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baboon models treated with an arteriovenous shunt. DX-9065a
has also been reported 1o have no effect on bleeding time, while
it effectively reduced the severity in acute DIC rat models
induced by lipopolysaccharide and thromboplastin [7.8]. Fur-
ther. Murayama [20} reported that bleeding time was not
prolonged when DX-9065a was intravenously administered to
healthy male volunteers, even at the highest plasma concen-
tration of 1640 ng mL~" (2.87 pm). Intravenous infusion of
JTV-803 at 1-10 mg kg™' h™" also had less of an effect on
bleeding time in rats in another study [5). Therefore. our results
regarding the effects of synthetic FXa inhubitors on T and
platelel aggregation induced by TF may explain the phenom-
ena described in previous reports.

The process by which these FXa inhibitors do not prolong
bleeding time in spite of a strong inhibition of thrombin
formation remains poorly understood. We consider that the
mitial immediate formation of a small yet adequate amount of
thrombin 10 activate platelets is important for hemostasis.
Since the affinity of thrombin for platelets is hundreds of times
higher than that for fibrinogen [21.22], a minimal amount of
thrombin. though insulticient 10 convert fibrinogen to fibrin.
may effectively activate platelets (o induce primary hemostasis.
Namely. in patients given an FXa inhibiter, a small amount of
thrombin might immediately be formed when any trigger for
bleeding is stimulated. similar to that in healthy subjects. The
formed thrombin may be enough te activate platelets for early
hemostasis. though not adequate 1o cause the insoluble fibrin
16 be related with thrombus. Tanabe [23] also speculated that
the competitive and reversible inhibition of FXa by DX-9065a
might result in thrombin generation sufficient to induce
hemostatic plug formation. thought it would be insufficient
to facilitate thrombus formation.

In the present study, we showed the formation of initial
thrombin with and without the presence of a FXa inhibitor by
measuring Tep. and also found that the immediate aggregation
of platelets induced by the mitial thrombin was not disturbed
by its presence. The fact that primary hemostasis is conserved
may nol mitigate hemorrhaging seen. for example, in a serious
surgical situation. However, we are convinced that the tested
FXa inhibitors may have a role with initial thrombin {forming
time by preserving local hemostasis oflen seen during the
treatment of thrombosis. Therefore. DX-9065a and JTV-803
are considered unique antithrombotic agents without hem-
orrhagic effects.
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Abstract

The preliminary ¢lassification criteria for definite antiphespholipid syndrome (APS) include the presence of anticardiolipin antibodies
(aCL} and/or lupus anticoagulant (LA) as laboratory criteria. However, antiphospholipid antibodies (aPL) are a heterogeneous group of
antibodies comprising also antibodies against phospholipid-binding proteins or their complexes with phospholipids. Prothrombin is one of
the antigen recognized by aPL. In the last decade, there has been increasing interest in antibodies against prothrombin alone and those apainst
phosphatidylserine~prothrombin complex. The latter, phosphatidylserine-dependent antiprothrombin antibodies (aPT), have been closely
associated with APS and LA, In this paper, we review the properties of antiprothrombin antibodies.

© 2004 Elsevier Inc. All rights reserved.
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Markers for the diagnosis of antiphospholipid syndrome

Antiphospholipid syndrome (APS) is a clinical condition
characterized by recurrent thrombotic events/pregnancy
morbidity associated to the persistence of antiphospholipid
antibodies (aPL).

Antiphospholipid antibodies are classically classified
according to their in vitro method of detection in anti-
cardiolipin antibodies (aCL) measured by enzyme-immu-
nosorbent assay (ELISA) and lupus anticoagulant (LA)
detected by clotting assays. However, the current concept
of aPL includes antibodies directed against phospholipid-
binding proteins involved in the coagulation system or
their complexes with phospholipids.

Anticardiolipin antibodies

Two decades have passed since the first description
by Hughes et al [1] of the association of aPL with
thrombeotic events, neurological disease, pulmonary hyper-
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tension, livedo, thrombocytopenia, and recurrent miscar-
riages. The syndrome was named initially “anticardiolipin
syndrome” and later “antiphospholipid syndrome”, em-
phasizing that aPL group rather than aCL alone was
present in those patients.

Anticardiolipin antibodies can be detected by immu-
nological assays (radicimmunoassay and ELISA) and
were originally devised by Harris et al. [2] and Koike
et al. [3]. In 1990, Hamis [4] proposed the first criteria
for the classification of APS and they were applied in
many clinical studies of APS. In 1998, an International
Consensus defined the preliminary classification criteria
for definite APS [5]. In the laboratory features of those
two criteria, aPL (aCL and/or LA) must be positive on
at Jeast two occasions more than 6 weeks apart to
avoild false-positive aPL associated with acute infectious
diseases.

Many studies indicated that antibodies against B2Gly-
2Glycoprotein I (F2GPl) are one of the predominant anti-
bodies detected as aCL in APS patients [6—8). APS-related
aCL recognize cryptic epitope(s) on the P2GPI molecule
that appear when R2GPI interacts with a lipid membrane
composed of negatively charged phospholipids (B2GPI-
dependent aCL or antibodies against cardiolipin/B2GP]
complex: aCL/R2GPI).

— 497 —



0. Amengual et al. / Clinical Immunology 112 (2004) 144-149 145

Lupus anticoagulant and its cofactors

LA are immunoglobulins (IgG, IgM, IgA, or their combi-
nation) that interfere with in vitro phospholipid- dependent
tests of coagulation (prothrombin time [PT], activated partial
thromboplastin time [APTT], kaolin clotting time [KCT],
dilute Russell’s viper venom time [dRVVT]) [9]. LA was first
described in a patient with systemic lupus erythematosus
(SLE) bleeding tendency [10], thus called lupus anticoagu-
lant, but this term Is a misnomer because the vast majority of
patients with LA does not have SLE.

Some subtypes of LA according their clotting inhibitory
behavior have been reported. In 1978, Exner et al, [11]
showed that there are three types of LA mixing pattern by
KCT. After the identification of p2GPI as a cofacior of solid-
phase aCL assay [6—8], Oosting et al. [12] and Roubey et 2l,
[13] demonstrated that many LA plasmas depended on the
presence of B2GPl in their anticoagulant activity; thus,
B2GPI was considered as one of the major cofactors of LA.

In 1991, Bevers et al. [14] highlighted the importance of
antiprothrombin antibodies (aPT) in causing LA activity.
Later, Oosting et al. [15] showed that LA inhibited endo-
thelial cell-mediated prothrombinase activity and the 1gG
fraction containing LA activity bound to phospholipid-
prothrombin complex. Therefore, prothrombin was identi-
fied as another cofactor of LA,

Recently, it has been shown that neutralization process
enables to differentiate between LA activity caused by anti-
P2GPI and that by aPT. The addition of cardiolipin neutral-
ized aCL/p2GP! LA but not prothrombin-dependent
LA in an APTT-based assay [16]). These observations are
reasonable since PR2GPI reacts with cardiolipin but the
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phospholipid binding site of prothrombin is specific for
phosphatidylserine.

