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Anamorsin (AM) plays crucial roles in hematopoiesis and embryogenesis. AM deficient (AM KO) mice die
during late gestation; AM KO embryos are anemic and very small compared to wild type (WT) embryos.
To determine which signaling pathways AM utilizes for these functions, we used murine embryonic
fibroblast (MEF) cells generated from E-14.5 AM KO or WT embryos. Proliferation of AM KO MEF cells

Ke}'WOFdS_-' was markedly retarded, and PKC6, PKC3, and p38MAPK were more highly phosphorylated in AM KO
Anamorsin MEF cells. Expression of cyclinD1, the target molecule of p38MAPK, was down-regulated in AM KO
g;l:l”;l)-lrglllferanon MEF cells. p38MAPK inhibitor as well as PKC inhibitor restored expression of cyclinD1 and cell growth
PKC in AM KO MEF cells. These data suggest that PKC6, PKC3, and p38MAPK activation lead to cell cycle retar-
p38MAPK dation in AM KO MEF cells, and that AM may negatively regulate novel PKCs and p38MAPK in MEF cells.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Anamorsin (AM) (also called CIAPIN-1) is a cell-death-defying
factor, which was originally isolated as a molecule that conferred
resistance to apoptosis induced by growth factor starvation. AM
is ubiquitously expressed in various organs, including hematopoi-
etic tissues like bone marrow, spleen, and thymus. Expression of
AM is also induced by various cytokines including SCF, EPO, and
IL-3 through, at least partially, the Ras signaling pathway [1]. Be-
sides apoptosis, AM is most likely involved in critical cellular pro-
cesses such as development, growth, and differentiation [1-3].
AM-deficient mice die in late gestation. AM-deficient embryos
are anemic and the size of the embryos is very small. It is thought
that AM plays a crucial role in hematopoiesis during late and/or
terminal stages of differentiation.

Expression of AM is also reported in several human solid tumors
and hematological malignancies [4-7], such as hepatocellular
carcinoma, gastric cancer, leukemia, and diffuse large B cell lym-
phoma. High levels of AM expression in cancer cells are associated
with clinicopathological variables of tumor aggressiveness and
may represent a prognostic marker of patient outcome [5-7].

The AM gene encodes an approximately 37 kDa protein. Bioin-
formatics analysis (PROSITE analysis) shows that AM is composed
of a methyltransferase domain in the N-terminal region and a
hypothetical Zn-ribbon-like motif in the C-terminal region [3].
AM is therefore implicated as an intracellular signaling molecule
that may act via posttranslational modifications of cell-cycle-
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dependent proteins [8], however, precise biological effects of AM
have not been fully elucidated yet.

To determine the signaling pathways involved, we used murine
embryonic fibroblast (MEF) cells derived from AM-deficient em-
bryos (AM KO-MEF) or wild type embryos (WT-MEF). Proliferation
of AM KO-MEF cells was remarkably reduced when compared with
that of WT-MEF cells. We examined activation states of signaling
molecules in these cells, especially when stimulated with the
PKC activator, PMA, and found that PKC0, PKC$ and p38MAPK were
more highly phosphorylated in AM KO MEF cells than in WT MEF
cells. This study presents a novel mechanism that may elucidate
the functions of AM.

2. Materials and methods
2.1. Cells and cell culture

Murine embryonic fibroblast (MEF) cells were isolated from E-
14.5 mouse embryos and cultured in Dulbecco’s modified Eagle's
medium (DMEM) supplemented with 10% FCS and antibiotics
(penicillin/streptomycin) at 37 °C in an atmosphere of 5% CO..
MEF cells were expanded for two passages before use, then ser-
um-starved for 24 h. Stimulation of cells was performed by addi-
tion of 20 nM PMA (Cell signaling) in DMSO for the indicated times.

2.2. Antibodies and inhibitors
Anti-ERK1/2, anti-ERK1/2(P), anti-Akt, anti-Akt(P), anti-NF-xB

(p65), anti-NF-xB (p65)(P), anti-p38MAPK, anti-p38MAPK(P),
anti-PKCO(P), anti-PKC§(P), anti-PKCo/B(P), anti-PKC{/A(P) and
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anti-cyclinD1 antibodies were purchased from Cell Signaling Tech-
nology, anti-B-actin antibody was purchased from Santa Cruz Bio-
technology. Horseradish peroxidase (HRP)-labeled anti-mouse,
anti-rabbit, and anti-goat secondary antibodies were purchased
from Promega. The p38MAPK inhibitor, SB203580 and the PKC
inhibitor, Rottlerin were obtained from Calbiochem. Rottlerin is
known to be a specific inhibitor for novel PKCs [9]. ICso(pM) value
of Rottlerin for PKCO and PKCS was reported to be 3-6 M.

2.3. Western blot analysis

Cell lysate samples were run on SDS-PAGE gel (PAGEL) (Atto
Corporation), and then proteins in the gel were transferred to poly-
vinylidene fluoride (PVDF) membrane (Millipore). After mem-
branes were blocked at RT for 1h, they were washed in TBS-T
before incubation with the first antibody overnight at 4 °C. Result-
ing membranes were incubated with secondary antibody conju-
gated to HRP for 30 min at RT and then developed using Western
Lighting Chemiluminescence Reagent (PerkinElmer).

2.4. Cell proliferation assay

MEEF cells were seeded in 6-well plates at 5 x 10* cells per well
and cultured in DMEM with 10% FCS at 37 °C. The p38MAPK inhib-
itor, SB203580 and the PKC inhibitor, Rottlerin were added at a
concentration of 10 uM and 3 pM, respectively. Cell proliferation
was determined by counting the number of live cells using trypan
blue (Invitrogen).

2.5. Quantitative RT-PCR assay

RT-PCR was performed as described previously [1]. Quantitative
PCR was performed using a mixture of primer sets and probe,
MAO0353889-s1 for cyclin D1, MA00438064-A1 for cyclin A2,
MA00487656-A1 for Mdm2, MAO00468171-A1 for E2F-5 and
MA99999915-g1 for GAPDH (ABI PRISM, Applied Biosystems).

2.6. cDNA microarray analysis

We performed a cDNA microarray analysis with GEArray Q ser-
ies mouse cell cycle gene array. (SAbiosciences, http://www.sabio-
sciences.com/GEArrayservice.php). We compared expression levels
of cell-growth or apoptosis related genes (87 genes) between AM
KO MEF cells and WT MEF cells.

2.7. Statistics

Continuous data were reported with mean and standard devia-
tion (SD). Statistical significance was analyzed by the t-test; statis-
tically significant differences were denoted by p < 0.05.

3. Results
3.1. Phenotypes of AM KO MEF cells

Targeted deletion of the AM gene in mice causes embryonic
death. AM KO embryos are anemic and quite small when compared
to WT embryos of the same age. To clarify the biological effects of
AM, we compared MEF cells produced from AM KO or WT embryos.
The proliferation of AM KO MEF cells was markedly reduced com-
pared with that of WT MEF cells (Fig. 1A). Next, to determine the
difference in expression levels of cell-growth or apoptosis related
genes and the phosphorylation states of signaling molecules in
these cells, we used cDNA microarray analysis to compare AM
KO MEF cells with WT MEF cells (Supplementary Table 1). Among

87 cell-growth or apoptosis related genes, levels of cyclinD1 (0.52),
cyclinB2 (0.57), cyclinB1 (0.67), MAD2 (0.69), p18 (0.71), and cycli-
nA2 (0.74) were significantly down-regulated in AM KO MEF cells,
while levels of E2F-5 (1.78) and Mdm2 (1.61) were significantly
up-regulated. Ratios of expression of other genes were between
0.75 and 1.5. We also found that levels of cyclinD1 mRNA
(Fig. 1B) and protein (Fig. 1C) in AM KO MEF cells were down-reg-
ulated when compared with those of WT MEF cells. Moreover,
phosphorylation of p38MAPK was enhanced in AM KO MEF cells
compared to WT MEF cells (Fig. 1D).

3.2. Phosphorylation states of signal transduction molecules
stimulated with PKC activator, PMA

The proliferation of anamorsin KO MEF cells was significantly
reduced and we investigated the phosphorylation states of various
molecules related to cell-growth or apoptosis when stimulated
with PKC activator, PMA using Western blot analysis. P38MAPK
was more phosphorylated in AM KO MEF cells than in WT MEF
cells after stimulation with PMA (Fig. 2B), whereas ERK1/2, Akt,
and NF-kB, JNK were phosphorylated at similar levels (Fig. 2A).
Moreover, PKCO, PKCs (novel PKCs) were also more phosphorylated
in AM KO MEF cells than in WT MEF cells although PKCo/B (con-
ventional PKCs) and PKC¢/A (atypical PKCs) were similarly phos-
phorylated (Fig. 2C).

