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Quantitative trait loci (QTL) analysis reveals a close
linkage between the hinge region and trimeric IgA
dominancy in a high IgA strain (HIGA) of ddY mice
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Polymerization of IgA has been suggested as one of the causes of mesangial deposition in
IgA nephropathy. HIGA mice are an inbred model of IgA nephropathy, established by selec-
tive mating of ddY mice. This strain is characterized by a unique profile of the IgA molecule
that is dominantly polymeric and has high serum levels with intense IgA deposition on the
mesangium. We carried out quantitative trait loci (QTL) analysis, using F2 generations by
crossing HIGA with BALB/c mice. Significant linkage of polymeric IgA in serum samples was
identified around D12Mit263, which is close to the gene of the immunoglobulin heavy chain
on chromosame 12. The amino acid sequence of the a heavy chain revealed marked differ-
ences between BALB/c and HIGA mice. Furthermore, most differences were focussed on
the hinge region. The DBA/2J strain, which has the same amino acid sequence in the hinge
region as the HIGA strain, also showed polymeric IgA dominance but low IgA levels in sera.
Size fraction analysis revealed that these polymeric IgA showed trimer dominance in both

DBA/2J and HIGA mice. In conclusion, the hinge region plays a key role in trimeric IgA for-

rmation in HIGA mice.

Key words: QTL analysis / HIGA strain, trimeric IgA / hinge region

1 Introduction

IgA nephropathy (lgAN) is the most common type of glo-
merular disease worldwide, and one of the major causes
of end-stage renal failure. It presents predominant
mesangial deposition of IgA1 [1, 2]. The pathogenesis of
IgAN is unknown; however, some immunological distur-
bances concerned with IgA characters such as higher
serum levels, macromolecular size and abnormal glyco-
sylation have been suggested in IgAN [3-5]. Among
them, the dominant polymeric IgA, not only in serum but
also in the glomerular deposit, was suggested to play a

{DOI 10.1002/eji.200425062]

Abbreviations: HIGA mice: A high IgA strain of ddY mice
QTL: Quantitative trait loci IgAN: IgA nephropathy LRS:
Likelihood ratio statistics LOD: Logarithm of odds P/M:
Polymer/monomer ratio
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pathogenic role. For example, circulating polymeric IgA1
was recognized in the sera of 80% of patients with IgAN

6.

Previously, IgAN was not considered as a hereditary dis-
ease, although several familial IgA nephropathies were
reported [7, 8]. Recently, Gharavi et al. [9] performed a
genome-wide linkage analysis in 30 IgAN relatives and
demonstrated the linkage of this disease to 8q22-23 with
a dominant model of transmission. Although the gene
responsible for IgAN remains unclarified, it was expected
that the search for the gene that gives rise to polymeric
lgA would contribute to the investigation of the patho-
genesis of IgAN.

As a murine model of IgA nephropathy, ddY mice were
reported to spontaneously develop mesangioproliferat-
ive glomerulonephritis with glomerular IgA deposition
[10]. These mice show relatively high serum IgA levels
with wide individual variation [11). Recently, an inbred
murine model of 1gAN, a high IgA strain (HIGA) of ddY
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mice, was established by selective mating of high IgA
mice from pooled crude ddY mice [12]. HIGA mice show
uniformly high 1gA levels from a young age, polymeric
IgA dominance in the serum and glomerulonephritis with
IgA deposition, mimicking human IgAN. In glomerular
eluates, dominant dimeric IgA was recognized in these
mice [13].

In an attempt to identify the gene related to polymeric
IgA, QTL contributing polymeric IgA was mapped using
the F2 generation between the HIGA and BALB/c strain,
and compared with mapping data concerning the serum
level of IgA to investigate the relations between them.

2 Results

2.1 1gA molecular size analysis in F2 by Western
blotting

To examine the molecular size of IgA in F2 sera, Western
blotting was carried out cn samples separated by SDS-
PAGE under nonreducing conditions. In the BALB/cA
strain, monomeric and dimeric IgA, but no polymeric IgA,
were detected. In HIGA mice, large amounts of poly-
meric IgA were observed. Smaller amounts of dimeric
lgA were also detected, but no monomer was visible
(Fig. 1A). Since the polymeric IgA formation was still pre-
served after boiling in SDS and SDS-PAGE, the poly-
meric IgA of HIGA mice is not constructed through
immune complex formation {14]. On the other hand, in F1
sera, the dominant IgA molecule was dimer with small
amounts of monomeric IgA and no polymeric 1gA was
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Fig. 1. IgA Western blot analysis in sera. (A) Serum samples
of BALB/cA, HIGA and F1 mice were subjected to 6% SDS-
PAGE under nonreducing conditions. (B} Serum samples of
BALB/cA, HIGA and F2 mice were used. BA, BALB/cA
strain; H, HIGA strain. Molecular mass markers (129 and
207 kDa} are shown.
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visible (Fig. 1A). In all samples, some of the assembly
located around 207 kDa was observed, and it might have
been an H3L3 unit according to previous findings [15]. In
the F2 generation, IgA molecular size was distributed
from monomeric or polymeric dominance (Fig. 1B).

2.2 Linkage analysis

About 600 markers were screened, and 102 microsatel-
lites that clearly showed distinguishable polymorphisms
between the BALB/cA and HIGA strains were finally
selected. Initially, to investigate the QTL of polymeric
IgA, the genotyping of the 102 microsatellite markers
located on all chromosomes except Y and the measure-
ment of IgA molecular size were carried out in 84 F2
mice. It was demonstrated that QTL of polymeric IgA
was potentially located in chromosome 12. The analysis
of the genotype of all 168 F2 mice with regard to poly-
meric IgA and serum [gA level was also performed in this
chromosome. At Mit80, Mit263 and Mit150, significant
differences in these phenotypes were found between
mice with BALB/c and HIGA genotypes. In addition, the
polymer/monomer ratio (P/M) in mice showing the F1
genotype were suppressed compared with those show-
ing the HIGA genotype at these markers, suggesting
a recessive transmission (Table 1). In contrast, these
markers showed no relation to high lgA (p=0.889 at
D12Mit263, data not shown). As shown in Fig. 2,
D12Mit263 (58.0 ¢M) provided the greatest logarithm of
odds (LOD) score, 15.4 for P/M, whereas for the IgA level
these were low and showed no apparent peak. On
the other hand, it has been reported that a cluster
of immunoglobulin heavy chain genes is located at
58.0 cM (National Center Biotechnology (nformation;
hitp://www.ncbi.nim.nih.gov/). D12Mit263 was con-
firmed to be located close to this cluster.

M g e s g8
- - = = =
= = = = =z
H - & x XX
o ¥ v ¥ v oob¥
154
15 P
o
s
1o Locus of
Ig heavy chain
sk
R s .- IgA level
o g 1
L] 1% 26 35 46 55 (3]
Map positlon (cM)

Fig. 2. Map Manager QTX scan of chromosome 12 for P/M,
serum IgA level. The location of microsatellite markers used
are shown at the top of the figure, The positions of markers
were obtained from Mouse Genome Informatics (MGI;
http://www.informatics.jax.org/). A potential candidate gene
of P/M, Ig heavy chain, was located at 58 cM.
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Table 1. Correlation between markers on chromosome 12 and P/M

Eur, J. Immunol. 2004, 34: 2200-2208

Marker Map position Genotype® p valug?
(cM) BALB HIGA F1 BALB vs. HIGA

Mit12 6.0 5.19+8.98 3.04+5.07 5.38+10.0 0.192

Mit126 22.0 4.38+9.00 3.74+5.78 4.68+8.96 0.728

Mit116 35.0 1.65x1.86 8.69+13.6 4.87+8.24 0.0012
Mit80 53.0 1.25+0.7565 12.6+13.6 3.05+5.82 <0.0001
Mit263 58.0 1.23+0.756 14.0:14.4 2.15+1.48 <0.0001
Mit150 59.0 1.2420.760 1381142 2.10+1.39 <0.0001

3 The data were obtained from 188 F2 mice, Values are presented as the means + SD of P/M.

b f-test.

