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Table 1. The clinical characteristics of patients with Reiter's syndrome following intravesical BCG therapy

Case Agefsex  No.of BCG  Arthritis HLA-B27  Therapy Reference
number therapies

1 T4/M 6 Knees, ankle - NSAID 9
2 64/F 4 Elbow, wrist, MCPs. PIPs, knee + NSAID + PSL + INH + RFP 10
3 33/F 5 Wrist, MCP, knee - NSAID 11
4 68/M 6 Knee 7 INH 12
5 71/F 4 MCP, knee + NSAID + PSL + INH 13
6 635/M 5 Elbow, PIP, ankle + NSAID + PSL 14
Present case 79M 4 Shoulder, wrists, MCPs, knees - NSAID + PSL

Present case S54/M 4 Knee - PSL

Present case S58/F 3 Rib, MTP - NSAID

Present case 68/F 5 Rib. knees 7 NSAID

Present case 47/M 8 Wrist, MCP, knee - PSL

Present case 42iM 6 Knee, PIPs - PSL

BCG,. bacillus Calmette-Guérin: MCP, metacarpophalangeal joints; MTP, metatarsophalangeal joints; PIP, proximal interphalangeal joints;
PSL, prednisolone; NSAID, nonsteroidal anti-inflammatory drug; INH, isoniazid; RFP, refampicin

such as polyarthritis and conjunctivitis, may be induced.
One possible mechanism for this condition is molecular
mimicry between BCG and chondrocytes or conjunctiva,
which is considered to be important in adjuvant arthritis*
and Poncet’s disease’ Adjuvant arthritis is induced in
animals by the inoculation of a mycobacterium suspension
{Freund). Similarly, Poncet’s disease is characterized by
an aseptic polyarthritis in association with Mycobacterium
tuberculosis infection. T cell clones specific for M. tubercu-
losis established from rats with adjuvant arthritis are
strongly arthritogenic,” suggesting the existence of a cross-
reaction between some T cell antigens in human cartilage
and M. tuberculosis.” One of the T cell antigens in the syn-
ovial fluid of patients with chronic inflammatory arthritis is
a heat-shock protein (HSP) derived from Mycobacteritim
bovis.t A relationship between HSP and HSP-specific cyto-
toxic T cells has been implicated as the possible mechanism
of inflammatory responses in patients with Reiter’s
syndrome.

A Medline search for the period between 1990 and 2002
showed reports of 36 patients with reactive arthritis and 6
patients with Reiter’s syndrome that occurred subsequent
to intracavitary BCG administration”"* (Table 1). Reiter’s
syndrome was diagnosed based on polyarthritis, aseptic
urethritis, and conjunctivitis. These six patients developed
asymmetrical arthritis, espectally in the knee joints, after
four to six doses of BCG immunotherapy. Reiter’s syn-
drome occurred in 6 (7.6%) of 79 patients who received
intravesical BCG immunotherapy in our hospital in the 13
years from 1989 to 2002 (Table 2). Three of 10 patients (2
patients were unknown) with BCG-induced Reiter’s syn-
drome were HLA-B27-positive. It is possible that a re-
stricted T cell epitope specific for the HLA-B27 molecule
may induce arthrogenic T cells. However, this is not likely
in our five patients, because they were negative for the
HLA-B27 antigen. Other HLA-B antigens might induce
arthrogenic T cells because three of our patients were
HLA-B61-positive, two were HLA-B46 positive, and one
was HELA-B39-positive. HLA-B3% and B27 recognize an
overlapping peptide.”

Table 2. Laboratory tests of patients with Reiter’s syndrome following
intravesical BCG therapy

Case Agelsex CRP ESR ANA RF
number (mg/dn} (mra/h)y

Case 1 T9M 113 106 + -
Case 2 S4/M 11.5 56 - -
Case 3 S8/F 1.8 82 - -
Case 4 68/F <0.3 ND ND ND
Case 5 41M 1.2 48 - -
Case 6 42/M 38 ND - -

v

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; ANA,
antinuclear antibodies; RF. rheumatoid factor; ND, not done

Our six patients developed Reiter’s syndrome after
intravesical BCG immunotherapy. Bilateral conjunctivitis
and urinary complaints accompanied the occurrence of ar-
thritis. Disorders such as connective tissue disease, septic or
microcrystalline arthritis, arthritis secondary to other infec-
tious agents, and seronegative spondyloarthropathy were
ruled out by clinical and laboratory findings. Two of our
patients responded to treatment with nonsteroidal anti-
inflammatory drugs (NSAID), and the other four required
steroids. A review of previously reported cases showed that
six patients had also had good prognosis and responded
favorably to NSAIDs, NSAIDs plus steroids, or antituber-
culous drugs.

The frequent use of intracavitary BCG may increase
the incidence of BCG-induced Reiter’s syndrome in the
future. The prophylactic administration of isoniazid can
prevent adverse effects after BCG therapy, but animal stud-
ies" suggest that prophylactic antituberculous drug therapy
can reduce the antitumor effect as well as the immune re-
sponse. Immunclogical studies are needed to determine
the underlying pathogenic mechanism(s) of arthritis and
conjunctivitis, and to search for an effective treatment or
prevention of adverse events after intracavitary BCG
immunotherapy.
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Significance of Valine/Leucine**’ Polymorphism of
B,-Glycoprotein I in Antiphospholipid Syndrome

Increased Reactivity of qAnti—Bg-G]ycoprotein I Autoantibodies
to the Valine®*’ B,-Glycoprotein I Variant

Shinsuke Yasuda,’ Tatsuya Atsumi,’ Eiji Matsuura,” Keiko Kaihara,” Daisuke Yamamoto,”
Kenji Ichikawa,’ and Takao Koike’

Objective. To carify the consequences of the
valine/lencine  polymorphism at position 247 of the
Ba-glycoprotein 1 ($.GPH gene in patients with on-
tiphospholipid syndrome (APS), by investigating the
correlation hetween genotypes and the presence of anti-
£GP antibody. The veactivity of anti- 8,GP1 antibodies
was characterized osing recombinant ValF? and Leo™
3.GrlL.

Methods. Sixty-five Japancse paticnts with APS
and/or systemic lupus erythematosus who were positive
for antiphosphelipid antibodics and 6] controls were
analyzed for the presence of the ValiLew™ polymer-
phism of 3,GPL Polymorphism assignment was deter-
mincd by polymerase chain reaction followed by vestric-
tion tnzayme dizestion. Recombinant Val*? and LenV?
B.GP1 were established to compare the reactivity of
anti-B3.GP1 antibodics 10 3,GP1 between these variants.,
The variants were prepared on polyoxygenated plates or
cardiolipin-coated plates, and the reactivity of a series
of anti-,GP1 antibedics (immunized anti-human
B-GP1 monoclonal antibodics [Cof-19-21] and auto-
immune anti-3.GP1 monoclonal antibodies |EYICS,
LY2C9, and TM1G2]) and 1gGs purified from patient
sera was investigated.
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Results. A positive correlation between the Val*™?
allele and the presence of anti-f3:GP1 antibodics was
observed in the patient group. Human monoclonalf
pelyclonal anti-B.GP1 autoantibodies showed higher
binding to recombinant Val*’ S.GP1 than to Lew®™
B.GP), althovgh no difference in the reactivity of the
immunized anti-3,GPY between these variants was ob-
sorved. Conformational optimization showed that the
replacement of Lew®™ by val?* led 10 a significant
alteration in the teriiary structure of domain V and/or
the domain V=Y interaction,

Conclusion. The Yal™*? B,GPE allele was associ-
ated with both a high frequency of anti-f,GPI antibod-
ics and stronger reactivity with anti-8.G P antibodies
eompared with the Lev™ 8,GP1 alele. supgesting that
the Val™7 B.GPI allele may be one of the genetic risk
factors for development of APS.

The antiphospholipid syndrome (APS) is charac-
terized by arterialivenous thrombosis and pregnancy
morbidity in the presence of antipbospholipid antibodies
(aPL) {I-3). Among the targets of aPL. Ba-glveoprotein
1 {£-GP1}. which hears epitopes for amicardiolipin an-
tibodies {aCL). has been cxtensively studied (4-6).
APS-related aCL do not recognize free S2GPL bt do
recognize 3.GFPl when it is complexed with phospholip-
ids or negatively charged surfaces. by exposure of erypic
epitopes (7) or increment of antigen density ().