3.3. Effects of inhibitors on AM KO MEF cells

We first performed a cell proliferation assay by adding the
p38MAPK inhibitor, SB203580 to AM KO MEF cells to confirm
whether the phosphorylation state of p38MAPK is related to
growth retardation in AM KO MEF cells. Proliferation of AM KO
MEF cells was partially restored by SB203580 and the level of cyc-
linD1 mRNA was up-regulated (Fig. 3A and B). Next, to investigate
whether p38MAPK activation in AM KO MEF cells is mediated by
PKCO and PKC$, we used the PKC inhibitor, Rottlerin on AM KO
MEF cells and found that proliferation of AM KO MEF cells was also
partially restored by Rottlerin and the level of cyclinD1 mRNA was
up-regulated (Fig. 3C and D). Furthermore, we added Rottlerin on
serum-starved AM KO MEF cells for 12 h prior to PMA stimulation
then analyzed the phosphorylation state of p38MAPK. p38MAPK
was inactivated by Rottlerin, showing that PKCs mediate p38MAPK
phosphorylation in AM KO MEF cells (Fig. 4).

4. Discussion

AM was originally identified to be an anti-apoptosis molecule,
but it is now known to play other essential roles in cell differenti-
ation, organ development, cellular stress response, and surveil-
lance checkpoints [1-3]. AM shows no homology to the apoptosis
regulatory molecules of the Bcl-2 family, caspase family, IAP fam-
ily, or other signal transduction molecules. It has a methyltransfer-
ase domain and a hypothetical Zn-ribbon-like motif, however, the
precise mechanisms of AM functions were not elucidated. Since the
body of AM deficient embryos is small compared with that of wild
type littermates, we focused on mouse embryonic fibroblast (MEF)
cells. The proliferation of AM KO MEF cells was quite retarded com-
pared with that of WT MEF cells. Signal transduction in response to
extracellular stimuli such as mitogen-activated protein kinase
(MAPK) in many cell types is essential for regulation of cellular dif-
ferentiation, proliferation and death [10]. It is well known that
p38MAPK, stress-activated MAPK, is linked to cell differentiation,
growth inhibition, apoptosis, and is also essential for survival in re-
sponse to various stimuli [11]. Moreover, p38MAPK contributes to
induction of the G1/S and G2/M check points, and also negatively
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Fig. 1. Phenotypes of AM deficient (AM KO) MEF cells. The MEF cells were produced from E-14.5 AM KO embryos or wild type (WT) embryos. (A) Proliferation of AM KO MEF
cells was significantly retarded compared with that of WT MEF cells. Cell number was determined by counting with trypan blue on the indicated days. (B, C) Expression levels
of cyclinD1 was down-regulated in AM KO MEF cells. Cell extracts were prepared and subjected to quantitative RT-PCR assay and Western blot analysis using anti-cyclinD1
antibody. The histograms represent relative level of cyclinD1 mRNA (mean +SD, n=3). The p value is represented by asterisks (** p <0.01). (D) p38MAPK was more
phosphorylated in AM KO MEF cells than in WT MEF cells. Cell extracts were prepared and subjected to Western blot analysis with anti-phospho p38MAPK antibody or anti-
p38MAPK antibody. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. AM negatively regulated p38MAPK, PKCA, and PKCS in stimulation with PKC activator, PMA. AM KO MEF cells or WT MEF cells were serum-starved for 24 h and
stimulated with 20 nM PMA for the indicated times. Cell extracts were prepared and subjected to Western blot analysis with relevant antibodies. (A) Phosphorylation states
of ERK1/2, Akt, NF-kB(p65), and JNK were similar between AM KO MEF cells and WT MEF cells. (B) The phosphorylation state of p38MAPK was more enhanced in AM KO MEF
cells than in WT MEF cells. (C) Phosphorylation states of PKC8 and PKC5 (novel PKCs) were more enhanced whereas PKCo/B (conventional PKCs) and PKCL/2 (atypical PKCs)

were similarly phosphorylated in AM KO MEF cells compared with WT MEF cells.

regulates cyclinD1 expression [12]. The PKC family of intracellular
serine/threonine kinases is also known to play critical roles in reg-
ulation of cellular differentiation and proliferation in many cell
types [13]. The PKC family in mammals consists of 11 known mem-
bers that are expressed in a wide variety of tissues and cell types.
Based on sequence similarities, domain structures and cofactor
requirements, PKC isoenzymes can be grouped into four structur-
ally and functionally distinct subfamilies: (1) the Ca®*-dependent
conventional enzymes, consisting of PKCa, B and vy; (2) the Ca**-
independent enzymes, termed as novel PKCs, consisting of PKC3,
g, 1, 0 and p; (3) atypical PKCs consisting of PKC{ and 1/2; (4)

PKC-related kinases (PKN) [14]. Among these PKC isoenzymes,
we clarified that novel PKCs, especially PKCO and PKC5, were acti-
vated in AM KO MEF cells. We also examined phosphorylation of
PKCot/B and PKC¢/ and found that these conventional and atypical
PKCs were not affected in AM KO MEF cells. Our data showed that
PKCO0, PKC3, and p38MAPK were more phosphorylated and that the
expression level of cyclinD1 was down-regulated in AM KO MEF
cells. PKC inhibitor blocked p38MAPK phosphorylation and
p38MAPK inhibitor as well as PKC inhibitor restored expression
of cyclinD1 and cell growth of AM KO MEF cells. Extrapolating from
these data, we believe that PKCO, PKC3, and p38MAPK activation
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Fig. 3. PKCs and p38MAPK activation retarded proliferation of AM KO MEF cells. (A, C) An increase of cell number was observed in AM KO MEF cells treated with p38MAPK
inhibitor, SB203580 and PKC inhibitor, Rottlerin. After treatment with each inhibitor for 3 days, cell numbers were determined using trypan blue, (B, D) SB203580 and
Rottlerin up-regulated cyclinD1 mRNA expression in AM KO MEF cells. After 10 pM of SB203580 or 3 uM of Rottlerin was added to AM KO MEF cells for 24 h, cells were
collected for RNA isolation. Expression level of cyclinD1 mRNA was examined by quantitative RT-PCR assay. The histograms represent relative level of cyclinD1 mRNA

(mean+SD, n=3).
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“Fig. 4. Effect of PKC inhibitor, Rottlerin on phosphorylation state of p38MAPK in AM
KO MEF cells. AM KO MEF cells were serum-starved for 24 h prior to treatment with
20 nM PMA for indicated times. For inhibition experiments, we added 3 pM of
Rottlerin to the serum-starved cells for 12 h prior to PMA treatment. Western blot
analysis was employed to analyze the phosphorylation state of p38MAPK. Rottlerin
inhibited the phosphorylation of p38MAPK in AM KO MEF cells.

lead to cell cycle retardation in AM KO MEF cells and that AM
might negatively regulate PKCO, PKC3, and p38MAPK in MEF cells.
Although we here provide the results by using MEF cells, we will
plan to analyze these mechanisms of AM function in other kinds
of cells in future studies to determine whether AM works on PKCs
other than novel PKCs. Hematopoiesis of AM KO embryos is obvi-
ously impaired. It will be interesting to learn whether the PKC-
p38MAPK pathway works in hematopoietic cells from AM KO em-
bryos in the same manner as in AM KO MEF cells. We also should
clarify further mechanisms how AM regulate novel PKCs in future
studies.

Our previous study and several other studies showed that AM
was over-expressed in various kinds of solid tumors and hemato-
logical malignancies, and that high levels of AM were predictive
of tumor progression and negative overall survival [4,7]. Another
report showed that AM was over-expressed in multidrug resistant
leukemic cells and gastric cancer [5,6]. Data from these studies
suggest that AM might play crucial roles in oncogenesis. Recently,
targeting oncogenes as novel cancer therapies has come into prac-
tical use [15,16]. Four kinds of strategies are used: (1) inhibition of
oncogene expression through the use of molecular antagonists

including antisense oligonucleotides, ribozymes and siRNA; (2)
suppression of oncogene function using small-molecule inhibitors
and peptidomimetics; (3) gene therapy based on the use of onco-
gene dominant-negative mutants or the application of oncogene
promoters to drive expression of cytotoxic genes; and (4) immuno-
therapy. For AM, the first method has already been used in pre-
clinical trials [4]. In our study, we found novel signaling pathways
of AM functions and thought that suppression of oncogene func-
tion using small-molecule inhibitors and oncogene dominant-neg-
ative mutants may be promising as an AM targeted cancer therapy.

