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IL-10 Is a Negative Regulatory Factor of CAWS-Vasculitis in
CBA/J Mice as Assessed by Comparison with Bruton’s
Tyrosine Kinase-Deficient CBA/N Mice'

Noriko N. Miura,* Motohiko Komai,* Yoshiyuki Adachi,* Naoki Osada,” Yosuke Kameoka,’

Kazuo Suzuki,’* and Naohito Ohno**

Candida albicans water-soluble fraction (CAWS), a mannoprotein--glucan complex obtained from the culture supernatant of C.
albicans NBRC1385, exhibits vasculitis-inducing activity (CAWS-vasculitis) in mice. The sensitivity to CAWS-vasculitis varies
greatly among mouse strains. This study examined the factors contributing to or inhibiting CAWS-vasculitis using CAWS-
vasculitis-resistant CBA/J mice and Bruton’s tyrosine kinase-deficient CBA/N mice, which is a CAWS-vasculitis-sensitive strain
that has the same origin as CBA/J mice. After stimulation with various kinds of pathogen-associated molecular patterns, the
production of inflammatoery cytokines IL-6 and IFN-y was induced in CBA/N mice, whereas that of immunosuppressive
IL-10 was induced in CAWS-vasculitis-resistant CBA/J mice. Furthermore, the production of tissue inhibitor of metallo-
proteinase 1, an endogenous matrix metalloproteinase inhibitor, was observed in CBA/J mice. The results strongly suggest
that the difference in the production of these cytokines is closely linked to the development of CAWS-vasculitis. The Journal

of Immunology, 2009, 183: 3417-3424,

asculitis syndrome is a collective term for diseases
caused by vasculitis, which is defined as inflammation of
the vascular wall (endothelium, tunica media, and ad-
ventitia) and its adjacent parts. In arteries and veins, vasculitis is
characterized by the localized infiltration of inflammatory cells
into the intravascular wall and its surroundings, accompanied by
denaturation and necrosis. Many diseases, including Takayasu’s
disease, Wegener’s granulomatosis, and Buerger’s disease, are
known to cause vasculitis. However, the cause of various clinical
pathologies or groups of disorders brought about by vasculitis re-
mains unknown. The techniques of molecular biology and genetic
engineering are well established, and new technologies have been
developed frequently in these fields. Using such technologies, the
etiology and pathology of vasculitis is being clarified gradually.
Kawasaki disease was first reported by Dr. T. Kawasaki in 1967
and is also called acute febrile mucocutaneous lymph node syn-
drome (1). It is a disease characterized by fever continuing for 5
days or longer, hyperemia of bulbar conjunctiva in both eyes,
strawberry tongue, and atypical rash; the cause of which is un-
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known. Systemic vasculitis develops in Kawasaki disease patients.
In particular, vasculitis of the coronary artery as sequela is of con-
cern (2). The coronary vasculitis develops further into coronary
aneurysm. If the aneurysm is relatively small, it can be normalized
within 1 or 2 years in most cases. However, a large aneurysm may
result in occlusion by forming a thrombus, complicated with myo-
cardial ischemia and myocardial disorders, and lead to sudden
death because of myocardial infarction. In regard to this occasion-
ally lethal vasculitis, although the incidence of coronary disorders
has been on the decline because of recently introduced gamma-
globulin therapy, neither the pathogenic mechanism nor therapeu-
tic pharmacological mechanism is known (3, 4).

Murata and colleagues et al. (5-7) revealed that arteritis similar
to coronary vasculitis, which is known as a sequela of Kawasaki
disease, can be induced in mice by Candida albicans-derived sub-
stances in the forms of a KOH extract of C. albicans cell wall.
Subsequently, C. albicans water-soluble fraction (CAWS)® was
studied for its ability to induce vasculitis, and it was found to
induce vasculitis at a higher rate than C. albicans-derived sub-
stances. The results indicated that CAWS is very useful for the
analysis of the pathogenesis of this disease (8—-15).

A deficiency of Bruton’s tyrosine kinase (Btk) in humans causes
serious sequela. This condition is known as X-linked agamma-
globulinemia. Patients with X-linked agammaglobulinemia are
vulnerable to infection, and administration of Ig is indicated (16).
In mouse, the lack of Btk is called Xid (xid), and CBA/N mice
have this genetic background (17).

CBA/J and CBA/N mice were differentiated from CBA/H mice,
which were derived from DBA mice. In CBA/N mice, several
phenomena caused by the lack of Btk have been reported. Btk is
believed to be essential for B cell differentiation and maturation. In

3 Abbreviations used in this paper: CAWS, Candida albicans water-soluble fraction;
Btk, Bruton’s tyrosine kinase; EVG, Elastica-van-Gieson; MMP, matrix metallopro-
tease; PAF, platelet-activating factor; PAMP, pathogen-associated molecular pattern;
TIMP1, tissue inhibitor of metalloproteinase 1.

Copyright © 2009 by The American Association of Immunologists, Inc. (022-1767/09/$2.00
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particular, this enzyme is reported to participate in rearrangement
of the L chain gene during pre-B cell differentiation into immature
B cells. Consequently, few mature B cells exist in CBA/N mice,
and their Ab-producing ability is decreased (18-20). Other effects
of the lack of Btk include a decrease in NO production in macro-
phages, an increase in IL-12 production, and a decrease in IL-5
production from T cells (21, 22).

This study examined the ability of CAWS to induce vasculitis in
CBA/N mice, histologically analyzed CBA/N and CAWS-vascu-
litis-resistant CBA/J mice, and compared the difference in cytokine
responses and the inflammatory parameters between CBA/N and
CAWS-vasculitis-resistant CBA/J mice. CAWS-vasculitis inhibi-
tory factors were also analyzed.

Materials and Methods

Experimental animals

Male CBA/N and DBA/2 mice were acquired from Japan SLC. Male
CBA/J mice were acquired from Charles River Japan. The animals were
raised in a specific pathogen-free environment. Mice aged 5-14 wk were
used in this study. All animal experiments in Tokyo University of Phar-
macy and Life Sciences (TUPLS), and each of the experimental protocols
was approved by the Committee of Laboratory Animal Experiments of
TUPLS.

Fungi

C. albicans strain NBRC1385 was acquired from the National Institute of
Technology and Evaluation Biological Resource Center, stored on Sab-
ouraud agar medium (Difco) at 25°C, and subcultured once every 3 mo.

Preparation of CAWS

CAWS was prepared from C. albicans strain NBRCI1385 in accordance
with conventional methods. Culture was performed in 5 liters of C-limiting
medium for 2 days at a rotating speed of 400 rpm while pumping in air at
27°C and 5 L/min. After culturing, an equal volume of ethanol was added,
and after allowing to stand undisturbed overnight, the precipitate was re-
covered. This fraction was dissolved in 250 ml of distilled water, ethanol
was added, and the solubilized fraction was allowed to stand undisturbed
overnight. The precipitate was recovered and dried with acetone to
obtain CAWS.