The signilicance of antigen polymorphism in the
production of awoantibodics or the development of
antoimmune discases Is now being widely discussed. It is
speculated that amino acid substitution in antigens can
lead 10 differences in antigenic epitopes of a piven
protein. In particolar. 8.GP) undergoes conformational
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ahteralion upon interaction wilh phospholiptds (9).
$-GPI polymorphism on or near the phospholipid bind-
ing site can affect the binding or production of aCL
(anti-B-GPI auvtcantibodies), the result being altered
development of APS. Polymorphism near the antigenic
site. or which Jeads 10 alieration of the tertiary structure
of 1he whole molecule, may affect the binding of avto-
antibodies. Five different gene polymorphisms of 5.GP1
attributable 1o a single-nucleotide mutation have been
described: 4 are a single amino acid substitution at
positions 88, 247, 306, and 316 (10), and the other is a
frameshift. mutation associated with B-GPl deficiency
found in the Japanese population (11). In particular, the
Val/Leu™ polymorphism locates in domain V of 8.GPl,
bewween the phospholipid binding site in domain V and
the polential epitopes of anti-B,GPI amihodies in do-
main 1V, as we reported previously (12). Alhough
anti-B-GPI antibodics are reported to direct to domain
I(13) or domain V {14) as well. it should be considered
that a certain polymorphism aliers the conformation of
the molecule, alfecting function or antibody binding at a
distant site,

We previously reported that, in a group of British
Caucasian subjects. the Val™7 allele was significantly
more [requent in primary APS patients with anti-S.GPl
antibodies than in controls or in primary APS patients
without ani-B-GPl amibodies (15), bul the importance
of the Val**7 allele in paticnts with APS is still contro-
versial. In this study, we analyzed the correlation be-
wween the 8.GPI Val™* allele and ami-B-GPl antibodies
in 1he Japuncse population. We also investigaled the
reactivity of anti-B-GPI antibodies 1o recombinam
Val*? B.GP) and Leu™” B.GPL using a series of
monoclonal anii-B,GP1 antibodies and 1gGs purified
from sera of patients with APS. Finally, 10 investigate
the difference in amti-B.GPl binding 1o those variunts.
we conformationally optimized o domain V and the
domain IV-V complex of £GP variants at position 247,
referring the erystal structure of 8.GPL

PATIENTS AND METHODS

Paticnts and controls. The study group comprised 65
patients (median age 38 years [runge 18-74 years]: 57 women
and 8 men) who attended the Hokkuaido University Hospital,
all of whom were positive for aPL (G, JgA. or 1gM cluss aCl..
and/or lopus anticoagulam ). Thirty-four patients had APS (16
had primury APS. und 18 had sccondary APS). und 3) paticnts
did not have APS (24 had systemic lupus erytheninosus |SLE),
and 7 had other rheumatic diseases). Amaong all subjects. 19
had a history of arterial thrombaosis. and 6 had venous throm-
bosis. Of the 3] patients with a history of pregnancy, 8

o
‘a3

experienced pregnancy complications (some puticnis had more
than 1 manifestation of pregnancy morbidity). Anti-B.GPl
antibodies were detected by enzyme-linked immunosorbent
assay (ELISA) as B.GPl-dependem aCL (16). 1¢G. 1gA, or
1eM class B-GPl-dependent aCL were found in 30, 14, and 21
patients, respectively {(some patients had > jsotype). and 34
patients had at least ] of 1hose isotypes. Lupus anticoagulant,
detected by 3 standurd methods described previously (17). was
found in 5} patients. The diagnoses of APS and SLE. respec-
tively, were based on the preliminary classification criteria for
definite APS (18) and the American College of Rheumatology
criteria for the classification of SLE (19). Informed consent
was obtained from each patient or comrol subject, The control
group comprised 61 heulthy individuals with no history of
autoimmune, thrombotic, or notble infections disease,

Determination of $.GPl gene polymorphism.
Genomic DNA wax extracted Irom peripheral blood mono-
nuclear cells (PBMCx) wsing & stundard phenol—chlorofonm
extraction procedure or the DnaQuaick kit (Dainippon, Osaka.
Japan). Polymorphism assignment was deiermined by poly-
merase chain reaction (PCR) followed by allele-specilic re-
striction enzyme digestion (PCR-restriction fragment length
polymorphisny) using Rea 1 (Promegs. Southampon, UK) as
described previously (15).

Purification of patient EgG. Sera from 11 patients
positive for IeG class B,GPl-dependent aCL were collected.
The meun (£SD) titer of aCL 12G from these patients was
29.0 = 21.5 12G phospholipid (GPL) units (runge 12.4 10 =98
GPL. units). 1gG was purified from these sers using a protein G
column and the MADTrap G1) 1¢G purification kit {Phurmauciz
Biotech. Freiburg, Germany). as recomniended by the munu-
facturer.

Manaoclonal anti-B.GP antibodies. Twa types of anti-
B.GPY monoclonal antibodies were used. Cof-19. Cof-20. and
Cof-21 are mouse monoclonal anti-humun B3-GP1 untibodies
obtained from immunized BALB/c mice. directed to domains
V. 112, and IV of B-GPL respectively. These monoclonad
antibodies recognize the native strocture of hunnn 8;GP)
(12).

EYIC8. EY2CY. and TMIGZ2 are IgM class auto-
immune monaclonal antibodies established from patients with
APS (20). These antibodies bind 10 domain TV of 8.GP1, but
only after imeraction with solid-phase phospholipids or with a
polyoxygenated polysiyrene surface. EYICS and EY2CY were
cstablished from a paticnt whose genotype of B,GPl was
heterozypous for ValLeu™". The genotype of the patient with
TMIG2 was noy determined.

Preparation of recambinant .GPL As previously
reparted, genes were expressed in Spodopiera frugipenia S99
insect cells infected with recombinam baculoviruses {12). A
full-length complementary DNA of human £GP coding
Val** was originally obtained from Hep-G2 cells (21). and the
viline residue was repluaced by Jeocine, using the GeneEditor
in vitro Site-Direcied Mutagenesis System (Promega, Madi-
son. W1). The sequence of the primers Jor o mutant
Val’'"—=Len ({(GTA—=TTA) is as Tfollows: §'-
GCATCTTGTAAATTACCTGTGAAAAAAG-3. A DNA
sequence of the mutant was verified by analysis using ABI
Prism muodel 310 (PE Applied Biosystems. Foster City, CA).
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Binding assays of monoclonal anti-3,GP1 antibudies
and purified 1gGs 10 the recombinant $.GPI (cardiolipin-
coated plate). The reactivity of a serics of monoclonal anti-
B-GPJ antibodics and 1gG Tractions (porified from the sera of
APS patients positive for 1¢G class ami-B.GP1) against 2
B2GP1 variunis was investieated using an ELISA, ELISAs were
performed using a cardiolipin-coated plate as previously re-
porned (16) but with a slight modification. Briefly, the wells of
Sumilon Type S microditer plates (Sumitomo Bakeliie, Tokvo,
Japan) were filled with 30wl of 50 pemi cardiolipin {Sigma.
51. Louvis. MO) und dricd overnight at 4°C. After blocking with
2% gelatin in phosphate buffered suline (PI35) for 2 hours and
washing 3 times with .05% PBS-Tween, 50 gl of H) poe/ml
recombinamt $.GP1 and controls were distribuied and incu-
bated for 30 minutes o1 room temperature. Wells were filled
with 50 pl of seriad dilations of monoclonul antibodies (Cof-
19210 EYICE and EY2CY, and TMIG2) or parified patient
1¢G (100 poml). followed by incubation for 3 minutes at
room temperaure, Aler washing 3 times, 50 ul of alkaline
phosphatase-conjugated  anti-mouse 1pG (13400}, anti-
human M (1:2000), or aot-human JgG ¢ 16400 was distrib-
med and incubated for 1 hour at room tempersture. The plates
were washed 4 times, and 100 gl of 1 mg/ml p-nitrophenyl
phosphate disodium {Sigma) in 17 diethanolamine buffer (pH
4.8) was distributed. Opticd density (OID) was read at 405 nm.
with reference ot 620 nm. One percent fatty acid-free bovine
serum albumin (BSA) (A-63; Sigma)-PBS was used as
sample dilvent and comrol.

Binding assays of monaclonal anti-B,GPY antibodics
1o recombinant B.GPI (polyoxygenated plate). Anti-B.GPl
antibady  detection assay using polvoxygenated plates was
performed as previously reported (22). with minor modifica-
tions. Bricfly, the wells of polyoxygenated MaiSorp microtiier
plates (Nalge Nunc International. Roskilde. Denmark) were
coated with 50 el of 1 gg/m) recombinant $.GP1 in PBS und
imcuhated overnight a1 4°C. After blocking with 3% gelatin—
PBS w 37°C for 1 hour and washing 3 times with PBS-Tween.
Sl of monodonal antibadies, diloted with 1% BSA-PBS,
were distributed and incubated for 1 hour at room tempera-
ture. The following steps were taken, in a similar manner.