Research on AM has progressed significantly since our first re-
port [1], however, the mechanisms of AM functions remain largely
unknown. This study clarifies some of these mechanisms, although
AM may act through other mechanisms as well. In order to under-
stand this intriguing molecule more precisely, and to use these
findings in clinical trials, further studies will be needed.
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According to previous reports, the frequency of
Epstein—-Barr virus (EBV) positivity in diffuse
large B-cell lymphoma is higher in East Asia
{approximately 9%) than in Western countries.
The presence of the EBV genome was examined
in diffuse large B-cell lymphoma patients regis-
tered with the Osaka Lymphoma Study Group
(OLSG)in Osaka, Japan, situated in East Asia. The
EBV-positive rate was examined with in situ
hybridization ({ISH) in 484 immunocompetent
diffuse large B-cell lymphoma patients registered
with OLSG. The male-to-female ratio was 1.29,
with ages ranging from 16 to 95 (median,
68) years. ISH with EBV-encoded small RNAs
(EBER) probes revealed positive signals in the
nuclei of tumor cells: the frequency of positively
stained cells among all tumor cells was almost
none in 458 cases, 5-10% in 5, 10-20% in 5, 20—
50% in 11, and >50% in 5. When the frequency
was >20% or >50%, the EBV-positive rate in the
present series (3.3% or 1.0%) was rather similar to
that reported in Western cases. Careful evalua-
tion of patient backgrounds, including age dis-
tribution, type of lymphomas, exclusion of
immunocompromised patients, and establish-
ment of definite criteria for EBV positivity (>20%,
>B50%, or almost all tumor cells) are essential in
comparing geographical differences. J. Med.
Virol. 83:317-321,2011. © 2010 Wiley-Liss, Inc.

KEY WORDS: Epstein-Barr virus; diffuse
large B-cell lymphoma; in situ
hybridization; immunccom-
petence; geographicat differ-
ences
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INTRODUCTION

The Epstein—Barr virus (EBV), a y-herpesvirus, is
transmitted by mucosal secretions among the human
population. An association between EBV and human
lymphomas, including endemic Burkitt’s lymphoma,
Hodgkin lymphoma, and non-Hodgkin lymphomas
of B-, T-, or NK-cell immunophenotypes, has been
reported [Shah and Young, 2009]. In the recent WHO
classification (2008), the chapter for EBV-positive
diffuse large B-cell lymphoma of the elderly states
that the EBV-positive rate in diffuse large B-cell
lymphoma in Asian countries is 8-10% [Nakamura
et al., 2008]. Hematologists and hematopathologists in
the Osaka Lymphoma Study Group (OLSG) in Osaka,
Japan, situated in the East Asia, felt a sense of
incongruity for this figure, although they had no data
on this.

Abbreviations: EBV, Epstein—Barr virus; OLSG, Osaka Lym-
phoma Study Group; LMP, latent membrane protein; ISH, in situ
hybridization, EBER, EBV-encoded small RNAs; MTX, metho-
trexate; PNA, peptide nucleic acid; FITC, fluorescein isothiocya-
nate; DAB, 3,3'-diaminobenzidine tetrahydrochloride; CTL,
eytotoxic T-lymphocytes.
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There have been two large-scale studies on the EBV
positivity in diffuse large B-cell lymphoma from East
Asian countries, one in Korea and one in Japan. Both
studies showed a similar frequency of EBV positivity
among diffuse large B-cell lymphoma, that is, 9%
[Oyama et al., 2007; Park et al., 2007]. However, two
points regarding these reports should be addressed.
First, the age distribution was quite different between
the Korean and Japanese cases: the percentage of cases
older than 60 years was 36.6% in Korean and 60.6% in
Japanese cases. It seems that the EBV-positive rate is
higher in elder patients; thus, the difference in age dis-
tribution might affect EBV positivity. Second, the cri-
teria for EBV positivity of diffuse large B-cell lymphoma
was different: >20% of tumor cells with positive signals
by in situ hybridization (ISH) in one report [Park et al,,
2007} and >50% in another [Oyama et al., 2007]. Some
Japanese investigators, adopting the criteria of almost
all tumor cells with positive signals as EBV-positive,
reported that 11.4% of their diffuse large B-cell
lymphoma cases were EBV-positive [Kuze et al., 2000].
However, reports from Western countries apparently
showed a much lower EBV-positive rate than did the
East Asian ones [Gibson and Hsi, 2009; Hoeller et al,,
2010]. Hoeller et al. {2010} reported that 10 (3.9%) of
their 258 diffuse large B-cell lymphoma cases were
EBV-positive: the percentage of positive cells was <20%
in two cases, <50% in four, and >50% in four. Gibson
and Hsi [2009] reported that none of their 90 diffuse
large B-cell lymphoma, all older than 60 years, was
EBV-positive. They stated that EBV-positive tumor
cells were not identified in any of the 90 cases, and only
three demonstrated very rare EBV-positive signals in
small bystander lymphocytes (<1% of non-tumor cells).

In this study, we examined the presence of the EBV
genome with ISH in the tumor cells in cases of diffuse
large B-cell lymphoma registered with OLSG. The EBV-
positive rate was then evaluated according to the
criteria used in the previous and present studies, and
the data were then compared with those reported from
East Asia and Western countries in the light of clinical
findings such as age, gender, and presence of immuno-
deficiencies.

MATERIALS AND METHODS
Patients

Between November 1999 and October 2009, in total,
4,490 cases were registered with the OLSG, Japan, in
which 63 hospitals participate and register cases of
malignant lymphomas and related conditions. All of the
hematoxylin and eosin- and immunoperoxidase-stained
sections were reviewed by one of the authors (K.A.) and
classified according to the WHO classification. A dia-
gnosis of malignant lymphoma was confirmed in 3,571
(79.5%) of 4,490 cases. Of these 3,571 cases, 3,273
(91.7%) were non-Hodgkin lymphoma and 298 (8.3%)
were Hodgkin lymphoma. The number of diffuse large
B-cell lymphoma cases was 1,590, which constituted
48.6% of all non-Hodgkin lymphoma. The latest 500
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cases with diffuse large B-cell lymphoma registered
during February 2007 to October 2009 were studied for
the presence of the EBV genome. Most patients received
anthracyclin-based chemotherapy and rituximab after
the diagnosis. The numbers of patients who received
excisional biopsy or surgical resection, punch biopsy, or
needle biopsy were 384, 76, and 40, respectively. In cases
receiving punch or needle biopsy, an adequate amount of
material for histological analyses was obtained. The
primary site was lymph node in 165 cases, extranodal
organs in 204, and unknown in 131. Among them, two
patients suffered from rheumatoid arthritis, one each
from idiopathic thrombocytopenic purpura, interstitial
pneumonia, Sjégren’s syndrome, and uveitis, and were
treated with prednisone, together with cyclosporine in
one. These six cases were excluded for further analysis
because of possible underlying immune abnormalities.
During the same period, 14 cases of polymorphous
lymphoproliferative disorders, 14 methotrexate (MTX)-
associated lymphoproliferative disorders, five post-
transplant lymphoproliferative disorders (liver, kidney,
and cord blood in two, two, and one case, respectively),
and one Hodgkin-like lymphoproliferative disorder
were registered with the OLSG. Polymorphous lympho-
proliferative disorders are defined as lymphoprolifer-
ative disorders showing a polymorphous pattern of
proliferation, consisting of large lymphoid cells and
various numbers of inflammatory cells [Nakamichi
et al., 2010]. Polymorphous lymphoproliferative disor-
ders usually affect individuals with a background of
immunodeficiency. Clinical findings entered on the
registration card for the OLSG included the following:
name of hospital, age, gender, occupation, site of disease,
clinical diagnosis, present illness, and peripheral blood
and bone marrow findings, including differential counts,
serum data, and chromosomal abnormalities of the
tumor cells. History of medication (those receiving
immunosuppressants) was also checked.

The Institutional Review Board for Clinical Research
at Osaka University Hospital approved this study.

