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TasLe 2 Details of response to sequential treatments where applicable (n =10)

Severity of
disease First treatment Second treatment Third treatment
1 Severe Amlodopine X Nifedipine v - -
2 Moderate Amlodopine x GTN X - -
3 Maoderate Amlodopine x GTN X - -
4 Severe Nifedipine x Amlodopine x - -
5 Severe Nifedipine x Amlodopine X GTN Vi
6 Moderate Nifedipine x GTN X -
7 Severe GTN x Amlodopine X Nifedipine N
8 Moderate Nifedipine x GTN v - -
9 Severe Amlodopine X Nifedipine X GTN x
10 Moderate Amilodopine v GTN 4 - -
x: no response/inadequate response; ,/: response.
Overall, GTN patches were effective in 55% of the trea- References

ted patients. Efficacy was better than that of nifedipine
and amlodipine (33 vs 25% response rate, respectively),
but small numbers and retrospective analysis does not
allow statistical comparison. Response was similar in
primary and secondary RP. Children with severe RP had
a better response to nifedipine and amlodopine than
children with moderate disease. The sub-group with
severe disease was more likely to be using a disease-
modifying drug, which may have had an impact.
However, numbers are too small for any conclusion to
be drawn from this.

Application of GTN patches allows removal if adverse
events occur. Together with absence of tablets, this may
make treatment with GTN attractive in paediatric practice.
All patients received Deponit GTN patches. Alternative
brands may not have adequate skin adhesion when
cut into quarters for this off-license use.

GTN patches, nifedipine and amlodipine offer sympto-
matic relief for patients with moderate primary/secondary
RP. Further studies, including head-to-head trials, are
needed to determine if one agent is superior. Meanwhile,
GTN patches offer an alternative to oral calcium channel
blockers for symptomatic relief of paediatric RP.

Rheumatology Key message

+» GTN patches are an efficacious treatment option in
paediatric RP.
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A case of early-onset sarcoidosis with a six-base
deletion in the NOD2 gene

Sir, We present the first case of early-onset sarcoidosis
(EOS, MIM no. 609464) with a six-base deletion in the
NOD2 gene, resulting in the replacement of one amino
acid and the deletion of two additional amino acids. All
previous mutations reported for EOS and Blau syndrome
(BS, MIM no. 186580) were single-base substitutions that
resulted in the replacement of a single amino acid [1-3].

The patient was a Japanese male born after an
uncomplicated pregnancy and delivery. His family had
no symptoms of skin lesions, arthritis or uveitis. At
5 years of age, he was diagnosed with bilateral severe
uveitis. He became blind in both eyes during adolescence.
He had swollen ankles without pain during childhood,

www.rheumatology.oxfordjournals.org
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and developed arthritis in his both knees and ankles at
15 years of age. At 30 years, a skin rash had developed
on his extremities after his first BCG vaccination. The skin
lesions were scaly erythematous plaques with multiple
lichenoid papules and some pigmentation. At the same
age, camptodactyly without obvious synovial cysts of
the hands was observed, and the deformity in all fingers
developed by 35 years. At 41 years, he had low-grade
fever for 1 year. He had no pulmonary lesions. His labora-
tory investigations showed normal white blood cell count,
mildly elevated CRP (1.0 mg/dl) and ESR (20 mm/h).
A skin biopsy from his left forearm revealed non-caseating
granulomas without lymphocyte infiltration. There were no
indications of infection by Mycobacterium.

The clinical symptoms and pathological findings on
the biopsied skin indicated that the patient suffered from
EOS. It has been reported that EOS and BS have
a common genetic aetiology due to mutations in the
NOD2 gene that cause constitutive Nuclear Factor
(NF)-xB activation [4, 5]. Thus we analysed the NOD2
gene from the patient to look for mutations that might
correlate with the pathology of EOS. A written informed
consent was obtained from the patient and his families,
according to the protocol of the institutional review board
of Kyoto University Hospital and in accordance with the
Declaration of Helsinki. Genomic sequencing analysis of
the patient’'s NOD2 gene showed the presence of
a heterozygous deletion of six bases in exon 4, which
resulted in c¢.1493_1498delAACTGT, p.E498V, 499-
500del (Fig. 1A). The mutation was novel and was not
identified in 100 normal controls. A genome alignment of
NOD2 among several species showed that E498, L499
and L500 are conserved from zebrafish to human
(Fig. 1B). These data strongly suggested that the identified
deletion of six bases in the NOD2 gene is not a single
nucleotide polymorphism (SNP), but is probably respon-
sible for EOS in the patient.

Previous studies report that NOD2 mutations causing
EOS/BS show constitutive activation of NF-«B [6-8].
Therefore, we investigated the level of NF-«B activity
associated with the new mutation identified here.
First, we confirmed the level of mRNA expression of the
mutated allele by subcloning analysis of NOD2-cDNA,
which showed that the mutated allele was expressed as
well as the wild type allele (data not shown). We then
evaluated the ability of the NOD2 mutant to constitutively
activate NF-«B by using an in vitro reporter system in
HEK293T cells transfected with both NOD2 mutants and
NF-kB reporter plasmids (Fig. 1C). The deletion mutant
demonstrated almost five times more NF-«B activity
than wild type without muramyl dipeptide (MDP)
stimulation. Western blot analysis confirmed that NOD2
mutant protein expression was similar to that of wild
type (Fig. 1C). Thus, like other mutations of NOD2 identi-
fied previously, the deletion mutant identified here also
showed constitutive activation of NF-«B.

The mechanism underlying EOS/BS has not been totally
understood, although two pathways downstream from
NOD2 have been identified: NF-«B activation through

www.rheumatology.oxfordjournals.org

receptor-interacting  protein  (RIP) like interacting
caspase-like apoptosis regulatory protein kinase (RICK)
and MAP kinase activation through the caspase recruit-
ment domain 9 (CARD9) [9]. We previously tested
10 NOD2 missense mutations that have been identified
in our cohort of EOS/BS patients in Japan, and all of
them demonstrated constitutive activation of NF-«B [3].
By analysing this newly identified deletion mutant, we
have further confirmed the importance of constitutive
activation of NF-«B by mutated NOD2 for the patho-
genesis of EOS/BS. We would like to emphasize the

Fic. 1 (A) Summary of the mutations identified in our
patient. (B) NOD2 protein alignment among different
species on the mutated amino acids. (C) NF-«B reporter
assay using the NOD2 deletion mutant. /n vitro NF-«<B
reporter assays were performed as previously described
[1, 3, 6, 7]. Mock vector, wild type NOD2 (WT) and three
NOD2 variants (R334W, C495Y, H496L) derived from
EOS/BS patients, were used as controls. Values represent
the mean of normalized data (mock without MDP = 1)

of triplicate cultures, and error bars indicate s.0. Shown
is one representative result of three independent
experiments. Protein expression levels of NOD2 mutants
analysed by western blotting are shown in the bottom
panel.
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usefuiness of the NF-«B reporter assay with mutant NOD2
for observing its role in EOS/BS, although the MAP kinase
activation pathway and other possible pathways need
to be evaluated to more completely understand the
pathogenesis of the NOD2 mutation in EOS/BS.