Administration schedule for induction of CAWS-vasculitis

CAWS (0 or 4 mg/mouse) was administered i.p. for 5 consecutive days to
each mouse. At 28 days after CAWS injection, mice were sacrificed, and
the hearts of the animals were fixed with 10% neutral formalin and pre-
pared in paraffin blocks. Tissue sections were stained with H&E stain or
Elastica-van-Gieson (EVG) stain.

Examination of IL-10 and endogenous matrix metalloproteinase
(MMP) inhibitor (tissue inhibitor of metalloproteinase 1
(TIMP1)) mRNA expression levels in aorta by RT-PCR

The spleen and the aorta were resected from mice, frozen in liquid nitro-
gen, and immediately stored in Isogen (Nippon Gene). Each sample was
homogenized with a homogenizer, and RNA was isolated by chloroform
extraction. The total RNA level was determined by measuring OD using
Nanodrop-ND1000. All total RNA were stored at —80°C or below.
Nuclease-free water was added to the total RNA along with oligo dT,,
primer (Promega), and the reaction was conducted in a Thermal Cycler
(Takara) at 70°C for 5 min. The product was cooled immediately by plac-
ing the reaction on ice for 5 min. Then, the following reagents were added:
Moloney murine leukemia virus reverse transcriptase XL (Promega), PCR
nucleotide mix (ANTP) (Promega), Moloney murine leukemia virus reverse
transcriptase 5X reaction buffer, and nuclease-free water. The reverse tran-
scriptase reaction was performed at 42°C for 60 min in a total volume of
25 pl/tube to obtain cDNA. The obtained cDNA was used as a template
by adding PCR Master Mix (2X) (Promega), forward primer, reverse primer,
and nuclease-free water, and heat denaturation was performed at 94°C for 2
min. One cycle consisted of heat denaturation at 94°C for 10 s, primer an-
nealing at 55°C for 30 s, and elongation at 72°C for | min. Thirty cycles of this
reaction were performed to obtain the PCR products. The primer sequences are
shown as follows, all of which were purchased from Sigma-Genosys: IL-10
forward primer, 5'-ACCTGGTAGAAGTGTATGCCCCAGGCA-3'; IL-10
reverse primer, 5'-CTATGCAGTTGATGAAGATGTCAAA-3'; TIMP! for-

ward primer, 5'-ACTCGGACCTGGTCATAAGGGC-3'; TIMP1 reverse
primer, 5'-AAGAAGCTGCAGGCACTGAT-3'; B-actin forward primer, 5'-
TGGAATCCTGTGGCATCCTGAAAC-3'; and P-actin reverse primer,
5'-TAAAACGCAGCTCAGTAACAGTCCG-3'.

Comprehensive analysis of expressed gene by gene chip

We pooled total RNA from the spleens of three DBA/2 and two CBA/J
mice for each strain after 21 days from the injection of CAWS. The probes
labeled by cyanin3 and cyaninS were hybridized with a DNA microarray
(mouse 10K oligo chip; DNA Chip Consortium) on which 10,386 clones
were spotted. After washing, fluorescence was measured using an array
scanner. The fluorescence intensity of each spot was corrected by subtract-
ing the background fluorescence intensity. Genes of signal intensity values
<1000 were excluded because these may be detected nonspecifically. The
microarray data was deposited to Gene Expression Omnibus (accession no.
GSE16529; (www.ncbi.nlm.nih.gov/geo/query/acc.cgi)).

Spleen cell culture

The mice were euthanized by inhalation of CO,, after which the spleen was
excised. After teasing using a mesh in RPMI 1640 medium, the tissue was
separated by centrifugation at 1200 rpm by 5 min, and the resulting cells
were treated with Ammonium Chloride Potassium lysing buffer (8.20 g/L.
NH,C], 1 g/ KHCO;, and 37.2 mg/L. EDTA 2Na). After two washes with
RPMI 1640 medium, the spleen cells were counted to adjust the cell den-
sity and then used after being suspended in RPMI 1640 medium with 10%
FCS. The spleen cells were adjusted to 5 X 10° in RPMI 1640 medium
containing 10% FCS, and 500-ul aliquots were added to each well of a
48-well plate. After the addition of LPS (from Escherichia coli serotype
0111:B4; SIGMA), CpG (1668; 5-TCCATGACGTTCCTGATGCT-3';
Sigma-Genosys), or tri-acylated lipoproteine (Pam,-CSK,), the cells were
cultured for 48 h in a 5% CO, incubator at 37°C. The cytokine level of the
culture supernatant was determined by ELISA as described below.

Measurement of IL-10 and TIMP1

IL-10 level was measured using a OPTg,, IL-10 ELISA kit (BD Pharm-
ingen), and the TEIMP1 level was measured using a RayBio Mouse TIMP1
ELISA kit.

Measurement of IFN-y

A 96-well ELISA plate (Nunc) was coated with rat anti-mouse IFN-y mAb
(BD Pharmingen) using 0.1 M NaHCO, (pH 8.2) and incubated overnight
at 4°C. After washing with 0.05% Tween PBS (PBST), the Ab was blocked
for 40 min at 37°C with 0.5% BSA-PBST (BPBST). This was followed by
the addition of standards and samples (50 ul each), incubation for 40 min
at 37°C, and six washes with PBST. Fifty microliters of a secondary Ab in
the form of biotinylated rat anti-mouse I[FN-y (1/1000; BD Pharmingen)
was then added, and after incubation for 40 min at 37°C and a wash with
PBST, peroxidase-conjugated streptavidin (1/2000; BD Pharmingen) was
added. This was followed by incubation for 40 min at 37°C and six washes
with PBST. Subsequently, color was generated using peroxidase substrate
(tetramethylbenzidine microwell peroxidase substrate system; Kirkegaard
& Perry Laboratories). After termination of the reaction with I M phos-
phoric acid, absorbance (OD450/reference OD630) was measured. Recom-
binant mouse IFN-y (BD Pharmingen) was used as the standard.

Measurement of IL-6

A 96-well ELISA plate (Nunc) was coated with rat anti-mouse IL.-6 mAb
(BD Pharmingen) using 0.1 M bicarbonate buffer (pH 9.5) and incubated
overnight at 4°C. After washing with PBST, the Ab was blocked for 40 min
at 37°C with BPBST. This was followed by the addition of standards and
samples (50 ul each), incubation for 40 min at 37°C, and six washes with
PBST. Fifty microliters of a secondary Ab in the form of biotinylated rat
anti-mouse IL-6 (1/2000; BD Pharmingen) was then added, and after in-
cubation for 40 min at 37°C and a wash with PBST, peroxidase-conjugated
streptavidin (1/10,000; BD Pharmingen) was added. This was followed by
incubation for 40 min at 37°C and six washes with PBST. Subsequently, 50
ul of peroxidase substrate (tetramethylbenzidine microwell peroxidase
substrate system; Kirkegaard & Perry Laboratories) was added to gener-
ated color, and absorbance was measured as described previously. Recom-
binant mouse IL-6 (BD Pharmingen) was used as the standard.

