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Table 3 Univanate analysis for

overall survival of patients with Characteristic No. of patients Five-year OS (%) P value
DLBCL-EH and DLBCL-CG
Age, years
Ages60 43 60.2 NS
Age > 60 75 511
Sex
Male 66 52.4 NS
Female 52 57.8
Primary site
Nodal 55 55.2 NS
Extranodal 38 67.7
Serum LDH level
Normal or lower 59 724 0.0014
Higher than normal 59 383
Performance status
ambulatory (0-1) 88 67.0 <0.001
not ambulatory (2-4) 30 13.7
Ann Arbor stage
Stage 1/2 61 72.8 <0.001
Stage 3/4 57 34.1
Extranodal mvolvement
0-1 site 90 63.6 <0.001
> 1 sites 28 25.0
International Prognostic Index
DLBCL-EH diffuse large B-cell L/LI 70 75.9 <0.001
lymphoma (DLBCL) with a HI/H 48 23.2
high number of epithelioid GCB/non-G
histiocytes; DLBCL-CG CB/non-GCB
DLBCL-control group, GCB 52 65.7 0.017
OS overall survival, L/LI low/ Non-GCB 61 45.6
low-ntermediate, HI/H, Promunent epithelioid cell response
high-intermediate/high, GCB Present 22 85.9 0.045
germinal center B-cell type, Absent 96 50.0

NS not significant

cells as shown in Fig. 1a and e. Marked appearance of cluster
of epithelioid histiocytes, as shown in this study (Fig. 1), is
not described and illustrated. Lymphoepithelioid B-cell
lymphoma was differentiated from THRLBCL by predomi-
nance of histiocytes to small lymphocytes and their epithelioid
morphologies, not by percentages of histiocytes and lympho-
cytes in the present study as also in the study by Achten et al.

[11]. Achten et al. described that histiocytes m their cases with
histiocyte-rich, T-cell-rich B-cell lymphoma, which corre-
sponds to the THRLBCL, were not epithelioid in appearances.
Chetaille et al. [12] reported that the T cells in all of
THRLBCL cases expressed PD-1 antigen. This showed a
clear contrast to the present cases, in which only three of 21
cases were PD-1 positive.

Table 4 Multivariate analysis of climcopathological factors for overall survival of patients with DLBCL-EH and DLBCL-CG

Characteristic Relative risk 95% CI P value
Serum LDH level>normal 1.43 0.65-3.15 NS
Performance status 24 2.95 1.52-5.72 0.0014
Stage 3/4 1.88 0.61-5.85 NS
Involved extranodal organ>1 1.77 0.88-3.56 NS

IPL. HI/H 1.34 0.34-5.32 NS
Germinal center B-cell type 0.53 0.28-1.03 0.062
Prominent epithelioid cell response 0.26 0.077-0.86 0.028

DLBCL-EH diffuse large B-cell lymphoma (DLBCL) with a high number of epithelioid histiocytes, DLBCL-CG DLBCL control group, CI
confidence interval, IPI International prognostic index, HI/H high-mtermediate/high, NS not significant
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Some of the similar cases to the present series were
included in the previous reports under the headings of
TCR-, T/HR- or TC/HR-(L)BCL [13-15], but prognosis of
this special type of THRLBCL was not commented in
comparison with representative cases of THRLBCL with-
out prominent epithelioid reaction. Large B-cell lymphomas
generally fail to provoke a substantial immune reaction;
therefore, prominent epithelioid cell reaction is exceptional:
Frequency of DLBCL-EH among all DLBCL cases
registered with the OLSG is only 1.8%. .

Patients with DLBCL-EH showed the significantly
favorable prognosis than those with DLBCL-CG, 1i.e.,
ordinary type of DLBCL. This finding contrasts to the
disease diagnosed as THRLBCL by the WHO criteria,
which shows similar prognosis to stage- and IPI-matched
ordinary DLBCL [15-18]. The present multivariate analysis
revealed that the prominent epithelioid cell response was an
mdependent factor for favorable prognosis. The present
clonality analysis based on the Ig gene rearrangement
confirmed the clonal nature of B-cell proliferation 1n the
DLBCL-EH. Proliferative activity, as revealed by MIB-1
labeling mdex, was rather similar between DLBCL-EH and
DLBCL-CG. It has been reported that DLBCL of non-GCB
subgroup showed a more unfavorable prognosis than that of
GCB subgroup [4, 9, 19]. Frequency of GCB and non-GCB
cases in the present series was rather similar, which is
identical to the previous reports on DLBCL [3].

DLBCL is divided into the two types based on the gene
expression profiles of the proliferating cells, i.e., GCB type
and ABC with more favorable prognosis of the former than
the latter type [3, 4]. Recently, Lenz et al. [20] reported that
DLBCL could be categorized based on the gene expression
signatures of stromal cells surrounding the neoplastic large
B-lymphoid cells. The stromal cell gene signature found in
cases showing histiocyte-rich host reaction to the lympho-
ma cells was correlated with favorable prognosis of the
patients. This finding is concordant with the present finding
that DLBCL-EH shows a favorable prognosis.

DLBCL-EH is characterized by a predommantly nodal
presentation and higher EBV positive rate compared to
DLBCL-CG. EBV posttive rate in the ordinary type of
DLBCL is reported to be less than 10% worldwide.
Therefore, the higher EBV-positive rate m the DLBCL-
EH is unique. One of the present patients with EBV-
positive DLBCL-EH showed the spontancous regression
without adjuvant therapy. Spontaneous regressions of EBV-
positive DLBCL were reported previously [21, 22], but
their histologies were not epithelioid rich.

Present findings suggest that DLBCL-EH could be a
morphological variant of DLBCL that has an apparent
better clinical outcome than conventional DLBCL. The
peculiar morphological aspect of the tumor raises several
important differential diagnoses. Then, differential points of
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this lymphoma from other types of diseases are discussed
below. Firstly, distinction of DLBCL-EH from the lym-
phoepithelioid cell variant of peripheral T-cell lymphoma,
not otherwise specified (PTCL-NOS) is necessary. Indeed,
the authors, as the pathology board members of the OLSG,
initially interpreted the histologic pictures of DLBCL-EH
as the lymphoepithelioid cell variant of PTCL-NOS on the
purely morphological grounds. However, the immunohis-
tochemistry revealed the B-cell nature of the proliferating
large lymphoid cells. In addition, genotypic study con-
firmed the clonal proliferation of B cells. The presence of
fine fibrous tissues and necrotic foci might be frequent to
occasional in DLBCL-EH but uncommon in the tymphoe-
pithelioid cell vartant of PTCL-NOS.

Classical HL of mixed cellularity type (CHL-MC)
occasionally show the histology containing a high content
of epithelioid histiocytes, with rather favorable clinical
course than ordinary CHL-MC [23]. Thus, distinction of
DLBCL-EH from CHL-MC may be needed in some cases.
Indeed, Reed-Sternberg cell-like cells appeared in the
recurrent lesion of one of the present cases. However,
diagnostic Reed-Sternberg cells were absent even in this
lesion. Such kind of cells was never found in the instial
biopsy of any cases. Complete absence of CD15-positive
cells and presence of CD30-positive cells in a quite limited
number of the present DLBCL-EH cases indicated that a
diagnosis of CHL-MC was unlikely. CD30 immunoreac-
tivity seems not to be a distinguishing feature of CHL, as it
may be observed in the THRLBCL as well [11]. In
addition, clonal B-cell proliferation was confirmed in all
of the DLBCL-EH cases examined. Although mononuclear
Hodgkin and multinucleated Reed—Sternberg (HRS) cells
contain monoclonal Ig gene in greater than 98% of cases
and monoclonal T-cell receptor gene in rare cases in the
DNA isolated from the single HRS cells, the monoclonal
rearrangements are usually not detectable in the whole
tissue DNA [24]. With combination of histologic, immu-
nohistologic findings and genotypic study, distinction of
DLBCL-EH from CHL-MC with a high content of
epithelioid histiocytes is possible.