We have identified the first deletion mutation in the
NOD2 gene responsible for EOS/BS, and the mutant
showed constitutive activation of NF-«B, which is one of
the key features that lead to the pathogenesis of EOS/BS.

Rheumatology key message

o A six-base deletion in NOD2 gene causes EOS.
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Comment on: Hepatotoxicity rates do not differ in
patients with rheumatoid arthritis and psoriasis
treated with methotrexate

SR, We read with interest the recent article by Amital et al.
[1] that compared hepatotoxicity rates in PsA and RA
patients treated with MTX based on the evaluation of stan-
dard liver function tests. The authors conclude that the
incidence of hepatotoxicity does not differ between the
two disease groups after adjusting for the cumulative
dose of MTX.

Several studies in MTX-treated psoriasis patients have
reported that isolated abnormalities of liver enzymes (i.e.
alkaline phosphatase, aspartate aminotransferase and
alanine aminotransferase) were poor predictors of the
severity of liver histopathology. The authors state that
the combined sensitivity of aspartate aminotransferase,
alanine aminotransferase and bilirubin for detecting an
abnormal liver biopsy has been rated at 0.86 based on a
previous study [2]. This figure implies that 14% of those
with normal liver function tests will have undetected hepa-
tic disease. Larger studies have suggested that 30-50%
of the psoriasis patients on MTX have normal standard
liver function test results despite histology showing fibro-
sis and cirrhosis [3]. The lack of correlation between liver
enzymes and hepatic fibrosis and cirrhosis has been the
major factor leading to the recommendation that liver
biopsies be done to monitor potential hepatotoxicity. In
this study, the liver function tests were performed with
varying frequency which could allow abnormal liver func-
tion tests to be missed. The authors acknowledge that the
rates of other hepatotoxic agents such as alcohol use
and the occurrence of other hepatic comorbidities were
not known. We believe that these are significant
confounding variables, which make the interpretation of
the results of this study difficult. The British Association
of Dermatologists recommends serial monitoring

www.rheumatology.oxfordjournals.org
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A family with X-linked benign familial hematuria
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Abstract Gene mutations in COL4A45 located on Xq22 are
believed to cause X-linked Alport syndrome, whereas
mutations in COL443 and COL4A4 located on chromo-
some 2 are associated with autosomal inherited Alport
syndrome or benign familial hematuria. A family with
benign familial hematuria caused by COL4A5 mutation,
implying X-linked transmission, is reported here for the
first time. This result suggests that COL4A45 should be
added to the list of causative genes for benign familial
hematuria, although the mechanism(s) by which the same
mutation leads to the distinct phenotypes, i.e. X-linked
Alport syndrome or benign familial hematuria, remains
unknown.

Keywords Alport syndrome - Benign familial hematuria -
COL4A5 gene
Introduction

Both Alport syndrome (AS) and benign familial hematuria
(BFH) are inherited disorders associated with type IV
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collagen. However, these disorders are quite distinct
clinically, with AS characterized by progressive nephritis
with hematuria and proteinuria, sensorineural deafness, and
ocular abnormalities, while BFH is characterized by
prominent diffuse thinning of the glomerular basement
membrane (GBM), lifelong glomerular hematuria, and
normal renal function. Mutations in the COL4A45 gene
located on Xq22 are believed to cause X-linked AS
(XLAS), whereas mutations in COL443 and COL4A4
genes located on chromosome 2 can be causes of the
autosomal-recessive and autosomal-dominant type of AS or
BFH [1-4]. The COL4A5, COL4A43, and COL4A4 genes
encode the alpha-5, alpha-3, and alpha-4 chains, respec-
tively, of type IV collagen.

To the best of our knowledge, this is the first report of a
family with BFH with a mutation in the COL445 gene
associated with aberrant expression of the alpha-5 chain in
the skin and a mode of inheritance confirmed to be
X-linked.

Methods
DNA sequencing

Genomic DNA was isolated from peripheral blood samples
using standard phenol—chloroform extraction methods, as
reported previously [5]. Briefly, primer pairs for each
exon of COL4A3, COL4A44, and COL4A5 were generated
to amplify all exons, including the exon—intron boundaries
of the genes. These PCR primers are listed elsewhere [5].
The PCR analysis and the direct sequence method were
used to determine the DNA sequence with an automated
DNA sequencer (model 310; Applied Biosystems, Foster
City, CA).
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Immunostaining of the skin

The methods are described in detail elsewhere [6]. Briefly,
sections from frozen skin tissues, 3 pum thick, were used for
immunofluorescent staining of type IV collagen. Double
fluorochrome immunofluorescence staining for the alpha-5
and alpha-2 chains of type IV collagen was carried out
using fluorochrome-conjugated monoclonal antibodies for
AS (Shigei Medical Research Institute, Okayama, Japan).

Skin sections were reacted with fluorescein isothiocyanate-
conjugated-anti-type IV collagen alpha-5 chain and
Texas-Red-anti-type IV collagen alpha-2 chain and then
observed under the immunofluorescent microscopy. Con-
trol sections were stained with nonimmune rat serum or
an unrelated rat monoclonal antibody. These controls
were entirely negative.

Case report

The index patient, a 9-year-old girl, was found to have
hematuria through a mass screening program for renal
diseases in Japan. She was referred to our hospital for
further evaluation of persistent hematuria (3 years). The
physical examination revealed no abnormalities, and she
did not suffer from hypertension, sensorineural deafness, or
eye involvement. Laboratory tests revealed only micro-
scopic hematuria (erythrocytes >50/high power field,
urinary protein 15 mg/dl). Values obtained in the hema-
tological, biochemical, and serological tests were: serum
creatinine:hemoglobin 12.3 g/dl, total protein 6.7 g/dl,
uric acid 3.6 mg/dl, cholesterol 194 mg/dl, complement
component 3 101 mg/dl, blood urea nitrogen 16 mg/dl,
and creatinine 0.45 mg/dL

The patient was born following a full-term normal
pregnancy as the first child of unrelated Japanese parents.
The family history was remarkable in that multiple family
members had been diagnosed with BFH in her father’s
pedigree (Fig. 1). Her father, younger sister, paternal
grandmother, paternal aunts, and paternal cousins have
also been followed for hematuria by neighboring doctors
since their childhood. Urinalyses and blood chemistries
of these relatives disclosed isolated microscopic hematuria,
but none had end-stage renal disease, sensorineural hearing
loss, or eye complications such as lenticonus. It should be
noted that even a male patient (her father, 38-year-old)
demonstrated only trace occult blood, was negative for
protein by the urine dipstick test, and was normotensive
with normal serum biochemical markers including total
protein (6.8 g/dl), blood urea nitrogen (12.8 mg/dl), and
creatinine (0.89 mg/dl).

Although the clinical diagnosis of BFH was made based
on these findings, the family's desire for a definitive

@ Springer

diagnosis prompted us to perform skin biopsy to rule out
the possibility of XLAS. The skin tissues obtained from the
proband and her father revealed mosaic expression and a
weak distribution of the alpha-5 chain of type IV collagen,
respectively, in the epidermal basement membranes
(Fig. 2), which are typically seen in a family with XLAS.

