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Figure legends

Fig. 1 Suppression of arthritis in NKT-KO mice and CD1d-KO mice.
Ten NKT-KO (a, b) and ten CD1d-KO mice (¢, d) were immunized and
boosted with chicken CII emulsified in IFA plus inactivated M.
Tuberclosis H37Ra. Ten CS7BL/6 mice were used as the control in
each examination. The incidence of CIA (a, ¢) and the severity of
arthritis (b, d) were investigated.

cig?

represents each KO mice, “gg ” represents C57BL/6 mice.

Fig. 2 Reduction of anti-CII Abs in NKT-KO and CD1d-KO mice.
Twenty-eight days after the booster injection, the amount of anti-CII
IgG antibody in the serum from NKT-KO (2) or CD1d-KO (b) mice and

CS7BL/6 mice was measured by ELISA.

Fig. 3 Cell proliferation and cytokine production stimulated by CII in
NKT-KO mice compared with those in C57BL/6 mice.  Five NKT-
KO and five C57BL/6 mice were immunized with chicken CII

emulsified in IFA plus M. Tuberclosis H37Ra. Nine days after



immunization, splenocytes were stimulated with CII. The degree of
cell proliferation was evaluated by a BrdU ELISA method (a). The
concentrations of IFN-y (b) and L-4 (c) in the culture supernatants

were measured by ELISA.

Fig 4. Activation level of T and B cells after the booster immunization in
NKT-KO mice compared with that in C57BL/6 mice. Eight NKT-
KO and eight C57BL/6 mice were immunized and boosted with
chicken CII emulsified in IFA plus inactivated M. Tuberclosis H37Ra.
Five days after the booster immunization, splenocytes were collected
and stained with FITC-labeled anti-TCR_ or anti-B220, and PE-labeled
anti-CD69 antibody.  Pl-negative cells were gated and FITC-PE
double positive cells were counted (a). The proportions of CD69-
positive T cells (b) or CD69-positive B cells (¢) compared to the total
number of T cells (TCR_* cells) or B cells (B220" cells) were

calculated.

Fig 5. Cytokine mRNA expression in the spleen after the booster



immunization. Total splenic RNA was collected from three male
C57BL/6 mice (*) and three male NKT-KO mice (gg) 5, 10, 15, and 30
days after the booster immunization, and the relative expression levels
of IFN-_ (a), IL-4 (b), or IL-1_ (c) mRNA were measured by the

Tagqman quantitative PCR method. * P<(.05; ** P<(.01
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Abstract. Rheumatoid arthritis {RA) is a chronic disease of
unknown pathogenesis. To identify abnormally expressed
genes in synovium from RA patients, we performed column
gel electrophoresis-coupled subtractive hybridization
(CGESH). CGESH is a newly developed subtractive hybri-
dization technique to achieve sufficient enrichment of DNA
sequences. CGESH was performed using restricted enzyme
digested ¢cDNA synthesized from mRNA of synovial tissues
from one RA patient and one osteoarthritis (OA) patient. The
obtained subtraction libraries (RA-QA) were screened by dot
blot hybridization. The clones showing higher hybridization
with the RA-OA preobe were identified by sequence analysis
and homology search. Their DNA sequencing revealed that the
genes of HLA-DRBI, sequestosome 1, elongation factor la
were included. Furthermore, a functionally unknown gene
(FLJ00133) was also identified. It is reported that
sequestosome 1 is a scaffold in the signal transduction of
TNFa and interleukin 1, which are the important cytokines
involved in the pathogenesis of RA. It is possible that other
genes identified by the CGESH technique would be
associated with the pathogenesis of RA, although there is no
direct evidence yet. Qur results imply that the CGESH
technique is a useful tool to detect genes involved in the

Correspondence to: Dr Takayuki Sumida, Department of Internal
Medicine, Institute of Clinical Medicine, University of Tsukuba,
1-1-1 Tennodai, Tsukuba City, Ibaraki 305-8575, Japan
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Abbreviations: RA, rheumatoid arthritiss OA, osteoarthritis;
CGESH, column gel electrophoresis-coupled subtractive hybri-
dization; IGCR, in-gel competitive reassociation

Key words: rheaumatoid arthritis, column gel electrophoresis-
coupled subtractive hybridization

pathogenesis of RA. Further investigation of the functional
roles of candidate genes should shed light on the patho-
genesis of RA.

Introduction

Rheumatoid arthritis (RA) is a chronic disorder of unknown
pathogenesis, that causes multiple joint destruction. Although
new medications such as TNFa blocking agents are showing
promising effects, deeper understanding of the disease is
needed to overcome this possibly tragic condition. In order to
understand the molecular mechanisms involved in the patho-
genesis of RA, and to search for a possible target of RA-
specific therapies, we wished to identify genes specifically
expressed in the synovial tissues of patients with RA.