2.3 Comparison of the amino acid sequence of
Co among five strains

To examine the possibility that polymeric IgA depends on
the amino acid sequence of the a heavy chain, the basic
sequences of all three exons in HIGA and BALB/cA mice
were determined and translated to amino acids. The
comparison of the amino acid sequences revealed 18
amino acid differences throughout Cal, Ca2 and Ca3,
except the tailpiece between BALB/cA and HIGA mice
(Fig. 3). The tail-piece cysteine is crucial for dimeric for-

Codon number

mation of IgA, in addition to polymerization of IgM
[16-18}); however, their sequences were identical in the
tail-piece. In contrast, most differences were concen-
trated in the hinge region (8 amino acids). HIGA has one
extra Cys residue compared with BALB/cA mice. To
investigate the differences in the amino acid sequences
in other strains of mice, the a heavy chain in four mouse
strains with different 1gA allotypes, BALB/cA (Igh-2a),
C57BL/6J (Igh-2b), DBA/2J (Igh-2¢) and AKR/N (Igh-2d),
were compared with the HIGA strain. The sequences of
Cu of the four strains have been determined and com-

115 126 128
BALB/cA ESARNPTIYPLTLPPALSSDPVIIGCLIHDYFPSGTMNVTWGKSGKDITTVNFFPALASG

- - * ox
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*
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24,
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* * kR La 2 s3]
HDSNPVQELNVNCP | GICSPPTTPPPPSCOP SL

hinge <—i
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*
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1

Fig. 3. Differences in the amino acid sequences of the IgA heavy

chain from Cal to the tailpiece in the BALB/cA and HIGA

strains, Asterisks indicate amino acids differing between the BALB/cA and HIGA strains.
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Strain Sequence
AKR GPPPPLPreLEPSCQP

BALB/cA GPTPPPPIII*PSCQP
cs57BL/g) GRPPPLPRCPIPSCHP
pBA/ZJ GICSPPTTPPPPSCQP

HIGA GICSPPTTIPPPPSCQP

Fig. 4. Comparison of the sequences of the hinge region
among HIGA and the other four strains. Asterisks indicate
missing amino acids. Amino acids differing from those of the
HIGA strain are underlined.

pared [19]: small differences are scattered throughout
Cal, Ca2 and Ca3, but many differences are found in
the hinge region, Surprisingly, the hinge sequence of
HIGA was very similar to that of DBA/2J (Fig. 4). Since
Phillips-Quagliata [19] demonstrated that mouse IgA
allotypes have major differences in their hinge region, 1gA
of HIGA mice might have the same allotype as DBA/2J,
Igh-2c.

2.4 Serum IgA molecular size analysis among
BALB/cA, C57BL/6J, DBA/2J, AKR/N and
HIGA strains

To investigate the linkage between amino acid
sequences in the hinge region and the molecular size of
serum IgA, Western blotting of serum IgA in these five
strains of mice was performed. Samples separated by
SDS-PAGE under nonreducing conditions were visual-
ized using the method described above {Fig. 5). Analysis
of C57BL/6J showed monomeric and dimeric domi-
nance without potymeric IgA, similar to the pattern in the
BALB/cA strain. Polymeric IgA dominance, which is a

H H b D BLBL BA BA A A
Polymer .
Din¥er :: E . . e H H -
» ¥
g‘ﬁ?kou P m " i n
§ i i.ﬂ

Monomar-» i
120 %Da —

L L o ot B

e

Fig. 5. IgA Western blot analysis in sera of five strains. Sera
diluted with sample buffer were subjected to 6% SDS-PAGE
under nonreducing conditions. H: HIGA strain; D: DBA/2J
strain; BL: C57BL/6J strain; BA: BALB/cA strain; A: AKR/N
strain. Molecular mass markers (129 and 207 kDa) are
shown.
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character of the serum of HIGA mice, was also seen in
DBA/2J. In the serum of AKR/N, only dimeric IgA was
observed and neither polymeric nor menomeric IgA was
seen. To reconfirm polymeric IgA dominance in DBA/2J
and to investigate the precise molecular size of poly-
meric 1gA, IgA levels in the sera fractionated by HPLC
were measured using ELISA (Fig. 6). Polymeric IgA,
located between 443 and 669 kDa, was predominant in
both HIGA and DBA/2J, while BALB/cA, C57BL/6J and
AKR/N showed monomeric and dimeric dominance.
Since the size of polymeric IgA was estimated at nearly
500 kDa, polymeric IgA was confirmed to be a trimer. In
contrast to the results of Western blotting analysis,

<1 8 8§ 8o
x x x x 0
8 a8
g8 § & ¢@%g
¥ v ¥
60 H3L3 Manomer
AKR Dimer
40+ A
20—
0 =t . r
80+ Dimer
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~
0 pereer sty
= Dimer Monomer
2 357 — [
B BALB
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3004 HaL3
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204
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Fig. 6. Size analysis of serum IgA in the AKR/N, C57BL/6J,
BALB/cA, DBA/2J and HIGA strains by HPLC. IgA levels of
80 fractions of each sample were measured using ELISA.
Molecular masses of marker proteins (in kDa) are shown at
the top.
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monometic IgA formed a small peak in both HIGA and
DBA/2J, and almost no peak trimer was observed in
BALB/cA, C57BL/6J and AKR/N mice.

2.5 Comparison of serum lgA concentrations

To determine the relation between amino acid
sequences in the hinge region and serum IgA properties,
the serum IgA levels of these four strains possessing dif-
ferent allotypes, BALB/cA, C57BL/6J, DBA/2J and AKR/
N, were assessed and compared with those of HIGA
mice. While the serum 1gA level in HIGA was significantly
higher than those of other strains, no significant differ-
ences were found among those of the four strains,
including DBA/2J mice (Table 2).

2.6 1gA staining of glomeruli

There was mild deposition of IgA in BALB/cA, C57BL/6J
and DBA/2J mice, whereas severe deposits were seenin
the mesangial areas in HIGA rmice (Fig. 7). The results of
the quantitative analysis are shown in Table 3. A signifi-
cant difference was observed only in the HIGA strain.

2.7 Relation between the amount of trimeric IgA
and IgA deposition in glomeruli

We selected 43 F2 mice that showed an appearance of
polymeric IgA dominancy with Western blotting (Fig. 1B});
the relation between serum IgA levels and glomerular IgA

Fig. 7. immunofluorescence photographs of glomerular IgA
deposition in the BALB/cA (A), DBA/2J (B), C57BL/6J (C}
and HIGA strains (D) at 30 weeks of age (x400).

