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Antisense technologies for the targeted inhibition of
gene expression could provide an effective strategy for
the suppression of inflammation. However, the effective
use of antisense oligonucleotides (ODN) has been lim-
ited because of several problems. Therefore, a delivery
system for antisense ODNs that enhances antisense sta-
bility, while maintaining the specificity of antisense for
its target RNA or DNA is needed. We have developed a
delivery system for antisense ODN using schizophyllan
(SPG), a polysaccharide that belongs to the B-(1-3) glu-
can family. This system has several advantages enabling
the effective suppression of targeted RNA or DNA: the
SPG complex is stable in vivo and does not dissolve in the
presence of deoxyribonuclease, and the SPG complex
is effectively taken up into macrophages by phagocyto-
sis through Dectin-1. Macrophage-migration inhibitory
factor (MIF), which is mainly produced by macrophages
has been shown to have a pathogenetic role in inflam-
matory bowel disease (IBD). We developed a technique
to create an SPG complex that highly conformed to the
antisense MIF. The administration of antisense MIF/SPG
complex effectively suppressed MIF production and sig-
nificantly ameliorated intestinal inflammation. Our result
demonstrated a possible new therapeutic approach, i.e.,
the administration of antisense MIF/SPG complex, for
the treatment of IBD.
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INTRODUCTION

Schizophyllan (SPG) is a member of the -(1-3) glucan family
(Figure 1a) and adopts a triple helix formation in neutral water and
a single-chain formation in alkaline solution (>0.25 N NaOHaq)
(Figure 1b). When an alkaline solution of SPG is neutralized to
pH 7-8, the single chain reverts to its original triple helix as a
result of hydrophobic and hydrogen bonding interactions. When

a particular polynucleotide such as poly(C) or poly(dA) is present
during this process, two main-chain glucoses of p-1,3-glucans and
one oligonucleotide (ODN) base form a stoichiometric complex
rather than reverting to the original triple helix (Figure 1b,c).!
Contrary to these long homo sequences, a short hetero-sequence
such as antisense or CpG DNA does not form a complex with
SPG. An SPG-based drug delivery system was formed using
antisense ODN and poly (dA) to deliver functional ODNs as anti-
sense DNA to targeted cells. The advantages of using SPG are that
medical-grade SPG is available? and that the complex is presum-
ably recognized by Dectin-1 on antigen-presenting cells such as
macrophages and dendritic cells.?

Macrophage-migration inhibitory factor (MIF) was origi-
nally discovered as a lymphokine derived from activated T cells
that inhibit the random migration of macrophages in vitro.*®
Several studies have revealed that MIF is expressed in several
cell types, including monocytes/macrophages, vascular smooth
muscle and cardiomyocytes, and is released upon stimulation
from pre-formed storage pools.® MIF enhances tumor necrosis
factor (TNF) and nitric oxide production by lipopolysaccharide
(LPS)-stimulated macrophages. Moreover, conversely, TNF-a and
interferon-y upregulate MIF production in macrophages forming
a proinflammatory loop within the cytokine network.” As a prod-
uct of cells of the innate immune system, MIF enhances phago-
cytosis, intracellular killing, and the production of nitric oxide,
H,0, and TNF-a in macrophages, thus representing an impor-
tant factor in the protection of the host against various infectious
agents.® With this important role in innate immunity, MIF is also
essential for the adaptive immune response. MIF has been shown
to induce interleukin-12 (IL-12) production from macrophages
thereby activating the T-helper 1 response.” Meanwhile, the neu-
tralization of MIF inhibited T cell proliferation as well as IL-2 and
interferon-y production.’

Crohn’s disease and ulcerative colitis constitute two major
categories of human inflammatorybowel disease (IBD). Although
the precise mechanisms responsible for the inflammation and
immune responses in IBD have not been fully elucidated, several
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Figure 1 Schematic illustration showing a complex structure com-
posed of an oligonucleotide (ODN) with a dA tail and schizophyl-
lan (SPG) as well as antisense migration inhibitory factor (MIF)/SPG
complex. (a) Chemical structure of SPG. (b) Schematic illustration of
SPG-ODN complex. (c) A triple-stranded complex is formed from one
DNA and two SPG strands with interactions between the two SPG main-
chain glucoses and one dA.