Although we recommended renal biopsy to the proband's
father in order to distinguish between BFH and a mild
phenotype of XLAS, he did not accept our proposal. We
therefore performed an analysis of the genetic mutations of
COL4A3, COL4A4, and COL4AS5 after obtaining informed
consent. The results of sequence analysis of the COL445
gene disclosed a heterozygous mutation for ¢.2999G>T in
exon 34 (p.G1000V) in both the proband and her father;
there were, however, no mutations in the COL443 and
COL4A4 genes (Fig. 1). Further analyses of her kindred
confirmed that only family members with hematuria (a
younger sister and a paternal cousin) had the same mutation
(Fig. 1). These mutations have not been described before
nor have they been observed in 166 control chromosomes
from healthy individuals.

Discussion

BFH is characterized by prominent diffuse thinning of the
GBM on an ultrastructural level and lifelong glomerular
hematuria that may be accompanied by mild proteinuria,
normal renal function, and an autosomal-dominant inheri-
tance pattern [1, 2]. It likely affects at least 1% of the
general population [3].

AS is also an inherited disorder affecting the basement
membranes. It is caused by mutations in genes encoding the
alpha-3, alpha-4, and alpha-5 chains of type IV collagen.
Transmission of AS can be X-linked, autosomal-recessive,
or autosomal-dominant because these genes are located on
chromosome 2 (COL4A3 and COL4A4, 2q35-37) and on
the X chromosome (COL4AS5, Xq26-48).

Our current state of knowledge links patients with
homozygous or compound heterozygous COL4A3 and
COL4A4 mutations to autosomal-recessive AS, while
heterozygous carriers of mutations in these genes may
account for up to 50% of patients with BFH [2, 7-10].
However, some families with BFH do not show any link to
the COL4A3 or COL4A4 gene locus, suggesting that it is
likely that other gene(s) may be responsible for similar
phenotypes of BFH [2]. Slajpah et al. recently analyzed the
mutations in genes for COL4A3, COL4A4, and COL4A5 in
Slovenian patients with AS or BFH [3]. Their results are of
particular interest in that one missense mutation of COL445
was found in six families, of which five appeared clinically
to present with BFH [3]. Unfortunately, the protein
expression of the alpha-5 chain of type IV collagen in a
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Fig. 1 Pedigree of the present-
ing family. Multiple family
members have mutations in the
COL4A genes and show asymp-
tomatic isolated hematuria.
Arrow Proband

female

no hematuria, no mutation in COL4AS

biopsy specimen, such as skin or kidney tissue, was not
described in these studies. Recent advances in diagnostic
approaches for AS and BFH include immunohistochemical

. studies with monoclonal antibodies directed against the
alpha chains using a specimen obtained from the skin
because alpha chains of type IV collagen are normally
located in the basement membranes of various tissues and
organs, including the kidney, cochlea, eye, and skin [6, 11].
In the family presenting here, a mutation in COL4AS5,
which resulted in decreased or mosaic expression of alpha-
5 chain in the epidermal basement membranes, seems to be
associated with BFH.

Fig. 2 Distribution of the alpha-
2 and alpha-5 chains of type IV
collagen in the epidermal
basement membrane. Localiza-
tion of the alpha-2 and alpha-5
chains was expressed as red and
green fluorescence, respectively
(indirect double label immuno-
fluorescent technique, original
magnification x200). An alpha-
5 chain was distributed diffusely
but weakly in the membrane of
the father (a, arrowheads) and as
a mosaic pattern in the proband
(¢, arrowheads). An alpha-2
chain was stained in the normal
linear pattern in both the father
and the proband (b, d, arrows)

‘ hematuria with COL4AS mutation

male

hematuria, no genetic analysis

i no hematuria, no genetic analysis

To the best of our knowledge, this is the first report of a
family with X-linked BFH.

In terms of genotype—phenotype correlations, the mech-
anism(s) determining that mutations in COL4A5 lead to one
of the distinct phenotypes, i.e., XLAS or BFH, remains
obscure. Gross et al. focused on the different types of
mutations and their locations on the COL4A45 gene and
classified XLAS into three types: (1) severe type caused by
large rearrangements, premature stop, frameshift, donor
splice site, and mutations involving the NCI-domain; (2)
moderate-severe type caused by non-glycine XY-missense
and glycine-XY mutations; (3) moderate type caused by
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glycine-XY mutations [12]. Slajpah et al. also postulated
that one missense mutation led to the glycine substitutions
found in five unrelated families who clinically presented
with BFH [3]. Thus, the glycine-XY missense mutation
detected in our family has been reported to result in the
mild phenotype, such as less severe forms of XLAS or
BFH, and it could be speculated that XLAS and BFH may
represent two opposite poles of the spectrum of hereditary
COL4A45 nephropathies [3].

Another possibility for the mild phenotype, despite a
mutation in the COL4A45 gene, may be somatic mosaicism.
Two cases of somatic mosaicism have been reported
recently [13, 14]. Direct nucleotide sequencing of the
COL445 gene in the DNA from the leukocytes and urine
sediments of our young patient, however, identified only a
single mutational peak (data not shown), while the patient
with XLAS caused by somatic mosaicism [14] was reported
to demonstrate two peaks—the mutant and the wild-type
alleles of the COL4A45 gene. Therefore, somatic mosaicism
for a mutation of the COL445 gene is unlikely in our
presenting family.

In conclusion, we believe that COL4A5 in addition to
COL4A3 or COL4A4 should be added to the list of
causative genes for BFH.
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Galectin-9 expands immunosuppressive macrophages
to ameliorate T-cell-mediated lung inflammation
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Galectin-9 (Gal-9) plays pivotal roles in the modulation of innate and adaptive immunity to
suppress T-cell-mediated autoimmune models. However, it remains unclear if Gal-9 plays a
suppressive role for T-cell function in non-autoimmune disease models. We assessed the
effects of Gal-9 on experimental hypersensitivity pneumonitis induced by Trichosporon asahii.
When Gal-9 was given subcutaneously to C57BL/6 mice at the time of challenge with T. asahii,
it significantly suppressed T. asahii-induced lung inflammation, as the levels of IL-1, IL-6, IFN-y,
and IL-17 were significantly reduced in the BALF of Gal-9-treated mice. Moreover, co-culture of
anti-CD3-stimulated CD4 T cells with BALF cells harvested from Gal-9-treated mice on day 1
resulted in diminished CD4 T-cell proliferation and decreased levels of IFN-y and IL-17. CD11b*
Ly-6CM€"F4/80" BALF M¢ expanded by Gal-9 were responsible for the suppression. We further
found in vitro that Gal-9, only in the presence of T. asahii, expands CD11b*Ly-6C"¢"F4/80" cells
from BM cells, and the cells suppress T-cell proliferation and IFN-y and IL-17 production. The
present results indicate that Gal-9 expands immunosuppressive CD11b*Ly-6C™e"* M¢ to
ameliorate Th1/Th17 cell-mediated hypersensitivity pneumonitis.