In the past, various strategies have been developed to
examine tissue-specific differences in gene expression. We
used column gel electrophoresis-coupled subtractive hybri-
dization (CGESH) technique (1) for this purpose. The original
technique which forms the basis of the CGESH, namely in-gel
competitive reassociation (IGCR), was developed by Yokota
et al (2,3). In this technique, electrophoresis size-separation
of mixed restriction digested DNA samples to be compared
and in site denaturation-hybridization steps are carried out
sequentially. These in-gel processes provide unique technical
features that other batch subtractive hybridization techniques
cannot. Firstly, size-dependent sequential fractionation of
restriction digested DNA fragments results in an enormous
reduction of sample complexity. This makes highly efficient
hybridization possible. Secondly, closely related sequences
will be physically separated and would not interfere with
each other provided that they have different restriction
fragment sizes. To overcome the drawbacks of this technique,
such as its being time-consuming and too complex, Ozawa
et al (1) made modifications to simplify the strategy of IGCR
and developed the CGESH technique. While improving IGCR,
this technique was originally used to detect differences
between genome DNA samples (4,5), but if applied to cDNA
samples, in addition to the advantages described above, it may
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Table I. Oligonucleotides used for the CGESH experiment.

Name Sequence HinP1 I site reconstitution
A20 5-GACTGTCAAGGATCCCTTAG-3' Yes

AlO 3-AGGGAATCGC-5'

B20 5-GATCGTGACAAGCTTCTGAC-3' No

BI0 3-GAAGACTGGC-5'

C20 5-CAGACTCTGGAATTCGCATG-3' Yes

Cl10 3-AAGCGTACGC-5

Bio-C20 5-biotin-CAGACTCTGGAATTCGCATG-3'

CGESH, column gel electrophoresis-coupled subtractive hybridization. Underlining indicates HinP /I [ restriction enzyme site.

Tester cDNA Driver cDNA _
l Restriction enzyme digestion l Adaptor/primer
—— A20/A10
}  Adaptor A20/A10 figation | B2os10 "
A ", B P bio-czo/mo’@
| PCR with primer A20 ]
I e I - -
s N
Teeeen Bl
|

Adaptor B20/B10 ligation
= (Deletion of restriction site)
}  PCR with primer B20

[ P————
e R =
] ]

v

-l DfT hetero
e DID homo
g T/T homo

} Restriction enzyme digestion

L} e |
—_— r— — g ]
[ ]

[
| Adaptor bio-C20/C10 ligation

Separation Heat Hybridization
Denaturation Recovery | aaw——

Figure |. Summarized illustration of the steps of the column gel electrophoresis-coupled subtractive hybridization (CGESH} technique. HinPt 1-digested
driver or tester cDNA fragments were ligated with adaptor A20/A10, which preserves the HinP/ | restriction enzyme site (a) and preamplified by PCR using
primer A20 (b}, Adaptor was removed from driver ¢cDNA fragments by HinP! | digestion (¢) and replaced with a new adaptor B20/B 10, which does not
reconstitute the HinPf { recognition site (d), and reamplified by PCR using primer B20 {¢). Gel electrophoresis, denaturation, hybridization and recovery were
carried out sequentially (f). Only perfectly reannealed tester-derived fragments can reconstitute the Hinff 1 site and the A20/A 10 adaptor sequence are
removed again by restriction digestion (g). A new adaptor, consisting of an cligonucleotide pair bio-C2(/C10, is attached 1o both ends of the tester-derived
fragments (h) and trapped by Streptavidin Sepharose beads (h). After removing unbound ¢DNA [ragments by washing the beads, specifically eaptured cDNA
fragments were amplified by PCR using primer C20 (). See Table [ for adaptor and primer sequences.
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Figure 2. Electrophoresis pattern of the subtracted ¢DNA. Lane }, driver
cDNA amplified with primer A20, adaptor replaced and amplified with
primer B20; Lane 2, tester cDNA amplified with primer A20; Lane 3.
product of Ist round subtraction amplified with primer C20; Lane M, 100 bp
DNA ladder.

be possible to detect size variants such as those produced by
alternative splicing, which are not detectable by conventional
subtraction techniques. Thus, CGESH can be a powerful too)
to identify known or unknown genes specifically expressed
in a given tissue. Our objective was to detect genes specifically
expressed in synovial tissues from RA patients using this
newly developed technique.