Test for significant difference

Tests for significant differences in this study were performed using Stu-
dent’s ¢ test, and values with p < 0.05 were judged significant.
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FIGURE 1. Histopathological find-
ings of coronary arteries and aorta in
CBA/N and CBA/J mice. CAWS (4 mg/
mouse) was 1.p. administered to CBA/N
(A-D) and CBA/J (E-H) mice for 5 con-
secutive days. At 14 (A and E) and 28
(B-D and F-H) days after CAWS injec-
tions, mice were sacrificed and stained us-
ing H&E.

Results
Histological analysis of CAWS-vasculitis in CBA/J and CBA/N
mice

Following the protocol for CAWS-vasculitis induction, CAWS
was administered to CBA/J and CBA/N mice, and tissue slices of
the beginning of aorta were prepared and stained with HE and
EVG for observation. As a result, a 100% incidence of vasculitis
was observed in the aorta and coronary artery of CBA/N mice (Fig.
1, A-D). This vasculitis in CBA/N mice developed 2 wk after the
administration of CAWS. In contrast, no significant inflammatory
changes were observed in the intima or adventitia of the aorta or
the coronary artery in CBA/J mice (Fig. 1, E-H). EVG staining
revealed injuries to the elastic fibers of CBA/N mice, which de-
veloped into CAWS-vasculitis, but similar injuries were not ob-
served in CAWS-vasculitis-resistant CBA/J mice (Fig. 2).

cDNA microarray analysis of gene expression in spleen

To determine factors that participated in the onset of CAWS-vas-
culitis, genome-wide patterns of gene expression in challenged

FIGURE 2. Histopathological findings of coronary arteries and aorta.
CAWS (4 mg/mouse) was i.p. administered to CBA/N (A and C) and
CBAJI (B and D) mice for 5 consecutive days. At 28 days after CAWS
injections, mice were sacrificed and stained with EVG stain,
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mice were examined using DNA microarrays. DBA/2 was only the
strain in the present experiments that died because of CAWS-vas-
culitis. On the other hand, CBA/J mice showed the strongest re-
sistance to CAWS-vasculitis among the inbred strains used in
these experiments. To compare the difference in gene expression in
the spleen at the time of vasculitis development between DBA/2
and CBA/J mice, a comprehensive analysis of the difference
among strains was performed using the oligo-DNA microarrays.

As genes showing low expression in the hybridization detection
system are not reliable, spots with a sum of cyanin3 and cyanin5
fluorescence intensities exceeding 1000 and having differences of
=1.5 times were selected. According to these criteria, 271 genes
were up-regulated in CBA/J mice, and 148 genes were up-regu-
lated in DBA/2 mice. Genes with unknown function in the public
database were filtered out. A list of differentially expressed genes
was shown in Table I. In DBA/2 mice, the expression of inflam-
matory genes, such as cathepsin G, myeloperoxidase, proteinase 3,
and neutrophil elastase, was increased, whereas in CBA/J mice,
that of TIMPI was increased.

As described above, DBA/2 mice are the most sensitive strain to
CAWS-vasculitis, and CBA/J is the most resistant. Many inflam-
matory as well as anti-inflammatory genes were differentially ex-
pressed between CBA/J and DBA/2 strains, suggesting that genes
responsible for inflammation may play an important role for vas-
culitis. In this study, a third strain, CBA/N, which exhibits Btk
deficiency and it is moderately sensitive to CAWS-vasculitis, was
used, as shown in Figs. 1 and 2. At present, it was decided not to
carry out microarray analysis using CBA/N because of its inter-
mediate phenotype. However, this strain is superior for quantita-
tive experiments, as shown later (Fig. 3).

Blood cytokine production in the initial phase after CAWS
administration

CBA/) is the only mouse strain resistant to CAWS-vasculitis
among the inbred mouse strains studied so far. It was reported
previously that anti-inflammatory cytokine IL-10 (23) production
is increased in CBA/J mice (11). Therefore, the serum IL-10 level
was measured in CBA/J and CBA/N mice after administration of
CAWS (4 mg in PBS/mouse), along with the production of
TIMP1, an endogenous matrix metalloprotease inhibitor, the gene
expression level of which was found to be increased in the cDNA
microarray analysis.

In CBA/J mice, high levels of IL-10 were produced 1 h after
CAWS administration. In contrast, IL-10 production was hardly
detected in CBA/N mice (Fig. 34). In CBA/J mice, TIMP1 showed
high levels 4 h after CAWS administration, and it continued to
increase even at 10 h after CAWS administration. On the other
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Table I. Genes differentially expressed in CBA/I and DBA/2
splenocytes at day 21

Log,

Gene Name Ratio UniGene
Mpyeloperoxidase 3.04 Mm4668
Neutrophilic granule protein 2779 Mm.2827
TNF (ligand) superfamily, member 12 2,73 Mm.8983
8100 calcium-binding protein A9 (calgranulin B) 2.58  Mm.2128
Cathelicidin antimicrobial peptide 2.50  Mm.21855
Peptideglycan recognition protein 247  Mm.3834
Cathepsin G 230 Mm.4858
8100 calcium-binding protein A8 (calgranulin A) 227  Mm.21567
GATA-binding protein 1 2.05 Mm.1344
CD24a Ag 202 Mm.6417
Hemoglobin Z, B-like enbrionic chain 1.90  Mm.196718
Lipocalin 2 1.89  Mm.9537
Carbonic anhydrase 1 1.82  Mm.J3471
Chemokine (C-X-C motif) ligand 7 162 Mm.157750
Fibronectin 1 151 Mm.193099
Chemokine (C-X-C motif)ligand 4 1.50  Mm.23905
Neutrophil elastase 1.39  Mm.271137
Proteinase 3 135 Mm.2364
Aminolevulinate, 8-,dehydratase .34  Mm.6988
TNF, a-induced protein 2 128  Mm.4348
Chemokine (C-X-C motif) receptor 4 .18 Mm.1401
C-type lectin-like receptor 2 1.12° Mm.30700
IFN-stimulated protein .11 Mm.19029
Chemokine(C-X-C motif) ligand 5 099 Mm.4660
Chemokine (C-C motif) receptor 1-like 1 0.95 Mm.57056
IL-12R, B1 095 Mm.731
TGF-Bl-induced transcript 4 094 Mm.20927
TIMPI —5.44  Mm.B245
Insulin 1 —520 Mm46269
Chemokine (C-C motif) receptor 8 -4.89  Mm.8000
IL-8R, —443  Mm.234466
Carboxyl ester lipase —~4.43  Mm.4349
Carboxypeptidase Bl (tissue) —4.30 Mm.34692
Regenerating islet-derived 2 —4.25 Mm.46360
Pancreatic lipase-related protein 2 —4.14  Mm.1230
Glycoprotein hormones, a subunit —4.10  Mm.1361
Serine protease inhibitor, Kazal type 3 —4.04 Mm.272
Elastase 1, pancreatic —397 Mm.2131
Regenerating islet-derived 1 —397 Mm.142731
Protease, serine, 18 -394 Mm.3944
Pancreatic lipase-related protein 1 —3.66 Mm.10753
Chemokine(C-X-C motif) ligand 11 —3.33 Mm.131723
Cholinergic receptor, nicotinic, B-polypeptide 1 —297 Mm.86425
Elastase 2 =292 Mm.21925
Pancreatitis-associated protein —2.71 Mm.2553
Chymotrypsin-like —2.70  Mm.2745
Inhibitor of kB kinase vy —2.60 Mm.12967
Islet neogenesis-associated protein-related protein - —2.53  Mm.33691
Protease, serine, 21 —2.35 Mm.86657
TNFR superfamily, member 12a —1.85 Mm.28518
Inter-a trypsin inhibitor, heavy chain 1 —-1.75 Mm.3227
Carboxipeptidase Al —-1.64 Mm.25377
Thioredoxin 1 —1.31  Mm.260618

