus, it seemed that the augmented
expression of AIF-1 in the colitis lesion reflected some feedback
mechanisms leading to suppression of Thl responses.

To elucidate functional roles of AIF-1, we then analysed
TNBS-induced colitis using AIF-1 Tgm. Because a CD11b
promoter drives AIF-1 transgenes, it was anticipated that the
augmented expression of AIF-1 was detected in cells of myeloid
origin including monocyte/macrophage lineage.'® Indeed, these
Tgm expressed large amounts of AIF-1 message in various
lymphoid tissues and colons (data not shown). We observed
ameliorated colitis in the AIF-1 Tgm compared to non-Tgm. In
the ameliorated lesions of Tgm markedly augmented expres-
sions of AIF-1 were observed compared to lesions of non-Tgm.

Considerable expressions of AIF-1 were seen not only in
myeloid cells but also the colon epithelium of TNBS-treated
AIF-1 Tgm. Because the AIF-1 construct is under the control of
CD11b promoter, our findings suggest that the CD11b promoter
operates even in cells of non-myeloid lineage under certain
conditions.** Alternatively it appears that upon stimulation with
TNBS both transgenic and intrinsic AIF-1 products are
expressed in AIF-1 Tgm. The augmented expression of trans-

genic AIF-1 may somehow lead to the substantial expression of
intrinsic AIF-1 in the epithelium. It has been reported that AIF-1
is expressed in various types of cells.'®'>'® These points should
be elucidated in further studies. At any rate the augmented
expression of AIF-1 may be associated with low levels of IL-13
and high levels of IL-10 and IL-4 in the lesion of Tgm treated
with TNBS, although differences in the expression pattern were
seen between IL-10 and IL-4.

On the basis of these findings and previous one'? we would
like to postulate that the Th2 shift following stimulation with
antigens is one of the mechanisms underlying the ameliorated
TNBS-induced colitis in AIF-1 Tgm. Thus, AIF-1 appears to
suppress the Th1-type responses via the enhanced production of
Th2 cytokines. Recently we detected an increased AIF-1
expression in uteri at the preimplantation period in allogeneic
pregnancy.'® This finding may be related to the regulatory role
of AIF-1 in Thl responses of the maternal immune system to
semiallogeneic fetal antigens. We are now investigating various
immune responses in AIF-1 Tgm to see whether the immune
system of these Tgm is really biased to the Th2 type.
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