reports have suggested the involvement of proinflammatory
cytokines such as IL-1B, TNF-a, and IL-6, in the pathogenesis
of this disease.'"'? These cytokines have also been implicated in
the pathogenesis of several autoimmune diseases and their inhi-
bition has been beneficial in both animal and human studies."”
Several in vitro and in vivo data support the concept that MIF
is located upstream of events leading to the possible dysregula-
tion of immunoinflammatory responses inducing autoimmune
reactions. In fact, MIF has been implicated in the pathogenesis
of IBD.” MIF also reportedly contributed to the development
of colitis in several studies using neutralizing antibodies and
MIF-gene knockout mice.”'*!* Furthermore, recent reports have
shown that MIF is involved in the pathogens of other inflam-
matory diseases, such as arthritis, experimental autoimmune
encephalomyelitis, typel diabetes mellitus, and glomerulone-
phritis.'® These reports have revealed a central role of MIF in the
inflammatory process. Therefore, we targeted MIF using a new
drug delivery system utilizing SPG for the treatment of IBD.

In this study, we established a technique to create a complex
form consisting of antisense MIF and two single SPG chains as
a new delivery system. Furthermore, we demonstrated that the
administration of this antisense MIF/SPG complex suppressed
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Figure 2 Synthesis of schizophyllan (SPG)-antisense migration
inhibitory factor (MIF) complex was confirmed using GPC and PAGE.
(a) Gel-permeation chromatograms of antisense MIF with a (dA),, tail
(red) and its mixture with SPG (blue). The eluant was measured at a UV
absorbance of 260nm. (b) PAGE patterns for the antisense MIF (naked)
and its mixture with SPG (mixture).

MIF safely and effectively and significantly improved intestinal
inflammation in a dextran sodium sulfate (DSS)-induced ani-
mal model of colitis. Our results suggest that MIF is involved
in the development of colitis and that antisense MIF treatment
can be effectively performed using our new SPG-based delivery
system.

RESULTS

Preparation of antisense MIF/SPG complex

We used the antisense ODN sequence to suppress MIFE as the anti-
sense ODN has a (dA),; tail that induce the formation of a com-
plex with SPG. The antisense MIF/SPG complex was prepared as
described in the Materials and Methods section. Figure 2a com-
pares the gel-permeation chromatography profiles monitored by
the UV absorbance at 260 nm before and after the formation of the
antisense MIF with the (dA), tail. After the formation of the com-
plex, the UV absorbance reading for the antisense MIF shifted to a
shorter elution time, indicating an increase in the hydrodynamic
volume. By comparing the complexed peak and the free antisense
MIF (around 18-20min), we estimated the complex yield to be
80%. A high yield of complex formation was also confirmed using
polyacrylamide gel electrophoresis (Figure 2b).
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Figure 3 Migration inhibitory factor (MIF) expression is upregulated in mesenteric lymph node (MLN) and lamina propria (LP) in dextran
sodium sulfate (DSS)-induced colitis. (@) Serum MIF concentration, as measured using an enzyme-linked immunosorbent assay (ELISA) (n = 5
per group). (b) Interleukin (IL)-1B, IL-6, and MIF mRNA expression was determined in MLN and colon specimens using real-time PCR (n = 5 per
group). Data were normalized to the expression of B-actin mRNA. (c) Immunohistological staining for MIF in colonic tissue from DSS-treated mice
and untreated mice. (d) CD11b™ cells were isolated from LP and MLN in the DSS-treated mice and untreated mice. CD11b™ cells were cultured
with 1pg/ml of LPS. MIF expression was measured at the indicated time point (0, 1, 4, 8, 16, 24, and 48 hours) using real-time PCR and ELISA. The
cytokine mRNA expressions were determined in colon and MLN specimens using real-time PCR. Data were normalized to the expression of B-actin
mRNA. (e) The supernatants were collected, and the cytokine productions were measured using an ELISA.