“ The genes with negative ratio values are abundant in the CBA/J mice, whereas
genes with positive ratio values are abundant in the DBA/2. The microarray data was
deposited to Gene Expression Omnibus (accession no. GSE16529; www.ncbi.nim,
nih.gov/geo/query/acc.cgi).

hand, in CBA/N mice, TIMP1 showed high levels 4 h after CAWS
administration similar to CBA/J mice, but it decreased at 10 h after
CAWS administration (Fig. 3B).

Gene expression levels in the spleen and the aorta in the initial
phase after CAWS administration

The gene expression levels of anti-inflammatory cytokines were com-
pared in the initial phase after CAWS administration in CBA/J and
CBA/N mice. CAWS (4 mg/0.2 ml PBS) was administered i.p., and
the effect was examined using RT-PCR to measure IL-10 and TIMP1
gene expression levels in the spleen and the aorta 1 and 3 h after the
administration (Fig. 4). 3-Actin was used as the internal standard and
for correcting the expression level of each sample.

IL-10 gene expression in spleen cells at 1 and 3 h after CAWS
administration was higher in CBA/J mice than in CBA/N mice. In
particular, high expression levels were observed 1 h after CAWS

200 ¢ A % . CBA/]
A CBA/N

IL-10 (pg/mL)

16 - %
4+ B

12 *%

TIMP1 (ng/mL)

D0 B>
T

TIMP1 (ng/mL)

1 2 3
(weeks)
FIGURE 3. Serum IL-10 and TIMP1 leads to CAWS-injected CBA/J
and CBA/N mice. Serum was collected from CBA/J and CBA/N mice i.p.
injected with CAWS (4 mg/mouse) at various time points (six animals per
group). IL-10 (A) and TIMP1 (B; after 0, 1, 4, 10 hours of CAWS admin-

istration, C; after 1, 2, 3 wk of CAWS administration) production was
measured using ELISA. *, p < 0.05; **, p < 0.001 (vs 0 h).

administration. It was also observed that TIMP1 gene expression
was increased in CBA/J mice after CAWS administration. How-
ever, contrary to the expectation, a particularly high expression
was observed in CBA/N mice 3 h after CAWS administration (Fig.
4, A and C).

A markedly higher expression level of IL-10 gene in aorta cells
of CBA/J mice was noted 1 h after CAWS administration. The
IL-10 gene expression level in CBA/N mice was lower than that in
CBA/J mice, but the TIMP1 gene expression level was similar in
both strains before and after the administration of CAWS (Fig. 4,
B and D).

Blood cytokine production in the late phase after CAWS
administration

It was reported that CAWS-vasculitis begins to develop ~1 wk
after CAWS administration (10). Using ELISA, serum cytokine
production was measured in the late phase after CAWS adminis-
tration (4 mg/0.2 ml PBS) when the vasculitis was thought to have
developed (Fig. 30).

IL-10 production was not observed in either CBA/J or CBA/N
mice in the late phase after CAWS administration (data not
shown). After 1 wk of CAWS administration, TIMP1 production
in CBA/J mice tended to be higher but not to a significant degree.
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FIGURE 4. Semiquantitative anal-
ysis of IL-10 and TIMP1 mRNA ex-
pression ratios relative to actin in the
spleen and aorta. Total RNA was iso-
lated from the spleen and the aorta of
CBA/J and CBA/N mice i.p. injected
with CAWS (0 or 4 mg/mouse) at 350 A
various time points. After the reverse 300 ¢
transcriptase reaction was performed,
each gene expression level was mea-
sured by semiquantitative PCR. Actin
mRNA expression was also measured
as an internal control and used for the
normalized of target genes expression
levels. A, IL-10 mRNA expression
level in the spleen; B, IL-10 mRNA
expression level in the aorta; C,
TIMP1 mRNA expression level in the
spleen; and D, TIMP1 mRNA expres-
sion level in the aorta.
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TIMP1 production in CBA/J mice was not different from that in
CBA/N mice after 2 or 3 wk of CAWS administration.

Gene expression in the spleen and the aorta in late phase after
CAWS administration

IL-10 and TIMP1 gene expression levels were compared in the
spleen and the aorta of CBA/J and CBA/N mice during the vas-
culitis-forming phase after CAWS administration. CAWS (4 mg/
0.2 ml PBS) was administered i.p. for 5 consecutive days, and
IL-10 and TIMP1 gene expression levels were examined by RT-
PCR in the spleen and the aorta 2 and 4 wk after the last
administration.

High IL-10 gene expression levels were observed in both the
spleen and the aorta of CBA/J mice 2 wk after CAWS adminis-
tration (Fig. 5). On the other hand, no IL-10 gene expression was
observed in CBA/N mice. High TIMP1 gene expression was noted
in the aorta of CBA/J mice 2 and 4 wk after CAWS administration.
In addition, in the late phase after CAWS administration, the gene
expression level in the spleen and the aorta showed a similar
pattern.

Cytokine production in spleen cells of CBA/J and CBA/N mice
after stimulation with pathogen-associated molecular patterns
(PAMP)

Previous studies have indicated that when spleen cells of
DBA/2 and CBA/J mice in which vasculitis had been induced
by CAWS were cultured with CAWS the production of non-
anti-inflammatory cytokines but not inflammatory cytokines
was observed in DBA/2 mice, whereas the production of non-
inflammatory cytokines but not anti-inflammatory cytokine
IL-10 was observed in CBA/J mice (11). Therefore, the pro-
duction of IL-10 and inflammatory cytokines IL-6 and IFN-y

Spleen

thr 3hrs cont 1hr 3hrs

Aorta

was studied in CBA/J and CBA/N mice. The following PAMP
were used: LPS, a Gram-negative bacterial cell wall component
recognized by TLR4; PAMS3, which is recognized by TLR2; and
CpG, a synthetic oligodeoxynucleotide recognized by TLRO.
Upon stimulation with these PAMP recognized by respective
TLR, the production of a large amount of IL-10 was observed in
the spleen cells of CBA/J mice, which show resistance to CAWS-
vasculitis. The production of IL-6 and IFN-y was hardly observed
in the spleen cells of CBA/J mice. On the other hand, in the spleen
cells of CBA/N mice, which are sensitive to CAWS-vasculitis, the
production of IL-6 and IFN-vy but not IL-10 was observed (Fig. 6).