Conformational oplimization of domain V and the
domain IV=V complex in human $,GP) varianis at position
247. A conformation of domain V in the valine variam ut
position 247 was first constructed from the erystal structore of
the lencine variant {implemented in Protein Data Bank: 1C1Z)
(23). Replacement of Jeucing by valine m position 247 was
performed wsing the Quanta system {Molecular Sinulations.
Sun Diego, CA). and the model was optimized by 500 cycles of
energy minimizition by the CHARMm programy (24), with
hiydrophilic hydrogen atoms and TIP3 water molecules (25).
Maolecular dynamics simulation (5 psec) of the model was then
performed with 04602 psee ime steps. The cotoff disiance for
nonhonded interactions was sct to 15A, and the dielectric
constant was 1.0, A nonbonded pair list was updated every 10
steps. The maost stable structure of each domain in the
dynamies itertions was then optimized by 500 cycles of energy
minimization. The finul structures of Jomuain V consisted of
2,610 atoms, including 603 TIP3 water molecules, und had a
106 energy of = 1.63 X 107 kealfimole with a reot-mean-square
force of (L86Y keulimole.

Molecular models of a domain 1V=-V complex (leucine

YASUDA ET AL

and valine variants i position 247) were further constructed by
considering the location of the eligosacchoride attachment site
in domain 1V, the location of cpitopic regions of the Cof-8 and
Cof-20 monaclonal amibodics, the junction between Jomuins
IV and V., and molecular surface charges of both domains.
These models were again optimized by molecular dynamics
simulation and by energy minimization as deseribed ubove.
The final structures of the complex in he leucing and valing
variants consisted of 3773 and 3,778 atoms. respectively.
including hydraphilic hydrogen atoms and 806 and 808 TIP3
water molecwles. respectively, and had total energy of =207 %
104 and —2.03 X 104 keal/imole with a root-mean-square foree
of 0.985 and 0.Y79 keal/mole, respectively.

Statistical analysis. Correlations bemween the uliele
frequencics and clinical features such as the positiveness of
B-GPl-dependent aCL were oxpressed us odds ratios (ORs)
and Y5% confidence intepaals {95% Cls). P ovalues were
determined by chi-sguare test with Yates” comrection. P values
less than or equal 1o .05 were considered significan.

RESULTS

Val/Len™ polymorphism of £,GPI and the pres-
ence of B.GPl-dependent aCL. As shown in Table i the
Leu™7 allele was dominant in the population of healthy
Japanese individwals, compared with Caucusians, which
is consistent with a previous report (26). Jupuncse
patients with anti-B-GPI had a significantly increased
frequency of 1he Val™ allele, compared with Japanese
patients without anti-B.GP1 (P = 0.0107} or Japunese
controls (P = 0.0209).

The hinding of auteimmune anti-3.GPE to re-
combinant Val**’ and Lev*™” B,GPL Representative
binding curves using cardiolipin-coated plates and
polvoxyeenated plates are shown in Figure 1, Regardless
of 1he type of plates, Cof-20 bound equally to valine and
leveine variants of B.GPI (Figures {a and ¢). in any
concentration of Cof-20. The binding curves of Cof-19
and Cof-21 were similar 1o that of Cof-20 (results not

Table I Frequency of the Val allele of [5-GPY in paticnts with
APS*

British

Group Hapinese Caucasiins

23RS (33N
962 (14.5)
23122189

48756 (N5, T
30558 (67.2)
35078 (T15)

Patients with anti-£,G1")
Patients without anti-.GI*)
Controls

* Values are the number (%) B,GP1 - gerplvcoprotein 1; APS -
mtiphasphoelipid syndrome.

1 £ = 00107 versus patients without unti-#3,GP1 {odds rutio [OR] 3.0).
5% confidence interval [93% CI} 1.26-7.16). and P = (LO2D versus
controls. by chi-square test (OR 215, 95% C1 1.09-4.23),

$ P = 0204 versus patients without anti-B,GP1 {OR 2,92, 953% (1
1L.16-7.349). and P - D039 versus controls, by chissquare test (OR
250 95% C) LO3-6.13).
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Fignre 1. Representative binding curves of monoclonal anti-gi-glvcoprotein 1 fanti-
F-GP1 antibodies 1 recombinant valinefleucine™” 3.GPI. a, Binding curve nf Cof-20
using curdiolipin-cnated plate. b, Binding cerve of 1KY 209 using cardiolipin-coated
plite. ¢, Binding carve of Cof-200 using polyoxyrenated plate. 4, Binding curve of
EY2CS using polyoxygenated plate. Binding 10 Val™’ 1,GP) and Leu™ [5G are
indicated with diamonds and squares. vespectively. OD = opnicad density,
shown). in contrast, EY2CY showed sironger binding 10 Val™? B.GPL Figure 24 shows the binding of the
Vaul=7 8.GP1 than 1o Leu™ B-GPI (Figures 1b and d). menoclonal antibodies, on cardiolipin-coated plates. in
= - = . . - » p P
EYICS and TMIG2 also showed stronger binding 10 the following concentrations: for Cof-19-21. 100 ng/ml:
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Figure 2. Reactivity of anti-pirglyeoprotein 1 (unti-p-GP1y antibodies 10 5.GP1
variunts. a, The binding of monocksnud anti-32GP) antibodies to the recombinam
valine/leucineg™? [,GP) was investigated wing enzyme-Hnked mmunosorhent issay
{ELISA) on cardivlipin-coated plutes. Concentrutions of antipens and antihodies
were @y follows: for recombinant B:GPL 10 pgiml: for Cof=19- 21, 100 ngml; for
EYICR and EN2CY. 2 pe'ml: for TMIG2. 5 pgrml, be The binding of monoclonal
anti=p=GPL amibodies 1 the recombinant Val/Lew™ 5GP was investisated using
LCLISA on polyoxveenuted plates. Concentrations of antigens and anfibodies were as
foliows: for recombinant 5GP 1 pganl; for Cof-39-21, Stk ngml for EYICR und
Y206, 2 pg/ml; for TMIG2. 5 paml. Results were presented as the optical density
{OD} at 405 nm. Open columns indicate binding activity 1o Leu™7 B-GPI. and solid
columns indicute binding activity to Val™* $,GPL Bars show the meun and SD.
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Figure A, Reuctivity of purified 126G from patients (30 pa‘ml) 10
recombimnt Val'Lew™ Beglycoprotein | {:GPIy {10 p-ml). pre-
sented e the optical density ¢OD) at $05 nm. Squares. circles. and
triangles indicate parients homozygous for the Lew* allele, homozy-
gous far the Val™ adlele, und beterazveous for the Val/Leu™  allele.
respectively. Diimonds indicate pafients whose 2enotypes were mu
avulable.

for EYICS and EY2CY, 1 pe/mb and for TMIG2.
2.5pe/ml. In contrast with e close reactivity of Cof-19,
Cof-20. and Cof-21 between Val™’ $.GP1 and Lew™
£GPl avtoimmune monoclonal antibodies (EYI1CS.
EY2CY, and TM1G2) showed higher binding 10 Val™?

YASUDA ET AL

£3-GP1 than to Leu™" B.GPIl. The autoimmune mono-
clonal antibodies also showed a higher hinding 10 Val**’
B-GPF1 directly coated on polyoxyeenated plates (Figure
). 126G in sera collected from 11 patients (100 pg/mi)
also showed higher binding 10 Val™” B.GPI than 1o
Leu™7 5-GP1 on cardiolipin-coated plates, regardless of
the patients’ genotypes {(Figure 3).

Conformational alteration by Jeucine replace-
ment by valine at position 247. Each domain V confor-
mation in 2 varjants al position 247 is shown in Figure

da. The rool-mean-square deviations for maiching hack—
bone wtoms and equivalent atoms in the leucine and
valine variants were 0.76 and 111 A, respectively, The
Jargest shift was observed at Val™™, one of the residues
located on the backbone neighboring position 247, The
shift seemed 10 be caused by weak fexibility of side
chains consisting of Val™, Pro™", and Val® und the
clectrostatic interactions hetween Lys™, Lys™, Glu™”
and Lys™™,

Thc molecular models of the V-V complex in
leucine and valine variants are shown in Figure 4b. The
root-mean-square deviations for mutching these back-
bone atoms and cquivalent atoms were 1,72 and 2.03 A,
respectively. Electrostatic imeractions and hydmgul
bonds between Asp'™ und L\'sz“"/LyS:"' ", AspT and
Lys™, and Glu®™ and Lys™™ appeared in the 1V-V
complex, but the interaction between Glu™" and Lys™
was disrupted by the leucine replacement by valine,
becavse direction of the Lys™ side chuin was signifi-

cantly changed in the complex. As a resul. Tep™ of
domain 1V, located on the contact surface with domain
V., was slightly shifted.