MIF was increased in DSS-induced colitis

To evaluate MIF production in DSS-induced colitis, we mea-
sured the serum MIF production using an enzyme-linked
immunosorbent assay. MIF production increased significantly
in the DSS-treated mice (Figure 3a). Next, we performed real-
time PCR using mesenteric lymph node (MLN) and colon sam-
ples to examine IL-1P and IL-6 expression as proinflammatory
cytokines. The levels of these proinflammatory cytokines were
significantly increased in the DSS-treated mice, as previous
reports have shown (Figure 3b).” MIF mRNA was also increased
in the DSS-treated mice. Immunohistochemistry revealed that
CD11b* macrophages had infiltrated the intestines of the DSS-
treated mice (Figure 3c).

To investigate MIF expression in lamina propria (LP) cells
and MLN cells over the course of time, CD11b* cells were iso-
lated from LP and MLN and were cultured with 1 pg/ml of LPS.
MIF expression was then quantified using real-time PCR. MIF
mRNA expression was expressed as a percentage of the expres-
sion of B-actin. Figure 3d showed the precision of CD11b" cell
isolation. The LPS induced MIF mRNA expression of CD11b*
cells peaked at 16 hours. Furthermore, MIF production was
measured in the supernatants following stimulation with LPS.
MIF production was detected in the supernatants beginning at
1 hour after stimulation (Figure 3e). However, MIF production
was decreased at 4 hours. This transient increase in MIF produc-
tion at lhour was caused by secretion from cell storage. After
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8 hours, MIF production increased and peaked at 24 hours.
Since CD11b™ cells produced MIF in animals with DSS-induced
colitis, we targeted MIF from CD11b* cells for the treatment of
intestinal inflammation.

Dectin-1 was significantly increased during intestinal
inflammation

Dectin-1 is a recently discovered pathogen pattern-recognition
receptor that binds B-glucans such as SPG."” Several reports have
shown that Dectin-1 is the major B-glucan receptor on mac-
rophages. We investigated the expression of Dectin-1 as an SPG
receptor in the normal and DSS-treated mice. Dectin-1 expression
was significantly increased in MLN and colon specimens from the
DSS-treated mice compared with the expression in samples from
normal mice (Figure 4a). Furthermore, we investigated which
cells express Dectin-1 in MLN and colon. Mononuclear cells
from MLN and colon were analyzed using fluorescence-activated
cell sorting (FACS). CD11b* cells were detected among both the
MLN and LP cells. Especially, large numbers of CD11b™ cells were
detected in LP cells from the DSS-treated mice (Figure 4b). This
result suggested that CD11b™ cells were involved in the develop-
ment of DSS-induced colitis as previously described. Indeed, the
number of Dectin-1 expressing CD11b™ cells and the expression
in the DSS-treated mice were much higher than in normal mice
(Figure 4b). Therefore, we hypothesized that our delivery system
using the SPG complex was effectively taken up by CD11b™ cells.

www.moleculartherapy.org vol. 20 no. 6 june 2012
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Figure 4 Dectin-1 for the receptor of schizophyllan (SPG) was increased
in dextran sodium sulfate (DSS) induced acute colitis. (@) Dectin-1
mRNA expression was determined in the mesenteric lymph node (MLN)
and colon using real-time PCR. The data were normalized to the expres-
sion of B-actin mRNA. (b) Dectin-1 and CD11b expression in the lamina
propria (LP) and MLN were analyzed using fluorescence-activated cell sort-
ing (FACS). The data were presented as the mean of three independent
experiments.

Antisense MIF/SPG complex suppressed MIF
production from CD11b* macrophages

The inhibitory effect of the antisense MIF/SPG complex was
assessed in vitro using CD11b* cells from LP cells and cocultur-
ing the cells with 1ug/ml of LPS with increasing concentrations
of antisense MIF/SPG complex. The antisense MIF/SPG complex
suppressed MIF production and this effect was dependent on
the concentration of antisense MIF (Figure 5a). Both SPG alone
and a scramble DNA/SPG complex (as a control for the antisense
MIF) did not suppress MIF production from LP cells (Figure 5a).
Immunofluorescence was performed to investigate whether the
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Figure 5 Antisense migration inhibitory factor (MIF)/schizophyllan
(SPG) complex inhibited MIF production induced by LPS in vitro.
(@) CD11b™ cells from lamina propria (LP) and mesenteric lymph node
(MLN) were cultured with several concentrations of antisense MIF/SPG
complex (ASMIF), scramble control DNA/SPG complex (SCMIF), and
SPG as a control. After 10 hours, 1ug/ml of LPS was added under each
condition and the cells were cultured for 24 hours. MIF expressions were
measured using an enzyme-linked immunosorbent assay (ELISA) (n =5
per group). The data presented are the means of the cytokine concentra-
tion + SD. (b) Immunofluorescence in CD11b* cells was performed by
labeling antisense MIF with TAMRA and the SPG with fluorescein isothio-
cyanate (FITC). CD11b™ cells took up the antisense MIF/SPG complex
effectively compared with the antisense MIF alone. (c) Neutralizing anti-
Dectin-1 antibodies inhibited the uptake of FITC-labeled antisense MIF/
SPG complex into CD11b™ cells compared with rat IgG2b. The data
were presented as the mean of three independent experiments.