Immunohistochemistry

Antibodies used for immunohistochemistry were
CD20, CD79a, CD3, CD30, and anti-Epstein—Barr
virus/LMP/Clones CS. 1-4 (DakoCytomation, Glostrup,
Denmark, diluted at 1:400, 1:100, 1:50, 1:25, and 1:100,
respectively). Immunchistochemistry was performed
using an automated staining system (Dako Autostainer,
DakoCytomation).

In Situ Hybridization

ISH using the EBV-encoded small RNAs (EBER)
probe was performed to examine the presence of the
EBV genome in the formalin-fixed paraffin-embedded
sections with the EBER DAB application kit (DakoCy-
tomation). Briefly, sections were treated with proteinase
K, diluted at 1:10 with TBS (50 mmol/L. Tris—HCl
buffered saline containing 150 mmol/L. NaCl, pH 7.8),
then hybridized with EBER PNA (peptide nucleic acid)

- 341 -



EBYV in Diffuse Large B-Cell Lymphoma

probe/fluorescein (DakoCytomation) at 55°C for 90 min.
After blocking endogenous peroxidase activity, sections
were incubated with rabbit anti-FITC (fluorescein
isothiocyanate) antibody (1:50; Invitrogen, Carlshad,
CA) at room temperature for 30 min, incubated with
ChemMate ENVISION/HRP polymer (DakoCytoma-
tion) at room temperature for 30 min, and colored with
DAB (3,3'-diaminobenzidine tetrahydrochloride). This
ISH method using an EBER probe was recently used in
the author’s laboratory. The EBV-positive rate in NK/T
cell lymphoma by this method on paraffin-embedded
sections was similar (80%) to that with the previously
used method using an EBER-1 probe [Li et al., 2000].

The frequency of EBV positivity in the malignant
large lymphoid cells was determined by averaging
the number of positive cells from three high-power fields
where the positive cells were larger in number. The
tumors were then separated into five groups: tumors
with almost no EBV positivity, tumors with 5—10%, 10—
20%, 20—50%, and >50% of cells showing EBV pos-
itivity. According to the previous study, we adopted the
criterion of >20% as EBV-positive.

Follow-Up

Adequate follow-up data was available in 16 EBV-
positive and 204 EBV-negative diffuse large B-cell
lymphoma cases. Follow-up periods for survivors in
EBV-positive and -negative cases ranged from 5.2 to
38.5 (average 22.6) and 16.4-38.1 (average 25.5)
months, respectively. Kaplan—Meier estimated sur-
vival rates at 2 and 3 years were calculated, and overall
survival rates were compared by a log-rank test.

RESULTS

EBV-ISH was performed in 494 cases; however,
informative data was not obtained in 10 cases because
of specimen loss during staining procedures or severe
non-specific staining of background/overstaining. As a
result, staining results could be evaluated in only 484
cases. Positive signals were found in the nuclei of tumor
cells: the frequency of positively stained cells among all
tumor cells was almost none in 458 cases, 5—10% in 5,
10-20%in 5, 20-50% in 11, and >50% in 5 (Fig. 1).

Of 16 cases with >20% EBV-positive tumor cells
(EBV-positive cases), large geographical necrosis was
found in five cases. Angiotropism was not found. CD30
positivity was found in 6 of 15 EBV-positive cases.
Tumor cells expressed latent membrane protein (LMP)-
11in 8 of 14 EBV-positive cases (Fig. 1).

In total, 40 cases with diffuse large B-cell lymphoma
were excluded, due to the putative presence of
immunocompromised conditions, including autoim-
mune diseases, receiving prednisone and cyclosporine,
polymorphous lymphoproliferative disorders, MTX-
associated lymphoproliferative disorders, post-trans-
plant lymphoproliferative disorders, and Hodgkin-like
lymphoproliferative disorders. The frequency of posi-
tively stained cells among all tumor cells was 20—50% in
six cases and >50% in five.
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The estimated survival rates at 2 and 3 years for
the EBV-positive and -negative cases were 58.9%
and 71.9% at 2 years and 58.9% and 69.0% at 3 years,
respectively. The overall survival rates of the two
groups were not statistically different (log-rank test;
P>0.1).

DISCUSSION

According to previous reports, frequency of EBV
positivity in diffuse large B-cell lymphoma was higher
in East Asia than in Western countries (Table I) [Kuze
et al., 2000; Oyama et al., 2007; Park et al., 2007; Gibson
and Hsi, 2009; Hoeller et al., 2010]. However, before
accepting this, a careful evaluation of the data presented
in the previous studies is necessary. Regarding clinical
findings, the age distribution and gender ratio varied
among these reports [Kuze et al., 2000; Oyama et al.,
2007; Park et al., 2007; Gibson and Hsi, 2009; Hoeller
et al., 2010]. A study referenced in the WHO classifica-
tion adopting >50% of the criteria included cases of
immunodeficiency-associated lymphomas, although the
exact number was not shown. Lymphomas known to be
closely associated with EBV infection such as pyothorax-
associated lymphoma and Burkitt’s lymphoma were
also included [Oyama et al., 2007]. These procedures
inevitably increased the EBV-positive rate of the study
(13.6%). The routinely registered cases with the OLSG
constitute the present series; thus, collection bias in the
cases could be avoided. The age distribution and gender
ratioin the present series are within the spectrum of the
previously reported diffuse large B-cell lymphoma
cases; thus, the present findings could be adopted as
standard data.

The criteria for defining EBV-positive cases vary
among the previous studies; >20% of the tumor cells in
one study [Park et al., 2007] and >50% in another
[Oyama et al., 2007]. In particular, a study from Japan
adopting the criteria of almost all EBV-positive cells
reported the EBV-positive rate to be 11.4% [Kuze et al.,
2000]. When adopting >20% or >50% as EBV-positive,
the EBV-positive rates among diffuse large B-cell
lymphoma in immunocompetent hosts in the OLSG
(8.3% or 1.0%) were rather similar to those in Western
series [0—2.7%, 0—1.9%; Gibson and Hsi, 2009; Hoeller
et al., 20101, but much lower than that in Korean (8.9%)
[Park et al., 2007] and Japanese series (11.4-13.6%)
[Kuze et al., 2000; Oyama et al., 2007].

The present and previous [Park et al., 2007; Gibson
and Hsi, 2009; Hoeller et al,, 2010] studies have
analyzed the presence of the EBV genome in diffuse
large B-cell lymphoma in immunocompetent patients.
When a total of 40 cases with diffuse large B-cell
lymphoma, which had been excluded from the calcu-
lation of the EBV-positive rate due to the putative
presence of immunocompromised conditions (such
as autoimmune disease, receiving prednisone and
cyclosporine, polymorphous lymphoproliferative disor-
ders, MTX-associated lymphoproliferative disorders,
post-transplant lymphoproliferative disorders, and
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Fig. 1. A: Diffuse proliferation of large lymphoid cells with prominent nucleoli. H&E. Large lymphoid
cells expressed CD20 (B) and less frequently CD30 (C), and LMP-1 (D). In situ hybridization with the EBER
probe revealed positive signals in the nuclei of large lymphoid cells (E). All from the same case.

Magnification: 400x.

Hodgkin-like lymphoproliferative disorders) were re-
included in this study, the EBV-positive rate reached
5.2% or 1.9% using the >20% or >50% criteria,
respectively.

The EBV genome hasbeen detected in various kinds of
malignant lymphomas, and latent infection genes of
EBYV, including LMP-1, show transforming activity in
infected cells. LMP-1 serves as a target molecule for host
cytotoxic T-lymphocytes (CTL); thus, B-lymphocytes
expressing LMP-1 are recognized and eliminated by
host CTL under normal immune conditions [Murray
et al., 1992]. Of the present 14 EBV-positive cases,
tumor cells expressed LMP-1 in eight.