Prothrombin structure and in vitro function of
antiprothrombin antibodies

Prothrombin (factor 1) is a vitamin K-dependent glyco-
protein present at a concentration of approximately 100 ug/mi
in normal plasma. Mature human prothrombin consists of a
single-chain glycoprotein with a molecular weight of 72 kDa
[17]. During its biosynthests in the liver, prothrombin under-
goes y-carboxylation. These ~y-carboxyglutamic residues,
known as the Gla-domain, are located on fragment ] of the
prothrombin molecule. Gla-domain is essential for the calci-
um-dependent binding of phosphatidylserine to prothombin.
A kringle domain containing two kringle structures and a
carboxyl-terminal serine protease follows the Gla-domain.

Prothrombin is physiologically activated by the pro-
thrombinase complex (activated factor X, factor V, calcium,
and phospholipids). Once negatively charged phospholipids
bind prothrombin, prothrombinase complex converts pro-
thrombin to thrombin, which triggers fibrinogen polym-
erization into fibrin [18]. In addition, thrombin binds
thrombomeodulin on the surface of endothelial cells and
activates protein C, then exerts its anticoagulant activity by
digesting factor V and depriving the prothrombinase com-
plex of its most important cofactor. Because of this negative
feedback pathway, prothrombin/thrombin behaves as “indi-
rect” anticoagulant.

Simmelink et al. [19] reported that addition of affinity-
purified aPT from LA-positive plasma to normal plasma

RA Primary Sjégren Others
0/46 0/36 am
{4%)

Fig. 1. Prevalence of 1gG phosphatidylserine-dependent antiprothrombin antibodies (aPS/PT) in 441 patients with avtoimmune diseases, }gG aPS/PT were
detected by enzyme-linked immunosorbent assay. The dashed line represents the cut-off for positivity. U: units. APS: antiphospholipid syndrome, SLE:

systemic lupus erythematosus, RA: rheumatoid arthritis.
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induces LA activity and that LA activity was neutralized
upon increasing the phospholipid concentration. They also
showed that complexes of prothrombin and aPT with LA
activity inhibit both prothrombinase and tenase complex.
The results suggest that aPT might mcrease the affinity of
prothrombin for negatively charged phospholipids, thereby
competing with clotting factors for the available catalytic
phospholipid surface. Galli et al. {20], investigating the
anticoagulant activity of the protein C system, demonstrated
the dominant inhibitory effect on activated protein C of
aCL/p2GPl, compared with the effect of aPT; therefore, this
ﬁllﬁn(}mmm may depend on the specificity of antibodies
used in the experiments.

Detection methods and clinical associations of
antiprothrombin antibodies

Doublediffusion,counterimmunoelectrophoresis[21-23],
and assays based on the impairment of prothrombin activation
by aPTwere the firsttechniques used forscreening aPT[ 15,247,
but they were not suitable for the routine clinical practice.

In 1995, Arvieux et al. [25] described an ELJSA for
detection of aPT using prothrombin as antigen coated onto
irradiated plates (aPT-A). Since then, some clinical studies
have investigated their clinical implications [26]. Some of
these studies showed positive correlation between aPT-A and
some of the clinical features of the APS including venous or
arterial thrombosis [27~30], pregnancy loss [31,32], throm-
bocytopenia [29], or clinical features of APS in general
[33.34]. Other studies, however, failed to find correlation
between the presence of aPT-A and thrombosis [35-42].

Controversial results regarding aPT have also been
reported in patients without autoimmune disease. In mid-
dle-aged men, high levels of aPT-A conferred high risk of
myocardial infarction or cardiac death and of thrombotic
events [43.44], but no comrelations were found between
aPT-A and thrombotic events in a large population of
unselected patients with history of venous thrombosis [45].

In 1996, antibodies directed to phosphatidylserine-pro-
thrombin complex (or phosphatidylserine-dependent anti-
prothrombin antibodies; aPS/PT) were described in LA-
positive patients [46], and Galli et al. [39] reported that the
assay using phosphatidylserine-bound prothrombin as anti-
gen was more efficient in demonstrating the presence of
aPT than the aPT-A system.

The clinical studies described above were performed
using the aPT-A ELISA. Our group used the aPS/PT assay
in a large population of patients with autoimmune diseases
and found that aPS/PT were highly prevalent in patients
with APS compared with patients with other diseases
(Fig. 1). We also showed that the detection of aPS/PT
strongly correlated with the clinical manifestations of APS
and with the presence of LA [47]. Therefore, the aPS/PT
ELISA detects a subpopulation of aPT of significant
clinical relevance.

Lupus anticoagulant determination and
antiprothrombin antibodies

LA 15 detected by functional assays according to the
recommendation of the Scientific and Standardisation Com-
mittee of the International Society of Thrombosis and
Haemostasis [48). A tree-step approach has been proposed:

(1) Screening test to evaluate if phospholipid-dependent
coagulation test are prolonged,

(2) Mixing test to demonstrate that the prolongation of the
clotting time is caused by an inhibitor present in plasina,

(3) Confinmation of the phospholipid-nature of the inhibi-
tory antibody by adding extra phospholipids or platelets
neutralization.

The identification of LA is ofien difficult. No guidelines
have been proposed on the nature and composition of the
phospholipids used in those tests, and several commercial
tests for LA detection are available. Some publications have
shown that the correlation among these tests is very low, and
in fact, some laboratories rely on poorly responsive screen-
ing assays [49]. Thus, an accurate detection of LA is

aPS/PT

Combination of
aPS/PT and aCL/ B2GPI

Fig. 2. Distribution of antiphosphelipid antibodies in patiems with
antiphospholipid syndrome (APS). (a) In patients with APS, a heteroge-
neous population of autoantibodies can be observed including lupus
anticoagulant (LA), p2Glycoprotein }-dependent anticardiolipin antibodies
{aCL/p2GPN. and phosphatidylserine-dependent antiprothrombin anti-
hodies (aPS/PT). (b) The combination of aCL/B2GP) and aPS/PT ELISA
markedly improves the sensitivity for the diagnosis of APS when compared
with that chserved with each independent ELISA. In addition, the ELISA
combination showed higher specificity with acceptable sensitivity in
comparison with LA,
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essential to facilitate the diagnosis of patients with throm-
botic disorders.

Two major subpopulations of specific antibodies reactive
with B2GPI [13,50] or prothrombin [39] are responsible for
the LA activity in phospholipid-dependent coagulation tests.
We showed that 95.6% of patients with aPS/PT had LA;
thus, this new assay might be a useful and easy tool to
confirm the presence of LA [47].

Antiphospholipid antibodies specificity and the risk of
thrombosis

LA have been reported to represent a stronger risk factor
for thrombosis than aCL [51.52] or aPT [36] based on the
higher relative risk of thrombotic events. Autoimmune
thrombosis and pregnancy morbidity is caused by, or at
least correlated with, a group of autoantibodies with similar
properties that affect the phospholipid-dependent reactions.
The autoantigens and the detection methods are heteroge-
neous. The comparison between the results of functional
assays that detect activity of different aPL and one inde-
pendent ELISA that evaluates one specific aPL might lead
to misunderstanding of the parameters of clinical signifi-
cance. Distribution of antibodies detected by those assays in
our experience is shown in Fig. 2.