antisense MIF/SPG complex was taken up by CDI11b* cells
(Figure 5b). Antisense MIF was labeled with TAMRA, and SPG
was labeled with fluorescein isothiocyanate (FITC). CD11b* cells
took up the antisense MIF/SPG complex effectively compared with
antisense MIF alone. This data demonstrated that the antisense
MIF/SPG complex was taken into CD11b* cells effectively com-
pared with the antisense MIF alone. Furthermore, to investigate
whether the uptake of antisense MIF/SPG complex was depen-
dent on the function of Dectin-1, neutralizing anti-Dectin-1 anti-
bodies were incubated with CD11b™ cells before the addition of
the FITC-labeled-antisense MIF/SPG complex. The anti-Dectin-1
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Figure 6 Attenuation of dextran sodium sulfate (DSS)-induced colitis by the administration of antisense migration inhibitory factor (MIF)/
schizophyllan (SPG) complex. A total of 0.2 mg/kg of antisense MIF/SPG complex (ASMIF), scramble control DNA/SPG complex (SCMIF), SPG, or
PBS as a control were injected intraperitoneally (i.p.) twice weekly into mice receiving DSS (n = 8 per group). (a) Body weights as a percentage of the
initial weight on day 0 are shown. (b) Colon length from the terminal ileum to the rectum. (c) Endoscopic findings for the colon. (d) Hematoxylin
and eosin (H&E) staining of the colon (original magnification: x100). (e) The histological scores were evaluated.

antibodies significantly inhibited the uptake of the antisense MIF/
SPG complex into CD11b* cells (Figure 5¢). Therefore, our results
suggested that Dectin-1 has an important role in the intracellular
delivery of the antisense ODN to macrophages.

Administration of antisense MIF/SPG complex
attenuated DSS-induced colitis

Since our data showed that the antisense MIF/SPG complex sup-
pressed MIF production, this complex was administered twice per
week to DSS-treated mice starting on day 0 (Figure 6a). A dose of
0.2mg/kg of antisense MIF/SPG complex was repeatedly admin-
istered by intraperitoneal injection on days 0, 3, 7, and 10. Disease
severity and cytokine production were then evaluated on day 14.
The administration of the antisense MIF/SPG complex led to
significant protection against colitis, as indicated by a significant
attenuation in the weight loss and colon shortening (Figure 6a,b).
Endoscopic examinations and histological sections of the colon
revealed that mucosal injury and inflammation were improved in
the antisense treated mice (Figure 6¢,d). The histological scores
were significantly reduced in the antisense treatment group
(Figure 6e). The serum MIF concentration was significantly inhib-
ited by the antisense MIF/SPG complex (Figure 7a). Furthermore,
MIE IL-1p, and IL-6 levels produced in the MLN and colon were
significantly decreased by the treatment (Figure 7b). Therefore,
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the antisense MIF/SPG complex effectively inhibited MIF produc-
tion from Dectin-17 cells such as macrophages, thereby attenuat-
ing intestinal inflammation.