Acute lethal activity in CAWS-administered mice

Other than its vasculitis-inducing activity, CAWS is known for its
acute lethal activity after i.v. administration (12, 13). As a positive
control, a closed colony of ICR mice was used, in which ~100%
acute lethal activity is observed. A 200-ug acute lethal dose of
CAWS was administered to the closed-colony ICR mice, in addi-
tion to 400 pug of CAWS, which is double that amount, through the
caudal vein of the mice.

The acute lethal activity of CAWS was clearly observed in vas-
culitis-resistant CBA/J mice. CBA/J mice showed reduced move-
ment ~5 min after CAWS administration and shock status ~15
min after administration. Almost all the mice died within 25 min
after administration. In contrast, no acute lethal activity was ob-
served in vasculitis-sensitive CBA/N mice, and acute lethal activ-
ity was also not observed in DBA/2 mice that develop severe vas-
culitis (Table II).

Discussion
Kawasaki disease induces the development of systemic vasculitis.
In particular, the vasculitis that develops in the coronary artery
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sometimes becomes lethal, and thus, elucidation of the mecha-
nisms underlying its pathogenesis and therapy is clinically impor-
tant. According to Murata and colleagues (5-7), when CAWS is
i.p. administered daily, vasculitis in the coronary artery, similar to
that in Kawasaki disease, can be induced at a high rate. Although
the vasculitis-inducing activity of CAWS has been studied in var-
ious inbred mouse strains, it was revealed for the first time that
CAWS-vasculitis can be induced in Btk-deficient CBA/N mice
(Figs. 1 and 2). Analysis of serial sections of the aorta stained with
H&E suggested that the vasculitis in CBA/N mice was mild com-
pared with that in DBA/2 mice, because aortic stenosis was mild
and no reduction in survival rate was observe after CAWS admin-
istration (10, 14). Previous studies have shown that elastic fiber
injury occurs in the aorta close to the beginning of the coronary
artery in mice that develop CAWS-vasculitis (10). A similar phe-
nomenon was observed in CBA/N mice as well. Because such a
phenomenon was not observed in CAWS-vasculitis-resistant
CBA/J mice, a rupture of the elastic fibers in CBA/N mice was
thought to be attributable to CAWS-vasculitis. The aorta is an
elastic-type artery, and this elasticity is due to the formation of a
substantial elastic layer in the tunica media. The upper part of the
aorta where CAWS-vasculitis occurs is particularly rich in elastic
fibers. Therefore, the present observation that injury occurs in the
aortic elastic fibers in CBA/N mice as a result of CAWS-vasculitis
is an important finding for further analysis of CAWS-vasculitis in
the future.

CBA/J mice showed resistance to CAWS-vasculitis. To the best
of our knowledge, no inbred mouse strain, except for CBA/J, is
resistant to CAWS-vasculitis. Therefore, further analysis of resis-
tance to CAWS-vasculitis in CBA/J mice is considered to be im-

Aorta

portant not only for the elucidation of the pathogenic mechanism
of CAWS-vasculitis but also for the development of a therapeutic
model. On the other hand, DBA/2 mice develop severe vasculitis
following CAWS administration, and this vasculitis is fatal. No
other strains of mice, except for DBA/2, showed fatal CAWS-
vasculitis. To determine the factors that participated in the onset of
CAWS-vasculitis, mRNA expression in the splenocytes from
DBA/2 and CBA/J mice was examined using a microarray tech-
nique. High expression levels of mRNA such as myeloperoxidase,
cathepsin G, neutrophil elastase, and proteinase 3 were recognized
in DBA/2 mice. These proteins are well-known markers of neu-
trophils and correlate with inflammation.

TIMP1 was suggested to be one of the most important factors in
the inhibition of CAWS-vasculitis in the results of the microarray
analysis (Table I). TIMP1 is known to be a MMP-specific endog-
enous inhibitor. Contrary to expectation, temporarily high levels of
TIMP1 were observed in CBA/J mice (Fig. 3). It was reported that
there was no correlation between blood TIMP and MMP produc-
tion levels and disease severity in multiple patients with Kawasaki
disease, and an imbalance of these levels contributed to the
development of vasculitis (24, 25). It was also suggested that
the imbalance of TIMP and MMP is a factor contributing to the
development of vasculitis. MMP was reported to be involved in
vasculitis remodeling and the formation of vasculitis in Ka-
wasaki disease (26). Therefore, further studies may be neces-
sary to examine not only TIMP levels per se but also its pro-
duction level relative to MMP.

The gene expression levels of IL-10 and TIMP! in spleen and
aortic root were examined at early and late stages of CAWS-vas-
culitis (Figs. 4 and 5). In the late stage (2-4 wk after CAWS
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FIGURE 6. Cytokine production in culture supernatants of splenocytes from CBA/J and CBA/N mice stimulated with LPS, PAM,-CSK,, and CpG-
oligodeoxynucleotide. Splenocytes were collected from CBA/J and CBA/N mice (four animals per group). Prepared splenocytes were cultured with LPS
0, 0.1, 0.2, 0.4, 0.8, or 1.6 ug/ml, A, D, G), PAM,-CSK,, (0, 1, 10, 100, or 1000 ng/ml, B, E, H), or CpG-ODN (0, 1, 10, 100, or 1000 nM, C, F, I) for
48 h at an initial density of 5 X 10° cells/ml. The culture supernatants were collected and measured for IL-10 (A-C), IL-6 (D-F), and IFN-y (G-I) levels

using ELISA. (], CBA/N; @, CBA/J. ¥, p < 0.05; #*, p < 0.001 (vs blank).

administration), CAWS-vasculitis had developed, and the infil-
tration of leukocytes in CBA/N mice was significant. In con-
trast, leukocyte infiltration into the aortic root was scarce in
CBA/J mice (Figs. 1 and 2). It was of interest that both IL-10
and TIMP1 were highly expressed in the aortic root of CBA/J
mice. IL-10 acts as anti-inflammatory, and TIMP1 protects tis-
sues from proteases; thus, the expression of both genes con-
comitantly protects the tissue from inflammation. In the case of
CBA/N mice, TIMP1 was expressed weakly, but no IL-10 ex-
pression could be detected. The anti-inflammatory system of the
aortic root could be weak. Of interest, gene expression in the
aortic root and spleen are similar for both genes, suggesting that
inflammatory and/or anti-inflammatory states may not be local
but systemic. In the early stage of CAWS-vasculitis, when leu-
kocyte infiltration is scarcely induced in both strains of mice,
both IL-10 and TIMP1 expression levels were also high in
CBA/J mice. From both the results of early and late stages, it
was suggested that cells expressing IL.-10 and TIMP1 may not
be infiltrating inflammatory cells but resident cells of the aortic
tissue, such as endothelial cells, fibroblasts, and smooth muscle
cells, as well as resident macrophages. However, precise char-

Table II. Acute lethal toxicity of CAWS i.v. administrated mice®

CBA/J CBA/N DBA/2 ICR
200 pg/mouse 4/5 0/5 0/5 5/5
400 pg/mouse 5/5 0/5 0/5 5/5

“The acute lethal toxicity of CAWS was monitored after i.v. administration to
ICR mice and observing the mice that died within 1 h after administration,

acterization of the cells expressing anti-inflammatory cytokines
and molecules was not performed in this study.