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 2. Serum IgA levels

Strain n SerumligA  pvalue® pvalue
level® {HIGAvs. (DBA vs.
(mg/100 mi) other other
strains)  strains)
DBA/2J 7 29.41+21.00 <«<0.0001 -
AKR/N 3 9.79+1.83 <0.0001 0.157
BALB/cA 7 25.95+5.58 <0.0001 0.681
C57BL/6J 7 14.16+7.32 <0.0001 0.0946
HIGA 7 192.5+29.82 - 0.0001

Walues are presented as the means = SD of the IgA level,
B f-test.

deposition in them was evaluated by linear regression.
As shown in Fig. 8, serum IgA levels were correlated with
IgA deposition (r=0.489, p=0.0009).

3 Discussion

In this study, in HIGA mice, a significant linkage of the
trait of trimeric IgA dominancy in sera was recognized
exclusively with the locus around D12Mit263 on chromo-
some 12 in a recessive model of transmission with a LOD
score of 15.4. On the other hand, D12Mit263 has been
reported to be located close to the immunoglebulin
heavy chain gene. Analysis of the amino acid sequences
of the IgA heavy chain revealed a significant divergence
between BALB/cA and HIGA mice (18 amino acids).
Most differences were focussed on the hinge region. It
was disclosed that the amino acid sequence of this
region in the HIGA strain was identical to that in DBA/2J
mice. Furthermore, analysis of the molecular size of

Table 3. Analysis of IgA deposition in glomeruli {IgA FITC
stain)

Strain n Serum IgA  pvatue® pvalue
deposition  {HIGAvs. (DBA vs.

degree® other other
strains}  strains)

DBA/2J 7 28.88+4.06 <0.0001 -

BALB/cA 7 27.85+3.70 <0.0001 0.681
Cc57BL/Gd 7 30.89+5.56 <<0.0001 0.09486
HIGA 5 192.5x11.81 - <0.0001

Malues are presented as the means x SD of the IgA
deposition degree, which was expressed numerically using
PhotoShop.

B ttest.
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Fig. 8. Correlation between serum IgA levels and IgA deposi-
tion in glomeruli in F2 mice, which have polymeric IgA domi-
nancy. The grades of lgA deposition were evaluated quanti-
tatively by measuring the intensity of the fluorescence in glo-
merular areas with PhotoShop 5.0 and graded from 0 to 255,

serum |gA in DBA/2J mice demonstrated the same pat-
tern as HIGA mice with significant trimer IgA dominance.
Thus, the amine acid sequence in the hinge region has
been clearly shown to play a key role in trimeric IgA
dominancy in HIGA mice.

No linkage was seen between high serum IgA and the
QTL of trimeric IgA dominancy. There were two signifi-
cant QTL of high serum !gA, which were located at chro-
mosomes 2 and 4, respectively {Nogaki et al., submit-
ted). This finding suggest that trimeric IgA formation and
the high serum IgA level result from distinct genes in
HIGA mice. This is consistent with the serum IgA level
not being significantly high in the DBA strain despite tri-
mer IgA dominance. Although the serum tgA level in orig-
inal ddY mice varies widely, almost all of them show
polymeric IgA dominancy [11]. Thus, it is suggested that
ddY mice possess the homozygous gene of the IgA
hinge, composed of the same sequences as HIGA and
DBA mice. Also, the phenctype of polymeric IgA was
preserved during the process of establishing HIGA mice,
which was performed by selective mating of high AgA
mice. Although both HIGA and DBA mice have the same
character of molecular size, the linkage between them
with regard to pedigree has not been reported previ-
ously.

Unexpectedly, the IgA deposition in glomeruli observed
in the DBA strain was not significantly higher than those
in BALB/cA and C57BL/6J mice. On the other hand,
serum IgA levels and IgA deposition in glomeruli in F2
mice, which have polymeric IgA dominancy, showed a
correlation. Therefore, the trimer of IgA is probably not
sufficient by itself for IgA deposition. Other factors, such
as high quantity, might be necessary because in HIGA
strain the serum IgA level was about seven times higher

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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than those of other strains. Further investigations for glo-
merular IgA are currently in progress.

It was unclear which amino acid at the hinge region was
responsible for trimeric IgA formation in HIGA and DBA, It
is, however, noteworthy that these strains have one extra
Cys at the hinge region compared with the BALB/cA
strain, while in other regions, no extra Cys are recognized.
Within the endoplasmic reticulum, free sulfhydryl groups
are oxidized to form disulfide bonds, and almost all cyste-
ine residues in secreted proteins are disulfide bonded
{20]. These extra Cys residues are able to form interchain
5-8 bonds with the J chain or another part of the heavy
chain, providing the possibility of forming trimeric IgA.
Although AKR/N and C57BL/8J also have extra Cys resi-
dues in the hinge region (AKR/N strain has one extra Cys
and C57BL/6J has two extra Cys), trimeric IgA was not
seen in these strains. This phenomenon could be
explained by amino acids flanking the extra Cys residues
in those strains. The extra Cys in the hinge region of these
mice were surrounded by Pro residues. In human IgA, the
major form of IgA2m(1), lacks disulfide bonds between the
H and L chain, and it was shown that the presence of Pro
in CH1 inhibits the formation of an HL disulfide [20].
Assuming it is possible to extrapolate the mechanism of
1gA formation in humans to those in mice, these results
suggest that Pro residues adjacent to Cys in AKR/N and
C57BL/6J might interfere with trimeric IgA formation.

We demonstrate a new animal model, the DBA/2J strain,
which presents trimeric IgA dominancy without a high
IgA level in the serum. In general, secretory IgA is pre-
dominantly polymeric to facilitate efficient transport to
the mucosal secretions mediated via the polymeric
immuneglobulin receptor {plgR) [21]. IgA secreted into
the gut lumen acts both to protect against viral and bac-
terial pathogens and for homeostasis of the gut flora [22].
The DBA/2J strain represents a potent tool for clarifying
intestinal immunity and for investigating affinity of tri-
meric IgA for plgR or sensitivity to pathogens.

Here we have demonstrated that, in the HIGA strain, tri-
meric IgA formation results from the amino acid
sequence in the hinge region. Further genetic analysis of
this murine model may facilitate the clarification of the
pathogenesis of human IgAN.

4 Materials and methods

4.1 Mice
HIGA mice were bred under specific patholgen-free (SPF)

conditions in the Animal Laboratories of Nippon Shinyaku
Co. Ltd. (Kyoto, Japan). BALB/cA mice were purchased
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from Clea Japan (Tokyo, Japan). By crossing HIGA with
BALB/cA mice, F1 {BALB/cA x HIGA) and F2 (F1 x F1} gen-
erations were produced and bred at Nippon Shinyaku. All F2
mice (n=168) were killed under ether anesthesia at 40 weeks
of age, and blood, liver and kidneys were collected. Four
strains with different IgA allotypes were investigated: BALB/
¢A, Igh-2a; C57BL/6J, Igh-2b; DBA/2J, Igh-2¢; and AKR/N,
Igh-2d. C57BL/6J and DBA/2J mice were obtained from
Clea Japan and AKR/N mice were purchased from Japan
SLC, Imc. (Shizuoka, Japan). C57BL/6J, DBA/2J, AKR/N,
BALB/cA and HIGA mice were killed at 30 weeks of age, and
blood, liver and kidneys were collected. All mice used in this
study were female. All animal experiments were performed
in accordance with institutional guidelines, and the Review
Board of Kyoto University approved the ethics of this study.