The detection of aCL/B2GP] and aPS/PT has significant-
ly improved the specificity of the conventional aCL or aPT
assays for the diagnosis of APS. The prevalence of the
antibodies detected by those specific ELISA in patients with
APS was not as high as that of LA, but the specificity of the
new assays were remarkable {47,53,54]. We compared the
value, for the diagnosis of APS, of testing LA with that of
testing both aCL/B2GPl and aPS/PT in 172 patients with
autoimmune diseases [55]. As aCL/B2GPI and aPS/PT
detect different population of antigen-specific antibodies,
we combined those two assays and calculated their clinical
significance as “ELISA combination”. We found that both
EL1SAs in combination lead to a higher specificity for APS
than the determination of LA and consequently might
further enhance their usefulness as specific marker for
APS [55] (Table 1).

LA have been frequently found in patients with throm-
bosis. In APS, its prevalence varies widely depending on
many aspects, including reagents’ sensitivity or coagulation
assay methods for its detection, and this heterogeneity might
significantly compromise the diagnosis of LA. Because of
the lack of intemational standardization for LA, the defini-
tion of LA may largely differ among the laboratories [56].
LA is also found in patients with infectious or malignant
diseases, and other APS unrelated conditions. Few methods
have been reported to discriminate those nonspecific LA
phenomenens from APS-related LA. Therefore, LA defini-
tion, in rowtine clinical practice, is far from consensus.

In conclusion, aPS/PT, as well as aCL/R2GPI, are useful
tools for a better recognition of APS. Those assays should

Table 1

Sensitivity and specificity of aPL tests for the diagnosis of APS

Assay Sensitivity (%) Specificity (%)
LA 94 79

aCL/p2GPl 54 &6

aPS/PT 57 92

aCL/32GPl or aPS/PT 7 92

(ELISA combination)

LA: lupus amticoagulant: aCL/22GPL p32Glyceprotein I-dependent anti-
cardiolipin antibodies: aPS/PT: phosphatidylserine-dependent antipro-
thrombin antibodies.

be performed in conjunction with LA test. Additional and
prospective studies on aPS/PT, however, are needed to
establish the clinical relevance of these antibodies.
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Adult-onset Idiopathic Hypogonadotropic Hypogonadism
due to Isolated Pituitary Gonadotropin Deficiency
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Abstract

A 25-year-old Japanese man with adult-onset idio-
pathic hypogonadotropic hypogonadism is reported. He
had been delivered normslly, had normal puberty, and
experienced erectile dysfunction al age 24 years. Brain
MRI revealed no abnormal findings and endocrinological
data supported the diagnosis of isolated gonadotropin de-
ficiency. Although most patients with idiopathic
hypogonadotropic hypogonadism have a hypothalamic
dysfunction, the lesion in this case may be considered to
be in the pitvitary since repetitive GnRH loading failed to
increase serum LH and FSH.

(Internal Medicine 43; 571-574, 2004)

Key words: isolated, erectile dysfunction, gynecomastia

Introduction

Hypogonadotropic hypogonadism (HH) is classified de-
pending on different conditions; isolated deficiency cr com-
bined deficiency with other pituitary hormones, congenital or
acquired (adult onset), and hypothalamic or hypophyseal
hormone defects. Most congenital cases show a type of iso-
Jated deficiency caused by genetic abnormality related 1o the
KALI gene, except for a rare case defined as congenital com-
bined pituitary hormone deficiency (1). Most cases of the ac-
quired form show multiple hormone deficiency induced by
anatomica] disorders, such as an infiltralive process or a
space-occupied lesion. Psychological stress, nutritional con-
ditions and acute illness also can cause gonadal dysfunction
{2}). Here, we report a rare case of aduli-onset idiopathic iso-
lated HH due to isolated pituitary gonadotropin deficiency.

Case Report

A 25-year-old Japanese man was referred to Hokkaido
University Hospital with the chief complaint of erectile dys-
function and gynecomastia of a 1-year duration. He was born
normally and grew up with a normal puberty; pubic hair
began to grow at age 11 years and the first ejaculation at age
12 years. There was no known history of head trauma or dia-
betes mellitus. He had irritable bowel syndrome at the age of
17 and his parents had been treated for Graves' disease.

The patient was 168 cm tall and weighed 62 kg. Blood
pressure was 122/76 mmHg. He showed no eunuchoidism,
whereas, bilateral gynecomastia was present. External geni-
talia were grade 111 in Tanner stage and testis volume was §
ml (normal: 15-25 ml) for both testes. His olfaction was nor-
mal.

Laboratory findings are shown in Table 1. Urinalysis,
complete blood count, and general biochemical markers in-
cluding electrolytes were within the normal limits. Serum
ferritin, angiotensin-converting enzyme, and tuberculin reac-
tion showed no abnormality. In serclogical examinations,
anti-nuclear antibody (ANA), proteinase 3 (PR3) anti-
neutrophi] cytoplasmic anttbody (ANCA), anti-thyroid anti-
body, anti-pitnitary and anti-adrenal gland antibody were
negative.

Regarding radiographic findings, in the pituitary MRI, the
pituitary complex was normal and a space-occupying lesion
in the hypothalantic-pituitary region was not detectable (data
not shown).

Endocrinological examinations (Tables 2, 3, 4 and Fig. 1)
revealed that thyreid function and growth hormone (GH)-
insulin-like growth factor (IGF)-1 axis were normal, Noctual
serum cortisol was slightly elevated. Responses of adreno-
corticotropic hormone (ACTH) and cortisol was blunted on
the corticotrophin releasing hormone (CRH) loading test. To
further evaluale the pitvitary-adrenal axis, dexamethasone
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Table 1. Laboratory Data on Admission

<Urinalysis> <Biochemisiry>

SG 1.018 TP 6.3 g/dl T-Cho 174 mgfdl
pH 5.0 Alb 4.1 mg/dl TG 161 mg/dl
Protein -) T-bil 0.5 mg/d! HDL-Cho 62 mg/dl
Ghucose {-) AST 17 1041 Fe 116 pg/d]
Acetone =) ALT 27 U TIBC 314 pgrdl
LDH 207 1ui ferritin 169 ng/dl
<Complete Blood Count> v-GTP 39 104 ESR 6 mm/h

WBC 6,300/ul BUN 7 mg/dl <Orthers>
RBC 436x107p Cr 0.7 mg/dl chromosome 46, XY
Hb 13.7 g/dl UA 3.5 mg/dl ACE 10.1 1UA
Ht 395% Nz 138 mEg/l ANA )
Pl 21.2x10'ul K 3.9 mEg/l PR3-ANCA <10 Ut
. Cl 104 mEg// TgAb <0.30 U/m!
Ca 9.2 mg/dl TPOAD <0.15 U/ml
P 3.2 mg/dl anti-pituitary Ab {-)
anti-adrenal Ab =)

ACE: angiotensin-converting enzyme, ANA: anti-nuclear antibody.