Materials and methods

Synovial tissue was obtained under informed consent from
patients with rheumatoid arthritis (RA) who met the criteria
of the American Collage of Rheumatology (6), and patients
with osteoarthritis (QA). Total RNA from synovial tissue was
isolated using Isogen (Nippon Gene, Tokyo, Japan), and poly
(A)" RNA was isolated from total RNA using a Oligotex-di30
<Super> mRNA Purification Kit (Takara Bio, Shiga, Japan),
following the protocols supplied by the manufacturers. The
list of the oligonucleotide primers used in this study is provided
in Table I.

CGESH technigue. CGESH was performed essentially
following the methods described by Ozawa et af (1), with
some alterations (Fig. ). Poly (A)* RNA (1 pg) from
synovial Lissues from RA or OA paticnts were subjected to
cDNA synthesis. ¢<DNA was synthcsized using cDNA
synthesis kit (Takara Bio) according 1o the manufacturer's
instructions. ¢cDNA from RA was designated as tester and
that from OA as driver. Tester and driver cDNA were digested
by a restriction cnzyme HinP/! | (New England Biolabs,
Beverly, MA, USA), and cthanol-precipitated. Digested DNA
fragments were ligated to oligonucleotide adaptor A20/A 10
with T4 DNA ligase (New England Biolabs). The DNA was

amplilicd using primer A20 by PCR using mini cycler
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Figure 3. Screening of subtraction library by dot blot hybridization. Two
identical ¢cDNA blots of PCR-amplified inserts derived from the subtracted
cDNA library were separately hybridized with DIG-labeled subtracted probe
(a) and reverse-subtracted probe (b). Arvows indicate clones with a
hybridization ratio of 2:1 or larger (RA-OA vs OA-RA) measured by a
densitometer.

PTC-150 (MJ] Research, Waltham, MA, USA) under the
following cycling conditions: 72°C for | min, 30 cycles of
94°C for I min and 68°C for 5 min, followed by 68°C for
20 min as a final extension step. Amplified driver DNA was
digested with HinP! 1, ligated with adaptor B20/B10, then
amplified by PCR with primer B20 as described above. Tester
DNA (10 ng) and driver DNA (1 [Lg) were mixed with forma-
mide (10% final) to a final amount of 20 pl, and loaded on the
top of the formamide-containing poly-acrylamide gel in a
glass column {inner diameter: 5 mm; length: 130 mm), and
electrophoresis was performed in the presence of a phosphate
buffer. After gel separation, the column was incubated at
80°C for 10 min to denature dsDNA fragments in the gel.
Then, the temperature was gradually lowered to hybridization
temperature (37°C), and kept at 37°C overnight. After hybri-
dization, DNA fragments were recovered by electrophoresis
in the reverse dircction, and collected by absorbing with
Q-sepharose (Amersham Biosciences, Piscataway, CA, USA).
Gel-recovered DNA was again digested with HinP1 1, ligated
with biotinylated adaplor bio-C20/C10. Biotinylated adaptor-
ligated DNA [ragments were absorbed with Streptavidin
Sepharose (Amersham Bio-sciences). Amplification reaction
was performed by adding the DNA-bound Streptavidin
Scpharose slurry into a PCR reaction containing primer
C20. The thermal cyeling conditions were as described
above.

Screening of differential expression. PCR products {rom the
subtracted librarics were subcloned into pCR2.1-TOPO TA
cloning veetor (Invitrogen, Carlsbad, CA, USA). ¢cDNA inscrts
of the cloned ¢DNA library were amplilied by subjecting
an aliquot of the bacterial culwre-directly to PCR.
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Table II. Genes found to be up-regulated in RA compared to OA using the CGESH technique.

Clone No. Accession No. Identified gene

H237 NM_002124.] Major histocompatibility complex, class 11, DR 8 1 (HLA-DRB1)
HI19, 180 NM_003900.2 Sequestosome | (SQSTMI) (p62)

H13, 167 NM_001402.4 Elongation factor | a 1 (EEFIAL)

H91, 129, 165, 190, 224, 252 NM_203339.1 Clusterin (CLU)

H95 NM_000852.2 Glutathione S-transterase pi (GSTFI)

H231 XM _059482.6 FLJOQ133 protein (FLJ00133)

CGESH, column gel-clectrophoresis subtractive hybridization.