In conclusion, the DLBCL-EH is distinct from ordinary
DLBCL in its higher EBV-positive rate, predominant nodal
presentation, and favorable prognosis. Because the follow-
up period in the present series was rather short, further
study on the DLBCL-EH with more high number of cases
and adequately long follow-up period would provide a
robust conclusion.
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We have evaluated the antifungal activity of micafu
with serum-free and serum-added micafungin standar

ngin in sernm by using the disk diffusion method
d curves. Serum samples from micafungin-treated

patients have been shown to exhibit adequate antifungal activity, which was in proportion to both the
applied dose and the actual concentration of micafungin measured by high-performance liquid chroma-

tography. The antifungal activity of micafungin in seru
method.

m was also confirmed with the broth microdilution

Micafungin has been shown to bind to serum proteins at a
level of 99.8% (13). If the unbound drug contributes to its
pharmacological activity (the free-drug hypothesis), only
0.2% of total micafungin would be available to exert anti-
fungal activity in the presence of serum, and the MIC for
micafungin n vitro would increase 500-fold. However, sev-
eral studies have shown that this ratio varies from 4- to
267-fold (6, 7, 11), indicating that the antifungal activities of
micafungmn n serum may not follow the free-drug hypoth-
esis; mstead, observed activities are mostly superior to those
predicted. Furthermore, 1t remains unclear whether these
results can be applied to micafungin 1n a patient’s serum. To

address this issue, we collected serum samples from mica-
fungin-treated patients and examined the relationship be-
tween micafungin concentration and its in vitro antifungal
activity 1n serum.

This study was approved by the institutional review board,
and informed consent was obtained from each patient. Patients
with hematologic malignancies, admitted mto Osaka Univer-
sity Medical Hospital, were adminstered micafungin at a dose
of 50 to 300 mg/body once daily. The efficacy of prophylaxis
was defined as the absence of proven, probable (EORTC-
IFICG/NIAID-MSG) (1), or suspected (unexplained persis-
tent fever and climcal findings) (10) fungal mfection, through

TABLE 1. Patient background

Dose of Duration of .
Pa;:)em ?y%;: Gender” %:N ; Diagnosis® HSCT? Antifungal treatment micafungin therapy S!lfli[r::ac:‘
' & (mg/body) (days) y
1 43 M 76 ML Auto-PBSCT Preemptive therapy 300 11 Effective
2 59 F 52 ML Auto-PBSCT Preemptive therapy 300 8 Effective
3 33 M 52 MS Allo-BMT Empirical therapy 75 55 Effective
4 51 F 47 ML Allo-BMT Empirical therapy 50 9
150 16 Effective
225 20
150 4
5 47 F 58 ML Auto-PBSCT Empirical therapy 150 21 Effective
300 7
6 22 F 45 AML Allo-BMT Prophylaxis 50 22 Effective
100 6
7 46 F 43 ALL Allo-BMT Prophylaxis 50 22 Effective
100 9

M, male; F, female.
2 BW, body weight.

€ ML, malignant lymphoma; MS, myelodysplastic syndrome; AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia.
4 HSCT, hematopoetic stem cell transplantation; PBSCT, penpheral blood stem cell transplantation; BMT, bone marrow transplantation.

* Corresponding author. Mailing address: Department of Hematol-
ogy and Oncology, Osaka Unversity School of Medicine, 2-2,
Yamada-oka, Suita, Osaka 565-0871, Japan. Phone: 81-6-6879-3871.
Fax: 81-6-6879-3879. E-mail: matumura@bldon.med.osaka-u.ac.Jp.
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TABLE 2. Antifungal activities and nhibitory titers of serum samples from patients admmistered micafungin

Dose of Antifungal activity of serum samples Ratio {%) of antifungal activities
micafungin Collection pomnt (fg/ml) mgsured using: P ( )measured bgy:
Patient Disk diffusion method® Sgrum

no. Serum-free Serum-added nhibitory

mg mg/kg Day Time HPLC Serum-free Serum-added standard standard titer

standard standard curve/HPLC? curve/HPLC?
curve curve

1 300 39 10 Peak 34.2 ND ND 32

2 300 5.8 8 Peak 33.6 ND ND 32

3 75 14 45 Peak 6.7 2.5 42 38 63 4

4 225 4.8 43 Peak 371 14.1 34.8 38 94 32

5 150 2.6 12 Peak 16.4 6.0 22.1 37 135 16

6 50 11 8 Trough 2.7 1.1 2.1 42 78 2

8 Peak 84 38 8.1 42 96 8

15 Trough 3.0 1.0 1.7 32 58 4

15 Peak 5.6 2.5 52 45 92 8

7 50 1.2 15 Trough 23 0.9 1.6 40 71 2

15 Peak 6.4 33 7.0 52 109 4

17 Trough 2.0 ND ND 2

17 Peak 6.5 2.9 59 44 91 8

7 Mean = standard deviation 1s 41% * 6%.
b Mean = standard deviation 1s 89% * 23%.

< These serum concentrations were estimated using the two standard curves. ND, not determined.

the end of therapy. The efficacy of the drug for suspected
fungal infections was indicated by improvement of persistent
fever and climcal findings.

Blood samples were collected from patients just before
(trough) and after (peak) micafungin infusion, at least 4
days after initiating treatment (steady state) (2). Micafungin
concentration in serum was measured by high-performance
liquid chromatography (HPLC) (9, 12). The disk diffusion
method was performed according to National Committee
for Clinical Laboratory Standards (NCCLS) M44-A guide-
lines (5). To obtain standard curves, we prepared two types
of serial dilution disks impregnated with micafungin stan-
dard solution, one 1n RPMI 1640 (serum-free standard) and
the other 1n heat-inactivated serum from volunteers (serum-
added standard). Disks were applied to Sabouraud dexirose
agar plates moculated with Candida albicans FP633, a clin-
ical 1solate kindly provided by Astellas Pharma Inc., Tokyo,
Japan. The diameter of the area of complete growth mhi-
bition (inhibitory zone) was measured. Similarly, disks were
impregnated with serum samples collected from patients,
and the inhibitory zones were measured. The determination
of antifungal activity of micafungin in a patient’s serum was
based on two standard curves, as described above. To de-
termine the mhibitory titer 1n a patient’s serum, we utilized
the broth microdilution method based on the guidelines 1n
NCCLS M27-A2 (4). Serum from a patient was serally
diluted twofold with serum from a volunteer, supplemented
with 20 mM HEPES, and inoculated with C. albicans FP633.
MIC was defined as the lowest concentration where no vis-
ible growth was observed. Serum nhibitory titers were de-
fined as the highest dilution of serum that completely inhib-
ited fungal growth.

In all seven patients, micafungin was effective for prophy-
laxis or treatment against fungal infections (Table 1). Serum
peak concentrations (C,) of micafungin {measured by
HPLC) ranged from 5.59 to 37.1 pug/ml at a dose of 50 to 300
mg/body and closely correlated with both daily dose and dos-

age in terms of body weight (Table 2). Standard curves were
prepared from both serum-free and serum-added micafungin
standard disks (Fig. 1). The antifungal activity of micafungin
remained intact in serum: 20 to 50% (by measured value) or 25
to 30% (by standard curve).