Figure 4. Conformational alterations in domain V {A) and in the domain 1V-V complex (B). replacing leucine Iy valine al position 247. Structure
of the valine (light blue} and leucine fwhite) variunts was shown by a yibhon representation with the secondary structure.
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VALINE™ £.GPI ALLELE AND RISK OF APS

DISCUSSION

This study shows the posilive correlation between
the Val**? B.GPI allele and anti-B.GPI antibody pro-
duction in a Japanese population, confirming 1he corre-
lation observed in a British Cavcasian population in our
previous report {15). A positive correlation between the
Val™* allele and the presence of anti-$.GPI antibodies
was also reporied in Asian American (26} and Mexican
patienmts {27). However, this correlation was not ob-
served in other American populations (20) or in patients
with thrombosis or pregnancy complications in the UK
(2%). This discrepancy may be the result of the difference
in the frequency of the Val™*’ allele among races, or the
difference in the backsround of investigated patients.
Another possihility is that the relationship beiween the
Val? allele and thrombosis in Caucasians may be
controversial due 10 underpowered studies or to differ-
ences in the procedure vsed 1o deteet anti-B-GPI anti-
bodies. Methods for the detection of ani-pg-GPI anti-
bodies differ among laboratories. For example.
cardiolipin-coated plates or oxygenated plates are used
in some methods, whereas unoxvgenated plates are used
in others. In addition, bovine $,GPI is used instead of
human B.GP1 in some assays. The antibodies used for
standardization also differ, although monoclonal anti-
bodies such as EY2CY and HCAL (29} have been
proposed as international standards of calibration mate-
rials.

B-GPI is a major target antigen for aCL, and,
according 10 our previous investigation, B cell epitopes
reside in domain IV and are considered 1o be cryptic and
10 appear only when B-GPI interacts with negatively
charged surfaces such as cardiolipin. phosphatidylserine,
aor polvoxyveenated polystyrene surface (7). although
other studies indicate that the B cell epitopes are located
on domain 1 (13) or domain V (14). According 10
another interpretation for the specificily of aCL. incre-
ment of the Jocul antigen density on the negatively
charged surface also contribules 1o anti- 8-GPI detection
in ELISA {8.30). Studies on the crystal struciure of
human $-GPI revealed that the lysine-rich site and an
extended C-terminal loop region on domain V are
crucial for phaspholipid binding. Position 247 is located
at the N-terminal side of domain V. and, around this
position. Lys™, Ala™, and Ser™ were suggested 1o
play a role in the interaction between domains IV and V
(9.23.31).

Although the Val/Lev™7 polymorphism may not
he very critical for the avtoantibody binding, the amino
acid substitution a1 this point was revealed 10 affect the
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affinity of monoclonal aCL established [rom patients
with APS and that of purified 12G from patients positive
for B.GPl-dependent aCL. We conformationally opti-
mized 1o domain V and the domain 1V-V complex of
B-GP1 variants at position 247, referring the crystal
structure of B,GPL 1eG aCL was screcned .using the
standardized aCL ELISA. in which both the Lew™ and
the Val®? allele of B.GPI are contained as amigen.
Although biochemical characteristics and structure are
similar between valine and lcucine, the replacement of
Leu™ by Val™ leads 10 a significant alteration in the
tertiary structure of domain V and/or the domain 1V-V
interaction (Figure 4). It is likely that the structural
alieration affects the affinity between anti-3-GP1 amo-
antibodies and the cpitope(s) present on its molecule.
One explanation for this phenomenon is that this S,GP1
polymorphism affects the electrostatic interaction be-
tween domain 1V and domain V or the protein—proiein
interaction. resulting in differences in the accessibility of
the recognition site by 1the autlvantibodics, or the local
density of 8.GP).

Anober possible explanation of the correlation
between the Val/lew™ polvmorphism of B-GPI and
anti-B-GP1 antibodies is T cell reactivity. o ¢t al (32
investigated T cell epitopes of patients with anti-5-GP1
autoantibodies by stimulating patients” PBMCs with a
peptide library that covers the 5-GP] sequence. Four of
7 cstablished CD4+ T cell clones reacied 1o peptide
fragments that include amino acid position 244-264,
then position 247 is included among the candidate
epitopes. Arai €1 al (33) found preferred recognition of
peptide position 276-290 by T cell clones [rom patients
with APS. They also found high reactivity 1o peptide
247-26) in one patient. We speculate that a small
alleration in the conformation arising from the valine/
leucine substitution at position 247 may affect the sus-
cepuibility 1o generate avioreactive T cell clones in
patients with APS.

Our results in this study indicate that the Valf
Leu™7 polymorphism affects the antigenicity of .GPI
for anti-B-GP1 autoantibodies, and that the Val™ allele
can be a risk factor for having autoantibodics against this
molecule. Therefore, the Val/Leu®¥ variation of 8.GP]
may be crucial for avtoimmune reactivity against 5-GPILL
We further show the significance of the Val/Leu™
polymorphism of £GPl in the strength of the binding
between B.GP1 and anmi-f.GPl autoantibodies. The
significance of antigen polymorphisms in the prodoction
of avtoantibodies or in the development of auloimmune
diseases is not well understood. To our knowledge, thiy
report is the first 1o present a genetic polymorphism of
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autoamigen directly affecting its interaction wiih auto-

antibodies.
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Systemic lupus erythematosus (SLE), a complex multigenic disease, is a typical antibody-mediated
autoimmune disease characterized by production of autoantibodies against a variety of autoantigens and
immune complex-type tissue inflammation, most prominently in the kidney. Evidence suggests that genetic
factors predisposing to aberrant proliferation/maturation of self-reactive B cells initiate and propagate the
disease. In SLE-prone New Zealand Black (NZB) mice and their F, cross with New Zealand White (NZW) mice,
& cell abnormalities can be ascribed mainly to self-reactive CD5* B1 cells. Our genome-wide scans to search
for susceptibility genes for aberrant activation of B1 cells in these mice showed evidence that the gene, L1k,
encoding leukocyte tyrosine kinase (LTK), is a possible candidate. LTK is a receptor-type protein tyrosine
kinase, belonging to the insulin receptor superfamily, and is mainly expressed in B lymphocyte precursors
and neuronal tissues. Sequence and functional analyses of the gene revealed that NZB has a gain-of-function
polymorphism in the LTK kinase domain near YXXM, a binding motif of the p85 subunit of phosphatidy-
linositol 3-kinase (PI3K). SLE patients also had this type of Ltk polymorphism with a significantly higher
frequency compared with the healthy controls. Our findings suggest that these polymorphic LTKs cause up-
regulation of the PI3K pathway and possibly form one genetic component of susceptibility to abnormal
proliferation of self-reactive B cells in SLE.

INTRODUCTION

Systemic Jupus erythematosus (SLE) is a complex multigenic
disease (1). Clinical manifestations are extremely diverse and
variable, mainly because of variable combinations of contribut-
ing genes at multiple loci in individual patients. Genes that
predispose to SLE are undoubtedly related to key events in
pathogenesis and involve a varety of genes in the immune
system. Idemtification of such susceptibility alleles is hampered
mainly because of difficulties in precisely determining

SLE-associated immunological abnormalities in genetic stu-
dies. In this respect, related studies on animal models are
valuable and may contribute to studies on identification of
genes underlying basic immunoregulatory abnonmalities of
autoreactive lymphocytes in the pathogenesis of SLE (2).
New Zeatand Black (NZB) mice spontaneously develop a
mild form of immune complex-type glomerulonephritis later in
life, in association with IgM hypergammaglobulinemia,
including anti-DNA antibodies. Like NZB mice, the Fy hybrid
of the NZB and the non-autoimmune New Zealand White

*To whom corvespondence should be addressed at: Second Department of Pathology, Juntendo University School of Medicine, 2-1-1, Hongo, Bunkyo-ku,
Tokyo 113-8421, Japan. Tel: +81 358021039; Fax: +81 338133164; Email: sacchi@med juntendo.ac.jp
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(NZW) mice have IgM hypergammaglobulinemia early in life.
Unlike NZB, however, (NZB x NZW} F, mice develop florid
SLE with a much earlier onset and with a higher incidence of
renal disease, in parailel with antibody class switch from IgM
to IgG when the animals are about 6 months of age (3). Thus,
NZB genes determine disease phenotype and NZW genes
augment the disease severity.

Much evidence supports the notion that the majority of early
B cell abnormalities found in young NZB and (NZB x NZW)
F, mice can be ascribed to CD5* Bl cells (4-6). Currently, at
least two subpopulations, B1 and B2 cells, can be divided on
the basis of differences in phenotype, physiclogy and antibody
repertoire (7). Compared with conventional B2 cells that
mainly participate in acquired immunity, B1 cells mainty
participate in innate immunity, and produce IgM natural
antibedies of a low-avidity nature, which are polyreactive and
cross-react with a vanety of self-antigens (8,9).