Electrophoresis of the amplified product in agarose gels was
always done to confirm that all clones were single. The
amplified materials were then dot blotted onto nitrocellulose
membranes in duplicates. Two identical membranes were
prepared, and they were hybridized with either the subtracted
probe (RA-OA} or the reverse-subtracted probe (OA-RA).
Probes were labeled with a DIG DNA labeling kit (Roche
Diagnostics, Mannheim, Germany) following the manu-
facturer's recommended protocol. Hybridization and detection
via a chemiluminescence reaction were carried out employing
a DIG luminescent detection kit (Roche diagnostics),
according to the supplier's standard protocol, The amount of
hybridization was semiquantified with a densitometer
{LAS-3000; Fuji Photo Film, Tokyo, Japan). Clones with a
hybridization ratio of 2:1 or larger (RA-OA vs OA-RA) were
selected and plasmids were purified using a Qiagen plasmid
mini kit (Qiagen, Hilden, Germany). Inserts were sequenced
by chain termination reaction using an automated sequencer
(ABI prism 310 genetic analyzer; Perkin Elmer, Wellesley,
MA, USA). Nucleic acid homology searches were performed
using the BLAST program at the National Center of
Biotechnology Information {National Institutes of Health).

Results and Discussion

Using CGESH, we constructed one subtracted library using
RA synovial tissue sample as tester and OA synovial sample
as driver (RA-OA) (Fig. 2). In parallel, a reverse-subtracted
library was prepared (OA-RA) to make a control probe for
dot blot hybridization screening. This subtracted library was
cloned, and a total of 273 clones were obtained. Thirteen
clones with a hybridization ratio of 2:1 or larger (RA-OA vs
OA-RA) measured by a densitometer in the dot blot hybri-
dization were selected (Fig. 3). These clones were sequenced,
and 6 genes (HLA-DRBI1, sequestosome |, elongaticn
factor 1 a 1, clusterin, glutathione S-transferase pi and
FLIO0133) were identified. Six clones (H%1, 129, 165, 190,
224, 252) were derived from the clusterin gene, two clones
(HI19, 180) were sequestosome |, and the other two clones
{H13, 167) were elongation factor | « 1. This suggests that
the dot blot hybridization worked well for sclecting genes
from the CGESH library, although the true frequency of this
gene expression was not clarified. The sequences of the clones

were identical to those submitted in the BLAST program
(Table I,

HLA-DRBI, a class II MHC molecule, is important for
antigen presentation, and would be important in the
pathogenesis of RA (7,8). Increased expression of MHC
class 1I molecules in RA synovial tissue is also reported (9).
Sequestome 1, also known as p62, is reported to be a scaffold
in the signal transduction of TNFa and interleukin-1 leading
to the activation of NF-xB (10). These two important cytokines
are well known to be involved in the pathogenesis of RA (11).
Recently, it has been shown that p62 is an impertant mediator
during osteoclastogenesis and induced bone remodeling (12).
p62 may have a function in the joint destruction process in
RA patients. Elongation factor 1 a | is reported to increase at
the mRNA level in patients with RA synovial samples
compared to OA synovial samples (13). Autoantibody against
this protein has been reported to be present in patients with
Feity's syndrome (14). The function of this protein is not fully
understood, but may have a role in the pathogenesis of RA.
Both clusterin and glutathione S-transferase pi genes are
reported to be involved in the signal transduction of NF-xB
(15,16}, FLJ00133, which was identitied in the NEDO human
¢DNA sequencing project at Kazusa DNA Research Institute
{17), was also one of the genes identified in our study. The
function of this gene product is yet to be clarified.

We used the dot hybridization technigue to efficiently
screen the clones obtained by CGESH. This method allows
us to easily identify genes with higher expression in the tester
sample than in the driver. However, it is true that dot blot
hybridization cannot identify size variants such as alternatively
spliced gene products. CGESH is theeretically potent for
screening such variants because a size fractionation step is
included in the procedure. A large number of clones that
were considered non-specilic in dot blot assays may contain
such variants. By combining an efTicient method to identify
such clones, we would be able lo make the most of the CGESH
technique and be able Lo show that it is a powerful tool for
idemifying genes that arc differently expressed between two
Lissucs.

In summary, we have identificd a number of gencs possibly
tnvolved in the pathogenesis of RA by mcans of the CGESH
tcchnique, with RA samples as tester and OA samples as
driver.
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Muscarinic acetylcholine receptor autoantibodies in patients

with Sjdgren’s syndrome
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characterised by lvmphocytic infiltration into the

lachryinal and salivary glands, leading to dry eyes and
mouth. Infiltration is also found in the kidneys, lungs,
thyroid, and liver. Immunchistochemical studies have shown
that most infiltrating lymphocytes around the labial salivary
and lachrymal glands, and kidncys are CD4 positive aff T
cells. Previous studies with polymerase chain reaction provide
evidence about the T cell receptor VP and Vo genes on these T
cells, and sequence analysis of the CDR3 region indicates
some conserved amino acid motifs, supporting the notion
that infiltrating T cells recognise relatively few epitopes on
autoantigens.'