Key words: Galectin-9 - Immune suppression - Lung - Macrophage - Pneumonitis

Introduction

Galectin-9 (Gal-9), a B-galactoside binding lectin, is a ligand for
T-cell immunoglobulin- and mucin domain-containing molecule 3
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(Tim-3), which plays crucial roles in innate and adaptive immunity
via Gal-9/Tim-3 interactions [1, 2]. Tim-3 is expressed on
terminally differentiated Thl cells, Th17 cells and innate immune
cells, such as DC [2-4]. Gal9 induces apoptosis
of activated Thl and Th17 cells, in part, through the Ca®*-
calpain-caspasel pathway [S], resulting in the amelioration of
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immunopathology in murine autoimmune disease models such as
collagen-induced arthritis (CIA), autoimmune diabetes, and EAE
[2, 6, 7]. Little is known, however, as to whether mechanisms
other than apoptosis of Th1/Thl7 cells are involved in Gal-9-
mediated suppression of inflammation. We have shown, for
example, that Gal-9 also enhances Treg generation from naive
CD4" T cells in a murine CIA model [7]. Although we have
previously shown that Gal-9 induces DC maturation [8] and
weakly promotes TNF-a production from DC [2], it has been
widely accepted that certain types of Md/DC, including myeloid-
derived suppressor cells (MDSC) and regulatory DC (DCreg), also
exhibit immunosuppressive function in a variety of immune
responses [9-11]. Thus, the involvement of immunosuppressive
M¢/DC also in Gal-9-mediated immune suppression cannot be
excluded.

Exogenous particles, as well as autoantigens, are involved in
the pathogenesis of T-cell-mediated inflammation. For example,
hypersensitivity pneumonitis (HP), including Farmers lung and
summer-type HP, is a T-cell-mediated inflammation caused by
inhalation of particles, bacteria, etc. [12, 13]. Repeated inhalation
of organic dust can cause HP, which is characterized by inflam-
matory lung disease with alveolitis and granuloma formation [13].
Hyperactive pro-inflammatory Th1 cells are closely associated with
the etiology of HP [14]. It is thus important to assess whether
Gal-9 might be involved in T-cell-mediated inflammation other
than that associated with autoimmune diseases.

The purpose of the study presented here is to show whether
Gal-9 attenuates the severity of murine experimental HP char-
acterized by Th1 and Th17 cell-mediated inflammation. We show
that Gal-9 expands CD11b*Ly-6C™&" M¢ that exhibit immuno-
suppression of T-cell proliferation and activation, thereby
ameliorating Th1/Th17 cell-mediated HP.

Results
Effect of Gal-9 on experimental HP

Preliminary experiments to assess the dose effects of subcuta-
neously injecting Gal-9 (0.3, 3, and 30 pg/mouse) revealed that
3pg/mouse of Gal-9 was sufficient to ameliorate experimental
HP, although 0.3 pg/mouse was not. Therefore, 3 pg/mouse of
Gal-9 was used for further experiments.

Significant weight loss was not observed during the course of
experimental HP. Histological analyses on day 7 post-challenge
with Trichosporon asahii revealed a marked infiltration of
inflammatory cells, consisting mainly of mononuclear cells,
in alveolar septal, peribronchial, and perivascular areas in
PBS-treated mice (Fig. 1A). The histological scores for Gal-9-
treated mice (1.68+0.09, n=10) were significantly lower
than those for PBS-treated mice (2.83+0.05, n = 10), indicating
that Gal-9 exerted a suppressive effect on experimental HP
(Fig. 1A). The numbers of BALF cells from both groups of mice
were counted. Total BALF cell numbers were similar in both
groups until day 3 post-challenge (Fig. 1B). Gal-9 treatment

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Clinical immunology

resulted in a significant decrease in total cell number on day 7
post-challenge. The numbers of specific inflammatory cell types,
including M¢, PMN, and lymphocytes, were also counted using
Giemsa staining. Infiltrated M¢ exhibited kinetics similar to those
of the total cells until day 3, while Gal-9 treatment decreased the
number of PMN only in the early phase of experimental HP (6h
to day 1). Increased lymphocyte accumulation was detected in
the BALF of PBS-treated mice from days 3 to 7, but this was
markedly suppressed by Gal-9 treatment. BALF was obtained
from each group on day 7 post-challenge to determine the
concentrations of several cytokines by ELISA. As expected, Gal-9
treatment significantly decreased the levels of the pro-inflam-
matory cytokines IL-1p and IL-6 (Fig. 1C). Gal-9 also significantly
suppressed the levels of Thl-related IL-12p40, IFN-y and Th17-
related IL-17 cytokines. IL-13 and IL-4 levels were under the
detection limits in this model (data not shown). The proportions
of Tim-3, but not Tim-1, expressing CD4"* T cells in BALF cells on
day 7 were significantly decreased by Gal-9 treatment (Fig. 2A).
On the other hand, Gal-9 up-regulated the proportion of CD4"
CD25"Foxp3* Treg in spleen on days 3 and 7 but not on day 1
(Fig. 2B), indicating that Gal-9 exerts its effect in experimental
HP at least partly in its late phase by reducing the number of Tim-
3-expressing Thl and Th17 cells, and by increasing Treg as
previously shown [7].

Inhibition of T-cell proliferation by BALF cells obtained
from Gal-9 treated mice

To identify the phenotypes of infiltrated cells from Gal-9-treated
mice, flow cytometric analysis was performed on day 1 post-
challenge. Subsequently, we assessed whether BALF cells
from Gal-9-treated mice had suppressive effects on T-cell
functions. BALF cells from Gal-9-treated mice were co-cultured
with CD3 Ab-stimulated CD4" T cells in vitro. BALF cells
obtained from Gal-9-treated mice on day 1 post-challenge
significantly inhibited CD4* T-cell proliferation in a dose-
dependent manner (Fig. 3A). To further ascertain the influence
of BALF cells from Gal-9-treated mice on CD4"* T-cell cytokine
production, intracellular staining for IFN-y was carried
out for stimulated-CD4* T cells in vitro. Co-culture with
BALF cells from Gal-9-treated mice nearly completely suppressed
IFN-y production by CD4* T cells, as compared to CD4"
T cells co-cultured with BALF cells from PBS-treated mice
(Fig. 3B). Thus, it appeared likely that BALF cells from Gal-9
treated mice have suppressive effects on both the proliferation
and function of CD4" T cells. These suppressive effects, however,
were not observed for BALF cells obtained from Gal-9-treated
mice on day 7 (data not shown). In addition, cytokine
concentrations were determined in the culture supernatants.
The concentrations of IFN-y, IL-2, IL-17, and IL-4, but not IL-10,
were significantly decreased by co-culturing CD4™ T cells with
BALF cells from Gal-9-treated mice (Fig. 3C) though the amounts
of TNF-o and IL-6 were only minimally decreased (data not
shown).

www.eji-journal.eu

549 44



i 550

Tomohiro Arikawa et al.