Table 2. Endocrinological Examinations

Table 3. HCG Loading Test

fTr3 329 g/ml Day 1 Day 2 Day 3
{T4 142 nghll
TSH 245 pUiml Testosterone (ng/ml) <0.10 0.66 1.0
GH 0.31 ng/ml
IGF-1 212.1 ng/ml 5,000 U of HCG was given i.m. for 3 consecutive days.
prolactin 262 ng/ml
LH <02 miU/ml
FSH <05 mllW/ml Table 4. Repetitive GnRH Loading Test
Testosterone <0.10 ng/ml
Estradiol <100  ng/ml Day 1 Day 3 Day 5
PRA 1.52  ng/ml/h
Aldosterone 1251 pg/ml LH (mlU/ml) pre <L0 <10 <L0
DHEA-S 1,160 ng/ml post <1.0 <1.0 <}.0
FSH (mIU/ml) pre <2.0 <20 <2.0

8:00 2300 post <2.0 <2.0 <2.0
ACTH (pg/ml) 454 10.9 Testosterone (ng/ml) <l.0 <10 <l.0
Cortisel (pg/dly 36.0 6.7

100 pg of GnRH was given i.v. twice a day for 5 consecutive days.

17-OHCS 55 mg/day On Days 1, 3, and 5, the GnRH test was done. pre: before GaRH in-
17-KS 74 mefday jection, post: after GnRH tnjection.
Urine-free cortisol 28  ngfday

suppression test gave a normal response as did urinary excre-
tion of free cortisol and steroid metabelites. Serum leutetni-
sing hormone (LH) and follicle stimulating hormone (FSH)
were below detection limits concordant with an undetectable
level of testosterone. Extremely low levels of these hor-
mones were reproducible with different assay systems.
Human chorionic gonadotropin (HCG) leading test and re-
petitive gonadotropin releasing hormone (GnRH) loading
test were done. On the HCG loading test, lestosterone
weakly, but significantly responded (Table 3). Responses of
LH and FSH were completely blunted on repetitive GnRH
loading tests (Table 4). Based en radiological findings and

572

endocrinological examinations, adult-onset idiopathic HH in-
duced by isclated pituitary gonadotropin defects was diag-
nosed. Neither fluorescent immunohistochemical study using
normal human pituitary sections nor Western blot analysis
revealed positive results for any autoantibody against pitui-
tary cells (data not shown).

Discussion
For the patient data presented here, there are three charac-
teristic points: 1) adult-onset (acquired) type of hypogona-

dism, 2) isolated gonadotropin deficiency, 3) hypogonado-
tropic hypogonadism (HH) with pitoitary defects. Adult-

Internal Medicine Vol. 43, No. 7 (July 2004}

— 504 —



Adult-onset JTHB

30| § CRH100 pgiv. 90
= 5
£ 20 60 B
= 2
= E
5 10] —e—®—o——@ |30 I
- &)
0 0
0 30 60 90 120 min
= E
E 10 60 D
: —
EY £
o
55 30 2
= o
0 0
0 30 60 90 120 min

Figure 1. Response of hormones to CRH (100 pg), TRH (200

60 } GRH 100 pgi.v.
= 40
E
&
£
jany
S 20 \O

0 .

t] 30 60 90 120 min

40 Dexamethasone
- ! !
]
&
S 20
2
€
g
=1

0 —— .
pre 2mg Emg

pg) and GRH (100 pg) loading test and dexamethasone sup-

pression test. Open and closed circles indicate ACTH and cortisel in CRH test, respectively. Open and closed circles rep-

resent TSH and prolactin in TRH test, respectively.

onset HH is caused by a large range of disorders, including
infiluative processes and space-occupying lesions such as
hemochromatosis, granulomatous disease, lymphocytic
hypophysitis, pitvitary adenoma and other tumors (2). The
patient showed neither radiographic abnormality in the hypo-
thalamic-pituitary region nor serological positive findings
that support infectious and granulomatous disease, resulting
in the diagnosis of idiopathic HH. Furthermore, the lesion
was speculated 1o be in the pituilary based on repetitive
GnRH loading tests. The disease most likely to cause ac-
quired isolated gonadotropin deficiency with pituitary defect
18 hemochromatosis (3, 4), and was ruled out with evidence
of normal ferritin levels in this case,

Psychological stress, acute illness, abnormal nutritional
status with either severe emaciation or obesity, and excessive
exercise cause hypothalamic amenorthea in women (5).
Although the patient had never exercised excessively or
starved himself, he had 2 history of irritable bowe] syndrome
with which psychologically nervous subjects can be victims.
Furthermore, he showed an abnormal response to CRH load-
ing test that can be seen in depressed patients (6). If erectile
dysfunction is the counterpart of amenoithea in women, it is
possible that psychologicea] status in this case may cause the
present condition.

Imernal ‘Medicine Vol. 43, No. 7 (July 2004)

A few cases of adult-onset idiopathic HH caused by ge-
netic defects involved in genes related to gonadal function or
by auteimmune process have been reported (1, 8, 9).
Mutation in the gene encoding DAX-1 causes X-linked adre-
nal hypoplasia congenita (AHC). A subpopulation of patients
with DAX-] gene mutation was found to show a phenotype
of delayed-onset HH that accompanies various extents of ad-
renal insufficiency (8). Whether the HH is a result of hypo-
thalamic or piwitary dysfunction, or both, remains unclear
(10). Mutation in the gene encoding the GnRH receptor also
shows a wide spectrum of phenctype of HH (11). However,
we found no report of a complete blunt response of
gonadotropin to repetitive GnRH injection in patients with
such gene mutations. Mutations of the responsible gene were
not investigated, but this case does not seem 1o have been
caused by gene mutation since there is neither family history
nor adrena) hypofunction.

Autoimmune processes also should be considered as a
cause of adult-onset HH, since reported cases have been as-
sociated with polyglandular autoimmune syndrome (7, 8).
Regardless of the Jack of positive findings with avtoanti-
bodies in addition to negative results of a fuorescent
immunohistochemical study and Western blot analysis, the
parents of this patient had a history of Graves' disease.
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Whether or not an autoimmune process might be involved
for the pathogenesis of this case would need to be excluded.

Adult-onset idiopathic HH caused by an unknown etiol-
ogy has been reported (12). In the description given, regard-
less of the Tack of causative factors including medical history
and imaging studies for defects in GnRH release, the patient
had low levels of testosterone and gonadotropins. Most of
the patients described respended to pulsatile GnRH admini-
stration, and libido and sexual function were restored. The
category of these cases seems to be a hypothalamic disorder
judging from the responsiveness to GnRH. Therefore, this
form of HH should be kept in mind as a possible treatable
condition in subjects with male infertility.