Candidate autoantigens recognised by T cells infiltrating
the labial salivary glands of patients with §§ have been
analysed, and Ro/55A 52 kDa, w-amylase, heat shock protein,
and T cell receptor BVé? have been identified. However, there
is no direct evidence that these reactive T cells really attack
and destroy the salivary glands. In contrast, the presence of
autoantibodies (Abs) against M3 muscarinic acetylcholine
receptor {M3R}) has been reporied, and it is suggested that an
immune reaction to M3R plays a crucial part in the
generation of §5.** Robinson, ef 4/ demonstrated that human
anti-M3R Abs reduce the secretory function in NOD.Jgunull
mice.> Moreover, Bacman ¢t al clearly showed that human
Abs against the second extracellular loop of M3R could
activate nitric cxide synthase coupled to the lachrymal gland
M3R, suggesting that anti-M3R Abs are a new marker of dry
eye 55.* The M3Rs arc expressed on salivary and lachrymal
glands, and thus they should be key receptors involved in the
production of saliva and tears after stimulation of acetylcho-
line. Thence, autoantibodies against M3R could interfere
with the production of saliva and tears. To test this
hypothesis we analysed the prevalence of anti-M3R Abs in
patients with $S.

Approval for this study was abtained from the local ethics
committee and written informed consent was obtained from
all patients and volunteers who participated in this study.

Sjﬁgren‘s syndrome (SS) is an auloimmune disease

METHODS

Serum samples were collected from 122 Japanese patients
with primary 8§ and 102 Japanese patients with secondary
§S followed up at the Department of Internal Medicine,
University of Tsukuba Hospital, Japanese Red Crass Mito
Hospital, and Shimosizu National Hospital, All patients with
SS satisfied the Japanese Ministry of Health criteria for the
classification of $5. We also recruited 105 patients with
rheumatoid arthritis, 97 with systemic lupus erythematosus,
and 128 healthy subjects from our University.

A 25mer peptide {KRTVPPGECFIQFLSEPTITFGTAI) corre-
sponding 1o the sequence of the second extracellular loop
domain of the human M3R was synthesised (Kurabo
Industries, Osaka, Japan}. As a negative peptide, a 25mer
peptide {SGSGSGSGSGSGSGSGSGSGSGSGS) was  also

...............................................................
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synthesised (Kurabo Industries). Peptide solution (100 pl/
well at 10 pg/ml) in 0.1 M Na.CO; buifer, pH 9.6, was
adsorbed to a Nunc-lmmuno plate (Nalge Nung
International, Rochester, NY) at 4°C overnight, and blocked
with 5% bovine serum albumin (Wako Pure Chemical
Industries, Osaka) in phosphate buffered saline (PBS) for
1 hour at 37°C. Serum at 1:50 dilution in blocking buffer was
incubated for 2 hours at 37°C. The plates were then washed
three times with 0.05% Tween 20 in PBS, and | yl of alkaline
phosphatase conjugated goat antihuman IgG (Fc; American
Qualex, San Clemiente, CA) diluted 1:1000 in PBS was added
for 1 hour at room temperature. After extensive washing,
100 ul of p-nitrophenyl phosphate ($igma, St Louis, MO)
solution (final concentration 1 mg/ml) was added as alkaline
phosphatase substrate. Plates were incubated for 1 hour at
rootn temperature and the optical density at 405 nm was
measured by plate spectrophotometry {Bio-Rad Laboratories,
Hercules, CA; fig 1). Deierminations were performed in
triplicate and standardised between experiments.

RESULTS AND DISCUSSION
The 25mer synthetic amino acid encoding the second
extracellular domain of M3R was used as the antigen,
because this portion has an tmportant role in intracellular
signalling.* The binding activity of Abs 1o the second
cxtracellular domain of M3R is dependent on the concentra-
tion of Abs using serial-diluted quantitative assay (data not
shown). Figure 1 shows that Abs against M3R were more
commonly detecied in the serum of patients with primary
(11/122 {9%}. p<0.05) and secondary SS {14/102 (l14%),
P<0.05) than in those with other autoimmune diseases such
as rtheumatecid arthritis (1/105 (1%)) and systemic lupus
erythematosus {0/97 (0%)), or healthy subjects (3/128 (2%)).
These results clearly showed that autoantibodies against M3R
arc specifically present in §S, suggesting that anti-M3R Abs
could be used as a diagnostic marker in a subgroup of
patients with §S (9-14%). The proportions of patients
positive for anti-M3R Ab and ami-SSA Ab, anti-S8B Ab,
rheumatoid factor, and antinuclear factor were 68%, 29%,
57%, and 83%. In conwast, the proportions of patients
negative for anti-M3R Ab with these autoantibodics were
65%, 6%, 59%, and 76%, respectively. Thus, anti-SSB Ab is
strongly associated with anti-M3R Ab (p<<0.05}, although the
homology between SSB and the M3R molecule is very low
and the detailed mechanism remain unclear. The clinical
feature is not significantly different between in patients with
SS positive for anti-M3R Ab and negative paticnts.