4.2 IgA staining of renal tissue

Immunofluorescence studies of IgA on frozen renal sections
(3 um) were performed as described previously [10]. The
grades of deposition were evaluated quantitatively by mea-
suring the intensity of the fluorescence in glomerular areas
with PhotoShop 5.0 (Adcbe, San Jose, CA) and graded from
0 to 255 [14]. Five randomly selected glomeruli in each F2
mouse and ten glomeruli in each BALB/cA, C57BL/6J, DBA/
2J and HIGA mouse were measured and the mean value of
the grades was used for analysis.

4.3 ELISA

Total IgA in the sera was measured using a modification of
the sandwich ELISA described previcusly [23]. Briefly,
microtitration plates {Corning, Cambridge, MA) were coated
with goat anti-mouse IgA antibodies (Cappel Laboratories,
Cochranville, PA) and blocked with BSA. After incubation
with the serum samples, alkaline-phosphatase (ALP)-
conjugated goat anti-mouse 1gA antibody {(Zymed Laborato-
ries, South San Francisco, CA) was applied. The plates were
washed, and developed using p-nitrophenyl phosphate
(Sigma, St. Louis, MO} as an ALP substrate. Absorbance
was measured using an ELISA reader,

4.4 Western blot analysis

The IgA molecular size in sera was examined by Western
blot analysis under nonreducing conditions, in 30- or 40-
week-old mice, as described previously [24). The samples
were diluted with sample buffer which contained 0.05 M
Tris-HCI {pH 6.8), 2% SDS, 10% glycerol, and 0.1% bromo-
phenol blue, and boiled for 1 min. The samples were run on
6% SDS-polyacrylamide gels with molecular mass markers
(129 and 207 kDa, Bio-Rad, Hercules, CA) in a Bio-Rad
mini-protean Il gel electrophoresis apparatus at 30 mA for
2.5 h. The gels were then blotted onto a polyvinylidene diflu-
cride membrane (Amersham, Little Chalfont, GB) at 100 V

© 2004 WILEY-VCH Verlag GrmbH & Co. KGaA, Weinheim
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for 3.5 h, Different forms of IgA were analyzed using rabbit
anti-mouse IgA (Zymed Laboratories), followed by goat
horseradish peroxidase-conjugated anti-rabbit-IgG  (Bio-
Source, Camarillo, CA). The membrane was then drenched
in ECL reagent (Amersham) and exposed to ECL hyperfilm
(Amersham) for 10 s, Signal intensity was measured using
the NIH Image and then the IgA molecular size was
expressed as polymer/monomer ratios (P/M).

4.5 HPLC

Size fractionation of the pooled sera was performed by
HPLC on a 7.5 mm x 60 cm SW column {5-1,000-kDa frac-
tionation range; Tosoh, Tokyo, Japan) with a flow rate of
0.5 mli/min. Eighty fractions of each sample were collected
in 0.1 M phosphate buffer, pH 7.0, containing 0.1 M NaCl. A
molecular weight marker kit for gel filtration chromatography
(Sigma) was used as a molecular mass marker. IgA levels of
the samples were measured using ELISA.

4.6 Genotyping of microsatellite markers

Genomic DNA was extracted from the liver by the standard
chloroform/pheno! method. SSLP primers were purchased
from Research Genetics (Huntsville, AL) or DNA compaosition
companies. Polymorphisms of microsatellite markers were
detected as previously described with slight modification
[25]. A reaction volume of 20 ul containing 0.2 mM dNTP,
2wl of 10x Ex Taq buffer, 0.5 uM SSLP primers, 0.5U
TaKaRa Ex Taqg (Takara Bio. Inc., Shiga, Japan) and 80 ng
genomic DNA was prepared for PCR in 96-well plates. After
5 min incubation at 94°C, the reactions were amplified
through 40 cycles of 45 s at 94°C, 45 s at 55°C, 1 min at
72°C, followed by 7 min at 72°C. Detection of PCR products
was performed by loading on 5% agarose gels {Invitrogen,
Carlsbad, CA).

4.7 Linkage analysis

First, the genotyping of microsatellites in all chromosomes,
except the Y chromosome, and the measurement of the IgA
molecular size in 84 F2 mice was performed. Initial determi-
nations of statistical differences were obtained by an
unpaired t-test. For QTL analysis, Map Manager QTX soft-
ware version 0.23 was used [26]. The significance of each
potential association was measured using the likelihood
ratio statistics (LRS). LRS were converted into the logarithm
of odds {LOD) by dividing by 4.61. A significant LOD score
was abcve the recommended threshold value of 4.3 [27].
After the chromosome in which QTL of polymeric IgA were
potentially located was identified, all 168 F2 mice in this
chromosome were analyzed.
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Table 4. PCR primers for DNA sequences

Primer name Sequence (5°-3")

Cal foward TGGGCAGTGTGAAGACTACT
Cal reverse TTCTCCTTITGCTGTCCCCTT
Ca2 foward AGGAATCCCTCAGAAACCTC
Co2 reverse TCAGACAAGGAGAGCAAGAC
Ca3 foward ATCACAGAGGGAAATTGGAG
Ca3 reverse GCAGGGATACTTTGGATGAG

4.8 DNA sequences

DNA sequences of a constant lesion in the IgA heavy chain
{Cal, Ca2, Ca3 and tailpiece) of three allotypes {Igh-2b, Igh-
2¢ and Igh-2d) were retrieved from GenBank (ace. no.
AY045741-AYD45752). To examine DNA sequences in HIGA
and BALB/cA mice, primers were designed from the introns
which were located around the Ca1, Co2 and Ca3 (Table 4),
PCR was then performed using genomic DNA of HIGA and
BALB/cA mice, respectively. The amplified fragments were
sequenced by TaKaRa Bio. Inc. DNA sequences were trans-
lated to amino acids using GENETYX-MAC Ver. 11.0,

4.9 Statistical analysis

In the analyses of F2 mice, determinations of statistical dif-
ferences between BALB/c and HIGA genotypes were
assessed using the unpaired t-test with StatView software
version 5.0. Differences in serum IgA levels among inbred
strains were also analyzed by the unpaired t-test. The results
are expressed as means + 3D. Differences were considered
significant at p<0.05.
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Expression and activity analyses of CTLA4 in peripheral blood
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The objective of this study was to determine the expression and activity of CTLA4 in TFeells of
systemic lupus erythematosus (SLE) patients. Expression of CTLA4 on freshly isolated peripheral
blood Tcells was evaluated in 33 SLE patients and 25 contrels using flow cytometry. The T-cells from
19 SLE patients and 22 controls were stimulated and cuoltured with Chinese hamster ovary cells
expressing CD80Q (CHO-CDE0) or with CHO cells. Tcell proliferation was determined with [°H]
thymidine incorporation (CPM), and the inhibitory effect of CTLA4 on Tcell proliferation was
evaluated by the ratio of CPM for T-cells with CHO~CD30 cells to that of T-cells with CHO cells (the
CHO-CD80/CHQ ratio). IntracellularCTLA4 expressionin freshly isolated petipheral blood T-cells
was significantly higher in SLE patients than the controls (P < 0.05), but there was no correlation
with clinical features or disease activity. The CHO-CD80/CHO ratio of SLE patients was
significantly higher than that of the controls (P < 0.05). Among SLE patients, the CHO-CD80/CHO
ratio of patients with lupus nephritis was significantly higher than that of patients without lupus
nephritis (P < 0.05). In conclusion, our data suggest that CTLA4 expression is not impaired in SLE
patients, but there is a possibility of decreased inhibitory effect of CTLA4 involved in the
pathogenesisof SLE.  Lupus (2004)13, 2431,