Results for all seven successfully treated patients are sum-
marized in Table 2, as are the micafungin. concentrations in
serum samples measured by HPLC. The antifungal activity of
micafungin in serum samples from these patients was 41% *
6% (mean value * standard deviation, ranging from 37% to
52%) of the actual micafungin serum concentration (the ratio

Concentration
{pg/mb)

1000 ~

Serum-added micafungin standard curve

100 4

y = 0.1273¢°2%7

r = 0.8872,
G221 heemmmemme e ) y = 0.0305e%%%5%
A:16.4 r=0.9945
10 4
Serum-free micafungin standard curve
B:6.0  jJee-commeremmoomiionns ! 3 A
1 L .l T . T T 3
0.0 5.0 10.0 150 17.9 200 25.0 30.0

{nhibitory zone diameter tmm)

FIG. 1. Estimation of micafungin concentration m serum samples
from patient no. 5, using the disk diffusion method. (A) Concentration
measured using HPLC, 16.4 pg/ml. (B) Concentration estimated from
the serum-free micafungm standard curve, 6.0 pg/ml. (C) Concentra-
tion estimated from the serum-added micafungin standard curve, 22.1
ng/ml. Ratio of concentration B to concentration A (%) = 6.0/16.4 X
100 = 37. Ratio of concentration C to concentration A (%) = 22.1/
16.4 = 134.8.
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FIG. 2. Determining the inhibitory titer values for serum from patient no. 5 using the broth microdilution method. MIC was defined as the
lowest concentration at which no visible growth was observed (magnification of X40). Serum mbhibitory titers were defined as the highest dilution
of serum that completely inhibited fungal growth. Insets show C. albicans morphologies (magnification of X400).

of antifungal activity estimated by the disk diffusion method
based on the serum-free standard curve to that measured by
HPLC). Representative results for patient no. 5 are shown in
Fig. 1. Meanwhile, the antifungal actwvity of micafungin calcu-
lated with the serum-added standard curve was almost equal to
the actual micafungin serum concentration (the ratio of anti-
fungal activity estimated by the disk diffusion method based on
the serum-free standard curve to that measured by HPLC was
89% * 23% [mean = standard deviation, ranging from 58% to
135%]) (Table 2).

MIC for micafungin agamnst C. albicans FP633 1 heat-mac-
tivated serum from a volunteer was 1 pg/ml, which was con-
sistent with previously reported data using the same strain (3).
At this concentration, micafungmn induced swelling and subse-
quent burst of mycelia. Inhibitory titers for serum samples
from all patients are summanzed in Table 2. Representative
results from patient no. 5 are shown in Fig. 2. These titers were
in excellent agreement with both micafungin concentrations in
serum samples by HPLC and those estimated from the serum-
added standard curve (Table 2).

These results indicate that serum proteins certaimnly bind to
micafungin and reduce its antifungal activity, but this binding
may be reversible and weak. These data are inconsistent with
the free-drug hypothesis. One or more of the following reasons
could explain this discrepancy. First, micafungin binds to se-
rum proteins at 99.8% 1n situations without any other compet-
itors, such as 1n ultrafiltration, the method measuring the equi-
librium binding (13). If fung: susceptible to micafungin are
present, however, micafungin may be easily released from the
protein-bound form in a rapid equilibrum, bind to target
pathogens, and exert its antifungal actwvity. In this case, n-
creased MIC of micafungm 1n serum may depend on the fungal
strains being tested (6, 7). Furthermore, although albumin 1s

supposed to bind mainly to micafungin, several other proteins
in serum, such as alpha and gamma globulins, might influence
the interactions among micafungin, serum proteins, and target
pathogens (8).

In conclusion, it seems to be unsuitable to apply the
free-drug hypothesis to the pharmacodynamics of micafun-
gin, because this may underestimate its antifungal activity.
We have shown, using the disk diffusion and broth dilution
methods, that serum samples from micafungin-treated pa-
tients exhibited adequate antifungal activity. Our data will
be useful for understanding the pharmacodynamics of mi-
cafungin and for improving the clinical outcome of mica-
fungin treatment.

This study was supported n part by a grant from Astellas Pharma Inc.
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Summary. Background: Glycoprotein (GP)VI deficiency is a
rare platelet disorder with a mild bleeding tendency.
However, its pathophysiology remains unclear. Objec-
tives: We characterized a novel GPVI-deficient patient with
immune thrombocytopenic purpura and searched for the
presence of anti-GPVI autoantibodies in this and another
patient with GPVI deficiency. Methods and results: A 12-
year-old Japanese girl (case 1) with moderate thrombocyto-
penia and mild bleeding showed selectively impaired colla-
gen-induced platelet aggregation. Flow cytometric analysis
indicated that the patient had a defect in the expression of
GPVI-FcRy. An eluate of her platelet-associated IgG
contained anti-oqpPs  autoantibodies. Moreover, using
GPVI-FcRy-transfected cells, we unexpectedly identified
anti-GPVI antibodies against the soluble ectodomain of
GPVI in the eluate, despite the patient’s GPV] deficiency. In
contrast, anti-GPVI antibodies were not detectable in her
plasma. In another case of GPV] deficiency (case 2) without
detectable plasma anti-GPVI antibodies, we again detected
platelet-associated anti-GPVI .antibodies. In a 2-year follow-
up of case 1, the platelet count increased to within the
normal range and the bleeding tendency improved. Interest-
ingly, GPVI was again expressed on her platelets, in
association with a decrease in the relative amount of anti-
GPVI antibodies. Conclusions: This is the first demonstration
of platelet-associated anti-GPVI antibodies in GPVI-deficient
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subjects, in one case with spontaneous restoration of GPVI
expression. These results strongly suggest an autoimmune
mechanism in GPVI deficiency.

Keywords: GPVI deficiency, immune thrombocytopenic pur-
pura, platelet-associated autoantibody.

Introduction

Glycoprotein (GP)V1 s a 62-kDa transmembrane protein that
plays a key role in platelet adhesion to collagen and subsequent
platelet activation. GPVI consists of two immunoglobulin-like
domains, a short mucin-like domain, a transmembrane
domain, and a 51 amino acid cytoplasmic domain. GPVI is
non-covalently associated with the immunoreceptor tyrosine-
based activation motif (ITAM)-containing FcRy-chain in the
platelet membrane. Ligand binding to the GPVI-FcRy-chain
complex induces signals via the Syk/SLP-76/PLCy2 pathway
to activate integrins opf; (also known as GPla-1Ja) and oyy,Bs
(GPIIb-II1a), leading to thrombus formation [1-3].

GPVI deficiency is a rare platelet disorder with a mild
bleeding tendency. Twelve cases have been reported to date
since the first Japanese case in 1987 [4-15]). Although
preliminary reports showed molecular defects in the GPVI
gene in two cases of congenital GPVI deficiency [13,14], an
immunologic mechanism has been suggested as the more
frequent etiology for the depletion of GPVI [16]. In fact,
plasma anti-GPVI antibodies have been demonstrated in five
patients with GPVI deficiency [4,8,10,12,15], and injection of
anti-GPVI monoclonal antibodies such as JAQ! induces the
selective downregulation of GPVI from platelets in mice [17,18]
and monkeys [19]. Human GPVI can also be downregulated in
a NOD/SCID mouse model by injection of human platelets
and an anti-GPVI antibody [20]. Recent reports suggest that
GPVI downregulation by anti-GPVI antibodies occurs
through metalloprotease-mediated ectodomain shedding and/
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or internalization/degradation pathways [18,19]. However, the
pathophysiologic cause of GPVI deficiency in humans still
remains unclear, because no anti-GPVI antibodies were
demonstrated in the remaining five cases.