To determine the genes respongsible for the aberrant activation
of B1 cells, we did a genome-wide quantitative trait Joci (QTL)
analysis in (NZB x NZW) F, x NZB back-cross mice. One
major susceptibility allele was mapped to the close vicinity of
Ltk, the gene for leukocyte tyrosine kinase (LTK) on
chromosome 2. The sequence analysis revealed that there is
an amino acid substitution in the kinase domain of LTK in
NZB mice. This type of polymorphisin was also detected in
human LTK, and the frequency of this polymorphic allele was
significantly higher in patients with SLE compared with
healthy controls. The possible involvement of the polymorphic
Ltk alleles in susceptibility to SLE was examined by functional
assays using transfected cells with constructs harboring the two
different Ltk alleles.

'RESULTS

Mapping of susceptibility leci for aberrant
proliferation of peripheral Bl cells

Among 6-month-old NZB, NZW and (NZB x NZW) F, mice,
NZB showed the highest frequency of peripheral CD5* Bl
cells per total B cells, in association with IgM hypergamma-
globulinemia. NZW showed the lowest frequency of Bl cells
and the lowest serum IgM level, and (NZB x NZW) F, showed
the intermediate phenotypes between NZB and NZW, suggest-
ing that the contribution of the NZB-derived genes is
co-dominant in these two phenotypes (Fig. 1).

To map NZB-derived susceptibility loci for the increased
frequency of B1 cells, we did genorne-wide scans for quantitative
trait loci (QTL), using 261 (NZB x NZW) F; x NZB back-cross
mice. The result revealed one NZB-derived region near the
microsatellite marker, D2Mir254, on the middle part of
chromosome 2 with significantly linkage (LOD 3.56 at
D2Mit254; Fig. 2A). No other NZB-derived regions showed
linkage to BI cell frequency with at least suggestive linkage,

Sequence polymorphism in Ltk gene
in the NZB mouse

Several genes, including Lth, Plch2, Tivo3 and B2m, are
located near D2Mir254, based on the MGI database (Fig. 2A).
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Figure 1. Comparisons of frequencies of peripheral CD5* Bl cells per total B
cells and of serum JgM levels between NZB, NZW and (NZB x NZW) F; mice
at 6 months of age. Each spot depicts data on an individual mouse, and
meanx SE is shown on the right. Asterisks indicate statistical significance
(**P < 0.0002; *P < 0.002).

Among those, we focused on Lk, because LTK was shown to
be mainly expressed in B lineage cells (10). To examine Lik as
a candidate gene, the nucleotide sequence of Ltk was compared
between NZB and NZW mice. The NZW sequence was the
same as the reported one (10) and the BALB/c sequence (data
not shown); however, there was a single nucleotide poly-
morphism (SNP) in NZB mice with A, instead of G, at position
1517. The deduced amino acid substitution is glutamic acid for
glycine at position 746 in the kinase domain (Fig. 2B). With
genotyping of back-cross mice for this SNP using PCR-SSCP
(Fig. 2C), the LOD score for the increased frequency of Bl
cells reached 4.80 (over 4.17, the threshold for highly
significant linkage by permutation test) at the Lk locus,
thereby suggesting that Lsk is a strong candidate (Fig. 2A).
Linkage of the Lrk locus with serum IgM levels was also
significant (LOD 3.13), based on the permutation test (over
3.11, the threshold for significant linkage).

Sequence polymorphism in the Ltk gene in
human SLE

To determine if the Ltk polymorphism is also associated with
human SLE, PCR-SSCP was done using genomic DNA
extracted from SLE patients and from healthy controls with
primers covering the human LTK kinase domain corresponding
to the mouse polymorphic region. Eleven of 151 patients
(7.3%) and 16 of 575 healthy individvals (2.8%) were
heterozygous for amplified region (Fig. 3A), and the hetero-
zvgous genotype frequency was significantly higher in the SLE
patients compared to the case in healthy controls (> =6.77,
P =0.009). The nucleotide sequence revealed that individuals
with homozygous alleles have G at position 9465, correspond-
ing with glutamic acid at position 763 in the kinase domain.
Those with heterozygous polymorphic alleles have both G and
A at position 9465, coresponding with glutamic acid and
lysine, respectively, at position 763 (Fig. 3B). Allele frequen-
cies of 763K were 3.6 and 1.4% in SLE patients and controls,
respectively, and the difference was statistically significant
(x> =6.64, P=0.01). The odds ratio for the development of
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Figure 2. Linkage analysis of B1 cell frequency and SNP in Ltk in the NZB mouse. (A) Quantitative trajt Joci analysis of peripheral Bl cell frequency in total B
celis in 261 (NZB x NZW) F, x NZB back-cToss mice aged 6 months. Linkage was detected at the vicinity of Ltk on NZB chromoscme 2. Blue and red lines show
the result, with or without genotyping for L#k SNP. Threshold for significant (LOD 3.08) and highly significant (LOD 4.17) linkage was based on the result of 1000
permutation test. Map positions of flanking microsateliite markers and genes are shown based on the MG database. (B) Sequence analysis of Ltk ¢cDNA from NZB
and NZW mice. The NZB mouse had a G-A substitution (arrow), in association with glycine-glutamic acid substitution at codon 746 in the kinase dosnain
{Fig. 4A). (C) PCR~SSCP for Ltk SNP in NZB, NZW, (NZB x NZW) F, and (NZB x NZW) F; x NZB back-cross mice. Primers for PCR were designed to
amplify fragments encompassing SNP. Each NZB and NZW had two unique bands, and (NZB x NZW) Fy mouse had the combined band pattern. In back-cross
mice, nos !, 2, 4 and 7 are NZB/NZB-type and nos 3, 5, 6, 8, 9 and 10 are NZB/NZW-type of Ltk genotype.

SLE with the 763E/K genotype versus the 763E/E genotype
was 2.75 (95% CI 1.24-6.04).

Effects of polymorphic Ltk allele on kinase activity
and p85 binding

Functional analyses of human LTK revealed that LTK is
involved in the process of cell proliferation and survival, in
which tyrosine 485, 753 and 862 contribute to specific binding
with insulin receptor substrate-1 (IRS-1), p85 regulatory
subunit of PI3K and She, respectively (11-13) (Fig. 4A). The
observed amino acid substitution in NZB Ltk and human
Lik9465A allele is situated three amino acids upstream and 10
amino acids downstream from the tyrosine residue of p&S5-
binding YXXM motif, respectively. Considering the impor-
tance of this region for the function of LTK, we examined the
effect of the polymorphic alleles on the LTK activity. As the
deduced protein sequence of LTK kinase domain shows 90%
homology between mouse and human (14), we introduced
NZB-type (750E) or human Lrk9465A-type (763K) substitu-
tion onto the Lk9465G-type human Ltk allele (Fig. 4A), and
the efficiency of autophosphorylation and the amount of p85
binding were examined, using COS7 cells transfected with
these polymorphic Ltk alleles. Consistent with reported data
(15), the capacity to catalyze autophosphorylation could still be
observed in the Ltk9465G-type LTK in the absence of ligands.
The extent of autophosphorylation was increased in both NZB-
type and Ltk9465A-type LTK. The effect was more prominent
in NZB-type substitution (Fig. 4B). These findings paralleled
to extent of p85 binding (Fig. 4C), suggesting that both 750E
and 763K variants enhance recruitment of PI3K to the cell
membrane, resulting in activation of the PI3K pathway.

Effects of polymorphic Ltk allele on cell
proliferation and survival

We then examined effects of 750E and 763K LTK variants on
cell proliferation and survival. As no specific ligands for LTK
have yet been identified, we took advantage of a chimeric

" receptor EL3 (hEGFR-hLTK) composed of an extracellular

domain of human epidermal growth factor receptor (hEGFR)
and transmembrane/cytoplasmic domains of human Lk9465G-
type LTK (hLTK) to analyze the function. The IL-3-dependent
mouse pro-B cell line, Ba/F3 (16), was transfected with genes
for the EL3 chimeric receptor (EL3 cells), or chimeric receptors
with NZB-type (EL3-750E cells) or human Lik9465A-type
substitution (EL3-763K cells). Cells with the same expression
levels of transfected genes were selected, using flow cytometry,
and proliferative responses were compared with medium
containing EGF in the absence of IL-3. The results of H>-
thymidine uptake showed a significant increase in both EL3-
750E and EL3-763K compared with findings in EL3 cells. This
increase was probably due to the up-regulated PI3K pathway,
since the effect was abolished in the presence of a specific PI3K
inhibitor, Ly294002 (Fig. 5A). Cell cycle analysis revealed a
higher proportion of cells in the S/M phase and 2 lower
proportion of apoptotic cells in EL3-750E than in EL3 cells
(Fig. 5B), suggesting that the up-regulated PI3K pathway in
EL3-750E cells contributes not only to cell proliferatien but
also to anti-apoptosis.