DISCUSSION

An experimental approach to antagonizing MIF actions was
attempted using neutralizing anti-MIF antibodies. This strategy
has proven to be effective therapeutically in several models of
autoimmune disease, such as IBD,” experimental autoimmune
encephalomyelitis,”® and arthritis."” Antibody-based anti-MIF
drugs have significant associated risks and limitations, including
their potential immunogenicity, their short half life in vivo, pos-
sible side effects, and the high cost of their application. Recently,
the development of nonprotein-based anti-MIF therapies has
been intensively sought. Several inhibitors reportedly interact
with both the MIF catalytic site and its biological activity.?-*
Indeed, an aromatic amino acid Schiff’s base, 2-[(4-hydroxyben-
zlidene) amino]-3- (1H-indol-3-yl) propionic acid methyl ester,
and an oxidative metabolite of acetaminophen, NAPQI, pre-
vent the MIF-CD74 interaction.” However, whether such orally
active MIF inhibitors can be developed and find the therapeutic
application in human clinical trials remains to be seen. Antisense
technologies for the targeted inhibition of gene expressions could
provide an effective strategy for the suppression of inflammation

www.moleculartherapy.org vol. 20 no. 6 june 2012
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Figure 7 Administration of antisense migration inhibitory factor (MIF)/schizophyllan (SPG) complex suppressed cytokines in dextran sodium
sulfate (DSS)-induced colitis. (@) The serum MIF concentration was measured using an enzyme-linked immunosorbent assay (ELISA) (n = 5 per
group). (b) IL-1B, IL-6 and MIF mRNA expression were determined in the MLN and colon using real-time PCR (n = 5 per group). Data were normal-

ized to the expression of B-actin mRNA.

or oncogenes. Pathologic disorders, that are currently targeted
by antisense therapeutics, include viral infections, inflammatory
disorders, cardiovascular disease, cancers, genetic disorders, and
autoimmune diseases. Therefore, we have approached such treat-
ment using antisense therapeutics against MIFE

Unfortunately, the effective use of antisense ODNs has been
limited because of several problems. First, antisense ODNs are
often poorly taken up by cells and therefore may never reach
their target site. Second, the hydrolysis mediated by deoxyribo-
nuclease causes antisense instability. Antisense MIF alone did not
significantly ameliorate DSS-induced colitis (data not shown).
Thus, a need exists to develop a delivery system for antisense
molecules that enhances antisense stability, while maintaining
the specificity of the antisense for its target RNA or DNA. Sakurai
et al. discovered that SPG, which constitutes a triplex helix, dis-
solved into single chains when treated with DMSO and an alka-
line solution and that antisense ODNs and two single chains of
SPG reformed a triple helix. This new delivery system has several
advantages that enable the effective suppression of MIF, as the
SPG complex was stable in vivo and did not dissolve in the pres-
ence of deoxyribonuclease, and the SPG complex was effectively
taken up by macrophages, which are the main producers of MIF,
through phagocytosis. In this study, we developed a technique to
create an SPG complex that highly conformed to the antisense
MIE This antisense MIF/SPG complex significantly suppressed
MIF production both in vitro and in vivo. The downregulation
of proinflammatory cytokines such as IL-1p and IL-6 induced
by the suppression of MIF subsequently ameliorated intestinal
inflammation.

Dectin-1 is the primary receptor for the phagocytosis of
B-glucan by macrophages and DC.** Recently, immunohis-
tochemical staining showed that Dectin-1 was mainly present
on macrophages in the human intestine. Several cytokines such
as granulocyte-macrophage colony-stimulating factor, IL-4,
IL-13, TNF-q, and interferon-y upregulated Dectin-1 expression
in macrophages.” Interestingly, Dectin-1 expression appeared
to be elevated in inflamed intestinal tissue, but not in a disease
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specific manner.”” Therefore, the inflammation induced by DSS
was thought to arise from the upregulation of Dectin-1 expression
on CD11b* macrophages. The antisense MIF/SPG complex was
effectively taken into Dectin-17 cells such as macrophages at the
inflammation site. On the other hand, the function of Dectin-1
in the intestine remains unclear, although Dectin-1 is known to
play an important role in anti-fungal immunity.**** Although
several reports have shown that the Dectin-1 pathway directly
activates NF-«kB and drives the induction of cytokines, such as
TNF-a and IL-6,® SPG alone and the antisense MIF/SPG com-
plex did not exacerbate DSS-induced colitis compared with the
control. Furthermore, SPG did not drive TNF-a production from
CD11b* macrophages in our study (data not shown). Our studies
both in vivo and in vitro suggested that the interaction of SPG and
Dectin-1 did not produce proinflammatory cytokines and did not
induce inflammation.