We presented adult-onset idiopathic HH with pituitary de-
fect of unknown etiology. Further molecular and immuno-
logical analysis will be necessary to elucidate the patho-
genesis of the present case.
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Localized Relapse in Bone Marrow of Extremities After
Allogeneic Stem Cell Transplantation for Acute
Lymphobiastic l.eukemia
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M. Obara,’ K. Minauchi,' and T. Koike'
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We report a patient with a relapsed in bone marrow of extremities after allogeneic
peripheral biood stem cell transplantation for acute lymphoblastic leukemia (ALL). The
patient complained of pain in the right upper arm and left leg 15 months after transplan-
tation. Magnetic resonance imaging (MRI) and fluorine-18 fluorodeoxyglucose positron
emission tomography (FDG-PET) showed abnormal findings in bone marrow of upper
and lower extremities. There were no findings of relapse in aspirates from the sternum
and iliac bone marrow. Biopsy specimen from the iliac bone marrow showed normocel-
lular marrow without leukemic cells. Biopsy specimen from the right humerus revealed
marked leukemic cell infiltration in the bone marrow. This is apparently the first case of
localized relapse of ALL in bone marrow of extremities. Physicians should be aware of
unusual relapse sites of leukemia after allogeneic stem cell transplantation. MRI and
FDG-PET may be of value in detecting this type of relapse. Am. J. Hematol. 76:279-282,
2004. © 2004 Wiley-Liss, Inc.

Key words: acute lymphoblastic leukemia; localized relapse; extremities; allogeneic stem

cell transplantation

INTRODUCTION

In patients with acute leukemia, it is generally
assumed that leukemic cells are distributed through-
out the bone marrow. Hence examinations of most
patients with acute leukemia are done of the sternum
or iliac bone marrow. There are reports of a localized
extramedullary relapse of acute leukemia following
stem cell transplantation [1-3], but a localized bone
marrow relapse is rare [4,5]. We describe herein what
may be the first case of a localized relapse of acute
lymphoblastic lenkemia (ALL) in bone marrow of
extremities after allogeneic peripheral blood stem
cell transplantation (PBSCT).

CASE REPORT

A 37-year-old Japanese woman was diagnosed with
ALL in September 2001. The iliac bone marrow
aspirate had 97% lymphoblasts. The leukemic cells
expressed CD19, CD10. CD79a, and CD13 antigens.

© 2004 Wiley-Liss, Inc.

Southern blot analysis showed monoclonal rearrange-
ment of the immunoglobulin heavy chain (IgH) JH
gene. Relative expression of the Wilms tumor-1 gene
(WT-1) [6) mRNA to K562 was elevated to 278 x 104
(normal range < 10 x 107%) with quantitative
RT-PCR assay of the bone marrow aspirate. After
achieving complete remission while on combined
chemotherapy, she received an allogeneic PBSCT from
her HLA-matched sister in February 2002. The condi-
tioning regimen consisted of etoposide (15 mg/kg/day
on days —7 and —6), cyclophosphamide (60 mg/kg/day
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on days —5 and —4), and fractionated total body ir-
radiation (4 Gy/day on days —3 to —=1). Donor unma-
nipulated peripheral blood stem cells were infused on
day 0. As graft-versus-host disease (GYHD) prophyl-
axis, she also received short-course methotrexate and
cyclosporin A (CyA). Her granulocyte count was
> 1.0 x 30%/L from day 13, and her platelet count was
> 50 x 10°/L from day 16. Bone marrow aspirates and
biopsy specimens revealed complete remission, including
the disappearance of clonal rearrangement of 1¢H-JH.
WT-1 mRNA became undetectable. based on a quan-
titative RT-PCR assay. Neither acute GVHD nor
chronic GVHD occurred. CyA was tapered and with-
drawn in February 2003,

In May 2003. 15 months after the PBSCT. she
complained of right upper arm and left Jeg pain.
X-ray examination showed no destructive or osteolytic
lesion. Her symptoms were overcome while on loxo-
profen sodium, a nonsteroidal anti-inflammatory drug
(NSAID). She experienced two more episodes of right
upper arm pain over the ensuing 3 months. and each
time she responded symptomatically to the NSAID. A
repeat aspiration and biopsy of sternum or iliac bone
marrow revealed no evidence of relapse during this
period, except for the slight elevation of WT-1 gene
expression level (49.0 x 10™%). In September 2003, she

Fig. 1.

T1-weighted magnetic resonance imaging (MRI) of
the lower leg. Abnormal low-intensity signals were seen in
the bone marrow of the bilateral femora.

had an episode of right upper arm and bilateral leg pain
with fever. As the existence of osteomyelilis was sus-
pected, magnetic resonance imaging (MRI) of extrem-
ities and fluorine-18 fluorodeoxyglucose positron
emission tomography (FDG-PET) (ECAT EXACT
47. Siemens/CTI, Knoxville, TN) were performed.
MRI demonstrated an abnormal signal in the bone
marrow of extremities (Fig. 1) as seen on low-intensity
weighted imaging in T1 and enhancement with contrast
MRI using gadolinium. There were no abnormal sig-
nals detected in bone marrow of iliac and vertebral
bones. FDG-PET showed a significant uptake only in
the extremities (Fig. 2). Standardized uptake value
(SUV) of the spot images at right upper arm and left
leg were high (6.466 and 6.816. respectively).

Fig. 2. Fluorine-18 fluorodeoxyglucose positron emission
tomography (FDG-PET). Significant uptake was seen only in
the extremities.
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Case Report: Localized Bone Marrow Relapse in ALL

Open biopsy of the right humerus was done under
general anesthesia on 21 September 2003. There were
no findings of osteomyelitis, but the biopsy specimen
revealed marked levkemic cell infiltration in the bone
marrow without destruction of the bone (Fig. 3A).
Immunophenotyping of these cells showed CD7%a~
and CD10™. There were no morphological findings
of relapse in aspirates from the sternum and iliac
bone marrow and in the biopsy specimen from the
iliac bone marrow (Fig. 3B) at that time. IgH-JH
rearrangement was undetectable with Southern blot
analysis. but a further elevation of WT-1 gene expres-
sion level (64.9 x 10™*) was evident. ABO antigen
analysis of peripheral red blood cells showed recon-
stitution with 100% donor cells. Computed tomogra-
phy scans revealed no evidence of extramedullary
relapse. Localized relapse of ALL in bone marrow
of extremities was thus diagnosed. The patient was
treated with radiotherapy to right upper arm and
bilateral leg (8-15 Gy/site), and her symptoms were
gradually overcome. She was subsequently prescribed
systemic chemotherapy with cytosine arabinoside fol-
lowing infusion of donor lymphocytes (CD3™ cell
count. 1.9 x 10% cells/ke). including peripheral blood

LA

Fig. 3.

281

stem cells (CD34% cell count, 1.8 x 10° cells/kg).
The abnormal findings of MRI and FDG-PET
improved after the therapy but still remained. Further
denor lymphocyte infusions are scheduled.

DISCUSSION

ALL can often relapse even after allogeneic stem
cell transplantation. The most common site of relapse
is the bone marrow, and leukemic cells are then dis-
tributed throughout the bone marrow. Localized
extramedullary relapses are not rare in patients with
ALL after stem cell transplantation [1-3]. Localized
“bone™ relapses of ALL have been reported [1,7.8],
but localized “bone marrow” relapses are rare [4,5].
The relapse site in our patient was pathologically not
bone but bone marrow. Golembe et al. [4] and Maeda
et al. [5) reported localized relapse in bone marrow in
a patient of ALL and acute myeloid leukemia (AML),
respectively. In both these cases, relapse sites were
unilateral iliac bone marrow. The patient we have
described herein is a unique case in that the leukemic
cells were seen in the bone marrow of the extremities
and not in the sternum or iliac bone marrow where

(A) Trephine biopsy section from the right humerus. Marked leukemic cell infiltration is seen in the bone marrow.