DISCUSSION

In the present studies, we camied out a genome-wide QTL
analysis to search for susceptibility loci to the activation of self-
reactive B1 cells seen in SLE-prone NZB and (NZB x NZW)
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Figure 3. Polymorphism in human Lik. (A) PCR-SSCP for detection of Ltk
polymorphism. The results for 10 SLE patients are shown. Eleven of 151
SLE patients were heterozygous {shawn by the arrow) for amplified Lvk frag-
ment. Sixteen of 575 healthy controls were aiso heterozygous, but the hetero-
zygous genotype frequency was significantly higher in SLE patients
compared with controls (3 =6.77, P= 0.008). Primers for PCR were designed
to amplify the ~200bp fragment corresponding to the mouse polymorphic
region. (B) Direct sequence analysis of homozygous (Lrk9465G/G) and hetero-
zygous (Lik9465A/G) Ltk alleles. Heterozygous individuais had both G and A
at position 9465, corresponding te glutamic acid and lysine at codon 763 in the
kinase domain (Fig. 4A).

Fy mice. We found that one NZB-derived allele located in the
vicinity of Ltk on chromosome 2 was significantly linked to the
increased frequency of Bl cells in conjunction with IgM
hypergammaglobulinemia. Among several genes located in the
vicinity of Ltk, such as Plch2, Tyro3 and B2m (MGI database),
Ltk itself was thought to be a possible candidate for aberrant
activation of self-reactive B cells, because LTK is preferentially
expressed on B lineage cells, and because NZB has a gain-of-
function polymorphism in LTK kinase domain.

LTK is a receptor-type protein tyrosine kinase, belonging to
the insulin receptor family (10,17,18), and is mainly expressed
in pre-B cells and brain (10). In previous studies, we found that
human LTX utilizes two major signaling molecules, She, which
binds to fyrosine 862 at the carboxyl-terminal domain, and
IRS-1, which binds to tyrosine 485 at the juxtamembrane
domain, and that both molecules stimulate growth signals
transmitted through the Ras pathway (11,12). It was also
noted that the p85 regulatory subunit of PI3K directly binds
to tyrosine 753, which is located within 2 YXXM motif, a
consensus binding amino acid sequence for the SH2 domain of
p85, in the kinase domain of human LTK (13). The deduced
amino acid sequence of mouse LTK kinase domain shows 90%
homology to human LTK (14). The observed NZB-type amino

acid substitution of glutamic acid for glycine is situated three
amino acids upstream from the tyrosine residue in the YXXM
motif. Our data suggest that NZB-type substitution enhances
ligand-independent autophosphorylation of tyrosine residue in
YXXM motif and recruitment of PI3K to the cell membrane
through the up-regulated p85-binding, the result being activa-
tion of the PISK pathway It seems that an amino acid
substitution of cationic lysine for anionic glutamic acid in
human Lik9464A-type allele can also increase autophos-
phorylation and p85 binding to a given extent.

The PI3K pathway is an tmportant signaling cascade that
regulates various cellular events, including cell proliferation
and survival (19). Several recent studies using transgenic or
gene knock out mice have linked the PI3K pathway with
autoimmune susceptibility (20-22). Transgenic mice with T
cell-specific expression of p657°%, an active form of PI3K, or
of protein kinase B (PKB), a2 downstream effector of PI3K,
developed splenomegaly and lymphadenopathy, in association
with increased serum immunoglobulin levels and widespread
inflammation including autoinunune kidney disease (21,22).
Thus, T cell-specific up-regulation of the PI3K/PKB pathway
results in activation of not only T cells but also B cell
populations. Analysis of T cells from these mice showed that
they were resistant to Fas-mediated apoptosis. Furthermore,
mice with heterozygous deletion of the phosphatase and tensin
homologue (PTEN) gene (PTEN™"~ mice) developed lymphoid
hyperplasia composed of both T and B cells with hypergam-
maglobulinemia (20). PTEN was shown to negatively regulate
PKB (23.24). Taken collectively, these studies show that
enhanced activation of the PI3K/PKB pathway alters lympho-
cyte homeostasis and predisposes mice to autoimmunity (25).
This is consistent with our idea that a gain-of-function
polymorphism of LTK could form one aspect of the genetic
susceptibility to SLE with altered autoreactive B cell home-
ostasis, through PI3K pathway activation.

Since LTK is expressed in immature B cells (10), one can
speculate that frequencies of not only Bl célls but also B?
cells per total lymphocytes are linked to LTK gene
polymorphism in our QTL analysis. However this was not
the case, pethaps due to characteristic features of Bl cells. In
contrast to conventional B2 cells, Bl cells have a self-
replenishing capacity (7) and are constitutively stimulated by
self-antigens via their self-reactive B cell receptors (26).
Furthermore, B1, but not B2, cells in NZB and (NZB x NZW)
Fy mice are resistant to Fas-mediated activation-induced cell
death (27). Thus, it seems likely that B1 cells in these mice
are more sensitive to the altered activation levels of the PI3K
pathway than are B2 cells. This notion is consistent with the
finding that mice lacking the p1108 catalytic subunit of PI3K
have a reduced number of Bl cells (28).

The occurrence of multigenic diseases such as SLE has been
explained in a threshold liablity model, in which individuals
will develop disease when the effects of total numbers of
disease susceptibility genes exceed a given threshold (29).
Such multigenic control of SLE involves genetic heterogeneity,
in which several independently segregating susceptibility loci
control the same disease phenotype (30). In the present studjes,
7.3% of SLE patients had the gain-of-function type poly-
morphic Lik ailele. It is possible that many other unexplored
molecules may be involved in abnormal activation of
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Figure 4, Amino acid substitutions in the kinase domains of NZB-type and human L1+9465A-type LTK, and up-regulated effects on autophosphorylation and P85
vinding. (A) Schematic structure of human (1) and mouse (m) LTK of the fuli-sized isoform (TM. transmembrane domain, KD, kinase domain). Partial amino acid
sequences around p85-binding YXXM motif (shown in gray) are given below. Identical amino acid between human and mouse are boxed. Amino acid substitutions
in NZB-type and human LtA9465A-type LTK were indicated, (B) Jn vitro kinase assay in human Lik9465G-type LTK (LTK), human LTKs with NZB-type (750E)
and human LTKs with LiE9465A-type substitution (763K). Cell lysate of COS7 cells transfected with vector alone {mock) or each Ltk construct was immunopre-
cipitated with mAb against the intracellular domain of LTK (:D3-1), and incubated with [y-P**] ATP, followed by SDS-PAGE and autoradiography. A represen-
tative resuht of three independent experiments is shown. Relative radioactivities of phosphorylated bands in LTK, 750E and 763K were 1, 1.4240.14 and
1.3740.12, respectively, and the difference in activity between LTK and 750E was statistically significant (P < 0.01). The lower panel shows the control for
the amount of LTK protein applied using western blotiing with mAb KM912, specific for the extracellular demain of LTK. A marker of molecular mass is shown
on the left, (C) Comparison of amounts of p85 binding. The cell lysate was immuncprecipitated with antibody against P13Kp85e, and subjected to SDS-PAGE,
followed by blotting with mAb KM912. A representative result in three independent experiments is shown. The Jower panel shows the control for the amount of

p85 protein applied using western blotting with antibody against PI3Kp85a.

autoreactive B cells, Notably, 2.8% of healthy controls also had
the same polymorphic Lk allele, undoubtedly indicating that
this type of LTK variant per se is insufficient to develop SLE.
In this context, NZB mice only develop a mild form of SLE,
and NZW-derived genetic factors, one of which is linked to
NZW major histocompatibility complex (MHC) (reviewed in Z},
are essential for the severe form of SLE associated with IgM to
1gG class switch of autoantibodies observed in (NZB x NZW)
F, mice. The association between human SLE and HLA-DR2
and DR3 has also been shown in many studies in Caucasian
populations. In addition to MHC, cumulative evidence supports
several gene variants conferring predisposition to SLE
(reviewed in 1), such as genes encoding classical complement
components, low affinity receptors for IgG and PDCD1 (31). In
SLE mouse models, several chromosomal segments have shown
the association with disease phenotypes (reviewed in 32), and
possible involvement of several gene variants, such as Cd22
(33), Cr2 (34), 1202 (35). Clg (36) and Fegr2b (37), has
been described. Different combinations of these and not yet
identified genetic variants meay contribute to SLE susceptibility
in different cchorts.

The human LTK gene lies in 15915.1-15g21.1 (LocusLink
database, Locus ID 4058). A genome-wide search for
susceptibility genes in SLE sib-pair analysis showed suggestive
linkages between SLE and microsatellite markers located at
15q15.1 on chromosome 15 (38). There is a large variation
among studied samples in size, ethnic composition and family
structure (1). Thus, further genetic studies in different cohorts
and different races will be needed to confirm the linkage with

marker loci in 15q15.1-15q2t.1 and LTK polymorphism.
Based on studies in both munne models and human SLE, a
wider knowledge and a more thorough understanding of the
genetic mechanisms of SLE are expected to provide clues as to
the pathogenesis, then prophylactic and therapeutic clinical
approaches can be better designed.