In summary, the administration of the antisense MIF/SPG com-
plex significantly ameliorated colitis by suppressing MIF production
without causing any adverse effects in a mouse model. Our study
suggested that this delivery system targeting MIF might be a candi-
date treatment for IBD. Further experiments are needed to enable
human trial.

MATERIALS AND METHODS

Materials. Schizophyllum commune-derived SPG (M, = 1.5 x 10°,
based on gel-permeation chromatography coupled with a multi-
angle light scattering analysis) was kindly provided by Mitsui Sugar
(Tokyo, Japan). All ODN samples, including antisense ODN for MIF
(TGGTGTTCACGATGAACATAGGCATG-(dA),) were synthesized at
FASMAC (Kanagawa, Japan) and purified using high-performance liquid
chromatography.

Preparation of antisense MIF/SPG complex. SPG was dissolved in 0.25 N
NaOHaq for 2-5 days to dissociate the triple helix to a single chain. The
SPG solution was then mixed with antisense MIF in water and phosphate
buffer solution (330 mmol/l NaH,PO,, pH 7.4). After mixing, the mixture
was stored overnight at 4 °C. The molar ratio [(SPG)/(antisense MIF)] was
controlled at 0.27. The final concentration of DNA was determined by
measuring the ultraviolet absorbance.
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Mice. C57BL/6 mice were purchased from the Kyudo Laboratory (Saga,
Japan). Mice were maintained under specific pathogen-free conditions at
Kurume University (Kurume, Japan). The mice used in all the experiments
were handled according to the guidelines and approved protocols of the
Kurume University Animal Care and Use Committees.

Induction and assessment of colitis. DSS-induced colitis was induced by
the addition of 2 % DSS to the drinking water. Female mice at 8 weeks
of age were given 2 % (wt/vol) DSS drinking water (40,000-50,000 MW)
(MP Biomedicals, Irvine, CA) for 5 days. The mice were checked for the
development of colitis by monitoring their body weights. The mice were
sacrificed on day 14. The MLN and colon were then removed and the tis-
sues were fixed in 4% formaldehyde. Cross sections were prepared and
stained with hematoxylin and eosin. The histology was scored as follows:
for inflammation (I), 0 = none, 1 = mild, 2 = moderate, 3 = severe; for
extent (E), 0 = none, 1= mucosa, 2 = mucosa, and submucosa, 3 = trans-
mural; for regeneration (R), 0 = complete regeneration, 1= almost complete
regeneration, 2 = regeneration with crypt depletion, 3 = surface epithelium
not intact, 4= no tissue repair; for crypt damage (C), 0 = none, 1= 1/3
of basal damaged, 2 = 2/3 of basal damaged, 3 = only surface epithelium
intact, 4= entire crypt and epithelium lost; and for percent involvement
(P), 1 = 1-25%, 2 = 26-50%, 3 = 51-75%, and 4 = 76-100%. The total
histological score was calculatedasI+ E+ R+ C + P.

Cell culture and cytokine assay. Mononuclear cells from the LP and MLN
were isolated as described previously. Briefly, mononuclear cells from the
MLN were isolated after gentle cell dispersion using 25-gauge needles and
then passed through a 60-pum nylon membrane. For LP cell isolation, the
epithelial cells were removed by washing in 1 mmol/l of EDTA. The colons
were cut into small pieces and digested using 100 U/ml collagenase type
2 (Worthington Biochemical, Lakewood, NJ). Next, LP cells were passed
through a 100-pm nylon membrane and purified using a 45%/72% Percoll
gradient (GE Healthcare, Piscataway, NJ). CD1 1b* cells from MLN and LP
were isolated using anti-CD11b MicroBeads on a MACS column (Miltenyi
Biotec, Auburn, CA).

CDI11b% cells were cultured in 96-well plates at a density of 1 x
10° cells/ml of medium (RPMI 1640 containing 2mmol/l glutamine
and 25mmol/l HEPES buffer, supplemented with 10% fetal bovine
serum) with 1pg/ml of LPS (Sigma-Aldrich, St Louis, MO). The culture
supernatants were then removed and assayed to determine the cytokine
concentrations. The cytokine concentration was assayed using an enzyme-
linked immunosorbent assay with enzyme-linked immunosorbent assay
kits for MIE. The absorbance was measured using an enzyme-linked
immunosorbent assay reader at a wavelength of 450 nm.