J. Med. Virol. DOI 10.1002/jmv

Overall survival was reported to be significantly
worse in EBV-positive diffuse large B-cell lymphoma
cases than in EBV-negative cases [Oyama et al., 2007,
Park et al., 2007]. In fact, this claim of a poor prognosis
was one reason for incorporating the provisional entity,
“EBV-positive diffuse large B-cell lymphoma of the
elderly” (>50 years old), in the recently published
textbook regarding the WHO classification (2008)
[Nakamura et al., 2008]. In this study, however, overall
survival rates of EBV-positive and -negative cases were
not statistically different. In the present series from
OLSG, about 90% of cases of diffuse large B-cell lym-
phoma were diagnosed at >50 years old. Two of 16 EBV-
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TABLE I. Brief Clinical Findings and EBV-Positive Rate of Diffuse Large B-Cell Lymphoma in the Present and Reported
Cases

Western countries

East Asian countries

Switzerland, Italy,

Present series and Austria® usP Korea® Japan® Japan®
(n=484) n=2341) (n=90) (n=380) (n=1,792) (n=114)
Age (years)

Range (mean or median) 16-95 M: 12-90 (mean: NA 18-95 NA 11-89
(mean: 67.0; 64; median: 67) (median: 56) (mean 64.1)
median: 68) F: 18-93 (mean:

65; median: 67)
% of cases >50 years 89.7% 71.3% NA NA 80.5% NA
% of cases >60 years 74.0% NA 100% 36.6% 60.6% NA
Sex ratio (M/F) 1.29 1.11 NA 1.39 NA 143
Immunologic abnormalities Absent Absent Absent Absent Present in NA
some cases
Criteria for EBV-positive rate (% among examined cases)

25% 5.4% NA 0% NA NA NA

210% 4.3% 3.1% 0% NA NA NA

220% 3.3% 2.7% 0% 8.9% NA NA

Z50% 1.0% 1.9% 0% NA 13.6% 11.4%

NA, not available,

“Hoeller et al. [2010].

®Gibson and Hsi [2009].

‘Park et al. [2007].

40yama et al. [2007].

*Kuze et al. [2000].

"Exact number was not shown.

positive cases were under 50 years old (38 and 27 years
old).

In conclusion, this study revealed that EBV positivity
in diffuse large B-cell lymphoma of immunocompetent
patients in Japan is rather similar to that in Western
countries. Careful evaluation of patient backgrounds
and the adoption of common criteria for EBV positivity
are essential in comparing geographical differences in
EBYV positivity in diffuse large B-cell lymphoma.
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Abstract The occurrence of transfusion-related alloim-
munization against «IIbfi3 is a major concern in patients
with Glanzmann thrombasthenia (GT). However, few data
are available about molecular defects of GT patients with
anti-allbB3 alloantibodies as well as clinical impact of
these antibodies on platelet transfusion. Here, we report a
case of type I GT with anti-HLA and anti-olIbB3 allo-
antibodies, who underwent laparoscopic total gastrectomy
due to gastric cancer. We found a novel 3 nonsense
mutation, 892C > T (Arg272X), and the patient was
homozygous for the mutation. Laparoscopic gastrectomy
was successfully performed with continuous infusion of
HLA-matched platelet concentrates and bolus injection of
recombinant factor VIIa at 2 h intervals. Total bleeding
was 370 mL and no red-cell transfusion was necessary.
Flow cytometric analysis employing anti-2IIb33 mono-
clonal antibody revealed that the transfused platelet count
was maintained around 20-30 x 10°/L during the opera-
tion and 10 x 10°/L on the following day. Flow cytometric
analysis also showed that transfused platelets retained
normal reactivity to ADP stimulation. These results
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indicate that flow cytometry is useful to assess survival and
function of transfused platelets in GT patients with anti-
oITb 53 antibodies.

Keywords Glanzmann thrombasthenia - Anti-oIIbf3
alloantibody - Mutation - Platelet transfusion -
Recombinant factor VIla

1 Introduction

Glanzmann thrombasthenia (GT) is a rare hereditary
bleeding disorder that is due to a quantitative and/or
qualitative defect in integrin «llbf3 [glycoprotein (GP)
IIb/MIa, CD41/CD61]. GT is classified by the content of
allbf3: type I with <5% of normal controls, type II with
5-20%, and variant type with qualitative defect [1]. Clin-
ical presentation includes mild to severe mucosal bleeds,
traumatic or surgical hemorrhage, and occasional life-
threatening bleeding episodes. Although treatment such as
local measures and/or antifibrinolytics agents may be
beneficial for mild bleeding, platelet transfusion is often
necessary for severe bleeding, delivery and surgery.
However, repeated transfusions may induce alloantibodies
against HLA and/or ollbfi3, leading to refractoriness to
platelet transfusion. Moreover, it may be possible that anti-
oIlbf3 antibodies functionally block the binding of phys-
iological ligands to ollbf3 on transfused platelets [2].
Treatment of GT patients with alloantibodies against
olIbf3 are challenging. Removal of antibodies by plasma
pheresis or immunoadsorption may be effective, although
the procedure may present difficulties [3, 4]. In such cases,
recombinant factor VIIa (tFVIIa) could represent an
alternative. Tengborn and Petruson [5] reported the first
successful case of rFVIIa treatment for epistaxes of a GT
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patient, and Poon et al. [6] confirmed the effectiveness of
tFVIIa to GT patients with international survey.

Despite clinical significance of anti-oIIbfi3 alloanti-
bodies, little is known about genetic predisposing factors
and the impact of anti-aIIbf33 alloantibodies on the survival
and function of transfused platelets in GT patients. We
experienced a type I GT patient with anti-HLA and anti-
olIbf3 antibodies suffering from gastric cancer, and lapa-
roscopic total gastrectomy was successfully performed
with HLA-matched platelet transfusion and bolus infusion
of rFVIIa. In this study, we revealed a novel 3 mutation
which could be responsible for the patient’s phenotype
and compared literally reported molecular defects of GT
patients with anti-alIbf3 alloantibodies. Moreover, we
assessed the survival and function of transfused normal
platelets by monitoring of CD42b (GPIb) and ollbf3
expression employing flow cytometry.

2 Case report

A 59-year-old Japanese man was suffering from a lifelong
bleeding tendency and diagnosed as GT. He was a son of
consanguineous parents. He received several red-cell and
platelet transfusions since his age of 51 due to gastroin-
testinal bleeding. He again noticed tarry stools in 2008 and
consulted a hospital. Platelet transfusion was effective to
make bleeding time normal at that time, and gastrointes-
tinal fiberscope and endoscopic biopsy identified poorly
differentiated adenocarcinoma at lesser curvature of the
stomach body. However, after 2 months neither increase in
platelet counts nor improvement of bleeding time was
obtained even after high-dose y-globulin administration
followed by platelet transfusion, and the planned gastrec-
tomy was cancelled. The patient was then referred to our
hospital.

Employing several anti-aIIbf3 monoclonal antibodies
(mAbs), we confirmed that expression of aflbf3 on the
patient’s platelets was <5%, compared with that of normal
controls, indicating that the patient was type I GT
(Fig. 1A). To reveal a molecular genetic defect in this GT
patient, we analyzed the whole coding region of «Ilb and
f3 cDNA amplified from platelet mRNA. A novel f3
nonsense mutation, 892C > T, which would lead to a
premature termination of translation at arginine-272 resi-
due of 3, was identified. Sequencing of exon 6 of the
ITGB3 gene, which is the corresponding exon of the
892C > T mutation, showed that he was homozygous for
the mutation (Fig. 1B). Examination of the patient’s
plasma revealed that anti-HLA antibodies were positive in
standard lymphocytotoxicity assay and immunofluores-
cence assay (data not shown). We also found that the
patient’s plasma antibodies apparently reacted with oIIbf33-
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Fig. 1 Phenotype and molecular analysis of the GT patient. A Surface
expression of glycoproteins on platelets. AP2, AP3 and OPG2 are
olIbp3-specific, p3-specific and ligand-mimetic allbf3-specific
monoclonal antibodies, respectively. Filled histograms represent the
patient’s platelets. Solid and dotted lines represent control platelets
and control IgG antibody, respectively. B Sequence analysis of exon 6
of the ITGB3 gene. In the patient 892C was mutated to T, resulting in
stop codon at the arginine-272 residue of 3