Key words: CTLA4; lupus nephritis; systemic lupus erythematosus

Introduction

T-cell activation requires at least two signals. The first
is the interaction between antigen-specific T-cell
receptors and the antigen major histocompatibility
complex (MHC). The other is the co-stimulatory
signal. Cytotoxic T-lymphocyte-associated antigen-4
(CTLA4) and CD28, which are co-stimulatory
molecules on T-cells, bind with the same ligands of
CD80 and CD86 on antigen-presenting cells (APCs)
and cooperatively regulate T-cell activation. CTLA4 is
a T-cell membrane receptor homologous to CD28, but
whose function is different from CD28. CD28 is
expressed constitutively on T-cells, whereas CTLA4 is
expressed transiently only on activated T cells. CTLA4
is localized predominantly within the intracellular
compartments and its expression level on the cell
surface is only a small fraction in comparison to that
of CD28 after T-cell activation. This cell surface
expression is rapidly internalized through clathrin-
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mediated endocytosis and accumulates within the
endosomes of activated T-cells. CTLA4 binds with
CD80 and CD86 as well as CD28 but with a 20- to 50-
fold greater affinity. A function of CTLA4 is in the
termination of immune responses by delivering a
negative regulatory signal, whereas CD28 provides a
critical co-stimulatory signal essential for the initiation
and progression of T-cell immunity.'~>

A lack or modification of negative signals through
CTLA4 in mice is implicated in autoimmune diseases.
CTLA4-deficient mice are known to develop lympho-
proliferative syndromes and autoimmune diseases.® In
experimental autoimmune encephalomyelitis murine
models, anti-CTLA4 treatment resulted in increased
severity of disease activity and higher incidences of
r(=,laps¢.l'7‘B Thus, CTLA4 plays an essential role in the
prevention of uncontrolled T-cell activation. In
addition, CTLA4 gene polymorphisms have been
known to exist in patients with Graves’ disease,”
autoimmune diabetes mellitus, '®!! multiple sclerosis '
and rheumatoid arthritis.lj Together with these
findings, it is suggestive that CTLA4~CD80/CD86
interaction plays a critical role in regulating self-
tolerance, and in the susceptibility to autoimmune
diseases.
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Systemic lupus erythematosus (SLE) is an auto-  features and activities were investigated. Next, the

immune disorder that includes abnormalities of  inhibitory activity of CTLA4 on T-cell proliferation
T-lymphocytes, as well as hyper-reactive B-cells that  was investigated and evaluated.

produce autoantibodies. Peripheral blood lymphocytes

from atil%nts with SLE often contain activated
Tecells ®~ " and anto-reactive T-cells are postulated to .
be involved in a major role in the pathogenesis of SLE. Patients and methods

One possible explanation for these abnormal acti- Patients and control subject
vations in lupus Iymphocytes is the lack or modification ! subjecis
in the auto-reactive elimination of activated T-cells that ~ Lymphocyte marker analysis was performed in 33 SLE
respond to foreign antigens and in clonal deletion of  patients (32 females and one male, age: 15-70 years,
auto-reactive T-cells in the periphery. Hyper-activities  with mean of 33.3 years) (Table 1), who were diagnosed
of both B- and T-lymphocytes in SLE are frequently  according to the American College of Rheumatology
observed, but no smdies have investigated the  Criteria'” and 25 age-matched healthy subjects as the
expression of CTLA4 in relation to the clinical feature  controls. The SLE Disease Activity Index (SLEDAI)
and activity of SLE and the function of CTLA4. score!® for each patient was determined. Patients were
The aim of this study is to investigate and evaluate  selected from patients receiving steroid therapy only in

the impaired expression and activity of CTLA4  orderto avoid bias related to immunosuppressive drugs.
molecules in SLE patients. First, CTLA4 expression  Data on age, sex, duration of disease, SLEDAI, type
in peripheral blood T-cells and its relation to clinical  of organ involvement, dosage of prednisolone (at time
Table 1 Characteristics of the SLE patients enrolled in the study for immunofiuorescence analysis of lymphocytes
Patient Years of SLE Sex Age (years) SLEDA{ QOrgan involvement Prednisolone {mg[day) CD28YCTLA4 (%)
1 24 F 44 2 GN 7 14.91

2 10 M 43 32 GN, Se, TH 60 13.12

3 2 F 23 1 TH 15 9.32

4 0.1 F 24 24 CNS 0 8.48

5 14 F 32 1% GN 20 8.08

6 5 F 28 12 GN 20 7.80

7 7 F 4] 6 Hepa 10 6.67

8 3 F 20 16 GN 60 6.64

9 7 F 29 18 CNS, E 10 5.94

10 2 F 40 16 GN 10 427

1 7 F 24 3 None 35 402

12 9 F 49 27 GN,Se 0 4.00

13 3 F 46 2 HA 125 3.30

14 1 F 21 3 TH 0 2.93

15 29 F 53 10 GN 75 2.51

16 8 F 27 18 TH 10 2.43

17 8 F 26 9 GN 25 2.28

18 1.3 F 48 6 . GN, TH, CN§ 25 2.25

19 2 F 15 16 GN 17.5 1.97

20 9 F a7 14 GN 30 1.78

21 0.7 v 32 11 GNE 0 1.75
22 7 F 19 6 GN 125 1.67
23 0.3 F 15 9 Se, GN, CNS 80 1.60
24 0.1 F 20 8 Se, HA, GN 10 1.46

25 5 F 44 12 GN 30 1.45

26 0.3 F 19 2 TH 45 1.38

27 02 F 43 34 GN, TH 0 1.04

28 26 F 70 1 None 5 1.00
29 15 F 25 47 CNS, GN 15 0.96

30 0.2 F 54 4 Cys 0 0.89

31 5 F 16 26 CNS, GN 80 0.81

32 0.7 F 18 4 HA, TH, E 45 0.71

33 0.1 F 25 16 GN 30 0.28

SLEDAIL = SLE Disease Activity Index: CNS = central nervous systems; GN = glomerulonephritis; Cys = lupus cystitis; Se = serositis; E = lupus
exanthem; TH == thrombocytopenia; Hepa = lupus hepatitis; HA = hemolytic anemia; None = no organ involvement.

*Intracellular CTLA4 expression in freshly isolated peripheral CD28 positive T-cells.

Based on two-colour flow cytometry, intracellular CTLA4 expression in-freshly isolated peripheral CD28 positive T-vells (%) was investigated.

L
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of hematological analysis) are shown in Table 1. T-cell
proliferation analysis was performed in 19 SLE patients
(17 females and two males, age: 16—70 years with mean
of 38.1 years) (Table 2) and 22 age-matched controls.

Monoclonal antibodies (MAbs)

The following MAbs were used in this study:
phycoerythin (PE)-labeled anti-human CTLA-4
(BNI3.1, Mouse IgG2a, PharMingen, San Diego, CA),
PE-labeled anti-mouse IgG2a as the isotype control,
fluorescein isothiocyanate (FITC)-labeled anti-CD28
(KOLT-2, Mouse IgG1, PharMingen).