Stimulation of spleen cells of both CBA/J and CBA/N mice with
various PAMP revealed high IL-10 production in the spleen cells
of CBA/I mice (Fig. 6). It is known that PAMP are mainly rec-
ognized by TLR on the cell surface (27). On the other hand, IL-10
was barely produced in the spleen cells of CBA/N mice, whereas
the production of inflammatory cytokines IL-6 and IFN-y was ob-
served. Such cytokine responses are thought to be a factor con-
tributing to the development of CAWS-vasculitis in CBA/N mice.
As described earlier, CBA/N mice have a genetic background lack-
ing Btk compared with wild-type CBA/J mice. Therefore, it was
strongly suggested that Btk is involved in the difference in IL-10
production between the two mouse strains.

As a result of studies on acute lethal activity after CAWS
administration in various inbred mouse strains, in which vasculitis-
inducing activity is obvious, this study observed acute lethal ac-
tivity in vasculitis-resistant CBA/J mice. In contrast, vasculitis-
sensitive CBA/N and DBA/2 mice did not show acute lethal
activity (Table II). Although the mechanism underlying the devel-
opment of acute lethal activity has not been completely elucidated,
the fact that CAWS is a mannoprotein-f-glucan complex suggests
that the complement lectin pathway is involved (28). It was also
speculated that in accordance with the activation of the comple-
ment lectin pathway by CAWS, anaphylatoxin production and sub-
sequent production of platelet-activating factor (PAF) are acti-
vated. PAF is suggested to play an important role in the shock
observed when yeast mannan is administered (29). It was reported
that PAF receptor induces the production of IL-10 (30-34).
However, it remains unknown whether Btk, which is the genetic
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difference between CBA/J and CBA/N mice, affects these path-
ways or not.

From these results, CBA/J mice are thought to be resistant to

vasculitis because the inhibitory pathway, including IL-10, is eas-
ily induced not only by CAWS but also by various ligands.
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Abstract

Background: Cynomolgus macaques (Macaca fascicularis) are a valuable resource for linkage
studies of genetic disorders, but their microsatellite markers are not sufficient. In genetic studies,
a prerequisite for mapping genes is development of a genome-wide set of microsatellite markers in
target organisms. A whole genome sequence and its annotation also facilitate identification of
markers for causative mutations. The aim of this study is to establish hundreds of microsatellite
markers and to develop an integrative cynomolgus macaque genome database with a variety of
datasets including marker and gene information that will be useful for further genetic analyses in
this species.

Results: We investigated the level of polymorphisms in cynomolgus monkeys for 671
microsatellite markers that are covered by our established Bacterial Artificial Chromosome (BAC)
clones. Four hundred and ninety-nine (74.4%) of the markers were found to be polymorphic using
standard PCR analysis. The average number of alleles and average expected heterozygosity at these
polymorphic loci in ten cynomolgus macaques were 8.20 and 0.75, respectively.

Conclusion: BAC clones and novel microsatellite markers were assigned to the rhesus genome
sequence and linked with our cynomolgus macaque cDNA database (QFbase). Our novel
microsatellite marker set and genomic database will be valuable integrative resources in analyzing
genetic disorders in cynomolgus macaques.

Background

Cynomolgus macaques (Macaca fascicularis) are one of the
most commonly used nonhuman primates in biomedical
research. Currently, about two thousand cynomolgus
macaques are maintained in Tsukuba Primate Research
Center (TPRC), Japan [1]. Several lineages of the captive

cynomolgus macaques have genetic disorders such as
macular degeneration [2] and endometriosis [3]. In
genetic studies, a prerequisite for mapping genes is devel-
opment of a genome-wide set of microsatellite markers in
target organisms. A whole genome sequence and its anno-
tation also facilitate identification of markers for causative
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mutations. A comprehensive cynomolgus macaque
genome database, including a map of Bacterial Artificial
Chromosome (BAC) clones, 5'-end expressed sequence
tags (ESTs), microsatellite markers, primer sequences for
microsatellite markers, and genes around the microsatel-
lite markers would be valuable for linkage analyses, but,
unfortunately, complete genome of cynomolgus macaque
is not yet sequenced.

A microsatellite marker set is a versatile tool that would
assist in colony management, conservation work, and
paternity testing of nonhuman primates [4-12]. Microsat-
ellite markers of human [13] and some nonhuman pri-
mate species [ 14-17] are now widely available, facilitating
linkage analyses in these species. The first generation of
genetic linkage maps of baboons [18,19] and rhesus
macaques were developed by Rogers, et al. [20]. However,
few studies have been conducted on microsatellite mark-
ers in cynomolgus macaques [12,21]. In this study, we
established 499 microsatellite markers that were covered
by pre-identified Bacterial Artificial Chromosome (BAC)
clones for cynomolgus macaques. We also developed an
integrative cynomolgus macaque genome database with a
variety of datasets including marker and gene information
that will be useful for further genetic analyses in this spe-
cies. Advantages of this study are (1) since most of newly
developed microsatellite marker loci were covered by the
BAC clones, we could search for their chromosomal loca-
tions by in silico mapping, (2) these microsatellite markers
were mapped to the rhesus macaque genome sequence
http://genebank.nibio.go.ip/cgi-bin/gbrowse/rheMac2/,
and (3) the 499 novel markers established in this study
outnumber the previously reported microsatellite markers
in other macaques and are probably useful for linkage
studies in other non-human primate species as well.

At a genome-wide level, the cynomolgus and rhesus
macaque genomes are very similar; their genetic diver-
gence is about 0.4% at a nucleotide level [22]. In addition,
their karyotypes are also very similar [23]. To design
cynomolgus macaque microsatellite markers based on the
rhesus macaque genome sequence would be a reasonable
and efficient way of establishing a species-specific
genomic conformation for this species. The development
of a linkage map in this species is a first step toward
exploring the genes responsible for genetic disorders in
captive macaques.

Results

Identification of polymorphic microsatellite and
construction of microsatellite marker database for
cynomolgus macaque

BAC-end sequences of 768 clones of a cynomolgus
macaque were determined. Of these, 487 BAC clones were

http://lwww.biomedcentral.com/1471-2156/10/24

successfully mapped onto the draft rhesus genome
sequence (see method). Within the regions that were cov-
ered by the BAC clones, we selected 671 candidate loci
from 394 BAC clones that harbor dinucleotide repeats
equal or longer than 20 bp in the rhesus genome
sequence. Of these, 34 markers were selected from rhesus
macaque or human microsatellite markers identified by
previous studies [13,24-28]. Our marker set does not con-
tain the markers previously developed by Kikuchi et al.
[21]. These primer sequences and their genomic locations
are presented in Additional file 1.