MATERIALS AND METHODS

Mice and subjects

NZB, NZW and (NZB x NZW) F; mice obtained from
Shizuoka Laboratory Animal Center (Shizuoka, Japan) were
maintained in our laboratory. Back-cross mice were obtained
by crossing female (NZB x NZW) F; mice with male NZB
mice. In human studies, 19 autopsy cases and 132 patients
with SLE were analyzed. The patients were diagnosed accord-
ing to the American College of Rheumatology criteria for
SLE (39). The SLE group consisted of 18 male patients and
133 female patients at ages ranging from 22 to 81 years
(meanz® SD=42.7+125). The apparently healthy control
group consisted of researchers, laboratory workers, and
students (183 men and 392 women} at ages ranging from 11
to 98 years (mean+ SD=47.8+21.8). All subjects were of
the Japanese race, and relatively homozygous with respect to
genetic background, permitting the case—control approach used
in this study. The study was reviewed and approved by the
research ethics committee.
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Figure 5. Effecis of NZB-type and human Lik9465A-type LTK on proliferation and survival in Ba/F3 transfectants. (A) Ba/F3 cells were transfected with vector
alone (mock), hEGFR-hLTK chimeric receptor (EL3) or chimeric receplor with NZB-type (EL3-750E) or human Lik9465A-tvpe Lik (EL3-763K). These celis were
incubated with EGF for 16 h, with or without Ly294002, a specific inhibitor of PI3K, in the presence of [H*] thymidine during the final 3, and the uptake of [H*)
thymidine was compared. The experiments were done in four independent wells and mean and SE are shown. Asterisks indicate statistical significance compared to
EL3 cells (**F < 0.005; *F < 0.01). (B) Cell cycle analysis in mock, EL3 and EL3-750E cells. Starved cells were stimulated with EGF for 16 Iy, fixed with 70%
ethanol and incubated with propidium iodine (PI). Frequencies of cells in apoptosis (Apc), G0/G] phase and S/M phase were calculated using flow cytometry.
A representative profile of a histogram for the intensity of PI staining in four independent experiments is shown. The mean and SE of Apo frequencies in mock,
EL3 and EL3-750E cells were 44.1::5.7, 21.5£ 9.6 and 8.4+ 3.4%, respectively, and the difference between EL3 and EL3-750E was statistically significant

(P <0.05),

Flow cytometry for peripheral B cell subset

Peripheral blood was obtained from periorbital sinuses of
mice, followed by lysis of red blood cells using ammonium
chloride. Cells were then incubated with FITC-labeled rat
anti-mouse CD5 monoclonal antibody (mAb; clone 53-7.3)
and biotinylated rat anti-mouse CD45R (B220) mAb (clone
RA3-6B2), followed by phycoerythrin (PE)-avidin (Becton-
Dickinson, Mountain View, CA, USA), and examined using
FACStar (Becton Dickinson).

Genotyping and PCR-SSCP

DNA was extracted from the mouse-tail. Genotyping was done
using microsatellite markers (Research Genetics, Hunteville,
AL, USA)distributed approximately every 10 ¢cM over the entire
genome, except for the sex chromosome. PCR was done in a
three-temperature protocol (94, 58 and 72°C) for 45 cycles
using a GeneAmp 9600 Thermal Cycler (Perkin-Elmer Applied
Biosystems, Foster City, CA, USA}). PCR products were run
on 18% polyacrylamide gels and visualized after ethidium
bromide staining. For genotyping of Ltk SNF, PCR-SSCP
was done using primers designed to amplify fragments
encompassing nucleotide substitution at position 1517. The 5’

and 3’ primers used were 5-TCATTGCCACAGGGAACAGG-3'
(1472-1491) and 5-TCAGGGTCCTGAGTGCAGTA-3'
(1603-1622), respectively. After the initial denaturation at
95°C for 5min, PCR was done in a three-temperature protocol
(95, 55 and 72°C) for 40 cycles, using GeneAmp reagents and
AmpliTaq Gold DNA polymerase (Perkin-Elmer Applied
Biosystems). PCR products were denaturated at 98°C for
10min, immediately cooled on ice, and run on a 10%
polyacrylamide gel with 5% glycerol in 0.5 x TBE buffer
under a constant current at 24°C for 2h. Single-stranded DNA
fragments in the gel were visualized with use of silver staining.

For PCR-SSCP analysis for human samples, genomic DNA
was extracted from peripheral blood leukocytes from patients
with SLE and control subjects, or kidney samples of autopsied
patients, using a standard method. Primers were designed to
amplify fragments encompassing nucleotide substitution at
position 9465. PCR was done with radiolabeled forward primer
5-TGGACTTCGTCGTTGGAGGA-Y (9301-9320) and unla-
beled reverse primer 5'-CAAGATGCTGGCAAAGCTAG-3
(9481-9500), and amplified products were electrophoresed on
a 5% polyacrylamide gel with 10% glycerol mm 1 x TBE
buffer overnight in 5 W at 4°C. Autoradiograms were obtained
using the BAS 2500 (Bio Imaging System, Fuji Film, Tokyo,
Japan).
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Nucleotide and amino acid sequences and positions are based
on the following database. Mouse Ltk cDNA, GenBank
X52621; mouse LTK, swissprot P08923; human Ltk genomic
DNA, GenBank NM_002344; human LTK, swissprot P29376.

Statistics

The linkage of a particular locus with peripheral Bl cell
frequency in total B cells was examined in 261 (NZB x NZW)
F; % NZB back-cross mice, using a computer package program
of Map Manager/QTL. LOD score over 1.9 and 3.3 was used as
thresholds for statistically suggestive and significant linkage,
respectively, according to Lander and Kruglyak (40).
Permutation test was also done for estimating the statistical
significance. Differences in genotype and allele frequencies in
SLE patients and non-SLE controls were compared using chi-
square test. The odds ratio and its 95% confidence interval
(95% C1) were calculated to provide an estimate of the risk of
SLE in a given Ltk genotype compared with the controls.
Diffetences in B1 cell frequencies, serum IgM levels, intensity
of LTK autophosphorylation, thymidine incerporation and
apoptotic cell frequencies were estimated using Student’s r-test.
The P-value <0.05 was considered statistically significant.

Sequencing

For the mouse Ltk sequence, first-stranded cDNA was
synthesized from bone marrow-derived total RNA using an
oligo(dT) primer and the 2181 bp Ltk gene was amplified using
appropriate primer pairs, referred to the database (GenBank
X52621). For partial sequence of human Lk in genomic DNA,
PCR products of position 9227-9726 (corresponding to Serine
708-Proline 8§18) were amplified using appropriate primers,
referred to the database (GenBank NM_002344). The PCR
products were isolated using agarose gel electrophoresis, then
both strands were directly sequenced using the dideoxy chain
termination method with Tzg dye primer cycle sequencing kits
(Perkin-Elmer Applied Biosystems).

Plasmid construction and ir vitro mutagenesis

¢DNAs of the hLTK (Ltk3465G haplotype) and the chimeric
receptor EL3 (hEGFR-hLTK), were subcloned into expression
vector pUC-CAGGS and pSRaMSVtkneo, respectively, and
used as templates for site-directed mutagenesis, as described
(11). We used the two-step PCR-based method (41) to
introduce a single nucleotide substitution in L#k9465G
¢DNA. The first PCR was done with primers, 5-CC
TAGGGGCTGCCCAGAGCCTGTGTACCGC-3'and  5-GC
GGTACACAGGCTCTGGGCAGCCCCTAGG-3', for the sub-
stitution of glitamic acid for glycine at position 750
(NZB-type: 750E), and with primers, 5-CAGTGTTGGC
AGCACAAGCCTGAGCTCCGC-¥and  5-GCGGAGCTC
AGGCTIGTGCTGCCAACACTG-3, for substitution of
lysine for glutamic acid at position 763 (human Lfk9465A-
haplotype: 763K). The nucleotides to be substituted are
underlined. The second PCR was done with the common
flanking primers, 5-TCTTTTGGGGTGCTGCTCTGG-3' and
5'-TGGGGGTCTTAGGCACTCTAA-3. The PCR fragments
carrying substitutions were cut with Bg/ll and ligated
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into hLtk-pUC-CAGGS or EL3—pSRaMSVtkineo at the
corresponding Bglll-digested portion. Introduction of substitu-
tions was verified by sequencing.