In this study, we have characterized a novel case of GPVI
deficiency (case 1) and demonstrated the presence of platelet-
associated anti-GPVI autoantibodies despite GPVI deficiency.
Similar findings were obtained in a previously described patient
with unknown etiology (case 2) [11]. Moreover, in a 2-year
follow-up of case 1, we observed the spontaneous restoration
of GPVI expression with a reduction in platelet-associated anti-
GPVI antibodies, indicating that GPVI deficiency in our
patient was an acquired abnormality. Our present data provide
new evidence for an autoimmune mechanism in the patho-
physiology of GPVI deficiency.

Materials and methods

Reagents

Mouse monoclonal anti-GPVI antibody 204-11 and rabbit
polyclonal anti-GPVI cytoplasmic tail antibody have been
described previously {21,22]. Biotinylated convulxin was made
as previously described [23]. 293 cells stably expressing oy,B3
were established as previously described [24]. Chinese hamster
ovary (CHO) cells stably expressing GPVI and FcRy-chain
(GPVI-FcRy CHO cells) and the soluble form of recombinant
human GPVI (amino acids 24-219; rhGPVI) were generously
provided by J. Kambayashi (Otsuka USA) [25]. Rabbit
polyclonal anti-FcRy antibody and goat polyconal anti-
FeyRITA antibody were obtained from Upstate Biotechnology
(Lake Placid, NY, USA) and R&D Systems (Minneapolis,
MN, USA), respectively. Mouse monoclonal anti-o, antibody
Gi9 and anti-B; antibody VL-PL2 were obtained from
Immunotech International (Marseille, France) and BD Pharm-
ingen (San Jose, CA, USA), respectively.

Platelets, mononuclear cells, and platelet-associated 1g§G
eluate preparation

This study was approved by the Institutional Review Board at
Osaka University Hospital, and blood samples were obtained
with written informed consent. Platelets were obtained by
differential centrifugation from blood anticoagulated with
either Nay-EDTA or sodium citrate [26]. Mononuclear cells
were obtained using a Ficoll-Paque gradient [27]. Platelet-
associated antibodies were eluted from washed platelet sus-
pensions at a concentration of 200 x 10> uL™' by adding an
equal amount of diethy! ether as previously described {26,28].

Platelet aggregation study

Platelets in platelet-rich plasma were stimulated with various
agonists, and platelet aggregation was monitored using a
model PAM-6C platelet aggregometer (Mebanix, Tokyo,
Japan).
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Flow cytometry

Platelet-associated IgG and surface expression of platelet GPs
were analyzed by flow cytometry as previously described
[28,29]. In the case of the 204-11 anti-GPVI monoclonal
antibody, prostaglandin E; was always added to the platelet
suspension to prevent aggregation. Specific binding of 204-11
was calculated by subtraction of mean fluorescence intensity
(MFTI) of the control from that of 204-11, and relative surface
expression was estimated by comparison of the specific binding
of 204-11 of the patients’ platelets with that of normal platelets.
To detect autoantibodies in eluates, GPVI-FcRy CHO cells
and oy, B3-expressing 293 cells were used. Cells were suspended
in phosphate-buffered saline (PBS) at a concentration of
5% 10° L', Fifty-microliter aliquots of the eluates were
incubated with an equal volume of cell suspension for 30 min
on ice, and this was followed by incubation with Alexad88-
conjugated anti-human lIgG (Molecular Probes, Eugene, OR,
USA) for 20 min. In the case of GPVI-FcRy CHO cells, the
cells were incubated simultancously with 10 pg mL™" 204-11
and with phycoerythrin-conjugated anti-mouse F(ab’), anti-
body (Serotec, Oxford, UK) to monitor the expression of
GPVI. After washing, the cells were suspended in propidium
iodide-containing PBS, and multicolor flow cytometric analysis
was performed.

For the detection of anti-GPVI antibodies in plasma,
platelet-poor plasma was incubated with wild-type CHO cells
for 1 h to remove non-specific binding, and then incubated
with GPVI-FcRy CHO cells.

Western blotting

Western blotting was performed as previously described [30].
Twenty-microgram aliquots of platelet lysates were electro-
phoresed on 5-20% gradient sodium dodecylsulfate polyacryl-
amide gel electrophoresis gels (Pagel; ATTO korp, Tokyo,
Japan) under non-reducing conditions for 204-11 and biotiny-
lated convulxin binding, and under reducing conditions for the
anti-GPVI cytoplasmic tail antibody. After transfer to
poly(vinylidene difluoride) membranes (Immobilon; Millipore,
Bedford, MA, USA), the membranes were incubated with
either antibody or convulxin, and then incubated with the
appropriate horseradish peroxidase (HRP)-conjugated second-
ary antibody or HRP-conjugated streptoavidin (Vectastain
ABC Xit; Vector Laboratories, Burlingame, CA, USA). The
optical density of the bands was measured using ScioN IMAGE
software (Scion Corp., Frederick, MD, USA).

N-éthylmaleimide (NEM) treatment of platelets

NEM treatment of platelets was performed as previously
described [31]. In brief, 500 x 10* pL™" of washed platelets
were incubated with 2 mv NEM (Calbiochem, La Jolla, CA,
USA) for 15 min at room temperature, and the reaction was
terminated by addition of an equal amount of 10 mm EDTA/
PBS.

© 2009 International Society on Thrombosis and Haemostasis



Competition assay for 204-11 binding to rhGPVI by anti-GPVI
autoantibodies

Two hundred and fifty nanograms of rhGPVI was coated
per microtiter well. After blocking with bovine serum
albumin (BSA), 50-uL aliquots of the patient’s platelet
eluates were added to each well and incubated for 1 h at
room temperature. After washing, 1 pg mL™" of 204-11 or
MOPC was added to each well and incubated for another
1 h at room temperature, and this was followed by incuba-
tion with alkaline phosphatase-conjugated anti-mouse IgG
(Sigma, St. Louis, MO, USA). Alkaline phosphatase activity
was measured using disodium phenylphosphate as substrate
(Sanko Jun-yaku, Tokyo, Japan).

Dot blot analysis

One hundred nanograms of rhGPVI was dotted onto a
nitrocellulose membrane. After blocking with BSA, the mem-
brane was incubated with the patient’s platelet eluates for | h.
The binding of anti-GPVI antibodies was detected by incuba-
tion with biotinylated anti-human IgG (Jackson ImmunoRe-
search Laboratories, West Grove, PA, USA), and this was
followed by incubation with HRP-conjugated streptoavidin
and a chemilummescence reaction. As a control for blotting of
rhGPVI, biotinylated convulxin was incubated with the
membrane, and this was followed by incubation with HRP-
conjugated streptoavidin.

RNA preparation, reverse transcription polymerase chain
reaction (RT-PCR), and sequence analysis

Platelet RNA was extracted using Trizol solution (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s instruc-
tions. RT-PCR and direct sequencing were performed as
previously described [29]. Sequences for the primers were as
described previously [11].

Results

Cases

Case ] A 12-year-old Japanese girl suffering from cutaneous
ecchymosis and recurrent epistaxis since May 2006 was referred
to Osaka University Hospital in August 2006. There was no
family history of a bleeding tendency or consanguinity.
Physical examination revealed several petechiae in the upper
and lower limbs and chest. Her platelet count was
133 x 10° pL_‘, with normal white blood cell and red blood
cell counts. There were no abnormalities m blood chemistry
and coagulation. Her platelet count decreased to ~ 80 X
10° pL~! 1 the next 2 months. It recovered spontaneously,
but remained consistently low, ranging from 100 x 10° pL™!
to 120 x 10* pL™" over a 12-month period. The bleeding
tendency was unchanged in this period. However, after

© 2009 International Society on Thrombosis and Haemostasis

Restoration of GPVI expression in GPVI deficiency 1375

February 2008, the platelet count increased to more than
150 x 10° pL”, with improvement of the bleeding tendency
(Fig. 1A).