Next, we investigated whether these candidate repeats for
microsatellite markers are polymorphic using 10 unre-
lated cynomolgus macaque individuals from Indonesia,
Malaysia, and the Philippines. Of the 671 microsatellite
markers tested, 499 (74.4%) gave rise to polymorphic
PCR products, approximately the same size as expected
from the rhesus or human genome sequence. The detailed
information is presented in Additional file 1 and also on
our website hitp;//genebanknibio.go.jp/cgi-bin/qfbase/
macMMarker.cgi/. Because some of the microsatellite
markers located on very close loci, which were covered by
single BAC clone, we estimated the coverage of the
genome by the microsatellite makers using only one pol-
ymorphic microsatellite marker which have the distance
at least 0.1 Mbp between neighboring markers. The aver-
age distance between newly developed markers was about
10 cM, assuming that the macaque genome comprised
3000 Mbp of nucleotides. PCR product sizes are 63647
bp with an average size of 247 bp. The average number of
alleles per polymorphic marker was 8.20 (range 2-17)
and the average expected heterozygosity was 0.75 (range
0.10-0.94) for these 499 markers in the cynomolgus
macaques. The distribution of expected heterozygosity
values showed that a substantial number of the markers
have expected heterozygosity greater than 0.80. Microsat-
ellite markers with expected heterozygosity > 0.75 are
regarded as highly polymorphic {20]. According to this
criterion, 324 of 499 markers (64.9%) were highly poly-
morphic (Figure 1). In order to check the mode of inher-
itance of these markers, we investigated additional four
families consisting of 27 animals to confirm the inherit-
ance of 453 autosomal markers and found that 412 mark-
ers showed no contradictions concerning Mendelian
inheritance (see Additional file 2).

We investigated the distribution of the microsatellite
markers on the human and rhesus chromosomes. As
shown in Table 1, the novel microsatellite markers were
distributed over all autosomes and X-chromosome of
both species. Since the draft genome sequence of the rhe-
sus Y-chromosome is not available, we did not obtain
microsatellite markers on the Y-chromosome.
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Distribution of heterozygosity for the 499 microsat-
ellite markers. Heterozygosities (H,) range from 0.10 to
0.94, with a mean of 0.75. Among 499 polymorphic markers,
324 (64.9%) had H, > 0.75.

Construction of integrative cynomolgus macaque genome
database

We further constructed a genome browser for cynomolgus
macaques, based on the rhesus genome sequence. In this
database, users can search the positions of cynomolgus
macaque BAC clones, 5'-end expressed sequence tags
(ESTs) and microsatellite markers on the rhesus macaque
genome. In addition, human and macaque cDNA
sequences and rhesus macaque genes predicted by
Ensembl [29] were aligned on the genome. This database
is also connected to QFbase, which contains data of more
than 130,000 cynomolgus macaque ¢cDNAs [22]. This
information will facilitate the search for known or pre-
dicted cynomolgus macaque genes near the microsatellite
markers and help to narrow down candidate regions for
functional genes near these markers identified by linkage
analysis. The address of the database is http://

genebank.nibio.go.jp/cgi-bin/gbrowse/rheMac2/.

Discussion

At present, a few microsatellite markers have been
reported for cynomolgus macaques [12,21] even though
the microsatellite tool would be valuable for studying
cynomolgus macaque genetic diseases. In this work, we
have designed 637 primer pairs and selected 34 primer
pairs from NCBI/UniSTS. Of the 671 marker candidates,
499 polymorphic microsatellite markers located on
cynomolgus macaque BAC clones. These polymorphic
markers could be amplified with high probability with the
same protocol as for human microsatellite markers used
for other macaques [16,20]. Most of the developed micro-
satellite markers have high expected heterozygosity and
are distributed throughout the human and rhesus
macaque chromosomes. Our microsatellite marker set

http://www.biomedcentral.com/1471-2156/10/24

will be available for various studies in macaques, and
macaque chromosomal information of developed micro-
satellite markers is also available from the following data-
base http://genebank.nibio.go.j i-bin/gbrowse
rheMac2/. These BAC clones will be helpful for further
identification and functional analysis of genes implicated
in genetic disorders.

In the genome database of cynomolgus macaques, we
assumed that the synteny of the cynomolgus and rhesus
macaques is highly conserved. Although previous studies
suggested that their chromosomes were highly similar at a
microscopic level, smaller translocations, insertions or
deletions may exist between the two genomes {22,23].
The BAC resource can be used to verify such genomic dif-
ferences by fluorescent in situ hybridization (FISH)
method. We verified the suitability of such mapping by
FISH with 12 BAC clones. Although mapping all BAC
clones by FISH is not a practical approach, we are able to
check the synteny between the two genomes when a par-
ticularly interesting locus is found by further studies (see
Additional file 3).

In the polymorphism analysis, all PCR products showed
high fluorescence intensities, indicating the presence of
ample labeled PCR product, even without optimization.
Optimization of annealing temperature and magnesium
concentration for the unsuccessful markers using
cynomolgus macaque DNA would certainly yield addi-
tional useful markers. In addition, many of the microsat-
ellite polymorphisms reported here will also be useful in
other macaques {30,31].

Currently, about 800 human microsatellite markers,
which cover all areas of the human genome with intervals
of 5 cM, are commercially available. Rogers et al. devel-
oped the first generation of genetic linkage maps of
baboons [18,19] and rhesus macaques [20], primarily
consisting of human microsatellite loci amplified using
the published human PCR primers. Human markers have
been tested in the baboons, and over 280 microsatellites
were used in studies for osteoporosis in this species
[32,33]. The 499 novel markers established in this study
outnumber the previously reported microsatellite markers
in baboons and rhesus monkeys and are probably useful
for linkage studies in other non-human primate species as
well. These microsatellite markers are also valuable
resources for the management of captive macaque colo-
nies.

We are currently using linkage analysis to identify genetic
loci implicated in hereditary macular degeneration in
cynomolgus macaques, which is the only animal model of
human age-related macular degeneration. Early onset
macular degeneration occurred spontaneously in certain
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Table I: Microsatellite marker distribution on rhesus macaque
and human chromosomes.

Rhesus chromosome Human chromosome Microsatellite number

I | 37
12 2 17
13 2 30
2 3 35
5 4 27
6 5 28
4 6 25
3 7 36
8 8 18
15 9 10
9 10 22
14 I 22
B 12 33
17 13 27
7 14 12
7 15 I5
20 16 I5
16 17 10
18 18 I8
19 19 8
10 20 7
3 21 7
10 22 14
X X 26

cynomolgus macaque families at the Tsukuba Primate
Research Center (TPRC), and family analysis revealed that
this disease is controlled by autosomal dominant genes
[2]. The integration of various genetic tools including our
database would greatly facilitate the genetic-based
research on disease models in the future. We should note
that, however, the whole genome association studies,
especially for candidate genes with only minor effects,
might require a far denser map than that reported here.

Conclusion

Cynomolgus macaques (Macaca fascicularis) are one of the
most commonly used nonhuman primates in biomedical
research. In this study, we established 499 microsatellite
markers for cynomolgus macaques. We also developed an
integrative cynomolgus macaque genome database with a
variety of datasets that will be useful for further genetic
analyses in this species. The development of a linkage
map in this species is a first step toward exploring the
genes responsible for genetic disorders in captive
macaques. These datasets are definitely valuable to many
researchers who are in the field of primate genetics.