In vitro kinase assay and p85 binding assay

COS7 cells were transfected with hLii—pUC-CAGGS with or
without substitutions, using the DEAE-dextran method. For
the LTK kinase assay, cell lysates contaiming total protein of
700 pg in Tris—HC) lysis buffer (0.5%, Triton X-100, 50 mM
Tris-HCI, pH 7.4, 2mmM PMSF, 1 mM sodium orthovanadate,
1mM EDTA, 10units/ml aprotinin) were incubated with
protein A-Sepharose coated by 1D3-1, a mouse mAb
recognizing the intracellular domain of hLTK (42), for 1h at
4¢C, followed by three washes with wash buffer (0.1%, Triton
X-100, 50 mM Tris—HCI, pH 7.4) and once with kinase buffer
(40mm HEPES, pH 7.4, 10mM MgCl,, 3mM MnCl,). The
immunoprecipitates were incubated with 10 pCi [7-P32] ATP
for 20min at room temperature, and the reactions were
analyzed using 7.5% SDS-PAGE and autoradiography.

For the P&5 binding assay, cell lysates containing a total of
15mg protein were immunoprecipitated with Z-8, polyclonal
rabbit antibody against PI3Kp85x subunit, (Santa Cruz
Biotech, Santa Cruz, CA, USA), and subjected to 7.5% gel
SDS-PAGE. The immuncblotting was done with KM912, a
mouse mAb recognizing the extracellular domain of human
LTK (42).

Tor control of LTK or p85 protein levels in the kinase assay
and p85-binding assay, cell lysates containing total of 50 ug
protein were subjected to 7.5% gel SDS-PAGE. Western
blotting was done with KM912 or Z-8, followed by alkaline
phosphatase-conjugated goat anti-mouse or -rabbit IgG anti-
body (CAPPEL, West Chester, PA, USA). The color reaction
was done using BCIP/NBT Color Development Substrate
(Promega, Madison, WI, USA).

Cell proliferation and ceil cycle assays

To examine the effects of amino acid substitutions on cellular
function in the LTK kinase domain, Ba/F3 cells were
transfected with ¢cDNAs of EL3, EL3-750E or EL3-763K
using the retrovirus vector (pSRaMSVitluieo), as described
(12). To determine the cell proliferation, cells with the same
expression level of transfected genes were sclected using
flow cytometry with Ab-1, a mouse mAb specific for the
extracellular domain of hEGFR (Oncogene Science,
Cambridge, MA, USA), and the [H’] thymidine incorporation
assay was done. In 96-well plates 10%celis/well were cultured in
starvation medium (RPMI1640 containing 0.5% FCS, but not
mouse IL-3) for 6h, then incubated with or without 25 uM of
1y294002 (Sigma, St Louis, MO, USA}, a specific PI3K
inhibitor, for 30min. The cells were then stimulated with
50 ng/ml of EGF (WAKUNAGAi Hiroshima, Japan) for 16 h
in the presence of 0.5 pCi of [H”) thymidine during the final
3h and were subjected to liquid scintillation measurements of
radioactivity.

For cell cycle analysis, a final density of T x 10° cells/ml in
10¢m dish was cultured in starvation medium for 6h. After
incubation with 50ng/ml of EGF for 16h, cells were fixed with
70% ice-cold ethanol for 30 min, followed by treatment with
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500 ug/ml of RNaseA (Roche, Indiana, IN, USA) at 37°C for
20'min. Then cells were incubated with 50 pg/m! of propidium
iodide (PI; Sigma) at 4°C for 30 min, and were analyzed using
FACStar and the CellQuest software.
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Double pitvitary adenomas with distinct histological features and immunophenotypes

e present a case of double pituitary adenomas with
Wdistinct pathological features. A 59 vyear old

Japanese woman was referred to Hokkaido
University Hospital for endocrinological exarnination of
acromegaly. The patient showed typical acromegalic features.
Growth hormone (GH) and insulin-like growth factor 1 were
17.1 ng/ml and 1620 ng/ml, respectively. Other pimitary
hormones including thyroid stimulating hormone (TSH),
prolactin, gonadotropins, and adrenocorticotropic hormone
[ACTH) were within normal ranges. GH was not suppressed
in the 75 g oral glucose tolerance test. Although the response
of TSH was normal, GH showed a paradoxical rise to 200 ug
with thyrotropin releasing hormone administration. On
imaging analysis, double low intensity regions separated by
a normal pituitary were identified {fig 1). Based on the
diagnosis of acromegaly. transsphenoidal pituitary adeno-
mectomy was done. Each tumour showed distinet histologi-
cal and immunohistochemical features; the left adenoma
consisted of relatively small cells with hyperchromatic nuclei
immunoreactive for TSH. In contrast, the tumour cells of the
right tumour were acidophilic and cytoplasm rich with an
intense immunoreactivity for GH (fig 2). Other pituitary
hormones including luteinising hormone, follicle stimulating
hormone, prolactin, and ACTH were immunohistochemically
negative for both adenomas.

The incidence of double or multiple pituitary adenomas is
approximately 1% of autopsy pituitaries’ and 0.4% to 1.3% of
a surgically resected series.?? In the present case, one
adenoma was endocrinologically active but the other inactive
regardless of being immunohistochemically positive for TSH.
The independent production of distinct pituitary hormones
from each adenoma has been reported.’ so one should take
into consideration doing an intensive preoperative imaging
analysis if one hopes to accomplish complete remission of
endocrinopathy.

Figure 1 (A} Coronal T1 weiihled MR image revealing a suprasellar

extension on the right side of the pitvitary complex. {B) Gadolinium
enhanced coronal T1 weighted MR image indicating two hypaintense
lesions, clearly separated by a well enhanced normal pitvitary.
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Figure 2 (A} Hematoxylin eosin slaining showing relatively small cells
in the adenoma left. A rosette like pattem with spindle shaped cells is
evident (arrewheads). [B} The right sided lumour was composed of
strongly acidophilic, more ceflulor, adenomatous cells with o diffuse
patiern of cell growth. (C} Immunohistochemistry revedli
immunoreudivir{lfor thyreid simulating hormone in the a?enorna on the
left. (D) immunchistochemistry revedling immunoreactivity for gr
hormone in the other on the right.
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Abstract A 30-year-old Japanese woman who underwent
nonmyeloablative stem cell transplantation from her
HLA-matched sister developed autoimmune hemolytic
anemia (AIHA). There was proliferation of EBV-DNA in
her peripheral blood and monoclonal gammopathy, both
predictive factors of post-transplant lymphoproliferative
disorder (PTLD). As conventional immunosuppressive
therapy for AIHA couid lead to overt PTLD, we decided
t0 give her rituximab 375 mg/m? once weekly for a total
of four doses. After this therapy, both her ATHA and
monoclonal gammopathy were resolved and EBV-DNA
became undetectable. Rituximab therapy deserves con-
sideration for treatment of post-allogeneic stem cell
transplant patients with AIHA, especially for patients
who cannot be given immunosuppressive therapy.

Keywords Autoimmune hemolytic anemia (AIHA) -
Monoclonal gammopathy - Epstein-Barr virus (EBV) -

Rituximab - Post-transplant 1ymphoproliferative disorder
(PTLD)

Introduction

Autoimmune hemolytic anemia (AIHA) is a relatively
common disorder seen by hematologists. The first line
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treatment is usually immunosuppressive therapy such as
corticosteroids, cyclophosphamide and azathioprine and
most patients respond to this therapy. ATHA can occur in
the setting of post-allogeneic stem cell transplantation
(SCT) 12, 3]. However, AIHA following allogeneic-SCT
is often difficult to treat and the overall prognosis is poor
(3]. Immunosuppressive therapy could complicate an
already existing immune deficiency and these patients are
put at risk for infectionus complications; in fact many
patients died with infectious complications or ATHA [3,
81. ’

Post-transplant lymphoproliferative disorder (PTLD) is
also one of the serious complications of SCT [11, 151
Generally, it is induced by Epstein-Barr Virus (EBV) in
severely immunocompromised patients. Once PTLD
becomes distinct, the prognosis is poor, and mortality
rates can reach up to 90% [6, 11]. Thus pre-emptive
treatment should be based on predictive factors of PTLD
such as an elevated EBV viral load and development of
monoclonal gammopathy (1, 4). In such cases, reduction
of immunosuppressive agents is a first-line therapeutic
approach [10].

As stated above, approved therapeutic approaches to
AIHA and PTLD are contrary to each other, so it is
difficult to treat when these two diseases ars concomitant.
We describe here effective treatment with rituximab, a
highly specific mouse/human chimeric anti-CD20 anti-
body, for ATHA concomitant with proliferation of EBV
and monoclonal gammopathy in a post-non-myeloabla-
tive stem cell transplant patient.

Case report

A 3Q-year-old lapanese woman with severe aplastic anemia
diagnosed 20 years earlier underwent non-myeloablative allogeneic
penipheral blood stem cell transplantation (PBSCT) from her HLA-
matched sister in September 2000 [9]. Both donor and recipient
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