In conclusion, we detected autoantibodies against M3R in
a subgroup of patients with 55, suggesting that anti-M3R Ab
could be used as a new diagnostic marker for S5, Further
experiments on the functional analysis of anti-M3R Abs in S8
using M3R transfectant cell lines should shed light on the
relationship between the presence of anti-M3R autoantibo-
dies and the pathogenesis of 5.
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represent the number of patients in each group.
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Association of mannose binding lectin (MBL) gene
polymorphism and serum MBL concentration with
characteristics and progression of systemic lupus

erythematosus

R Tokahashi, A Tsutsumi, K Ohtani, Y Murcki, D Goto, | Matsumoto, N Wakamiya, T Sumida

----------------------------------------------------------------

Objedtive: To defermine whether occurrence, choracteristics, -
and progression of systemic lupus erythematosus {SLE) are
associated with polymorphism of the mennose binding lectin

* [MBL) gene and with serum MBL concentration. - ="

- Methods: Codon 54 MBL gene polymorphism of 147 .
patients with SLE and 160 healthy controls wos determined
by polymerase chain reaction-restriction fragment length
polymorphism. Serum concentration of MBL wos measured
by enzyme immunoassay. Fluctuations of serum MBL were .
anclysed with respect fo disease characteristics and ocfivity.”
Results: Frequency of homozygosity for codon 54 minority
cllele was 6% (9/147) in patients with SLE, ond significantly -
higher than in controls {p=0.0294, Fisher's exact fest). MBL -
polymorphism in pafients with SLE was not significantly
ossociated with disease charocterisfics or immunological
phenotypes. Patients homozygous for the B cllele tended to
have a higher risk of infection during freatment. Levels of C3 -
and CHso were slightly, but significontly, associated with
serum MBL concenfration in patients with SLE homozygous
for the majority allele. During the course of SLE, serum MBL
concentration increased in 6/14 pafients, and decreased in

. 7 abter inifiotion of immunosuppressive treatment.

. Conclusions: MBL gene polymorphism influences suscept-

" ibility to SIE, but has no direct effect on disease choracter-

. istics, Serum MBL levels fluctuate during the course of SLE in
individual patients. MBL genotyping may be wuseful in
assessing the risk of infection during freatment of SLE.

many features with Clg. MBL comprises a trimer of
three identical polypeptides, and several trimers
further combine to form a bouquet-like structure.’ MBL
mediates lectin dependent activation of the complement
pathway,' and has an important role in host defence against
micro-organisms. People lacking this protein could develop
severe episodes of bacterial infections from early life.* Several
polymorphisms have been reported for the MBL gene, and a
large interindividual difference in serum MBL concentration
is caused by the possession of variant alleles. Codon 52, 54,
and 57 polymorphisms are all on exon 1 of the MBL gene,
and the presence of any of the minority alleles significantly
reduces serum MBL concentration. Furthermore, homozyg-
osity for minority alleles results in almost complete deficiency
of serum MBL. This has been attributed to increased
degradation of the mutated protein.”
Recently, several studies have suggested that possession of
MBL minority alleles may be associated with occurrence of

M annose binding lectin {MBL) is a molecule that shares

...............................................................
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systemic lupus erythernatosus {SLE).* It is known that Clq
deficiency is associated with severe symptoms of SLE” Two
possible explanations for associations between MBL or Clq
deficiency and occurrence of SLE can be proposed: {a) MBL
and Clq can bind to and initiate uptake of apoptotic cells into
macrophages,** and abnormal clearance of apoptotic cells
caused by MBL or Clq deficiency may result in over-
expression of autoantigens; (b} viral infection is believed to
be one of the causes of SLE,” and MBL or Clq deficiency may
lead to more frequent infections.

This study was conducted on the premise that occurrence,
characteristics, and progression of SLE are associated with
polymorphism of the MBL gene and with serum MBL
concentration. To our knowledge, this is the first study that
has measured serurn MBL concentration before and after
immunosuppressive treatment in patients with newly diag-
nosed SLE.

PATIENTS AND METHODS
Samples from 147 Japanese patients with SLE followed up at
our hospital, were used for the study. All patients fulfilled the
1997 American College of Rheumatology Classification
Criteria for SLE. Samples from 160 Japanese healthy
volunteers served as controls.