Cell number [#0]

Eur. J. Immunol. 2010. 40: 548-558

Clinical score

)
®
o
]
=
O Ohena1 aad7 a4 O Ghehal aad? | di4 © Ohehdld3dr cmu Oh6hd1d3d7  d14
Time post-challenge >
C IL-12p40 IFNy IL17 L1 IL-6
1200 4
1000 0 30
300
E 800 - L 250
§ 00 150 * e . 200
400 ke 100 150
25 100
0 0 0 T 0 0
PBS Galk9 PBS Gal-9 PBS Gal-9 PBS Gal-9 PBS Gal-9

Figure 1. Effect of Gal-9 on experimental HP. Mice were treated with T. asahii. Lungs were harvested on day 7 post-challenge as described in the
Materials and methods section. (A) Each photomicrographs represents one of ten separate experiments. H & E Staining; scale bar =200 pym. The
degree of inflammation (clinical score) was evaluated by the relative percentages of inflammatory cells infiltrating the lung as described in the
Materials and methods section. Results are mean+SEM, with ten animals in each group. ***p<0.001 compared with control group. (B) The kinetics of
immune cells in BALF from Gal-9-treated and PBS-treated mice. The numbers of total cells, M$, PMN, and lymphocytes were counted at the
indicated times post-challenge using Diff Quick kit staining. **p<0.01, ***p<0.001 compared with control group. (C) Effects of Gal-9 on cytokine
production in inflamed lungs. BALF obtained from each group on day 7 post-challenge was assayed by ELISA. **p<0.01, ***p<0.001 compared with
control group. Significance was evaluated by a non-parametric two-tailed Mann-Whitney U-test and by two-way ANOVA.

Expansion of immunosuppressive CD11b*Ly-6C* M¢
by Gal-9

Despite decreased infiltration of PMN into the lung as described
above (Fig. 1B), Gal-9-treatment significantly increased CD11b*
Gr-17 cells in BALF (16.73%+ 2.91; p<0.01) compared with their
levels in PBS-treated mice (4.98%+1.36) on day 1 post-
challenge. Since recent studies revealed that Gr-1 exhibits cross
reactivity with Ly-6G and Ly-6C [15], specific antibodies against
Ly-6G and Ly-6C Ag were used to identify which cell types are
responsible for the suppressive activity of BALF cells from Gal-9-
treated mice. The phenotypic differences of infiltrated immune
cells in the BALF cells from PBS- and Gal-9-treated mice on days
were 1, 3, and 7 post-challenge by flow cytometry. The frequency
of CD11b*Ly-6CM#! cells was significantly increased in BALF on
day 1 post-challenge as compared with their levels in PBS-treated
mice, and this increase was sustained until day 3 (Fig. 4A and B).
On the other hand, the frequency of CD11b*Ly-6G#" cells was
decreased in BALF on day 1 post-challenge (Fig. 4A). Further

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

morphological analysis revealed that CD11b*Ly-6C Ly-6G"&h
cells were mostly mature PMN, whereas CD11b*Ly-6CM"Ly-6G~
cells were larger, monocyte/M¢-like mononuclear cells with
round or reniform nuclei and a vacuolated cytoplasm (Fig. 4C).
We also asked whether Gal-9 affects systemic myelo-monocytic
differentiation in this model. Expansion of CD11b*Ly-6Chish
(Gr-1™) cells was detected in the spleen of Gal-9-treated HP mice
on days 1, 3, and 7 post-challenge (data not shown). Ly—6Chigh
cells in BALF cells were next depleted in order to characterize the
suppressive role of CD11b*Ly-6C"&" cells that were increased by
Gal-9-treatment. Ly-6CM#" cell-depleted BALF cells failed to
suppress T-cell proliferation, although BALF cells suppressed
proliferation before the Ly-6C"#" cell depletion (Fig. 4D).
CD11b*Ly-6CM#"Ly-6G cells were further found to co-express
F4/80, but they did not express CD86 or CD80 (Fig. 5A). In
contrast, expression of PDCA-1, CD11c, and B220 was weakly
detected in CD11b*Ly-6CM"Ly-6G  cells. Furthermore,
81.1%+3.5 (n=3) of the Gal-9-expanded CD11b*Ly-6C*
Ly-6G~ cells were CD16/32" cells, whereas the level of CD14"
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Figure 2. Proportion of Tim3-expressing CD4 T cells and CD4*CD25* Foxp3* Treg in experimental HP mice. (A) CD4" Tim-3" cells and CD4" Tim-1"
cells in BALF cells obtained on day 7 post-challenge were analyzed by flow cytometry. A representative result showing 1 of 3 independent
experiments is shown. Data are represented as the mean+SEM. NS, not significant, *p<0.05 compared with the control group. (B) Gal-9 up-
regulated Treg in spleen on day 3 to day 7 as compared to PBS control cells. A representative result for one of three independent experiments is
shown. Significance was evaluated by non-parametric two-tailed Mann-Whitney U-test. **p<0.01, ***p<0.001 compared with the control group.

cells was negligible, suggesting that Gal-9-expanded CD11b*Ly-
6C*Ly-6G™ cells are “immature” macrophage-lineage cells.

Arginase 1 and iNOS expression was also assessed in F4/80"
cells in BALF by Western blot. F4/80" cells in BALF from Gal-9-
treated mice had high arginase 1 expression compared with PBS-
treated mice (Fig. 5B). In contrast, expression of iNOS was not
detected in either PBS- or Gal-9-treated mice. Immunohistologi-
cal analyses confirmed that F4/80™ cells from Gal-9-treated mice
had much higher arginase 1 immunoreactivity in their cytoplasms
(Fig. 5C). Quantitative assays further indicated that there was a
significantly higher percentage of arginase 1* cells in F4/80"
cells in BALF from Gal-9-treated mice than in BALF from PBS-
treated mice (Fig. 5D).

Gal-9 induces maturation of BM cells to CD11b*
Ly-6CM€" M¢ in vitro

Our present results suggested that Gal-9 expands a CD11b*
Ly6C™#® cell population in this experimental HP model. We thus
designed experiments to assess the effects of Gal-9 on the
differentiation of BM cells to CD11b" cells expressing Ly-6C
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in vitro. BM cells were prepared from naive mice and cultured
with Gal-9 in the presence or absence of T. asahii for 5 days.
Gal-9 alone increased the proportion of CD11b*Ly6C~ M¢, but
T. asahii minimally increased the proportion of CD11b*Ly6Chieh
M¢. When BM cells were cultured with Gal-9 and T. asahii, the
proportion of CD11b*Ly6C"&" M¢ was significantly increased
(Fig. 6A and B), while Ly-6G expression was not affected by Gal-9
and/or T. asahii (Fig. 6A). Taken together, these results indicate
that both Gal-9 and T. asahii are required for significant
expansion of CD11b*Ly6C™#" M¢ from BM cells.