expressing 293 cells but not with untransfected 293T cells
(Fig. 2A). Modified antigen-captured ELISA (MACE)
assay [7] employing AP2, anti-«IIb33 mAb, as a capturing
antibody clearly showed the presence of anti-oIIbf3 anti-
bodies as well (Fig. 2B). Therefore, we performed lapa-
roscopic total gastrectomy under continuous infusion of
two packs of HLA-matched apheresis-derived platelet
concentrates containing 4.8 x 10'! and 3.5 x 10'! plate-
lets with bolus infusion of 90 pg/kg of rFVIIa three times
at 2 h intervals. The patient’s platelet counts before,
during, and just after the platelet transfusion were
150 x 10°, 144 x 10°, and 155 x 10°/L, respectively,
suggesting that transfused HLA-matched platelets were
immediately destroyed by anti-oIIbf3 antibodies. Then, we
more precisely examined the survival of the transfused
platelets employing flow cytometry. Transfused platelets
were detected as CD4la (alIbf3) and CD42b double-
positive cells, whereas autologous GT platelets were
detected as CD4la-negative, CD42b-positive cells. As
shown in Fig. 3A, CD4la-positive transfused platelets
were 16.3 and 17.2% of total platelet counts during and just
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Fig. 2 Detection of anti-oIIbf3 antibodies. A Plasma was incubated
with olIbf3-stably expressed HEK293 cells. Bound IgG antibodies
were detected by alexa488 anti-human IgG antibodies. Filled and
open histograms represent the patient and normal control plasma,
respectively. Dotted line represents the patient’s plasma incubated
with untransfected 293T cells. B Anti-oIlbf3 antibodies were
detected by MACE assay. Plasma was incubated with washed
platelets obtained from blood type O subjects, and then lysed with 1%
Triton X-100 buffer. Soluble fraction was added to AP2-coated
microtiter well, and bound IgG was detected with biotin-conjugated
anti-human IgG, followed by alkaline-phosphatase conjugated ABC
kit (Vector Lab, Burlingame, CA, USA). Mean plus standard
deviation of plasma obtained from 6 normal subjects is shown as
negative controls. Anti-HPA-1a serum was used as positive control

after platelet transfusion, respectively. These data indicate
that the numbers of the transfused platelets was estimated
to 24 x 10° and 27 x 10°/L (Fig. 3C). The ratio of sur-
vived CD4la-positive platelets decreased to 8.4% of total
platelets on the next morning, indicating 10 x 10°/L
platelets were survived at that time. We also examined the
function of the transfused platelets. Twenty micromolar
ADP was added to the diluted whole blood samples
simultaneously with FITC-PAC1, olIlbf3 activation-
dependent mAb, and PE-CD42b. The ratio of PACI-bound
platelets after ADP stimulation (13%) was comparable to
that of CD4la-positive platelets (17%) during platelet
transfusion, suggesting that function of the transfused

@ Springer

platelets was not impaired by anti-oIIbf3 alloantibodies in
the patient’s plasma (Fig. 3B). Although his hemoglobin
concentration decreased from 14.1 to 11.0 g/dL after
operation, total bleeding during the operation was 370 mL
and no red-cell transfusion was necessary. Additional
HLA-matched apheresis-derived platelet concentrate
containing 3.0 x 10'! platelets was transfused on the
following day. He was discharged after 2 weeks from the
operation without any complication including bleeding.

3 Discussion

In GT patients, the occurrence of transfusion-related allo-
immunization to olIbf3 is a major concern, as it results
in the refractoriness to platelet transfusion. However, sur-
prisingly few data are available concerning incidence,
genetic factors and clinical impact of alloimmunization to
oIIbf3 in GT patients. Consistent with previous literature
data that all patients with anti-oIIbf3 alloantibodies are
affected by type I GT [8, 9], our patient was type L
Although molecular basis of GT have been extensively
analyzed, only seven mutations were reported in GT
patients with anti-oIIb33 antibodies including our case
[4, 9-12]. Interestingly, all patients are homozygote or
compound heterozygote of premature termination muta-
tions except one patient, who was a homozygote of
B3(C575R) and produced anti-olIbf3 antibodies after
massive platelet transfusion (Table 1). Santoro et al. [9]
reported in the same literature that other two GT patients
with B3(C575R) did not produce anti-olIbf3 antibodies
after platelet transfusions. These results suggest that a
mutation that causes a premature termination of translation
could be a high risk for developing anti-aIIbf3 alloanti-
bodies. This hypothesis remains to be determined.

Effects of platelet transfusion are usually monitored
simply by increase in platelet number. However, it might
be difficult in case of surgery or massive bleeding, in which
platelets are rapidly consumed physiologically. As reported
previously [10, 13], in GT patients we can monitor survival
of the infused platelets easily as allbfi3-positive cells by
flow cytometry. Function of infused platelets might be also
important, since anti-aIIbf3 antibodies may interfere with
ligand binding to oIlbf3 [2]. Although bleeding time
is usually used for monitoring platelet function, flow
cytometric analysis using olIbf3 activation-dependent
antibody, PAC-1, enabled us to assess the function of
transfused platelets more easily and accurately [14]. In our
case, despite that there was no increase of platelet counts
after platelet transfusion, flow cytometric analysis
revealed that oIlbf33-positive platelets were maintained in
20-30 x 10°/L during the surgery and 10 x 10°/L on the
following day (Fig. 3C). Transfused platelets showed
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Fig. 3 Survival and function of the transfused normal platelets.
A Detection of transfused platelets by flow cytometry. Whole blood
cells diluted with Tyrodes buffer were mixed with APC-CD4la
(HIPS; allbf3-specific mAb) and PE-CD42b (GPIb) for 20 min. After
fixed with 1% paraformaldehyde, two-color flow cytometric analysis
was performed. Upper panels show PE-CD42b (horizontal)/APC-
CD4la (vertical) dot blots. Transfused platelets were detected as
CD42b(+)/CD41a(+). Lower panels show histograms of APC-
CD41a and percentage of CD41a(+) platelets. a, e before operation,
b, f during operation, c, g just after platelet transfusion, d, h 1-day post
operation. B Detection of PACI1 binding after ADP stimulation.
Twenty micromolar ADP was added to the diluted whole blood

normal response to ADP stimulation (Fig. 3B). These
results suggest that transfused platelets could support pri-
mary hemostatic plug formation during and after surgery.

samples simultaneously with FITC-PACI and PE-CD42b. After
20 min incubation, the samples were fixed with paraformaldehyde,
followed by flow cytometric analysis. Upper panels show PE-CD42b
(horizontal)/FITC-PACI (vertical) dot blots and lower panels show
histograms of FITC-PACI1. a, d During operation, no agonist.
b, e During operation, 20 pM ADP (+). ¢, f Normal control, ADP
(+). C Transition of total platelets counts and number of calculated
CD41a-positive platelets. HLA-matched platelet concentrates con-
taining 8.3 x 10" platelets were transfused continuously during
operation. Bolus infusion of 90 pg/kg of rFVIIa was done three times
at 2 h intervals. POD post-operative day

However, it should be also mentioned that the increment
of allbf3-positive platelets was only 17% of predicted
increase of platelet count after platelet transfusion,
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Table 1 Reported mutations in GT patients with alloantibodies

Age and sex Type Mutations Gene ollbf3-Ab  HLA-Ab

14, F I IVS15(+1)G > A (premature termination), homo ITGA2B Pos Unknown Martin et al. [4]
18, F I IVS2(—-2)A > G (premature termination), homo ITGB3 Pos Unknown Male et al. [10]
55, M I IVS15(+1)G > A (premature termination), homo ITGA2B Pos Unknown Dargaud et al. [11]
Unknown I Exon 3 premature termination, homo ITGB3  Pos Neg Santoro et al. [9]
Unknown? 1 1801T > C (C575R), homo ITGB3 Pos Pos Santoro et al. [9]
M 1 1413C > G (Y471X)/1882C > T (R628X), compound hetero ITGA2B Pos Neg Nurden et al. [12]
59, M I 892C > T (Q272X), homo ITGB3 Pos Pos Our case

? Developed antibodies after massive (160 units) platelet transfusions

suggesting that the transfused platelets were rapidly cleared
by anti-oIIbf3 antibodies as anticipated.

Effectiveness of rFVIIa for GT with anti-oIIb3 anti-
bodies is first described by Tengborn and Petruson [5], and
international survey confirms it [6]. Although the precise
mechanism of action of rFVIIa on GT platelets is largely
unknown, impairment of thrombin generation capacity in
GT platelets has been demonstrated. Experimental evi-
dences suggest that high-dose rFVIIa can bind to activated
platelet surface, and promote thrombin generation via
direct activation of FX to FXa, which is sufficient to con-
vert fibrinogen to fibrin [15]. Despite the lack of aIlbf3,
GT platelets have been shown to agglutinate in the pres-
ence of fibrin, particularly polymeric fibrin via unidentified
receptors on platelet surface [16]. Although we could not
assess the efficiency of rFVIIa in our case because platelet
transfusion was used simultaneously, the fact that in spite
of poor increment of transfused platelets bleeding in the
surgery was minimal suggests the effectiveness of rFVIIa.