Case 2 A 3l-year-old Japanese GPVI-deficient female
without any detectable anti-GPVI antibodies or genetic
aberrations has been described previously [11].

Platelet aggregation study

The case ! patient had a prolonged bleeding time
(> 10 min, Duke’s method), despite a platelet count of
more than 100 x 10° pL™" 1n November 2006, suggesting
that functional abnormalities may exist in the patient’s
platelets. Collagen-induced platelet aggregation was mark-
edly impaired in the patient (Fig. 1B). Although epineph-
rine-induced aggregation was mpaired, impairment is
observed in ~ 16% of Japanese healthy controls and 1s
not associated with a bleeding diathesis [32]. The impaired
collagen-induced platelet aggregation was not corrected even
at 10 pg mL™" collagen, although modest concentration-
dependent aggregation was observed (Fig. 1B). These data
suggest that the patient possessed a defect in a platelet
collagen receptor.

Expression of GPVI and FcRy

GPVI and o,B; are known to be the two major collagen
receptors on platelets [1-3]. Flow cytometric analysis using an
anti-GPVI monoclonal antibody, 204-11, indicated that surface
GPVI expression was markedly reduced (3% of control) on the
patient’s platelets, whereas the expression levels of 0, GPIb,
oyP3 and CD36 (data not shown) were normal (Fig. 2A). No
reduction 1 GPVI expression was observed on platelets
obtained from the patient’s mother or the elder sister. Next,
we examined binding of convulxin, 204-11 and a polyclonal
anti-GPVI cytoplasmic tail antibody to platelet lysates in an
immunoblot assay. Biotinylated convulxin binding was mark-
edly reduced, reflecting the result obtained for GPVI expression
by flow cytometry (< 5% of control) (Fig. 2B). Binding of
204-11 was also greatly reduced (~ 5% of normal control
Fig. 2C). In contrast, anti-GPVI cytoplasmic tail antibody
revealed that the patient platelet lysate contained a significant
amount (14% of control) of normal-sized GPVI (Fig. 2D,E). It
is known that GPVI 1s shed near the transmembrane domain
by a metalloprotease after binding its ligands such as collagen
or by anti-GPVI antibodies, resulting in production of an
~ 55-kDa soluble ectodomain fragment and an ~ 10-kDa
platelet-associated remnant fragment [31]. Treatment of plate-
lets with a metalloprotease activator, NEM, also induces the
same effects (Fig. 3F) [31]. However, we could not detect any
remnant GPVI fragment in the patient platelet lysate (Fig. 2D).
In addition, we confirmed that there were no abnormalities, at
least in the coding region of GPVI cDNA obtaned from the
patient’s platelets, except for the common polymorphism

- 184 -



1376 M Akiyama et al

GIn317 — Leu as homozygote by direct sequencing analysis
(data not shown) [33].

FcRy expression in platelets from the case 1 patient was
markedly reduced, whereas FcRy expression was normal in the
patient’s mononuclear cells (Fig. 2F). We confirmed that there
were no sequence abnormalities in the coding region of FcRy
cDNA obtamed from the patient’s platelets (data not shown).
In addition, we detected normal expression of FcyRIIA 1n
platelets from the case 1 patient (Fig. 2F).

Detection and analysis of platelet-associated anti-GPVI
antibodies

As the case 1 patient’s platelets possessed an elevated level of
platelet-associated IgG (PAlIgG) (MFI 42.44; Fig. 3A), we
eluted antibodies from the platelets using diethyl ether. We
confirmed that the eluted antibodies had the ability to bind to
control platelets (data not shown). We detected anti-oyy,pBs3
antibodies n the eluate by employing oyy,B3-transfected 293
cells (Fig. 3B). We then used GPVI-FcRy CHO cells to search
for the presence of anti-GPVI antibodies. We monitored the
expression of GPVI with 204-11, and two-color flow cytometric

analysis was performed because of heterogeneity tn the
expression of GPVI. We used eluates obtained from normal
controls and an mmmune thrombocytopenic purpura (ITP)
patient with elevated PAIgG (MFI 43.87) as negative controls.
As shown in Fig. 3C, antibody binding depending on the
expression of GPVI was clearly observed in the eluate of case 1.
To exclude the possibility of cross-reactivity of the anti-og,P3
antibodies with the GPVI-FcRy CHO cells, anti-oyy,33 anti-
bodies in the eluate were precleared by mcubation with oy, B;-
transfected 293 cells, and then IgG antibody binding was
reanalyzed. Antibody binding to the GPVI-FcRy CHO cells
was not affected by the depletion of the o33 antibodies (data
not shown). These data clearly demonstrate the presence of
platelet-associated autoantibodies specific for GPVI in case 1.
Moreover, preclearing the eluate with oyy,Ba-transfected 293
cells and with oy,Bs-transfected 293 cells plus GPVI-FcRy
CHO cells decreased 1gG binding to control platelets by 45%
and by 87%, respectively. These results indicate that the
PAIgG of the patient 18 mainly composed of anti-GPI1b-111a
and anti-GPVI antibodies (data not shown).

To localize the epitope(s) for the anti-GPVI antibodies, we
next examined the binding of the anti-GPVI antibodies to
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Fig. 1. Platelet counts and platelet aggregation study of the case 1 patient. (A) Time course of the platelet count for the case 1 patient from July 2006 to
September 2008. (B) Platelet-rich plasma obtained from a normal control (left panel) or the patient (case 1) in November 2006 (middle panel) was
stimulated with ADP (2.0 um), ristocetin (1.5 mg mL™), epinephrine (2.0 pm), or collagen (3.0 pg mL“'). Platelet-rich plasma from case 1 was simulated

with collagen at the mdicated concentrations (3.0-10.0 pug mL™") (right panel).
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204-11, a2 monoclonal anti-a, antibody, Gi9, or a control 1gG, MOPC, and analyzed by flow cytometry. Numbers in each histogram represent.the mean
fluorescence intensity of the gated cells. (B) Platelet lysates (20 pg) obtained from the control, the mother, the patient (case 1) and the sister were
electrophoresed on a sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) gel under non-reducing conditions. After transfer to
poly(vinylidene difluoride) membranes, the membranes were incubated with biotinylated convulxin, followed by horseradish peroxidase-conjugated
avidin. (C) Platelet lysates (20 pg) were electrophoresed on an SDS-PAGE gel under non-reducing conditions, and this was followed by blotting with
204-11. (D) Platelet lysates (20 pg) were electrophoresed on an SDS-PAGE gel under reducing conditions, and this was followed by blotting with
polyclonal anti-GPVI cytoplasmic tail antibody. (E) Quantification of GPVI in platelet lysates of case 1. Serially diluted control lysates and the
patient’s lysate were electrophoresed on an SDS-PAGE gel and detected by polyclonal anti-GPVI cytoplasmic tail antibody. (F) Left panel: platelet
lysates were electrophoresed under reducing conditions, and FcRy expression was analyzed using an anti-FcRy polyclonal antibody. Right panel:
mononuclear cell (MNC) lysates (upper) or platelet lysates (lower) were electrophoresed under reducing conditions, and FcRy expression in mono-
nuclear cells and FcyRIIA expression in platelets were examined using anti-FcRy and anti-FcyR1IA polyclonal antibodies, respectively.