Genomic DNA was purified from peripheral blood leuco-
cytes using the DNAQuick DNA purification kit {Dainippon
Pharmaceuticals, Osaka, Japan), and stored at —30°C. Typing
of the MBL gene zllele was performed by polymerase chain
reaction-restriction fragment length polymorphism, accord-
ing 1o the method of Madsen et al.’ The wild-type allele was
designated allele A, and codon 54 substitution (glycine 10
aspartic acid) was designated allele B. Previous studies have
shown that codon 52 and 57 polymorphisms are not present
or extremely rare in the Japanese population.' Serum
concentration of MBL was measured by a specific enzyme
immunoassay using two rabbit polyclonal anti-MBL anti-
bodies as described previously.”

Table T Codon 54 genotypes of the MBL gene in
patients with SLE and healthy controls

.- SIE - Healthy controls . - p Volue
AA + AB 138 158
: [AA; B4, AB; 54) [AA; 101, AB; 57}
0.0294
BB b4 2
Tolal - 147 160

Allele A, codon 54 wild type majority ollele; ollele B, codon 54 variont
minarity allele.
_ p Value by Fisher's exoct fest. -
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Figure 1 Relationship between serum MBL concentration and CHsg in
genolype AA patients with SLE. r,=0.253, p=0.0412 by Spearmarn’s
rank correlation test.

Fisher's exact test was used to compare the frequencies of
genotypes AA/AB and BB, between disease and control
groups, and to compare clinical characteristics between

Tokahashi, Tsutsumi, Ohtani, et ol

patients with genotypes AA/AB and those with BB. Mann-
Whitney's U test was used to compare ages at diagnosis of
SLE between patients with genotypes AA/AB and those with
BB, and to compare serum MBL concentration between
patients and controls of the same genotype, Spearman’s rank
correlation test was used to compare serum MBL concentra-
tion and the levels of anti-DNA antibody, C3, C4, and CHsg.
Values of p<0.05 were considered significant.

RESULTS

MBL gene genotypes were studied in patients with SLE and
healthy controls (table 1). Among 147 patients with SLE, 9
were homozygous for allele B, which was significantly
increased compared with controls (p = 0.0294).

We analysed the difference in disease characteristics
among patients with SLE categorised by MBL genotypes.
Ages (mean (SD)) at diagnosis of SLE tended to be younger
in patients with allele B (AA: 32.5 (14.8); AB: 30.7 (15.2); BB:
23.4 (13.3)), but no significant differences were seen
(p = 0.0681). Clinical characteristics, serological, and immu-
nological measures did not significantly differ berween
genotype BB patients and other patients with SLE. This is
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Methyl PSL. Onset of bacterial
1000 mg div .
% 3 doys preumania
50 b 450 '
4540 35 45 40 35
- g 30 27.5 (mg) - g’ 32.5 30 fmgh
ao o
vt — 5
;) CPASQOmgdiv 4
Oy -
401 c\/ /\Q» 150 740 715E
£ W .-_"--‘ =412 3
3301 530 140 E30T 7%
> |2 002, P17 %
<20} 720} SdwnE| X
< | & {20 2| =16 ¢
Z ..l 51,01 8
o 10 10k 1o 110 lg ©
< a
ol olt——— v lo o 1o 3
2002 Nov 2003 2002 Mar Apr May  Jun
Sep Feb feb
C D
Methyl PSL Methyl PSL
1000 mg div 1000 mg div
x 3 days x 3 days
i+ 50 ¥ % 50
@ 2 0 35img) o 0 325,
5 E »E 925 |mg)
o O oo
5 1
CPA 500 mg divé ] 4 CPASOOmgdiv 4 4 ¢ 4
400 A, 40 q15E
= ! 450 =
£ = — —12 g’
330f 530r 00 E 3057 %y
5 |2 1302|819 x
<20} 20+ S{nE| =
3 (2 10| &3 &
S1oF@ 0} O], 8
< 410 2
L olk 3 A . a-Q -0 -0 ?n
2001 Jul Aug Sep 2001 Nov 2002 Feb Mor Jun
Jun Cct Jan

Figure 2 Fluctuction of serum MBL concentration and clinical variables during immunasuppressive treatment in patients with newly diagnosed SLE.
Open squores, serum MBL concentrations [s-MBL }; closed squares, C reactive protein [CRP); open circles, anti-DNA antibady (ADNA Ab); closed
circles, SLE Disease Activily Index {SLEDAY); closed triangles: CHso. PSL, prednisclone; CPA, eyclophosphamide.
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most probably because of the small size of the BB cohort.
However, incidence of infections requiring admission to
hospital was significantly higher in patients with genotype
BB than in other patients (genotype AA +AB; 35/132 patients,
BB; 5/8 patients, p = 0.0287).