In conclusion, we found a novel 3 mutation, leading a
premature termination of translation, in a GT patient with
anti-oIIbf3 antibodies. We could also assess the impact of
anti-oIIbf3 antibodies by monitoring the survival and
function of transfused platelets in surgery.
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ARTICLE

Joumal of Cellular Biochemistry 112:147-156 (2011)

ABSTRACT

With a signal trap method, we previously identified stromal interaction molecule (STIM: originally named as SIM) as a protein, which has a
signal peptide in 1996. However, recent works have accumulated evidences that STIM1 and STIM2 reside in endoplasmic reticulum (ER) and
that both mainly sense ER Ca®>" depletion, which plays an essential role in store operated calcium entry. In the present study, we extensively
analyzed the domain functions and associated molecules of STIMs. A STIM1 mutant lacking the coiled-coil domains was massively expressed
on the cell surface while mutants with the coiled-coil domains localized in ER. In addition, STIM1 mutants with the coiled-coil domains
showed a longer half-life of proteins than those without them. These results are likely to indicate that the coiled-coil domains of STIM1 are
essential for its ER-retention and its stability. Furthermore, we tried to comprehensively identify STIM1-associated molecules with mass
spectrometry analysis of co-immunoprecipitated proteins for STIM1. This screening clarified that both STIM1 and STIM2 have a capacity to
bind to a chaperone, calnexin as well as two protein-transporters, exportin1 and transportin1. Of importance, our result that glycosylation on
STIM1 was not required for the association between STIM1 and calnexin seems to indicate that calnexin might function on STIM1 beyond a
chaperone protein. Further information concerning regulatory mechanisms for STIM proteins including the data shown here will provide a
model of Ca®* control as well as a useful strategy to develop therapeutic drugs for intracellular Ca”*-related diseases including inflammation
and allergy. J. Cell. Biochem. 112: 147-156, 2011. © 2010 Wiley-Liss, Inc.

KEY WORDS: sTiM; ENDOPLASMIC RETICULUM; COILED-COIL; HALF LIFE; CALNEXIN

and Orai3 as components of highly Ca®*-selective SOC channels

‘ hanges of intracellular calcium (Ca**) levels provide
[Liou et al., 2005; Roos et al., 2005; Vig et al., 2006; Zhang et al.,

universal signals, which regulate various cellular events,

such as gene expression, secretion, and differentiation [Berridge
et al., 2000, 2003]. In electrochemically non-excitable cells,
endoplasmic reticulum (ER) acts to store an intracellular pool
of Ca®*, which is released soon after the activation of receptors for
cytokines or hormones. In addition, Ca®" depletion from ER leads
to the rapid activation of plasma membrane Ca®* channels in a
process known as store-operated Ca®* (SOC) entry [Putney, 1986,
2007). This Ca* entry is essential for the refill of Ca®" in ER and the
cytokine/hormone-induced sustained increase of intracellular Ca®*
as well. Recent important findings in this area are the identification
of stromal interaction molecule (STIM) and orai proteins; STIM1 and
STIM2 as sensors of ER luminal Ca** changes and Orail, Orai2,

*Correspondence to: Dr. Kenji Oritani, MD, Department of Hematology and Oncology, Graduate School of Medicine,
Osaka University, 2-2 Yamadaoka, Suita City, Osaka 565-0871, Japan. E-mail: oritani@bldon.med.osaka-u.ac.jp

Received 24 March 2010; Accepted 28 September 2010 o DOI 10.1002/jcb.22910 o © 2010 Wiley-Liss, Inc.
Published online 4 November 2010 in Wiley Online Library (wileyonlinelibrary.com).

2006).

STIM1 and STIM2 are single-pass, type-I transmembrane
proteins, which mainly localize in ER [Williams et al., 2001;
Soboloff et al., 2006a; Stathopulos et al., 2008]. Both proteins
contain a helix-tern-helix EF-hand Ca*"-sensing domain followed
by a sterile a motif (SAM) in luminal side of ER. In addition, their
cytoplasmic segment has two stretches of the coiled-coil domains
and a highly acidic stretch. Both STIM1 and STIM2 have been
proposed to sense ER-luminal Ca®" levels. Indeed, luminal Ca®*
depletion results in the redistribution of STIM1 from ER homo-
geneity to discrete “puncta” in close proximity to the plasma
membrane where it can activate SOC channels [Zhang et al., 2005;
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Luik et al., 2006; Wu et al., 2006; Liou et al., 2007]. During this
puncta formation, Ca®>* depletion induces the oligomerization
of STIM1 through its EF-SAM regions [Stathopulos et al., 2008].
Its coiled-coil regions also mediate constitutive homotypic inter-
actions, leading to the stabilization of the EF-SAM-triggered
oligomers as well as the translocation of STIM1.

Although available information about biochemical and physio-
logical properties of STIM proteins, little is known about the domain
functions of STIMs and their association molecules, which could
help us understand not only why STIMs can display their specific
functions but also what molecules control the localization and
protein content of STIMs in cells. In the present study, we have
found that the coiled-coil domains of STIM1 are essential for its
ER-localization and protein stabilization. In addition, we have
identified calnexin, exportinl, and transportin1 as novel associated
molecules of STIMs with mass spectrometry analysis of
co-immunoprecipitated proteins for STIM1.

PLASMID CONSTRUCTS

To produce FLAG-tagged STIM1 and its deletion mutants, mouse
STIM1 cDNA was amplified by PCR using a F4-9/pEFBOS plasmid as
a template [Oritani and Kincade, 1996]. The PCR primers are as

follows: 5-GGGGGATCCACCGTCATGGATGTGTGCGCC-3' and
5'-TTCTTCGGAGAATTCTTCGAGCTCCCC-3" for STIMI(Full), 5'-
GGGGGATCCACCGTCATGGATGTGTGCGCC-3' and 5-GTACCG-
GATCTGTTCCGGGAGCTCCCC-3’ for STIM1(EX +TM+ CC), 5'-
GGGGGATCCACCGTCATGGATGTGTGCGCC-3’ and 5-GTGTACT-
TCTTTTACTACGAGCTCCCC-3' for STIMI(EX +TM), 5-GGGGG-
ATCCACCGTCATGGATGTGTGCGCC-3' and 5-TGAGCCGTATTA-
GTGGACGAGCTCGGG-3' for STIMI(EX). Each PCR product was
then digested with BamH1 and Xho1, and ligated into FLAG-pcDNA
3 expression vector (Addgene, Cambridge, MA) (STIM1(Full)-FLAG,
STIM1(EX + TM + CC)-FLAG, STIM1(EX + TM)-FLAG, STIM1(TM)-
FALG, respectively). In these constructs, a FLAG tag was inserted
into C-terminal of each cDNA. For STIM2(Full)-FLAG, the plasmid
was constructed in a similar way to STIM1 constructs by using
pENTR11 mSTIM2 myc (Addgene) as a template and 5'-
GGGGGATCCACGGAAACAATGAAC-3' and 5-TTCTTCTTCAGA-
TTCGAGCTCGGG-3' as primers. To produce STIM1 lacking two
Asn-linked glycosylation sites (STIM1(delGly)-FLAG]), site-directed
mutagenesis was performed. To substitute two “Asn”’s at positions
131 and 171 for ““Ala”s, site-directed mutagenesis using STIM(Full)-
FLAG as a template was performed. The PCR primersare as follows:
5'-GGGGGATCCACCGTCATGGATGTGTGCGCC-3' and 5'-AGTCTT-
CACATGCGGACCTGACACCTA-3' as well as 5-TCAGAAGTGTAC-
GCCTGGACTGTGGAT-3' and 5-TICTTCGGAGAATTCTTCGAGC-
TCCCC-3' for the substitution of N131A, 5-GGGGGATCCACCGT-
CATGGATGTGTGCGCC-3' and 5'-GATCGTCATTGGCGGTGGTGG-
TACTGT-3' as well as 5'-CTAGCAGTAACCGCCACCACCATGACA-3’
and 5'-TTCTTCGGAGAATTCTTCGAGCTCCCC-3' for the substitu-
tion of N171A. The final PCR product (primers: 5'-GGGGGATC-
CACCGTCATGGATGTGTGCGCC-3" and 5'-TTCTTCGGAGAATT-
CTTCGAGCTCCCC-3') was digested with BamH1 and Xhol, and

ligated into FLAG-pcDNA3 expression vector. Nucleotide sequences
of all constructs were verified by sequencing.