rthGPVI (amino acids 24-219). With dot blot analysis, anti-  from case 1 did not inhibit 204-11 binding to immobilized
body binding to thGPVI was clearly detected in the patient’s rhGPVI. Preincubation of GPVI-FcRy CHO cells with 204-11
platelet eluate (Fig. 3D). We then investigated whether the  also did not inhibit anti-GPVI autoantibody binding to the
epitope for 204-11 and the anti-GPVI autoantibodies might be cells (data not shown). NEM treatment led to complete loss of
close to each other. As shown in Fig. 3E, the eluate obtained the ectodomain of GPVI, whereas significant amounts of an
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Fig. 3. Detection and analysis of platelet-associated anti-glycoprotein (GP)VI antibodies in the case | patient. (A) Elevated platelet-associated 1gG (PAlgG)
in the patient (case 1). Platelets obtained from the patient in November 2006 showed elevated PAIgG levels. The number in the histogram indicates mean
fluorescence intensity (MFI) of the gated region. (B) Upper panel: the binding of anti-B; monoclonal antibody, VI-PL2 (shaded) or MOPC (open) to
aymPa-expressing 293 cells is shown. Lower panel: platelet-associated antibodies were efuted with diethyl ether, and 1gG binding in the eluates was examined
using o, Ba-expressing 293 cells. (C) Detection of platelet-associated anti-GPV1antibodies in the patient (case 1). Left panels: platelet eluates obtained from a
normal control, an immune thrombocytopenic purpura (ITP) patient who had elevated PAlgG (MFI 43.87) or case 1 were incubated with GPVI-FcRy
Chinese hamster ovary (CHO) cells, followed by Alexa488-conjugated anti-human IgG. GPVI expression was monitored by incubation with 204-11,
followed by phycoerythrin-conjugated anti-mouse IgG. Right panel: binding of human IgG to the cells expressing high levels of GPV1 (gated area in the dot
blots) was examined and expressed as a histogram (open dotted line for control subject, open solid line for I'TP patient, and shaded histogram for case 1). (D)
One hundred nanograms of recombinant human GPVI (rhGPVI) was dotted onto a nitrocellulose membrane in duplicate and incubated with platelet eluate
from the patient. 1gG binding to rhGPVI was detected with biotinylated anti-human 1gG, followed by horseradish peroxidase (HRP)-conjugated strep-
toavidin. The left panel shows the binding of biotinylated convulxin as a positive control. (E) Two hundred and fifty nanograms of rhGPVI was coated on
each well of a microtiter plate. Fifty microliters of eluate or buffer was added to each well and incubated for 1 h. After washing, | pg mL™ 204-11 or MOPC
was added to each well and incubated for another | h, and this was followed by incubation with alkaline phosphatase-conjugated anti-mouse IgG. Alkaline
phosphatase activity was measured using disodium phenylphosphate as a substrate. Relative optical density (OD) against buffer is indicated as

mean + standard deviation of three independent experiments. (F) N-ethylmaleimide (NEM) treatment of platelets. Platelets were treated with 2 mm NEM
for 15 min at room temperature. GPVI expression of the NEM-treated platelets was analyzed by fluorescence-activated cell sorting analysis with 204-11
(vight upper panel), and immunoblotting with anti-GPV1 cytoplasmic tail antibody (left panel) or anti-FcRy polyclonal antibody (right lower panel). <,
full-length GPVI; *, ~ 10-kDa platelet-associated remnant fragment of GPVI. Note that the NEM treatment led to complete loss of the ectodomain of
GPVI in platelets, whereas significant amounts of the remnant fragment of GPV!I and FeRy remained platelet-associated. (G) Platelet eluates were
preincubated with NEM-treated platelets (NEM: shaded) or control platelets (control: open, dotted fine), or diluted with the same amount of buffer
(buffer: open, solid line), and 1gG binding to CHO cells expressing high levels of GPVI was then analyzed. In contrast to the preincubation with control
platelets, preincubation with NEM-treated platelets failed to significantly inhibit IgG binding to CHO cells expressing high levels of GPV].

~ 10-kDa platelet-associated remnant GPVI fragment and A 100%
FcRy remained on NEM-treated platelets (Fig. 3F). Absorp-
tion of the eluate with the NEM-treated platelets did not show

a significant decrease in the binding of anti-GPV! antibodies to ; e Case 1
GPVI-FcRy CHO cells (Fig. 3G). These results indicate that ' oyt~ CoNtrol 1
the anti-GPVI antibodies in case 1 did not recognize epitope(s) 50% J ::Comml 2
on the remnant 10-kDa GPVI fragment or FcRy chain, but : i Mother
mainly recognized epitope(s) on the extracellular domain of : Coll //
GPVI, which is (are) apparently different from the 204-11 ppPp L /!
epitope. 0% Ff%:cm i

e G B
Detection of anti-GPVI antibodies in plasma B

. Control . Case 1

We next tried to detect anti-GPVI antibodies in the plasma {from e e

the case 1 patient, We first examined whether the patient’s
plasma could induce platelet aggregation. However, addition of
20% of the patient’s plasma to normal platelet-rich plasma did
notinduce platelet aggregation or inhibition of collagen-induced
aggregation (Fig. 4A). We also failed to detect plasma anti-
GPVI1 antibodies with the use of GPVI-FcRy CHO cells . ( ' .
(Fig. 4B). Although this experiment suggested that collagen- L 10010t T ! Fff_H 10710t
induced platelet aggregation may be increased in the presence of >

the patient’s plasma as compared with control and the mother’s
plasma, this characteristic was not reproducible in additional
experiments (data not shown). These results indicate that there
were no detectable anti-GPVI antibodies in the patient’s plasma.

GPVI

Anti-human IgG

Fig. 4. Detection of anti-glycoprotein (GP)VI antibodies in plasma from
the case 1 patient. (A) Effects of the patient’s (case 1) plasma on control
platelet function. Twenty-four microliters of platelet-poor plasma (PPP)
obtained from case !, the mother and two normal controls was added to
96 pL of platelet-rich plasma obtained from a control. After 4 min of
incubation, 1 ug mL™" collagen (Coll) was added. (B) Platelet-poor
plasma from the patient was preincubated with wild-type Chinese hamster
ovary (CHO) cells for 1 h to remove non-specific binding, and then
incubated with GPVI-FcRy CHO cells. Binding of human IgG to CHO
cells expressing high levels of GPVI was analyzed as described in Fig. 3C.

Detection of platelet-associated anti-GPVI autoantibodies
in a second GPVIi-deficient patient (case 2)

We also searched for the presence of platelet-associated anti-
GPVI autoantibodies in the case 2 GPVI-deficient patient. Like

the case 1 patient, she had suffered ITP, but no plasma anti-
GPVI autoantibodies were detected, despite intensive analysis
[11]. We confirmed that GPVI expression on the case 2 patient’s

© 2009 International Society on Thrombosis and Haemostasis

platelets was still markedly impaired over a 5-year follow-up
after the initial diagnosis in 2003 (Fig. 5A,B). The expression
level of GPVI was much lower than that of the case 1 patient.
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Fig. 5. Detection of platelet-associated anti-glycoprotein (GP)VI antibodies in the case 2 patient. (A) Flow cytometric analysis of platelets obtained
from a control or the patient (case 2) with 204-11 (shaded) or MOPC (open). (B) Immunoblotting of platelet lysate obtained from a control or the patient
(case 2) with polyclonal anti-GPVI cytoplasmic tail antibody. (C) FcyR1A expression in platelets obtained from a control and the patient (case 2).
(D) Detection of platelet-associated anti-GPVI antibodies in the patient (case 2). Binding of huraan IgG to the cells expressing high levels of GPVI
(the gated area in the dot blots) was examined and expressed as a histogram (open histogram for control subject, shaded histogram for the patient, case 2).
(B) Mean fluorescence intensity (MF1) for five control subjects (4.70 £ 0.94; mean * standard deviation) from Fig. 5D and MFTI for the patient
(case 2) (9.35) are shown. The dotted line represents mean + 3 standard deviations (7.53) of control subjects.