There is no destruction of the bone, Hematoxylin—eosin staining. (B) Trephine biopsy section from the right iliac crest. No
evidence of relapse was seen at the same time of the right humerus biopsy. Hematoxylin—eosin staining.
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we commonly evaluate the disease status. Thus, bone
marrow aspiration and biopsy from iliac bone or
sternum are not always sufficient for diagnosis of
relapse of leukemia.

Quantitative RT-PCR assays of WT-1 are useful
for evaluating minimal residual disease (MRD) in
cases of acute leukemia [6). Because of the elevation
of WT-1 mRNA levels, we suspected a relapse even
when repeat aspiration and biopsy of sternum or iliac
bone marrow showed a morphologically complete
remission.

Takagi and Tanaka detected (by MRI) focal
residual disease in some patients with acute leukemia
in complete remission [9]. FDG-PET was also reported
to be useful to detect the infiltration of leukemia [10].
In case of unusual sites of relapse, evalualions with
MRI and FDG-PET are useful.

Although the cause of the unusual site of relapse
is uncertain, the graft-versus-leukemia (GVL) effect
followed by allogeneic stem cell transplantation
may have affected the formation. Namely, localized
relapse may occur at sites where the GVL effect
does not occur. In this case, the level of WT-I
mRNA progressed slowly and symptoms were spora-
dic for 4 months. It may be that the GVL effect
suppressed leukemic cell growth and localized the
leukemic cell distribution although systemic GVHD
was not overt.

Because it is rare for a patient to relapse in the focal
bone marrow, there is no definite treatment strategy.
In this case, the Jocal manifestations of relapse could
be controlled with radiation therapy. Although leu-
kemic cells were localized in the bone marrow of
extremities at the time of relapse, systemic relapse
probably was a subsequent occurrence. Therefore, the
patient was treated with additional systemic chemo-
therapy and donor lymphocyte infusions after local
radiation therapy.

In summary, we experienced the first reported case
of localized relapse of ALL in bone marrow of extrem-
ities. Physicians should be aware of unusual relapse

sites of leukemia after allogeneic stem cell transplan-
tation. MRI scanning, FDG-PET, and serial moni-
toring of WT-1 may be of value in detecting this type
of relapse.
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B-cell antigen receptor signaling is initiated wpon binding of the antizen 1o membrane-bound immuneh-
fobulin (1gh, and the anti-1g .umhml\ (ADb) mimics this w-n.\hn" In B cells katently infecied with Epsicin-Barr
virus (EBV). the same signals induce virus activation. We examine here whether rheamatoid faclors (RFs1,
auntoeantibadies direcled against the Fe portion of JgG. induce EBY and B-cell activation. As » source of RFs,
RI-producing lymphoblastoid cell line {LCL) clones were isolated from peripheral blood menonuclear cells
(PBMC) and synovial cells from patients with rheumatoid arthritis (RA) by EBV transformation. Burki€'s
lymphonu-derived Akata eedls, which are highly responsive to EBV activasion by anti-1z Abs, were used for the
assay of EBV activation. Akata cclls expressed 12G3 as membrane-bound lg. RFs from a synovium-derived LCL
were directed fo 1pG3 and induced EBV activation in 16 1o 18% of Akata cells. whereas RFs from another
synoviom-derived LCL were direeted te 190Gl and did not induce EBY activation. Pretreatment of RFs with the
purificd Fe fragment of human IgG compleicly abolished EBV activation. Furthermore, B-cell activation was
assessed by dncorporation of [ *H]thymidine, RFs from synovium-derived LCLs efficiently induced B-cell
activation. and the addition of CD40 ligand had a synergistic cilect, On the other hand. RTs from PBMC-
derived LCLs were polyreactive, had a lower affinity to IgG, and did not induce EBV and B-cell activation. The

present findings imply a possible role for RFs as EBV and B-cell activators.

Epstein-Barr virus (EBVY is o buman berpesvirus, which
intects the majority of the human population and is the caus-
ative agent of infections mononucleosis. After primarny infee-
tion. EBV persists in B cells in a latent state for the life of the
Bost (153). Various reagents hiave been found to induce virus
activation an lutently EBV-infected B cells in viuo, They in-
chude halogenmed pyrimidine (13). phorbol ester (42, ani-
immunoglobulin (Jg) antibody (Ab) (9. 32, 37). and butyrate
£20). Although we do por know the physiological stimuli that
control activation of the virns productive evele and the switch
from the Liency in vivo. unti-lg treatment. which activates
B-cell antigen receptor IBCR) signaling (39). would serve as g
more phvsiologically relevant activitor,

Rbeumatoid arthritis (RA) is a chronic inflammatory dis-
citse of unknown cavse (17). and EBV has fong been suggested
as o causative agent. RA patients hive a higher frequency
and or higher levels of antibodies 10 EBY in serum thin do
nornul individuals (1.7, 1L 30). It has been reported that the
number of circukuting B cells infected with EBV is increased in
RA patients (36), More recentlv. we have reported that there
is an extremely high EBV load and that EBY replication oc-
curs in the synovial tissue of RA patients (34). Besides EBV
activation. B cells are dlso activated in RA patients (18). Rhew-
matoid factors (RFs) are antoantibodies directed against the

CCorresponding author. Muailing addresss Department of Tumer
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WEKia-kue Sapporg (-85, Japan. Phone: 81-11-706-307 1, Fax:
SE-T-700- 7500 E-mail: kenrakade ignrokudatac jp,

DTN

Fe portion of 1eG {14, 21) and are found in the sera of most
patients with RA. 1t is well established that there is a direct
correlation between the severity of the disease and the titer of
these antibodies in patients with RA (19, 43). Although the
precise pathogenic role of RF in RA has not been defined, a
great deal of evidence suggests its participation in sustaining
inflammatory synovitis (3. 38, 43).