Cells

Peripheral blood mononuclear cells (PBMCs) were
isolated from heparinized blood of SLE patients and
controls by Ficoll-Hypaque density-gradient centrifu-
gation (Muto Pure Chemicals, Tokyo, Japan). After
three washings with 0.1% fetal calf serum (FCS) with
phosphate-buffered saline (PBS), the cells were
resuspended in RPMI1640 (Nissui Pharmaceutical,
Tokyo, Japan) containing 10% FCS. These cells were
used for immunofluorescence staining by FACStar plus
flow cytometry (Becton Dickinson, San Jose, CA) and
for T-cell proliferation analysis.

Transfectants

Human CD80 cDNA was cloned by PCR and the
sequence was confirmed with the DNA sequencer. The
c¢DNA was then subcloned into the expression vector
pDNA3.1 (Invitrogen, San Diego, CA). This construct
was transfected by lipofectamin plus (Invitrogen, San
Diego, CA) into the Chinese hamster ovary (CHO) cells
and then cultured with 500 pg/mL of G418; viable
cells remaining after culture were selected for the study
analyses. CD80-expressing cells were cloned by
limiting dilution, and CD8( expression was confirmed
by FACScan.

Immunofluorescence analysis of lymphocytes

Intracellular detection of CTLA4 was performed
according to the direct infracellular immunofluores-
cence procedure (Becton Dickinson). PBMCs were
stained immediately after isolation and the cells were
stained with the FITC-labeled anti-CD28 antibody.
After surface staining, the red blood cells were lysed by
adding the lysing solution (Cat. No. 349202). Cell
mixture was vortexed and incubated for 10 minutes at
room temperature followed by centrifugation at 500 g
for five minutes. Permeabilizing solution (Cat. No.
340457) was then added to the cells and incubated for

10 minutes at room temperature in the absence of light.
After washing with PBS containing 0.5% FCS, PE-
labeled anti-human CTLA4 antibody or PE-labeled
anti-mouse IgG2a as the isotype control was added and
incubated at room temperature in the absence of light.
The cells were resuspended in 1% paraformaldehyde in
PBS after washing. The cells were analysed by FACStar
plus flow cytometry.

T-cell purification

T-cells were purified from PBMCs using the CD4 and
CDR positive isolation kit (DYNAL, Oslo, Norway).
Briefly, CD4 and CD8 Dynabeads were added to the
PBMCs (beads: PBMCs ratio 2: 1) and incubated with
rotation at 4°C for 30 minutes. The beads bound
isolated cells were washed four to five times in
RPMI1640/10%FCS using the Dynal magnetic device.
To obtain CD4 and CD8 positive T<ells from the
beads, DETACHaBEAD CD4/CD8 was added to the
cell suspension and incubated with rotation at room
temperature for 60 minutes and the cells detached from
beads were collected. This selection procedure
routinely yielded preparations of 80-90% of CD4
and CD8 positive cells, as confirmed with the flow
FACStar plus flow cytometry.

T-cell proliferation assays

Proliferation assays were performed in triplicate in 96-
well plates with a final volume of 200 ul per well in
RPMI1640/10% FCS and antibiotics as previously
described.’ T-cells 5 x 104) were cultured with a
combination of PMA, ionomycin (PI} with CHO or
CHO-CD80 cells fixed with the addition of para-
formaldehyde at a CHO:T cell ratio of 2:1. Cell
mixtures were incubated at 37°C for three days, and
then incubated for six hours with the addition of 1 pCi
{3H] thymidine per well. Cells were harvested with 96-
well filter plates using a Packard (Meriden, CT) 96-well
harvester, and [3H] thymidine uptake was determined
via liquid scintillation counting. In procedures where
blocking Abs were used, CTLA4Ig (Genzyme Techne
#2325) or isotype-matched mouse Ig was added at
commencement of culture. Data were plotted as mean
values determined in triplicate.

Statistical analysis

Student’s ¢-test was used to evaluate the group means of
continuous variables. P-values of less than 0.05 were
considered statistically significant.
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Table 2 Characteristics of the SLE patients entolled in the study for T-cell proliferation assays
Age Organ Prednisolone

Patient Sex (vears} SLEDAT involvement (mg/day) CHO-CD80JCHO*
1 F 21 12 GN, CN§ 80 0.453

2 F 28 10 CNS, TH 60 0.634

3 F 32 16 GN, HA 30 0.766

4 F 25 18 GN, HA 20 0.719

5 F 17 6 CNS, GN, TH 27 0.860

6 F 54 4 Cys 0 0.355

7 F 56 4 CNS, Se 80 0.607

8 F 70 1 None 5 0.318

9 M 37 14 GN, Se 50 1.296

10 F 49 13 GN, TH 22 1.054

1 F 55 10 None 0 0.345

12 M 38 12 GN 25 0.538

13 F 33 12 GN 45 1.163

14 F 38 8 GN 30 1.050

15 F 29 12 GN 10 0.710

16 F 16 16 GN 18 0.630

17 F 64 4 1P 5 0.470

18 F 38 4 None 10 0.879

19 F 24 4 None 8 0.759
SLEDAl = SLE Disease Activity Index; CNS = central nervous system; GN = glomerulonephritis; Cys = lupus cystitis; Se = serositis; TH =
thrombocytopenia; HA = hemolytic anemia; IP = interstitial pneumonia;, None = no organ involvement.

*The ratio of CPM for T-cells with CHO-CD80 cells so that of Tcells with CHO cells. An increase in this ratio reflects the amount of impairment of T-cell
proliferation by CTLAA.

Results T-cells is shown in Figure 1 and intracellular CTLA4

expression in CD28 positive T-cells in each individual

Comparison of CTLA4 expression in peripheral SLE patient is tabulated in Table 1.

CD28 positive T-cells in SLE patients and controls

CTLA4 expression is restricted to the subset of T-cells  No association of SLE clinical features and

that also expresses cell surface CD28 and co%?mtively intracellular CTLA4 expression

regulates T-cell activation by CD80/CD86.™“" There- _ o .
fore, CTLA4 expression on freshly isolated peripheral !lzlnalcl:eﬂcli}agl CELC‘?; cxtpresszain mn CDZISﬁposm_\tf E
blood CD28 positive T-cells was evaluated. Detection . l—.ce. :J f at © dl d.no rewt:i 'tz'my co;re 2 0&1 DWI\II A
of cell surface CTLA4 expression on CD28 positive cut;g: P ea:'?eres lariv lscas? ac vz lesgugLaESSRI"
T-cells was minimal and was significantly less than that 2(13 tao gt ; T )0 compiement an score
of the intracellular CTLA4 (P < 0.01) in all SLE  (C2# ROLSHOWR:

patients and controls (Table 3). Since CTLA4

expression was up-regulated after stimulation, we  Analysis of the negative regulatory function

evaluated the kinetics of cell surface and intracellular  of CTLA4 on T-cell proliferation mediated

CTLA4 expression. After PI stimulation, surface and by CD80 in SLE patients

intracellular expressions of CTILA4 in CD28 positive ] ) o
T-cells were up-regulated, with peak levels achieved C;[‘E,I‘A4l:1as been des\'i;]be(;i as a.physulJllotﬁlc "gf;?fj
between 48 and 72 hours. The kinetics were similar in ;_’ e afinvamnl. 10 Sftérmm'e whether linted
the controls and SLE patients. The kinetics of cell ~ functions adequately in patients, we evaluate
surface CTLA4 expression paralleled the kinetics of

intracellular CTLA4 (data not shown). This data  Table3 Comparison of CTLA4 expression in peripheral CD28
coincided with previous reports in mice.”” For this  positive T-cells in SLE patients and controls

reason, we compared the intracellular expression of CTLA4 expression on CD28" T-cells

CTLA4 in freshly isolated CD28 positive T-cells (mean + SEM)

obtained from 33 SLE patients (Table 1)} and 25 Cell surfuce Intracetlular P
controls. The percentage of intracellular CTLA4 =0t femn om0 066 1990 £ 1426 < 0.001
expression 1n CD28 posiive T-cells was 31gmﬁcantly SLE (n = 34) 0.299 4 0.445 3.870 + 3.657 < 0.001
greater in SLE patients than in the controls (P < 0.05). P 0.189 < 0.05

'.Thc distribution in the perlcenta‘lge of mdwn.;h'lal Values are expressed as mean + SD. P-values were determined with the
intracellular CTLA4 expression in CD28 positive  gidents rtest.