Effects of BM cell-derived CD11b*Ly6C"€" M¢ gener-
ated by Gal-9 and T. asahii on T-cell proliferation

We performed experiments to determine whether CD11b*
Ly6C"®® M¢ induced by Gal-9 and T. asahii also suppress
CD4" T-cell proliferation. The CD11b*Ly6CM®" M¢ (G1 in
Fig. 7A), CD11b*Ly6C™ M¢ (G2) or CD11b*Ly6C~ Mo (G3)
were sorted and then co-cultured with CD4" T cells in anti-CD3/
CD28 Ab-coated plates for 3 days. The CD11b*Ly6CMe® Mo
almost completely suppressed CD4" T-cell proliferation, while
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Figure 3. Functional analysis of BALF cells from Gal-9-treated experimental HP mice. (A) BALF cells from Gal-9-treated mice suppress T-cell
proliferation. CD4" T cells were harvested from spleens of PBS-treated mice and stained with PKH 67. BALF cells obtained on day 1 post-challenge
were cocultured with PKH67 pre-stained CD4 " T cells. Cells were analyzed by flow cytometry after 3 days in culture. Results are mean +SEM, with 6

animals in each group. Filled circles: BALF cells from Gal-9-treated mice, op

en squares: BALF cells from PBS-treated mice. **p <0.01 compared with

control group. (B) Gal-9 treatment decreases I[FN-y production by CD4™ T cells. Splenic CD4" T cells and BALF cells from experimental HP mice were
co-cultured for 3 days with or without CD3 stimulation. Harvested cells were stained with the indicated fluorochrome-labeled antibodies and
analyzed by flow cytometry. Results are mean+SEM. NS, not significant; ***p<0.001 compared with control group. (C) Cytokines in culture

supernatants from (B). Results are means of triplicates+SEM. *p<0.05,
evaluated by a non-parametric two-tailed Mann-Whitney U-test.

the CD11b*Ly6C~ Mé did not (Fig. 7B). CD11b*Ly6C™ M¢ also
exhibited suppressive activity on T-cell proliferation, although
this activity was significantly weaker than that of
CD11b*Ly6CMe" M¢. Furthermore, IFN-y and IL-17 levels from
the stimulated CD4" T cells were decreased by co-culture with
CD11b*Ly6C™#" M¢ (Fig. 7C). In contrast to IFN-y and IL-17, IL-
4 levels were negligible in all cases (data not shown).

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

**p<0.01, ***p<0.001 compared with control group. Significance was

Discussion

HP is a pulmonary hypersensitivity reaction characterized by a
massive lymphocyte infiltration into the lungs [12]. It has been
shown that T cells, especially Th1 cells, play a pivotal role in the
pathogenesis of HP as indicated by increased levels of IFN-y and
IL-12 in the lung [14, 16]. In addition to a Th1/Th2 imbalance,
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Figure 4. Morphological and functional analyses of Gal-9-expanded CD11b*Ly-6C* cells. (A) BALF cells from Gal-9-treated mice and PBS-treated
mice were stained with CD11b, Ly-6C and Ly-6G. Representative results on day 1 for 1 of 3 independent experiments. (B) Kinetics of CD11b*Ly-6C*
cells in BALF cells from each group on days 0, 1, 3, and 7 post-challenge. Results are means+ SEM, with six animals in each group. **p<0.01,
***p<0.001 compared with control group. (C) Morphological analysis of CD11b*Ly-6C-Ly-6G* cells and CD11b*Ly-6C*Ly-6G cells. Cells were sorted
as described in the Materials and methods section and then stained with Giemsa stain. Bar = 10 um. (D) The effects of CD11b*Ly-6C* cell depletion
on T-cell proliferation. BALF cells were obtained from Gal-9-treated mice, and Ly-6C™ cells were depleted by specific Ly-6C Ab and rabbit
complement system as described in the Materials and methods section. Next, Ly-6C depleted or non-depleted BALF cells were co-cultured with CD4
T cells during anti-CD3/CD28 stimulation (BALF cells:CD4 T cell, 1:2). Results are means of triplicates+SEM. NS, not significant, *p<0.05, **p<0.01,

***p<0.001 compared with control group. Significance was evaluated by a non-parametric two-tailed Mann-Whitney U-test.

insufficient Treg function appears critical for the pathogenesis of
HP, as blockade of co-stimulatory signals using CTLA4-Ig
administration reduced pulmonary inflammation by decreasing
specific auto-antibody and cytokine production [17]. Previous
results have shown that Gal-9 may induce apoptosis of Tim-3-
expressing Thl cells via Gal-9/Tim-3 interaction [1], and that
Gal-9 induces the up-regulation of Treg [7]. Furthermore, highly
pro-inflammatory IL-17-producing Th17 cells also express Tim-3
on their surfaces [3]. In fact, Gal-9 was found to decrease the
number of Tim-3-expressing CD4 T cells and increase the number
of CD4*CD25*Foxp-3* Treg on days 3 and 7 of experimental HP,
raising the hypothesis that Gal-9 suppresses experimental HP, at
least in part, by the above mechanisms in the late phase of
experimental HP.

Our results indicate that Gal-9 treatment suppressed experi-
mental HP in vivo, based on the levels of IFN-y and IL-17 in the
BALF and on the clinical scores on day 1 post-challenge relative
to PBS-challenged controls. Intriguingly, co-culture of T cells with
BALF cells from Gal-9-treated mice on day 1 post-challenge

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

suppressed T-cell proliferation and IFN-y production after CD3
stimulation in vitro. We further found that CD11b*Ly-6CM#h
F4/80" cells with monocyte/M¢ morphology may be responsible
for this suppression.

It is well known that expansion of MDSC occurs in cancer
patients and in tumor-bearing mice, and that these MDSC nega-
tively affect T-cell expansion and effector functions [9-11].
Expansion of MDSC has also been induced after exposures to
bacterial [18], parasitic [19-21] and viral Ag [22], and after
traumatic stress [23]. Recent studies have also shown that MDSC
are a group of myeloid cells comprised of precursors of macro-
phages, granulocytes, DC, and myeloid cells at earlier stages of
differentiation [11, 23]. Monocytic MDSC express CD11b, Gr-1
and F4/80, but low levels of markers for mature APC, including
CD80, CD86 and others [24, 25]. This suggests that MDSC are
mainly immature M¢-lineage cells, although granulocytic MDSC
are also involved in immune suppression in tumor-bearing mice
[22]. A previous report by Augusto et al. has shown that mono-
cytic MDSC in patients with metastatic renal cell carcinoma
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Figure 5. Phenotypes of CD11b*Ly-6C*Ly-6G™ cells. (A) BALF cells from Gal-9-treated mice on day 1 post-challenge were stained with CD11b,
Ly-6C, and several cell-surface markers as shown in the figure. Panels show several charts in the CD11b*Ly-6C* gated region. Line histograms
show expression of the respective Ag, and filled histograms show the respective controls. Results are representative of three independent
experiments. (B) Western blot analysis for arginase 1 and iNOS. Cell extracts of F4/80"BALF cells from each group were used. Extracts of mouse
liver and whole lung tissue were used as positive controls for NOS2 and arginase 1, respectively. One representative blot showing results of three
experiments is shown. PC, positive control. (C) Immunofluorescence assay of BALF cells. DAPI (blue), F4/80-positive cells (Green), arginase
1 positive cells (red); merged photographs are shown. Representative data from one of four experiments are shown. (D) Percentage of arginase
17 cells in F4/80™ cells as shown in (C). More than 300 F4/80" cells were observed, and then the percentage of arginase 1* cells was calculated.
**p<0.01 compared with the control group. Significance was evaluated by a non-parametric two-tailed Mann-Whitney U-test.

express CD11b but not CD14 [26]. Our experiments showed that
CD16/32 is expressed in Gal-9-expanded CD11b*Ly-6C*Ly-6G
cells, whereas expression of CD14, CD80, and CD86 is negligible
in those cells, suggesting that Gal-9-expanded CD11b*Ly-6C*
Ly-6G™ cells are “immature” macrophages with MDSC activity
(monocytic MDSC).