Anti-Ig Abs efficiently induce Iytic vitus replication in sonie
Burkitt’s lymphoma (BL) cell lines. including Akata (32, 33).
which expresses a limited pumber of EBV latent gene prod-
ucts. including EBV-determined nuclear amigen | (EBNATY.
two EBV-encoded small RNAs known as EBERI und EBER2.
the rightward transeriprs from the Bam!l A region {BARTs).
and & overy small amount of latemt membrane protein A
(LMPZAY (termed type | uteney) (15, 31). On the other hand.
EBV-immortatized lvmphoblastoid cell lines (LCLs) are unre-
sponsive to EBV induction by anti-1g Abs. LMP2A, which is
expressed in i igh amount in LCLs. is known to interfere with
EBV uctivation after BCR cross-linking (23, 24). Therefore.
low LMP2A expression is important for efficient EBV activa-
tion in anti-lg-treated cells (16}, The high-level expression of
LMP2A in LCLs is caused by transactivation of the EBNA2
pratein (41). On the other hand. BL cells are negative for
EBNAZ expression and express little or no LMP2A. The anal-
¥sis of peripheral Mood lvmphacyte by PCR showed that only
EBNAT and LMP2A were expressed in EBV latency invivo (8.
25,27, 35). Although the level of LMP2A expression in pe-
ripheral hmphocytes has pot been measured quantitatively.
the ihsence of EBNAZ expression suggests s low Jeve| LMP2A
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FIG. 1. Anti-Fe Ab induces EBV activation in the latenty EBVinfected B-coll Tine Akata as officiemby as anti-Fab Ab dous, (A} Immuno-
fluareseence assay showing induction of an EBY Ivtic protein. gp3SLoadter treatment with 2.5 pe of aati-Je Gl aati-Faboand anti-Fe Absml for 24 h,
(B} Dose response of gpasexpression showing hat anti-Fe Ab induees gp3si) exprossion as efficivniby as ami-Fab Ah

expression in these cells. Therefore, BL cellswith tvpe | tency
are likely 1o represent in vivo latency, Hence, by using Akitta
cells, we investigated whether RF could induced virus activa-
tion. The resufts indicited that RFs induce EBV and B-cell
activition,

MATERIALS AND METHODS

Cell enlinre, BL-derived LBV aponitive Akt volls wore maintained in RPM)
1040 medinm containing 10 Feral hovine serm amd sunibiotes an 3270 in 3
€O,

RF-producing celt Tines, R -producing vl Boesy were generated by LRV
ransdirmation of peripheral blood monenockear eoils (PBMCY or single cells
from the senovial lissie of B paticnts, The eclls were incubatad in the cultore

supermatanl of the BOZK ool line and resuspended in GIT mvdium (Nibonswi-
vahu Con Ll Toho, Japank The colls wore transferred o 9havell plaes
(st Corpu, Cambridee. Moo 200 colls well for PEMC and 2000 eclis v ol
for svimndal eels, X- whiied G000 padsy allergenice PEMOC were indded s
Teaker eells a3 % 100 eclis well Colls were vultured for 4 wechs, RES wore

-irr

puriBied Trom the culsure sapermatant by osing 11 rap Igh) poriication columns
tAamershiom Mharmaciz Biokech B Uppsali
Ahs and reagents. The Abs used Tor LUV swtivation wnd B-cell activation sere
a rahbit pohclonal Ab o baman 1pGovclninapectfic) (Dake. Copenh
Donmtarh 1. b b’y Tagment of mouse moencksnal Ab (MDY 16 e T
ment of boman lgGotdadhson ImmuneResarch, Wost Grove, Pad. and the
Frah')y Tragment of messe BAR 10 the Fab Ergment o biman 120G (lackseon
InmrunoRescareh k. Ordimarite, they were wsed o concenivition of 7.5 pg ml
Onher Abs inchided mouse MAR 1 phosphonirosine (0l Siznading, Deverly.
Alass . rabbie pobvekonal Abs 1o phospho-Seh and phospho-LRK (00 Signal-
ing) o mestse ALAR g LY BZLEE (Diaho), i an MLAR 1 LBV 2pdSe (1L
Lindh provided by T Sairenjin, The parificd Fe fragment of human 126G and
purificd Tab fagmes of T 1gGowere perchised from Faclsen bmane-
Ruescarch, and CL0 Tigane (CEA0LY was from PEPRO Teeh 1Rocky THIL N
Inrmunofinorescence assay, Lapression of EBV Ivtic antigens was examined on
acvtone-fised vells by ihe indireet immunefiuoreseence method with KA €
spweedfic 1o the LBV ghecoprotein gnd3 The seeomd b was o flooresecin isos
thiscvamite (FITCleonjngated Trah’)y fragment of rabbin Ab o mouse 126G
ko).
Determination of ealeiom mobilization, Akt celbs (107 mh were loaded with
2 M Aneo-3AM (Mobecular Probes, Cigene, Oreg.) of raom lemperatiee for 30
misn. Cells were winhed e with phosphate-bulfopad saline and sesrspemded
the samy eancesieztion in 301 pl of fresh medium for cach sample. Bascling
calcinm peleine was muirsatred fop 30 and 30 pd of porificd 1M REF or medinm
ventaining 15 pg of anti-le Abs ml was then added o the vell suspemsion. Thye
intracebvlar cakeinm Jovels were mesared Beondng flow oviomenny (Becton
Lyichinsan, rinkdin Lakes, N

Savdenl.

i N

Ivnnabld amalysive Taeniy mricrograms of cell haate was separiicd by
soddiient dendeesk sullate=107 ¢ palvacintamide gol checiophoresis and tramsferred
v Schucdl Dassl Gormeanyy, The
oo was inenbasbovernighd ab 300w it the Gese b and e ecciod with

1o i niroceulose membrane (Schle

hewsgrindish peronidase-confuzited sheep A 16 mouse teGoghiloned al ESGRR}
or horsermlish perosidase<conjugaled donkey Ah e rabbit 126G tdiloned e
120K A mershim Bioseienee Corpe, Piscatiun . N,

Theterminativn of It subclass in Akata cells, Ahata eclis were incubaed with
FITCconju

of B30 0 370 Tor | h, The ot were washed with PES containing 1+ bovine

aated goat anti-human G LO2GE 1eGE or 126 at o concenmration

sernm adbiming followed By flon cvlomclric wnulbysis,

AHinity determination by inhibition ELYSA To determing the alfinitios of REs
amd the aMi=le A we used o standasd compatitive inhibition cngame-linked
immunosoriwent assay {LLISA L in which soluble hinvan gt Fe from 107" b e
1075 K were preincuhated with o fised amount of RSl 40 overnight, This
minhre of b FeRE was then conrifuged. amd ihe supeoatiml s tramsferied
1o g plate coated with husan 1gGo e (MBL Tokvo, Bapany, The plaes were
pncuhated at 370 for 2 e follomed P winh with wishing baller, Thon, 1060 el

ol

alkadine phosphatase-conjngited gowt ami-human LRl or goid anii-mouse
1eGoARs was added s cach waell ab a dilution of L0 amd incohated For 30 min
Al 3T, Plhdes were wanhed, s the substrate was added, The rosulis sere
plotied as the pereent boumd vesus the concentrtion of the comptitor. The
perecnt bound was cileulated by osing The optical dessineand Taking 1he reading
witheat o competitor as HR7y bopnd,

W B-vell activ
adull peripheral hlood by osing §listopugue £igain 31, Lovis, Moo Beelbowere
purificd from PEMC with ange-human CD1 magnet hemh g Dynal AS LA ol
of 200l of el bsispension (2 X 108 wellnas culiured in RPRE 1640 mediam
supplanenied with 107, fetal hovine serame amd amibiotios in 9 cll tissse
culture plates, Codls were stimubated wish 30 g of ani-1gGami-Fab, oranti-le
Ahsml or 2B e of REs ml for 2 b andd then 3 pe of CD0OL mlwas added 1o
1the cilinre, Aier 38 b oof incubation, enbry inlo 1he coll aoke Wi iwssessed ty
measurement of incorporaios of [FH emidine (ION Biomedicals Canada, Ine.
vt Omtario. Camadi) afiera Tae b puse with 005 pCiof PEHibmidine,