Lges
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20 P<0.05

Intracellular CTLA4Y CD28* T cells

Controls

SLE
(n=25) (n=33)

Figure 1 Intracellular CTLA4 expression in freshly isolated
peripheral CD28 positive T-cells in SLE patients and controls
(median values are indicaled by the horizontal bar; P-values were
determined with the student’ f-test).

its function by T-cell proliferation assay inhibited by
CD80 in a CTLA4-dependent manner.'” Purified
T-cells from SLE patients and controls were cultured
with a2 combination of PMA, ionomycin (PI) with
CHO or CHO-CDS80 cells fixed with paraformalde-
hyde. Substantial T-cell proliferation occurred in
T-cells from both SLE patients and controls when
T-cells were cultured with PI stimulation alone or PI
plus CHO cells. When CHO-CDB80 cells were
added to the Tecells treated with PI, a negative effect
on T-cell proliferation was demonstrated (Figure 2).
These experiments demonstrated that the inhibition
of Pl-induced T-ell proliferation is dependent on
CD80. Because CD80 can potentially interact with
both CD28 and CTLA4, our findings suggested the
possibility that CD80 may be involved in the role to
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Figure 3 Effect of CTLA4lg. Purified T-cells from the control
were stimulated as in previous experiments with Pl in the presence
of either CHO cells or CHO-CD8O0 transfectants. CTLA4Ig or
control IgG1 was present at 0, 0.04, 0.2, 1, 5 and 25 pg/mL from
commencement of culture. After three days of culture, proliferation
analysis was conducted with {*H] thymidine incorporation.

inhibit responses via both CTLA4 and CD80. To
confirm that the CD80-mediated inhibition was
predominantly via CTLA4, we performed dose-
dependent titration experiments of CTLA4lg and
compared the results with that of the control IgGl.
The results revealed that in purified T-cells from the
controls were demonstrated substantial increases in
T-cell proliferation to PI in the presence of CTLA4Ig
but not in the presence of the control IgGl.
This increase by CTLAA4Ig demonstrated a dose-
dependentresponse (Figure 3). This result demonstrated
that the CD80-mediated inhibition was predominantl);
via CTLA4 and was consistent with another study.’
SLE T-cells are known to be depressed in vitro response

®) CHO-CD8U/CHO ratio
12000 T 0.61

10000 [

8000 I

| emsmsraise |
imstimutated P/ P/l ™1

+ +
CHO CHO-CDED

Figure 2 Representative data of T-cell proliferation assays; (a) control, (b) SLE patient (no. 15). Purified T cells were stimulated with or
without PI and cultured with CHO or CHO-CDR0 cells or medium alone. The CPM ratio of T-cells with CHO-CD80 to T-cells with CHO
{CHO-CD80/CHO ratio) was used to determine the inhibitory effects of CTLA4.
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Figure 4 Tecell proliferation assay mediated by the CTLA4/
CD28 ligand CD80. (a) Comparison of CHO-CD80/CHO ratio in
SLE patients and controls {the CHO-CD80/CHO ratio in SLE
patients {n = 19) is significantly higher than those of the controls
{(n == 22)). (») Comparison of CHO-CD80/CHO ratio in SLE
patients with or without glomerulonephritis (GN) (the CHO-
CD80/CHO ratio in SLE patients with GN (r = 11} is significantly
higher than those of SLE patients without GN (n = 8); error bars
represents the mean + SD of the CHO-CD80/CHO ratio).

to stimulation. It is known that an abnormality in T-cell
proliferation exists in SLE. To minimize these
influences of T cell abnormality among SLE patients,
our study comparatively investigated each CPM ratio
(the CPM ratio of T cells cultured with a combination
of PI with CHO-CD80 cells/the CPM ratio of T cells
cultured with a combination of PI with CHO cells)
instead of utilizing the CPM value directly to evaluate
the proliferate function of the T cells. The decrease in
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the CHO-CD80/CHO ratio revealed that CTLA4 on
T-cells functioned effectively. The CHO-CD80/CHO
ratio in patients with SLE was significantly higher than
controls (P < 0.05) (Figure 4a). This data revealed that
CTLA4 function, as a negative regulator on T-cell
activation, was impaired in a portion of the SLE
patients. Next we analysed whether an association
exists between CTLA4 function and the clinical
features. We revealed that the CHO-CD80/CHO
ratio in SLE patients with glomerulonephritis (GN) as
significantly higher than those without GN (Figure 4b).
There was no significant association of additional organ
involvement and these results. In addition, there was no
correlation between cell surface or intracellular CTLA4
expression and the CHO-CD80/CHO ratio. One
postulation is that the decrease of CTLA4 function may
be related to the pathogenesis of lupus nephritis.

Discussion

The inability to generate effective down-regulatory
networks of immune hyperactivity is one pathogenesis
in patients with SLE. CTLA4 is one of the negative
regulators of T-cell activation. However, little is known
about the functional involvement of CTLA4 in human
autoimmune diseases. It has been reported that CTLA4
expression on peripheral blood T-cells in SLE patients
is intact at the mRNA and protein levels.” Although
the level of surface expression of CTLA4 on CD28
positive T-cells was quite modest and no significant
differences of its expression were revealed between the
controls and SLE patients (Table 3), intracellular
CTLA4 expression in CD28 positive T-cells was
significantly greater in SLE patients than in the
controls in our study. This data is consistent with other
studies. In addition, surface and intracellular
expression of CTLA4 was up-regulated after activation
and the kinetics of cell surface CTLA4 expression
paralleled the kinetics of intracellular expression (data
not shown), Worthy of note is that these data suggested
that CTLA4 expression is not impaired in SLE
patients.

In murine relapsing experimental autcimmune
encephalomyelitis (EAE), CTLA4 expression was up-
regulated during acute disease activi%‘ peaked at
remission, and persisted during relapses.”” In humans,
there is no observation reported regarding the
association between CTLA4 expression and disease
activity. However, the expression of CTLA4 did not
correlate to SLEDAI, serological data, nor with the
specific clinical features of SLE in the majority of the
patients evaluated in this study. Interpretation of this
result may be complicated due to the existence of
additional variables such as disease state and therapy.