Recent studies have shown that MDSC (CD11b*Ly-6C*
Ly-6G™ cells) use arginase 1 and/or iNOS to regulate T-cell
function by inducing cell death or inhibiting proliferation [9, 10,
23]. Accumulated evidence has revealed that induction of
arginase 1 in MDSC involves I1L4/1L-13/IL-10/TGF-B/etc., while
induction of iNOS involves IFN-y/etc. [11, 23, 27]. The present
results indicate there is more arginase 1 but not iNOS protein in
the lysates of BAL cells from Gal-9-treated mice, compared to
PBS-treated mice. This raises the hypothesis that CD11b*
Ly-6C#"Ly-6G cells expanded by Gal-9 in the lungs are affected
by IL-4/TGF-B/IL-10 but not by IFN-y because Gal-9 strongly
suppresses IFN-y production from terminally differentiated
Tim-3% Thl cells by inducing apoptosis [1, 7]. Furthermore,
Gal-9 with or without T. asahii does not directly induce the
induction of arginase 1 in BAL cells in vitro (data not shown),
although CD11b* Ly-6CMe" cells expanded by Gal-9 with T. asahii
exhibit evident immunosuppressive activity when they are co-
cultured with T cells. This confirms the critical role of cytokines,
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such as IL-4/1L-13/1L-10/TGF-B, derived from co-cultured T cells
in the induction of arginase 1.

We have shown that DC express Tim-3, and Gal-9/Tim-3
interaction activates DC to produce a small amount of TNF-a [2].
In contrast to DC, little or no Tim-3 expression has been detected
in Mo [2]. The present experiments also indicate that CD11b™
Ly-6C"i#"F4/80" cells expanded by Gal-9 express little Tim-3 on
their surface (data not shown), suggesting little involvement of
Gal-9/Tim-3 interaction in the expansion of CD11b*Ly-6Cheh
F4/80" cells, though this remains to be established.

It has been shown that another type of cell, DCreg, also play a
role in suppressing acute graft versus host disease [28], allergic
airway inflammation [29] and acute lethal systemic inflammation
[30]. DCreg have different phenotypic characteristics from the
CD11b*Ly-6CM&"F4/80™ cells; they strongly express CD11c and
IA/I-E, and they have weak CD40, CD80, and CD86 expression
[24]. Nobumoto et al. have previously shown that Gal-9 expands
plasmacytoid DC (pDC)-like M¢ that enhance NK activity in a
tumor-bearing mouse model [31]. The CD11b*Ly-6CP"Ly-6G
cells in the present experiments probably differ from the pDC-like
M¢, especially in the expression of CD1lc, CD80, CD86, and
PDCA-1. Gal-9 induces maturation of BM-derived hematopoietic
precursors to CD11b*Ly-6C™#" cells only in the presence of
T. asahii. Recently, it has been shown that MyD88-deficient mice
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Figure 6. Gal-9 induces CD11b"Ly-6C* cells, but not Ly-6G* cells, concomitant with T. asahii stimulation in vitro. (A) Enriched c-kit (CD117")
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Ly-6C™ cells in A. Results are means of triplicates+SEM. **p<0.01, ***p<0.001 compared with control group. Significance was evaluated by a non-

parametric two-tailed Mann-Whitney U-test.

develop severe intestinal inflammation, indicating that MyD88
signaling plays an important protective role. This raises the
possibility that Gal-9 up-regulates the immunosuppressive CD11b™
Ly-6Ct" M¢ or pDC-like M¢ differently depending on the
pathogenic circumstances (T. asahii versus tumor), because
T. asahii appears to activate MyD88 through TLR on those cells.
Collectively, the studies presented here indicate that infiltra-
tion of CD11b*Ly-6C#" M¢, probably MDSC, into the lung at
the early phase of experimental HP suppresses the severity of
experimental HP. In addition, Gal-9 expands CD11b*Ly-6Cheh
M¢ with suppressive activity on Th cell functions in BM cells.

Pferials and methods
Animals

Female C57BL/6 mice (7-8 weeks old) were obtained from
Charles River Laboratories Japan (Yokohama, Japan). Animals
were kept in accordance with international guidelines and
national law. The protocol of this study was approved by the
Kagawa University Animal Care and Use Committee.

Expression and purification of recombinant stable
Gal-9

Expression and purification of recombinant human stable Gal-9 was
described previously [32, 33]. All Gal-9 preparations used in this
report were >95% pure by SDS-PAGE with less than 0.3 endotoxin
units/mL (<0.03ng/mL), as assessed by a limulus turbimetric

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

kinetic assay using a Toxinometer ET-2000 (Wako, Osaka, Japan).
Protein concentration was determined with a bicinchoninic acid
assay reagent (Pierce, Rockford, IL, USA), using BSA as a standard.

Ag

Particulate T. asahii, an etiologic agent of HP, was prepared as
previously described [34]. The powdered material was suspended
in sterile PBS (pH 7.4) at a concentration of 4 mg/mL and stored
at —20°C until use.

Induction of HP

Mice were intranasally sensitized with 50 uL (200 pg/mouse) of
T. asahii Ag three times daily. After 14 days, mice were
challenged once with 50 uL (200 ug/mouse) of the Ag. Mice
were simultaneously given either recombinant Gal-9 (0.3, 3, and
30 pg/mouse) or PBS subcutaneously. Differential cell counts for
each mouse used Diff Quik staining (Baxter, McGaw Park, IL,
USA) or Giemsa staining.

Histological studies

Sections of left lungs were stained with hematoxylin and eosin.
Histological scores were graded from 0 to 4 as described
previously [35]; O: no inflammatory cells, 1: <10%, 2:
10-25%, 3: 25-50%, and 4: > 50%.