Serum MBL concentration reflected the MBL genotype of
the individual subject, in accordance with previous reports?
(data not shown). Among subjects with the same genotype,
patients with SLE tended to have a higher MBL concentration
than contrels, but without statistical significance. The level of
CHso was weakly but significantly associated with serum
MBL concentration in patients with SLE with genotype AA
(p=0.0412) (fig 1). In genotype AA patients, C3 was also
associated with serum MBL concentration, although C4 was
not (C3; p=0.0494, C4; p = 0.4265). No significant relation-
ship between anti-DNA antibody titre and serum MBL was
found. In patients with other genotypes, no significant
association was seen between serum MBL concentration
and levels of anti-DNA antibody or complement components
(data not shown).

We studied fluctuation of serum MBL concentration
during immunosuppressive treatment in patients with newly
diagnosed SLE (fig 2). In patient 1 with genotype AA (fig 2A),
serum MBL increased in parallel with CHsg after initiation of
methylprednisolone treatment, while the SLE Disease
Activity Index (SLEDAI) and anti-DNA antibody decreased.
In patient 2 with genotype AA (fig 2B), serum MBL
concentration decreased after initiation of methylpredniso-
lone pulse therapy, while CHs, increased. After CRP
decreased to normal levels, MBL gradually increased in
parallel with CHsp. In patient 3 with genotype AA (fig 2C),
serum MBL did not show a clear trend, although disease
activity steadily decreased. In patient 4 with genotype AB
{fig 2D), serum MBL was low throughout, reflecting the MBL
genotype. When the serum MBL concentration before and
after immunosuppressive treatment was compared in 14
newly diagnosed patients, it increased in 6/14 patients
(genotype AA: 2, AB: 4), and decreased in 7 patients
(genotype AA: 5, AB: 2). There was no significant association
between increase or decrease of serum MBL concentration
and genotypes and clinical phenotypes in patients with SLE
(data not shown}.

DISCUSSION

Several studies have indicated that MBL gene polymorphisin
influences susceptibility to SLE.? ¢ When the components of
the classical pathway of complement {Clq, Clr, Cls, C4, or
-C2) are deficient, it has been suggested that abnormal
clearance of not only immune complexes™ but also apoptotic
cells* contributes to the occurrence of SLE. It has been
indicated that inappropriate levels of apoptotic nuclei may be
a major source of autoantigens in SLE.™ Recently, it was
reported that MBL can bind to apoptotic cells and initiate
their uptake by macrophages,® and thus, abnormal clearance
of apoptotic cells due 10 MBL deficiency may provide a source
of autoantigens in SLE. However, deficiency of MBL is not an
extremely high risk factor, in contrast with deficiencies of
other complement molecules such as Clg.” The precise
consequences of MBL deficiency for the onset and progres-
sion of SLE remain unclear. The Jag time between occurrence
of the first symptom attributable to SLE and diagnosis of
definite SLE was reported 1o be significantly shorter for
variant allele carriers than in those with genotype AA®
Therefore, the MBL gene may be a disease modifier locus
rather than a true SLE susceptibility locus. Although no
significant correlation between disease characteristics and
MBL genotypes was seen, genotype BB was significantly
associated with occurrence of infection in our patients, in
accord with a previous report.® MBL genotyping may help in
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assessment of the risk of opportunistic infections in patients
with SLE.

The balance of MBL production and consumption deter-
mines serum MBL levels. As the presence of MBL deposits in
tissues of autpimmune patients has been demonstrated,’ ™
we expected that MBL would be consumed during active
disease, and that serum MBL concentration might reflect
disease activity and pathelogical features of SLE in individual
patients. To test this hypothesis, we measured serum MBL
concentration during immunosuppressive treatrnent in
patients with newly diagnosed disease. As shown in fig 2,
serum MBL concenitration did fluctuate during the course of
immunosuppressive treatment in patients with SLE, espe-
cially in genotype AA patients, In patients 1 and 2, the
increasing phase of serum MBL concentration may reflect the
decreased consumption of MBL while SLE activity gradually
decreased, and the decreasing phase may reflect reduced
production of MBL because MBL is an acute phase
inflammatory protein.'” Thus, MBL levels appear to reflect
disease activity in some patients. The weak but significant
association between serum MBL concentration and serum C3
or CHsg levels supports this view.

In conclusion, frequency of homozygosity for a minority
allele of the MBL gene was increased in patients with SLE
compared with controls, confirming previous studies. MBL
gene polymorphism may have no direct effect on disease
characteristics, but patients homozygous for the minority
allele had significantly more frequent episodes of infections.
Serum MBL levels did fluctuate during the course of SLE in
individual patients, although the mechanism of their
fluctuation and their consequences in SLE are unclear. The
value of serum MBL monitoring in clinical practice should be
determined in future studies.
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