Again, we could not detect any ~ 10-kDa remnant fragment of
GPVlIin the case 2 platelet lysate (Fig. 5B), but detected normal
FcyRITA expression (Fig. 5C). PAIgG was slightly elevated
(data not shown). In the eluate obtained from the patient’s
platelets, we detected low but significant antibody binding to
GPVI-FcRy CHO cells (Fig. 5D,E).

Restoration of collagen-induced platelet aggregation and
GPVI expression in the case 1 patient

In February 2008, the platelet count of the case 1 patient
increased to 200 x 10> pL™' and the bleeding tendency
improved (Fig. 1A). Asshown in Fig. 6A, the platelet response
to collagen was still impaired, but was clearly improved as

compared with that in November 2006 (see Fig. 1B). Flow
cytometric analysis with 204-11 revealed that surface expres-
sion levels of GPVI on the patient’s platelets were restored to
9% and 40% of control in February 2008 and September 2008,
respectively (Fig. 6B). Comparable results were obtained by
western blotting using anti-GPVI tail antibodies (12% and
38% in February and September 2008, respectively; Fig. 6C).
Anti-GPVI autoantibodies were still detectable in eluates
obtained from patient’s platelets in February and September
2008, but the amounts of the antibodies relative to GPVI
expression levels were markedly decreased in September 2008
(Fig. 6D). The amounts of anti-oyP; autoantibodies in the
eluates of February and September 2008 were also markedly
decreased (Fig. 6E).

© 2009 International Society on Thrombosis and Haemostasis
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Fig. 6. Transition of platelet aggregation, glycoprotein (GP)VI expression and anti-GPVI antibodies in the case 1 patient. (A) Collagen-induced platelet
aggregation in the patient (case 1) in February 2008. Platelet aggregation of a control and of case 1 with the indicated concentration of collagen are shown.
Note that the patient’s platelets showed clear aggregation induced by 2 pg mL™" collagen (compare with Fig. 1B). (B) Surface GPVI expression in case |
platelets obtained in November 2006 (06/11), February (08/02) and September 2008 (08/09) was analyzed by flow cytometry with 204-11. (C) GPVI
expression in platelet lysates obtained in February and September 2008 was analyzed by western blotting with the anti-GPVI cytoplasmic tail antibody. (D)
Anti-GPVI antibodies in eluates obtained on 06/11, 08/02 and 08/09 were analyzed using GPVI-FcRy Chinese hamster ovary (CHO) cells as described in
Fig. 3C. Left panel: mean fluorescence intensity (MF1) for antibody binding with CHO cells expressing high levels of GPVI is shown. Right panel: the
amounts of anti-GPV] antibodies relative to GPVI expression levels. The MFI for the GPVI antibodies was divided by the GPVI expression levels
estimated by immunoblotting at each indicated date. Data are expressed as the ratio to a normal control, which is defined as one arbitrary unit.

(E) Anti-o,B antibodies in eluates were analyzed as described in Fig. 3B, and the MFI is shown.

Discussion

In this article, we have demonstrated for the first time the
presence of platelet-associated anti-GPVI autoantibodies in
two GPVI-deficient patients with no detectable plasma anti-
GPVI antibodies. Furthermore, we have demonstrated spon-
taneous restoration of platelet GPVI expression in one of these
two patients. Thus, GPVI deficiency is an acquired abnormal-
ity in these two patients. Although molecular abnormalities in
the GPVI gene have been identified in at least two patients with
congenital GPVI deficiency [13,14], an immunologic mecha-
nism has been suggested for the pathogenesis of acquired GPVI
deficiency. Except for the congenital cases, nine of 11 GPVI-

deficient patients, including our new case, have mild or severe-

thrombocytopenia, which improved with prednisolone treat-

ment [4,6-12). Indeed, plasma anti-GPVI antibodies have been

demonstrated in five cases [4,8,10,12,15]. Nonetheless, no

© 2009 International Society on Thrombosis and Haemostasis

detectable plasma anti-GPVI antibodies were detected in the
remaining cases. It has been well established that platelet-
associated rather than plasma autoantibodies play a critical
role in the pathogenesis of ITP [26,34]. However, the presence
of platelet-associated anti-GPVI antibodies is unexpected in
patients with GPVI deficiency. We propose that the high
affinity of the antibodies in the two patients in this study and/or
the high sensitivity of our method using GPVI-FcRy CHO
cells enabled the detection of the anti-GPVI antibodies bound
to the residual surface GPVI. Another possible explanation for
the successful detection of platelet-associated anti-GPVI anti-
bodies may be that we are detecting internalized anti-GPVI
antibodies as discussed below.

Recent reports have demonstrated that there are at least two
distinct mechanisms for GPVI downregulation induced by the
binding of anti-GPVI antibodies: shedding by activated metal-
loprotease, and internalization/degradation [18,19]. GPVI is
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shed near the transmembrane domain by a metalloprotease after
binding of ligands or anti-GPVI antibodies, resulting in the
production of an ~ 55-kDa soluble ectodomain fragment and
an ~ 10-kDa platelet-associated remnant fragment [31]. In this
regard, GPVI shedding has been clearly demonstrated in a
GPVI-deficient patient with plasma anti-GPVI antibodies
capable of inducing platelet aggregation {12). In contrast, we
failed to detect the membrane-associated remnant GPVI frag-
ment in platelet lysates in our cases (Figs 2D and 5B). GPVI
ligation causes not only GPVI-FcRy shedding, but also calpain-
dependent cleavage of FeyRIIA, another ITAM-containing
receptor in platelets [12,35]. Again, we failed to detect FeyRITA
cleavage (Figs 2F and 5C). These results suggest that GPVI
shedding was not the main cause of GPVI depletion, at least in
our cases. GPVI expression in case 1 platelets in November 2006
was estimated to be < 5% by flow cytometry using 204-11 and
5% or less by western blotting using biotinylated convulxin or
204-11, whereas it was estimated to be more than 10% by
western blotting using the anti-GPVI cytoplasmic tail antibody.
Convulxin and 204-11 binding are tertiary structure-dependent,
whereas anti-GPVI cytoplasmic tail antibody binding is not.
Thus, this discrepancy may reflect GPVI internalization, as anti-
GPVI cytoplasmic tail antibody would detect internalized GPVI
complexed with anti-GPVI antibodies. This may explain why we
could detect platelet-associated anti-GPVI antibodies despite a
marked reduction in the expression of GPVI on the platelet
surface, as ether treatment of platelets for antibody elution lyses
the plasma membrane. In this context, it has been demonstrated
that internalized platelet JAQ1 and GPVI were detectable as
long as 48 h after JAQ] treatment in mice [18]. Moreover, this
property of human antibodies is similar to that of the recently
reported mouse monoclonal anti-GPVI antibody mF1232,
which induces downregulation of GPVI in monkeys without
inducing GPVI shedding [19].

Restoration of GPVI expression appeared to be associated
with remission of the ITP and the decrease in platelet-associated
anti-GPV] autoantibodies relative to GPVI expression. In
addition to this case, a meeting abstract has reported partial
restoration of GPVI in a GPVI-deficient patient with systemic
lupus erythematosus and plasma anti-GPVI antibodies after
immunosuppressive therapy [15] These data strongly support an
immunologic etiology of GPVI deficiency. However, we could
still observe anti-GPVI autoantibodies in eluates obtained in
September 2008, despite a marked increase in GPVI expression.
Like anti-oy,B; or anti-GPIb autoantibodies in thrombo-
cytopenia [26,36], anti-GPVI autoantibodies may be hetero-
geneous in terms of GPVI internalization. In this context, it is
noteworthy that in vivo administration of some monoclonal
anti-GPVIantibodies, such as OM2, OM4, and 9012.2, does not
induce GPVI1 depletion [37-39]. Alternatively, factors other than
antibody binding might be necessary for GPVI deficiency.
Further investigation is necessary for a complete understanding
of the immunologic mechanisms resulting in GPVI depletion.