Cytokine assays for BALF and culture supernatants

IL-2, TNF-a, IL-12p40, IFN-y, IL-17, IL-1B, IL-4, IL-6, and IL-13
contents in BALF and culture supernatants were assayed by
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Figure 7. CD11b*Ly-6CM#" cells differentiated by Gal-9 in vitro have
suppressive effects on CD4" T-cell proliferation. (A) CD11b*Ly-6CMER
cells significantly suppress CD4" T-cell proliferation. CD11b*Ly-6CMeR,
CD11b*Ly-6C™, and CD11b*Ly-6C~ cells were sorted with a FACS Aria.
G1, G2, and G3 represent isolated fractions of CD11b*Ly-6CMe" cells,
CD11b*Ly-6C™¥ cells, and CD11b*Ly-6C™ cells, respectively. Purities of
cell fractions were >95%. (B) Following isolation of BM-derived cells
after culture in medium containing T. asahii and Gal-9, CD4" T cells
were cocultured with each cell type and stimulated in anti CD3/CD28
Ab-coated plates at varying ratios as shown in the figure. After 3 days
of culture, [*H] thymidine-uptake was evaluated. Results are means of
triplicates +SEM. **p<0.01, ***p<0.001 compared with control group.
(C) IFN-y and IL-17 levels in the culture supernatants from B were
determined by ELISA. Results are means of triplicates+SEM. Signifi-
cance was evaluated by a non-parametric two-tailed Mann-Whitney
U test. ***p<0.001 compared with control group.

quantitative ELISA for murine cytokines/chemokines using
cytokine-specific kits (R&D Systems, Minneapolis, MN, USA) as
described previously [7].

Flow cytometry

BALF cells obtained from mice were washed in PBS with
0.5% FBS and incubated with appropriate fluorochrome-labeled
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antibodies, then analyzed by flow cytometry using a Becton
Dickinson FACSCalibur (Becton Dickinson, San Jose, CA,
USA). The following antibodies were used: anti-mouse
Gr-1-FITC (eBioscience, San Diego, CA, USA), anti-mouse
CD11b-PE (eBioscience), anti CD11b APC (Biolegend, San
Diego, CA, USA), anti Ly-6C-FITC or PE (BD Pharmingen,
San Jose, CA, USA), anti Ly-6G-PE (BD Pharmingen),
anti-CD86-PE  (Biolegend), anti CD80-FITC (eBioscience),
anti-mouse IFN-y-FITC (Biolegend), anti-mouse Tim-3-PE
(eBioscience), anti-mouse Tim-1-PE (eBioscience), anti-Foxp3-
APC (Biolegend), anti-mouse CD4-PE (eBioscience), anti-
mouse PDCA-1-PE (eBioscience), CD11c-PE (eBioscience),
anti-mouse CD14-PE (BD Pharmingen), anti-mouse CD16/
32-PE (Biolegend), and anti-mouse B220-PE (eBioscience).
Data were analyzed with FlowJo software (Tree Star, Ashland,
OR, USA).

Immunohistochemical staining of BALF cells

BALF cells were placed on glass slides by cytospin (Cytospin 3,
SHANDON, Waltham, MA, USA). After air-drying for
20 min, slides were fixed with 1% PFA/PBS for 10 min. After
washing with 0.1% Tween-20/PBS, slides were blocked with
3% BSA/0.1% Tween-20/PBS for 1h at room temperature,
then incubated with polyclonal rabbit anti-mouse arginase 1 Ab
(Santa Cruz) and Rat anti-mouse F4/80 Ab (AbD Serotec,
Oxford, UK) at 4°C overnight, followed by incubation with
Alexa Fluor 594-conjugated anti-rabbit Ab (Molecular Probes)
and Alexa Fluor 488-conjugated anti-rat Ab (Molecular Probes,
Japan, K.K. Tokyo, Japan), respectively. Fluorescent images
were observed by confocal microscopy (Bio-Rad Radiance
2100, Bio-Rad). We observed more than 300 F4/80" cells
and then calculated the percentage of arginase 1* cells in the
F4/80" cells.

In vitro expansion of CD11b* Ly-6C* F4/80™ cells

BM cells obtained from naive female C57BL/6 mice were used for
in vitro assays. BM cells were harvested from femurs and tibias,
treated with RBC lysis solution, and then sorted for
CD117"* cells using a c-kit isolation kit (Miltenyi Biotec, Bergisch
Gladbach, Germany) according to the manufacturer’s protocol.
The purity of CD117* cells was>60% in our experiments.
Harvested cells were cultured with Gal-9 (3 and 30nM) in the
presence or absence of T. asahii for 5 days.

Cell sorting
Very stringent gating conditions were used for sorting experi-
ments (FACSAria, Becton Dickinson), with purity checked by flow

cytometry: CD11b*Ly-6C*Ly-6G~ cells and CD11b*Ly-6C~
Ly-6G™ cells were >95%.
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Western blot

Harvested cell pellets were dissolved in SDS lysis buffer,
boiled, fractionated on an SDS-polyacrylamide gel, and trans-
ferred to a nitrocellulose membrane. After blocking with PBS
plus 0.1% Tween-20 containing 5% skim milk for 1h at
room temperature, the membrane was incubated with anti-
bodies against NOS2 (Abcam, Cambridge, MA, USA) and
arginasel (Santa Cruz, CA, USA) overnight at 4°C. After
washing with PBS plus 0.1% Tween-20, the membrane was
incubated with anti-HRP-linked Ab for 1h at room temperature
and visualized with Western lightning chemiluminescence
reagent (PerkinElmer, Waltham, MA, USA) according to the
manufacturer’s protocol. Extracts from mouse liver and whole
lung tissue were used as positive controls for NOS2 and
arginase 1, respectively.

Evaluation of suppressive effects on T-cell proliferation

T-cell proliferation was evaluated using splenic CD4" T cells and
BALF cells obtained from PBS-treated mice or Gal-9-treated mice.
In some experiments, Ly-6C* cells were depleted from BALF cells
of Gal-9-treated mice using specific antibodies and rabbit
complement system in vitro as described previously [36].
Generally, spleen cells were obtained at the time of BALF
collection from experimental HP mice. CD4" T-cell purification
and staining with PKH67 were performed according to the
manufacturer’s protocol (Sigma). Pre-stained CD4™ T cells were
diluted (BALF cells: T cells) 1:6 or 1:12, then co-cultured for 3
days. A T-cell proliferation index was evaluated by measuring the
decreasing PKH67 staining intensities in CD4" T cells after
co-culture with BALF cells.

For in vitro experiments, the effects of CD11b*Ly-6CM#" or
CD11b*Ly-6C™ cells on T-cell proliferation were assessed using
[®H] thymidine as described previously [11]. In brief, U-bottom
96-well plates were coated with anti-CD3/CD28 antibodies
(1pg/mL each) overnight at 4°C. CD4* T cells (0.3 x 10°
cells/well) were purified using specific MACS beads (Miltenyi
Biotec) and then cultured with plate-bound anti-CD3/CD28
for 3 days. The activated CD4" T cells were co-cultured with
BM cell-derived CD11b*Ly-6C"#", CD11b*Ly-6C™, and CD11b*
Ly-6C™ cells from the beginning of the culture. During the final
16h of the 3-day culture, 1pCi [*H] thymidine was added, and
the cells were then harvested. The supernatants (50 uL) were
harvested before addition of [°H] thymidine to measure cytokine
levels.

Statistical analysis
For statistical comparisons, non-parametric two-tailed
Mann-Whitney U-tests and two-way ANOVA were used. All

statistical analyses were performed with Prism 4 software
(GraphPad Software, La Jolla, CA, USA).
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