B-cell purification and s afion, PRI wore separated Trom

RESULTS AND DISCUSSION

Activation of Iatently infeeted EBV by anti-Fe Ab. By using
Akuta cells, we investigated whether RF could induce virus
activation. First. we studied whether an MAb o the Fe portion
of human 1gG (anti-Fe Ab) could induce EBV activation.
Akata cells were treated with an anti-Fe Ab for 24 hoand the
expression of virul glyeoprotein gp33t which is expressed ata
late stage of EBV Ivtic infection (151 was examined by immu-
pofluorescence assiy. As shown in Fig. [A. the anti-Fe Ab
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F1G. 2. RFs prodoced from o ssaovinm-derived LCLs (8Y 1) induce EBY activation in Lisently EBV-infecied Beecll line Akata. Anti-Fe Ab i
wsedd as i positive control, L) Immunofiuereseenes assay showing induction of an EBY btic procin. gp3Sit after traantment with svnium-derived
RE<. SY1 RFs. 1 1k g mi for 24 h: (B) dose response of gp3sth expression showing tiat Y1 RFs bnduce nuimum expression of gpasihae 181
0 220w ml: (C) inumunoblot analysis showing induction of an EBV Ivtic protein. BZLFL afier treatment with SY1 RFs for 24 b Prefreatmant
of SY1 RF< with the Fe fragment of feG eamplesely aholished the BZLF1-inducing abiliny of RFx

induced Ivtic infection as efficiemtiy as the ami-12G polvelonal
Ab and an MAb against the Fab portion of human §gG funti-
Fab Ab), Anti-Fe and anti-Fab Abs gave similar dose-response
curves in their ahility to induce EBV activition (Fig. 1B).
suggesting that signals from the Fab and Fe portions of 12G
were equully potent ax EBV activators,

Activation of latently infected EBV by RFs. Based on these
findings. we studied whether RF could induce EBV activition.
To obtein RFs, B cells tfrom PBMC and single cells prepared
fram the svpovial tissue of patients with RA were infected with
EBV (BY3-8 strain} and cultured for 4 weeks in the wells of
Yb-well plates at 266 and 240600 cellsfwell. respectively (3. 12).
Two of each of the EBV-riunsformed LCLs praducing RFs
were chosen as a source of RFs. RFs were purified from the
culture supernatant by using an IgM affinity column and were
added to the Aketa cell culture at HID pgml. After 24 h of
cultivition. the expression of gp33thwus examined by using an
immunofluorescence assuv. Ax shown in Fig. 2A. RFs pro-
Juced from it stnovium-derived LCL (SY'1) induced gp330 in
—~8e of Akata cells. whereas RFy produced from another
svpnoviem-derived LCL (5Y2) and RFs from two PBMC-de-
rived LCLs (PBMC] and PBMC2) had no substantial gp3si
induction (<00.277 |data not shown|). The dose-response ex-
periment indicated that SY1 RFs gave a maxbnum gp3d in-
duction of ¢, 1010 189 at concentrutions of 18010 220 pg'm!

{Fie. 2B). EBV uctivation by Y1 RFs was further confirmed
by detection of an EBV Ivtic prowein. BZLF) {15) by imnw-
noblot analvsis (Fig. 2C). Preureatment of Y1 RFs with the
purificd Fe fragment of hunn IgG completely abolished
BZLF] induction. whereas pretrestment with the Fab frag-
ment of humun 1gG did not (Fig. 2C). supgesting that EBV
activation was induced by specific binding of RFs to the Fe
partion of cell membrane g,

Activation of BCR signaling by RFs. It is hnown that cross- -~
linking of BCR ix followed by phosphondaion of tvrosine
Kinases and elevation of the intracellular caleivm concentra-
tion (1L 293 and both are required for EBV activition {9). We
therefore studied whether RFs could stimulite these pithways,
Immunoblot analysis reveited that $Y1 RFs induced phos-
phonlution of orosine kinases. including Syk and ERK (Fig.
3A). Calcium mobilization of Y1 RFE-treated Akuta cells was
also examined by flow cvtometry, The results showed that SY'i
RFs duced enhanced calcivm influx (Fig. 3B).

Lower affinity of RFs 1o Fe fragment of 12G (han anti-Fe Ab.
The flow cvtomerric analvsis indicoted that Akata cells ex-
pressed 1eG3 among four subclasses of 19Gi eG 1L 12G2. 1263,
and 12G4 (Fig. 4A). REs used in the present studiex were
examined 10 determine their reactivities with IgG subclasses,
The results indicated that SY1-RF< which induced EBY acti-
vation, reacted with 1gG3 and not with 1gGl. whereas S¥2
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REx which did not induce EBV activation. reacted with 12Gl
hut not with 12G3 (Fig. 48). On 1he other hand. PBMC-de-
rived RFs reacted with both 12GE oand 12G3. and weakly re-
acted with bovine serum albumin ax well. These resulis are
consistent with previous reports that most RFs produced from
PBMC are polyreactive (3. 12).

Although anti-Fe Abs induced Ivtic infection in ca. 7074 of
Akata cells. Y1 RFs induced EBV sietivition in 1610 1877 of
the cells. and PBAIC-derived RFs could not induce EBY acti-
vation i spite of their reactivity with 1gG3. Furthermore. dose-
response inlysis indicated that the masimum EBV induction
by SY1 RFx was abtained at o concentration of 180 pa'm).
whereis the maximum induction by the anti-Fe Ab was ob-
tiined at @ concentration of 7.5 paml. To examine the possi-
hility that RFs had a lower atfinity to Fe fragments of 126G than
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the unti-Fo Ab, competitive inhibition ELISA was performed.
RFs or anti-Fe Abs were fisst incubated with purified Fe trag-
ment of human IeG at vanows concentrations. The concentra-
tion of free RFs or anii-Fe Ab wax then determined by an
indirect ELISA. As o resuli. the affinities of SY 1 RF and §Y2
RF were 70 3 1077 M and LY X 107% M. respectivelv. and
were ¢ 100 times lower than that of the wni-Fe Ab (8.9 X
1072 M), and the affinities of PBMCE RF and PBMC2 RF
were 4.5 X 107% M and 7.0 X 107% M. respectively. and were
ci LOOO-times lower than that of the anti-Fe Ab (Fig. 5).
B-cell activation by REs, Finallv. we examined whether RFs
could induce B-cell activation. B cells were purified from adult
peripheral blood bw using anti-human CDEY magnetic beads
and were treated with RFs (2000 pp/ml) with or without addi-
tion of CDHOL. which is necessury for efficient aciivation of

FIG. 4. Synevium-derived RF< are monorcactive wnd LOL-desived RFs are polvrcactive for 12Gosubelisses, () Flow evtometriv analysis
showing 1than ARata colis expross the JeG3 <ubclass on the celb membrane: (B RF produced by senoviomederived LOL< (SYF and $Y 23 reace with
JaG3 or IaG L oand PBMC-derived RFs (PBMCH and PEMC2) reace with hoh oGl oand TGS,
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