Our results also demonstrate that collagen-induced platelet
aggregation was dramatically improved in case 1 in February
2008, with only a slight increase of surface GPVI expression

(9% of normal). In a mouse model, expression of ~ 20% of
control GPVI is sufficient for normal thrombus formation on a
collagen-coated surface [40]. These results suggest that even a
marked decrease in GPVI expression in platelets might be
overlooked in many ITP patients. This possibility is under
investigation in our laboratory.

In summary, we have shown for the first time the presence of
platelet-associated anti-GPVI antibodies in GPVI-deficient
patients. We also demonstrate the restoration of GPVI
expression associated with the remission of ITP and a decrease
in platelet-associated anti-GPVI autoantibodies. Our present
findings thus provide strong evidence for an autoimmune
mechanism in the pathophysiology of acquired GPVI defi-
ciency. Moreover, our findings may not only serve to clarify the
mechanism of GPVI depletion, but may also lead to the
development of new anti-GPVI reagents for the prevention of
atherothrombosis.
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Abstract

A 69-year-old man presented with lymph node swelling in the right inguinal region. A biopsy was made (LNI) and
diagnosed as peripheral T-cell lymphoma. The lesion remitted completely over a period of about 51 months after
combination chemotherapy, but erythematous papules, systemic lymphadenopathy, and fever of 38° appeared. Skin
(S1) and lymph nodes (LN2) were biopsied. Erythematous papules once disappeared spontaneously, but appeared
again and were biopsied (S2). LN1 displayed the typical histologic and immunohistochemical features of Lennert
lymphoma, i.e., diffuse proliferation of small to large lymphoid cells of CD3+, CD4+, CD8~ immunophenotype
accompanied by numerous clusters of epithelioid histiocytes. In LN2, the large cells with CD3+, CD4+, CD8—
decreased in number, while numerous CD20++ large cells were discernible. Clonality analysis revealed the persistent
presence of an identical T-cell clone in LN1 and LN2. Clonal bands of immunoglobulin heavy (IgH) chain gene were
detected in LN2 but not in LN1. S1 and S2 showed diffuse proliferation of small to large lymphoid cells of CD20—,
CD3+, CD4+, CD8— in the upper dermis, with obvious epidermotropism. Clonality analysis revealed the presence of
a T-cell clone identical to LNT and LN2 with no B-cell clone, indicating the recurrence of PTCL. In situ hybridization
(ISH) for Epstein-Barr virus (EBV) genome revealed that positive signals in the nucleus of large B-lymphoid cells
appeared only in LN2.

Taken together, EBV-positive large B-cell lymphoma appeared transiently in the course of “Lennert lymphoma”.
© 2009 Elsevier GmbH. All rights reserved. ‘
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Introduction

Evolution of B-cell lymphoma during the course of
peripheral T-cell lymphoma (PTCL) is regarded as a
relatively rare event. Recently, however, reports of such
cases have accumulated [4,5,10]. Angioimmunoblastic
T-cell lymphoma (AILT) is the PTCL representative for
the development of secondary B-cell lymphoma. An
immunodeficient condition induced in AILT might be
responsible for the evolution of B-cell lymphoma
because evolving B-cell lymphomas usually have a large
cell morphology and contain Epstein-Barr virus (EBV)
genome [2,9], common findings in B-cell lymphomas
developing in immunocompromised hosts.

Here we report a well-characterized case of PTCL of
Lennert type, in which diffuse large B-cell lymphoma
(DLBCL) evolved transiently. This report is the first to
describe the evolution of B-cell lymphoma during the
course of Lennert lymphoma, justified not only by
morphology but also on a molecular basis. The clinical
relevance of this case is discussed.

Case report

A 69-year-old man with a history of diabetes mellitus
had noticed lymph node swelling in the right inguinal
region. Two months later, he was admitted with
bilateral cervical and inguinal lymphadenopathy and
fever of 38°. Neither hepatosplenomegaly, night sweats,
weight loss nor skin rash was observed. Laboratory
findings including peripheral blood counts and differ-
entials and serum lactate dehydrogenase (I.LDH) were
normal. Gammopathy in the serum was absent. Soluble
interleukin 2 receptor (sIL-2R) was 907 U/ml. The left
inguinal lymph node was biopsied and diagnosed as
peripheral T-cell lymphoma (LNT). Combination che-
motherapy (cyclophosphamide, doxorubicin, vincris-
tine, and prednisone) was started under the diagnosis
of PTCL, stage III. After completion of 6 courses, the
lymphadenopathy regressed completely over a period of
about 51 months. Then, pain-causing erythematous
papules appeared in the bilateral palms and soles,
accompanied by systemic lymphadenopathy and fever
of 38°. Neither hepatosplenomegaly, night sweats nor
loss of weight was observed. There was slight anemia.
Serum LDH and sIL-2R were elevated: 843/U and
2862 U/ml, respectively. The skin of the left palm and
lymph nodes in the neck and inguinal region were
biopsied (S1 and LN2). Erythematous papules disap-
peared spontaneously. LN2 was diagnosed as com-
posite PTCL and DLBCL. Combination chemotherapy
(Rituximab, pirarubicin, cyclophosphamide, vincristine,
and prednisone) was started, but pneumocystis jiroveci
and cytomegalovirus pneumonia evolved. After two
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courses of chemotherapy, the pneumonia was improved
by administration of ganciclovir, co-trimoxazole, and
prednisone, but continuation of the chemotherapy was
difficult. The erythematous papules reappeared in the
whole body, with severe edema in the face and
extremities: the skin of the right thigh was biopsied
(S2). Finally, a leukemic picture of CD2", 3%, 4%,
CD197, and CD20" cells appeared in the peripheral
blood (64% of leukocytes) together with progressive
systemic lymphadenopathy and splenomegaly. The
patient died 4 months after the diagnosis of composite
PTCL and DLBCL.

Materials and methods

Biopsy samples (LN1, LN2, S1, S2) were fixed in 10%
formalin and routinely processed for paraffin-embed-
ding. Histologic sections cut at 4 um were stained with
hematoxylin and eosin and immunoperoxidase proce-
dure (avidin—biotin complex method). Primary antibo-
dies used for immunophenotyping were CD20, CD79a,
CD3, CD8, bel6 (Dakocytomation, Glostrup, Denmark,
dilution of 1:400, 1:100, 1:50, 1:100, 1:50, respectively),
CD10 (Nichirei Biosciences, Tokyo, Japan, used as a
prediluted antibody) and CD4 (Novocastra Labora-
tories, Newcastle, UK, 1:40).

Clonality analysis

DNA was extracted from the paraffin-embedded
samples from LNI, LN2, Si and S2 as described
previously [7]. To evaluate clonality for B-cells and
T-cells, PCR was performed, i.e., a BIOMED-2 PCR
protocol was applied as described previously [7]. The
amplified products were electrophorezed in 6% poly-
acrylamide gel. A case of lymphoid follicular hyperpla-
sia of tonsil was included as a polyclonal control.

In situ hybridization (ISH)

RNA in situ hybridization using the EBER-1
(Epstein-Barr encoded RNAs) probe was performed
to examine the presence of EBV genome on the
formalin-fixed, paraffin-embedded sections according
to the previously described method with some modifica-
tions [8].

Double staining for immunophenotype and ISH
for EBV genome

To determine the B- or T-cell nature of EBV-infected
cells, we performed a double-labeling procedure using
immunohistochemistry and EBER-ISH. Immunohisto-
chemical detection of CD20 and CD3 antigens was
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