Methods

DNA sampling and pedigree structure

Whole blood samples were obtained from 37 pedigreed
cynomolgus macaques, aged 3-29 years, consisting of 17
males and 20 females housed at the TPRC, National Insti-

http://www.biomedcentral.com/1471-2156/10/24

tute of Biomedical Innovation (NIBIO), Tsukuba, Japan.
Blood samples of 10 unrelated individuals (four males
and six females) were used for the polymorphism analy-
sis. They consist of three Indonesian, four Philippine, and
three Malaysian cynomolgus macaques. Blood samples of
27 individuals in four families (13 males and 14 females)
from Malaysian cynomolgus macaques were used for the
inheritance analysis. Genomic DNA was isolated from 10
ml of heparinized peripheral blood using the Wizard
Genomic DNA purification kit (Promega, W1, USA). These
macaques were cared for and handled according to guide-
lines established by the Institutional Animal Care and Use
Committee of the NIBIO and the standard operating pro-
cedures for macaques at the TPRC. Collection of the blood
was conducted in accordance with all guidelines required
in the Laboratory Biosafety Manual, World Health Organ-
ization at the TPRC.

BAC library and BAC-end sequence

We used a BAC library that was constructed using DNA
from renal cells of cynomolgus macaques. The library
consists of approximately 110,000 recombinant BAC
clones providing 3.4-fold coverage of the cynomolgus
macaque genome. The cynomolgus macaque BAC library
was obtained from the Department of Biomedical
Resources, National Institute of Biomedical Innovation,
Osaka, Japan. DNA sequencing was performed with
BigDye Terminator v3.1 Ready Reaction Mix and ABI
Prism-Avant Genetic Analyzer (Applied Biosystems, CA,
USA).

In silico mapping of the BAC-end sequences on the rhesus
macaquegenome

The BAC-end sequences were mapped onto the draft
genome sequence of rhesus macaques {rheMac2 assem-
bly) using a BLAST program (E = 10-30). Repeat sequences
were masked before the BLAST search. When the two BAC-
end sequences from the same BAC clone were aligned as
head-to-head directions within the range of 10-300 kb on
the rhesus genome draft sequences, we assumed that the
BAC clone was correctly assigned to the genome. In order
to choose candidate loci for microsatellite markers within
the region, we surveyed short tandem repeats (STRs) span-
ning at least 20 nucleotides, with motif length 2 (i.e.,
CACACA-nucleotide repeats), which was identified using
Tandem repeats finder software [34].

Primer design and PCR

For 637 microsatellite loci on sequenced BAC clones,
paired primers were designed using DNASIS software
(Hitachi Software Engineering, Tokyo, Japan). The primer
sets were confirmed not to match more than one region of
the rhesus genome draft sequence [35]. MFA0028-0061
markers were selected from the NCBI/UniSTS id: markers
and mapping data are 72106, 147912, 8379, 63879,
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13743, 19265, 181717, 37796, 74733, 256705, 75673,
10546, 264996, 153124, 73737, 65585, 148897, 9343,
22659, 42001, 46786, 41570, 78383, 13963, 147924,
83050, 46652, 148707, 11528, 89846, 30829, 94600,
94603, and 76519, respectively [13,24-28]. The forward
primers were labeled with one of three fluorescent dyes, 6-
FAM, HEX, or NED. Amplification was done in a 384-well
format on the 9700 Thermal Cyclers (Applied Biosystems,
CA, USA). Ten microliters of the reaction mixture con-
tained 10 ng of genomic DNA, 2.5 nmol each of dATP,
dCTP, dGTP, and dTTP, 0.25 units of ExTaq, 5.0 pmol of
forward and reverse primers, and the manufacturer's PCR
buffer (all purchased from Takara Biosystems, Otsu,
Japan). Cycling conditions are as follows: an initial dena-
turation was performed at 94°C for 5 min, 30 cycles of
amplification were performed at 94 °C for 1 min, 55°C for
1 min, and 72°C for 1 min, and one cycle of extension
was performed at 72°C for 7 min. The same PCR condi-
tions were applied to all amplifications.

Analyses of microsatellite polymorphisms and genetic
inheritances

Amplified PCR products were mixed with gel-loading
cocktails containing deionized formamide and labeled
size standards (GeneMapper-LIZ 500; Applied Biosys-
tems, CA, USA). Samples were run on the Applied Biosys-
tems 3730 DNA analyzer (Applied Biosystems, CA, USA).
Expected heterozygosity (H,) of loci was calculated using
the formula: H,= 1 - ¥p?;[36]. We examined expected het-
erozygosity according to Nei [37]. Using 453 autosomal
markers, genetic inheritance analyses were performed by
checkfam [38].

Database construction

The cynomolgus macaque genome database was con-
structed using the rhesus genome sequence (rheMac2
assembly) as a reference. Information on microsatellite
markers, BAC clones, 130,000 5'-end expressed sequence
tags (ESTs) and annotation of genes was visualized with
Generic Genome Browser (GBrowse) software [39]. The
annotation of human and macaque transcripts on the
genome was retrieved from the UCSC genome browser
[40].

Availability and requirements
Database name: QFbase-GBrowse

Database home page: http://genebank.nibio.go.jp/cgi-
bin/gbrowse/rheMac?/

Any restrictions to use by non-academics: no restriction
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Additional material

Additional file 1

List of 671 primer pairs for microsatellite candidate loci. Polymor-
phism was determined with ten unrelated macaques. Chr, Chromosome;
Y, amplification; N, no amplification; P, polymorphic; M, monomorphic.
These data are also available at our website http://genebank.nibio.go.jp/
cgi-bin/qfbase/macMMarker.cgi, and these microsatellite markers are
mapped to the rhesus macaque genome database htp.//
genebank.nibio.go.jp/cgi-bin/gbrowse/rheMac2/. MFA0028-0061 mark-
ers are reported as NCBI/UniSTS id: markers and mapping data are
72106, 147912, 8379, 63879, 13743, 19265, 181717,37796, 74733,
256705, 75673, 10546, 264996, 153124, 73737, 65585, 148897,
9343, 22659, 42001, 46786, 41570, 78383, 13963, 147924, 83050,
46652, 148707, 11528, 89846, 30829, 94606, 94603, and 76519,
respectively.

Click here for file
{http://www.biomedcentral.com/content/supplementary/1471-
2156-10-24-51 xls]

Additional file 2

Allele data of 453 polymorphic markers. We checked the mode of inher-
itance of 453 microsatellite markers in four families (13 males and 14
females) from Malaysian cynomolgus macaques. Of these, 412 markers
showed no contradictions concerning Mendelian inheritance.

Click here for file .

[http://www biomedcentral.com/content/supplementary/1471-
2156-10-24-S2.xls]

Additional file 3

Chromoesomal localization of cynomolgus macaque BAC clones. Chro-
mosome numbers are (A): 11, 12, (B): 17, 13, (C): 7, 15, and (D): 19,
19, macaques (cynomolgus and rhesus) and human, respectively. Green
spots indicate hybridization signals of BAC DNA. Background staining
(red) is propidium iodide (PI).

Click here for file
|http://www.biomedcentral.com/content/supplementary/1471-
2156-10-24-S3.doc]
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