29
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CTLA4 functions as a negative regulator of T-cell
activation, and was evaluated with T-cell proliferation
assay inhibited by CD80 in a CTLA4-dependent
manner. We demonstrated that the inhibitory effect of
CTLA4 in SLE patients was inferior to those of the
controls. There are several possible mechanisms
including gene polymorphisms and signal transduction,
to be considered as the reason why CTLA4 function
was defective in spite of intact expression. The first
possibility is polymorphisms of the human CTLA4
gene. The chromosome 2q33 region, where the CTLA4
and CD28 genes are located,” is one of the potential
susceptibility loci for human SLE. 267 Recently,
CTLA4 polymorphisms in SLE patients have been
reported among the Japanese and Slovak population.z’3
CTLA4 49A/G and 37 (AT), polymorphisms among
the Japanese population might have affected the CTLA4
mRNA stability and subsequent CTLA4 expression.
However, other studies together with our findings
indicated that there is no apparent defective mRNA and
protein expression of CTLA4 in human SLE, and these
polymorphisis are unlikely to affect CTLA4 function.
Other undetectable CTI.A4 polymorphism involved in
CTLAA4 function remains to be studied.

The second possibility is that other molecules that
are associated with CTLA4 may be responsible for the
impairment of CTLA4 function. Recent studies have
suggested that functional defects of SLE T-cells lie in
the early signaling pathways between T-cell receptor
(TCR) and protein kinase C.'® CTLA4 is known to be
associated with the TCR complex { chain and CTLA4~-
TCR { interaction inhibits TCR signal transduction
after T-cell activation. It has been reported that TCR {
chain expression in peripheral blood T-cells from SLE
patients is decreased compared with the controls and
systemic sclerosis patients. In addition, Src family
tyrosine kinases such as Fyn and Lck regulate cell-
surface expression of CTLA4 through tyrosine
phosphorylation of CTLA4%° If CTLA4 is not
phosphorylated, surface CTLA4 rapidly internalizes
intracellularly. These reports raise the possibility that
the expression and function of CTLA4 themselves are
not defective, but the early signaling pathways
associated with CTLA4 molecules including TCR
complex { chain and Src family tyrosine kinases are
impaired in SLE patients,

Recently, there have been studies and investigations
that reported on the identification of a native soluble
CTLA4 in humans. The presence of functional
capability has been demonstrated and reported in vitro
through its inhibitory actions in mixed leukocyte
response, even though it has not yet been clearly
defined. Soluble CTLA4 level in SLE patients has been
evaluated and reported; the level of soluble CTL.A4 in
SLE patients was evaluated in comparison to that of

controls, but correlation to its activity was not
confirmed or identified.***! In our present study, the
level of CTLA4 was not evaluated in serum but was
demonstrated with the T-cell proliferation assay; our
study protocol utilizing the T-cell proliferation assay
does not require the use of serum, therefore there was
no influence of abnormal serum soluble CTLA4 in
reference to our study findings. Further studies and
investigations are necessary for evaluation of the level
of soluble CTLA4 and its correlation to the
manifestations and symptoms of the disease.

SLE is envisioned to arise from hyper-activated
helper T-cells that cause polyclonal B-cell secretion of
pathogenic autoantibodies and formation of immune
complexes that deposit in sites such as the kidney.
CTLA4 binds to CD80/CD86 with greater affinity than
CD28; a soluble form of CTLA4 has been used to
inhibit T-cell co-stimulation via CD28, by blocking
CD80 and CD86 receptors on APCs. Blocking of this
pathway has been demonstrated to inhibit autoimmu-
nity. In rats, CTLA4Ig, which inhibited the ligation of
CD28 and either CD80 or CD86 on APCs, prevented
the development of experimental autoimmune glomer-
ulonephritis.”> This data suggested that the CD80/
CD86-CD28/CTLA4 co-stimulatory pathway might
be involved in the pathogenesis of autoimmune
nephritis. CTLA4 has been described as a physiologic
inhibitor of T-cell activation, but is not involved in the
pathogenesis of any human disease. In our study,
CTLA4 function was impaired in SLE patients with
nephritis compared with patients without lupus
nephritis. From these findings, it is likely that CTLA4
is involved in the pathogenesis of lupus nephritis.
Further study is required to clarify the role of CTLA4 in
the pathogenesis of lupus nephritis.
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Double Filtration Plasmapheresis for the Treatment of a
Rheumatoid Arthritis Patient with Extremely High Level of
C-reactive Protein

Yukihiro Matsuda,'? Hiroshi Tsuda,? Yoshinari Takasaki ? and Hiroshi Hashimoto?
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Abstract: A 68-year-old-male who was diagnosed as hav-
ing rheumatoid arthritis (RA) 7 years previously was
admitted the Chiba Social Insurance Hospital due to gen-
eral fatigue, spiking fever, and appetite loss. Blood tests
showed extremely high levels of C-reactive protein (CRP,
3185 mg/dL}, and hypergammapathy (IgG 3228 mg/dL,
IgA 905 mg/dL, IgM 2537 mg/dL) and high titers of
rheumatoid factor (RAPA 40960X), He was diagnosed as
having RA with vasculitis, according to interstitial
pneumonitis, cutaneous nodules and polyneuropathy.
Prednisolone (30 mg/day) was prescribed, however,
myeloperoxidase-antineutrophil cytoplasmic  antibody
proved to be positive (86EU) and cyclophosphamide
(50 mg/day) was added one week later. Additionally, IgM
K-chain M-protein was revealed and the differentiation

between auto-immune and hematologic diseases was
required for further drug prescriptions. Therefore, double
filtration plasmapheresis (DFPP) was initiated weekly.
Hematologic diseases were negated and the hypergam-
mapathy was improved. C-reactive protein and MPQ-
ANCA decreased to the normal level after three sessions
(IeG 1064 mg/dL, IgA 331 mg/dL, IgM 94 mg/dL, CRP
0.04 mg/dL) and the patients symptoms improved. Pred-
nisolone was tapered and he was discharged. It was sug-
gested that the case presented here was quite rare, having
an extremely high level of CRP which was successfully
managed by DFPP. Key Words: C-reactive protein,
Double filtration plasmapheresis, Rheumatoid arthritis,
myeloperoxidase-antineutrophil cytoplasmic antibody.

The cause of rheumatoid arthritis (RA) is still
unknown, however, humoral factors such as immu-
noglobulin, rheumatoid factors, cytokine, chemok-
ine, proteolytic enzyme, and superoxide are
considered to be related with the development of the
synovitis (1). Additionally, these factors interact with
each other and deteriorate the disease state. Since
the articular changes expand joints in a similar way
to the metastasis in cancers, it is speculated that some
key pathological factors are transmitted through the
blood stream and or the lymphatic tissues, like

metastasis. Therefore, blood purification therapies,

namely, apheresis techniques, can be applied to
remove such pathological factors. Double filtration
plasmapheresis (DFPP) is one of the methods of aph-
eresis applicable for the treatment of RA and it has
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been reported that DFPP is effective for the manage-
ment of extra-articular manifestations of RA with
vasculitis (2).

We recently experienced the rare case of an RA
patient with an extremely high level of C-reactive
protein (CRP), who showed significant improve-
ments after the initiation of DFPP. This article is a
case report to describe the case. .

CASE REPORT

The casc presented is of a 68-year-old male. He
was diagnosed as having RA in 1994 at the age of
61 years, and managed the condition with methotrex-
ate (8 mg/week) and bucillamin (200 mg/day) by
another institute, however, the disease activity was
high with a high level of rheumatoid factor (2560—
5120X RAPA). In the middle of November 2001, he
presented general fatigue, spiked fever (>38°C), and
appetite loss. Although the cause of these symptoms
was considered to be the side-effects of the above
drugs, the cessation was not effective. He was hospi-
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