Real-time PCR. Total RNA was isolated from the colon, MLN, and CD11b*
cells using Trizol (Invitrogen, Carlsbad, CA) according to the manufac-
turer’s protocol and reverse transcribed into complementary DNA with
Thunderbird (Toyobo, Tokyo, Japan). Complementary DNA was quanti-
fied using real-time PCR using an ABI PRISM 7000 (Applied Biosystems,
Foster City, CA). IL-1p, IL-6, MIE, and {-actin transcripts were amplified
using quantitative real-time PCR with SYBR-green. The following primers
were used: for IL-1f, IL-13-Forward (F) 5-CCC AAG CAATAC CCA AAG
AA-3, TL-1B-Reverse (R) 5"- CAT CAG AGG CAA GGA GGA AA -3
for IL-6,IL-6 F 5’- TTC CAT CCA GTT GCCTTCTT -3/, IL-6 R5'- ATT
TCCACG ATT TCC CAG AG -3'; for MIF, MIF F5’- TGA CTT TTA GCG
GCA CGA AC -3/, MIF R 5'- GAC TCA AGC GAA GGT GGA AC -3
and for B-actin, B-actin F 5- TGT CCC TGT ATG CCT CTG GT -3/,
B-actin R 5- GAT GTC ACG CAC GAT TTC C -3".

Flow cytometric analysis and immunofluorescence. Mononuclear cells
from LP and MLN were transferred to a 5ml tube in phosphate-buffered
saline buffer supplemented with 1% bovine serum albumin and 0.5 %
sodium azide at a concentration of 1 x 10° cells/25pl. Fc-blocked cells
were incubated with FITC-conjugated rat anti-mouse CD11b mAb (clone
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M1/70) and phycoerythrin-conjugated rat anti-mouse Dectin-1 mAb
(clone 2A11) for 20 minutes on ice. After incubation, the cells were washed
with phosphate-buffered saline and resuspended in 400 pl of 2% paraform-
aldehyde. The cell surface expression of CD11b and Dectin-1 was deter-
mined using a flow cytometry analysis.

CDI11b" cells were incubated with TAMRA-antisense MIF and
TAMRA-antisense MIF/FITC-SPG complex for 4 hours. Fluorescence
microscope observations of the antisense MIF or antisense MIF/SPG
complex taken up into CD11b" cells were performed using a BZ-9000
digital fluorescence microscope (Keyence, Osaka, Japan). For the
Dectin-1 blocking study, 5 ug/ml of neutralizing anti-Dectin-1 antibodies
(clone 2A11) and rat IgG2b as a control were incubated with CD11b"
cells for 1 hour before the addition of the antisense MIF/SPG complex.
FITC-labeled antisense MIF/SPG complex was added and the cells were
cultured for 2 hours. Then, a flow cytometry analysis was performed.

Immunohistochemical analysis. Fresh tissue samples from the colon were
frozen in OCT (optimal cutting temperature) compound (Ames Company,
Elkhart, IN) and stored at —80°C until use. The frozen tissue sections
(4-mm thick) were air dried again for 20 minutes and then stained using
the avidin-biotin complex method as described previously.”

Treatment using antisense MIF/SPG complex. For DSS-induced colitis,
0.2mg/kg of SPG, scramble DNA/SPG complex, or antisense MIF /SPG
complex was administered intraperitoneally to mice twice weekly (day 0,
3, 7, and 10). To monitor the colitis activity, a high resolution video endo-
scopic system (Karl Storz, Tuttlingen, Germany) designed for mice was
used.” Prominent endoscopic signs of inflammation in DSS-treated mice
were the abrogation of the normal vascular pattern, the presence of mucosal
granularity, and the appearance of ulcers. To determine colitis activity in the
DSS-treated mice, mice were monitored using mini-endoscopy performed
on day 14. Then, the mice were sacrificed on day 14 and the colitis was
evaluated by a trained pathologist who was blinded to the treatment group.

Statistical analysis. The statistical analysis was performed using the
Student ¢-test or the Mann-Whitney U-test for quantitative variables and a
x’ analysis for qualitative variables. Two-sided P values <0.05 were consid-
ered statistically significant.
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