CELL CULTURE AND TRANSFECTION

A human embryonic kidney carcinoma cell line (293T) and a human
cervix carcinoma cell line (HeLa) were cultured in Dubecco’s modified
Eagle’s medium (DMEM); (Nacalai Tesque, Kyoto, Japan) supple-
mented with 10% fetal bovine serum (FBS); (Equitec-Bio, Kerrville,
TX). STIM1-deficient DT40 B cell line, a kind gift from Dr. Baba and Dr.
Kurosaki (Osaka University, Osaka, Japan), was cultured in RPMI
(Nacalai Tesque) supplemented with 10% FBS, 1% chiken serum
(Biowest, Nuaille, France), 2mM r-glutamine, and 50pM 2-
Mercaptoethanol. Transient transfection of plasmids into 293T and
Hela cells was performed with Lipofectamine 2000 (Invitrogen,
Carlsbad, CA) according to manufacturer protocols. Stable transfection
into DT40 cells was performed with Amaxa (Amaxa Biosystems,
Gaithersburg, MD) according to manufacturer protocols.

IMMUNOPRECIPITATION AND WESTERN BLOT

The . immunoprecipitation and Western blotting assays were
performed as described previously [Sekine et al., 2005]. In some
experiments, the transfectants were lysed after their surface proteins
were labeled with biotin (EZ-Link Sulfo-NHS-SS-Biotin; Pierce,
Rockford, IL). The antibodies used in this study were listed as follows:
ANTI-FLAG® M2-Agarose Affinity Gel (Sigma-Aldrich, St. Louis, MO),
anti-FLAG antibody (Sigma), anti-STIM1 (Abnova, Taipei, Taiwan),
anti-calnexin (Stressgen, Ann Arbor, MI), anti-exportinl (Bethyl
Laboratories, Montgomery, TX), anti-transportin1 (ImmuQuest, Cleve-
land, UK), and anti-calreticulin (Affinity BioReagents, Golden, CO) as
well as anti-Mouse IgG HRP conjugate (Promega, Madison, WI), anti-
Rabbit IgG HRP conjugate (Promega), and Streptavidin-HRP (Pierce).

CONFOCAL MICROSCOPY

After Hela cells were transfected with the indicated plasmids, cell
fixation, permeablization, and immunofluorescence staining
was performed as described previously [Muromoto et al., 2006].
The following antibodies were used: mouse anti-FLAG antibody
(Sigma), rabbit anti-PDI antibody (Cell Signaling, Danvers, MA) as
well as Alexa Fluor® 568 goat anti-mouse 1gG and Alexa Fluor®488
goat anti-rabbit IgG (Invitrogen). The nuclei of cells were stained
with DAPI (Invitrogen, Eugene, OR). The stained samples were
visualized with LSM 5 PASCAL (Carl Zeiss, Tokyo, Japan) according
to manufacturer protocols.

ANALYSIS OF PROTEIN STABILITY

Twenty-four hours after transient transfection with indicated
plasmids, HeLa cells were plated out onto 24 well plates. The cells
were starved for 5h in 500l of cysteine and methionine free
medium (Invitrogen) supplemented with 10% methionine free FBS
(Sigma), pulse-labeled in 200 uCi/ml of >°S-methionine (MP
Biomedicals, Solon, OH) for 1h. After rinsing with chase medium
(DMED supplemented with 10% FBS and 20 mM methionine and
20mM cysteine), the cells were cultured for 0, 1, 2, and 3 days.
The cultured cells were lysed with lysis buffer and precipitated
with ANTI-FLAG®™ M2-Agarose Affinity Gel (Sigma) for 4h. The
eluted proteins were separated by 5-20% SDS-polyacrylamide gels.

7 148

IDENTIFICATION OF FUNCTIONAL DOMAINS

JOURNAL OF CELLULAR BIOCHEMISTRY

- 352 —



The gels were dried and autoradiographed with BAS-2500
(FUJIFILM, Tokyo, Japan). The radioactivity of each specific band
was calculated using Image Gauge V4.22 (FUJIFILM) software.

CALCIUM MEASUREMENT

For Ca?" measurement, 1 x 10’ DT40 cells were incubated with
5uM Fluo4-AM (Invitrogen) and 1.25mM Probenecid (Sigma) in
500 wl of RPMI medium containing 10% FBS and 1% chiken serum for
60min at 37°C. Then cells were washed several times with Ca**-free
Tyrode buffer. Before Ca*" measurement, cells were pretreated with
Tyrode buffer containing 0.5 mM EGTA (Sigma). Cells were treated with
10 uM thapsigargin (TG; Sigma) for 3005, then the extracellular Ca®*
concentration was restored to 2 mM. Changes in fluorescence intensity
were monitored using FACS Calibur (BD, Tokyo, Japan).

IDENTIFICATION OF STIM1-ASSOCIATED MOLECULES

After 293T cells were transfected with STIM1(Full)-FLAG, the cells
were lysed with lysis buffer (1% digitonin was used as a detergent),
and subject to immunoprecipitation with ANTI-Flag® M2-Agarose
Affinity Gel for over night at 4°C. The immunoprecipitated proteins
were separated by electrophoresis on 5-20% SDS-polyacrylamide
gels. Then, proteins on the gels were visualized with silver-staining
(Wako, Osaka, Japan) according to manufacturer protocols.

After the completion of staining, the bands of interest were
excised from the gel and digested with TrypsinGold (Promega).
The digested samples were analyzed by nanocapillary reversed-
phase LC-MS/MS using a C18 column (¢ 75 pm) on a nanoLC system
(Ultimate, LC Packing, Kent City, MI) coupled to a quadrupole
time-of-flight mass spectrometer (QTOF Ultima, Waters, Milford,
MA). Direct injection data-dependent acquisition was performed
using one MS channel for every three MS/MS channels and a dynamic
exclusion for selected ions. Proteins were identified by database
searching (Mascot Daemon, Matrix Science, Boston, MA). Search
parameters were as follows: MS tolerance of 0.2, MS/MS tolerance of
0.4 Da, protease specificity allowing for one missed cleavage site, fixed
modification of carbamidomethylation of cysteine residues.

RESULTS

THE CYTOPLASMIC REGION OF STIM1 IS ESSENTIAL FOR ITS
LOCALIZATION IN ER

Because STIM1 does not have a typical ER-retention sequence
[Soboloff et al., 2006b; Baba and Kurosaki, 2009], it is a riddle that
STIM1 mainly localizes in ER. To analyze the peculiar manner of
its intracellular distribution, we constructed a series of deletion
mutants as illustrated in Figure 1A. HeLa cells were transfected with
each plasmid of STIM1(EX, EX +TM, EX +TM + CC, Full)-FLAG,
and the protein synthesis was confirmed with Western blot using
anti-FLAG antibody. Each deletion mutant protein was detected at
the predicted sizes although the band for a mutant deleted both
transmembrane and cytoplasmic domains was very faint
(Fig. 1B, lower panel). We then analyzed protein trafficking of
each mutant. After the transfection of plasmids into HeLa cells, their
supernatant and cell lysates were prepared and subjected to Western
blot. A specific band was detected in supernatant of Hela cells
transfected with STIM1(EX)-FLAG, but the bands for other

transfectants is not clearly detected (Fig. 1B, upper panel). After
surface proteins on each transfectant were labeled with biotin, the
cell lysates were analyzed with Western blot using HRP-streptavidin
or anti-FLAG antibody. As shown in Figure 1C, all STIM1 mutants
excluding STIM1(EX) were efficiently expressed (detected by anti-
FLAG antibody), but only STIM1(EX + TM) was massively expressed
on the cell surface (detected by HRP-avidin). In addition, surface
expressed STIM1(EX + TM + CC) was only faintly detected similar to
STIM1(Full). These results indicate that the cytoplasmic segment
(AA 246-593) containing the coiled-coil domains may determine the
intracellular distribution of STIM1. In other words, STIM1 lacking its
cytoplasmic region is likely to traffic from ER to golgi apparatus,
resulting in the surface expression or secretion. In contrast, STIM1
with its cytoplasmic region tends to be restored in cytoplasm. This
possibility was confirmed by experiments with a confocal microscopy.
When STIM1(EX) lacking a transmembrane domain was expressed,
only small amount of the protein was detected (Fig. 2), confirming that
it was secreted as shown in Figure 1B. The other mutants, STIM 1(Full)
and STIM1(EX + TM + CC), were restored in ER, which was oriented
by PDI-staining. In contrast, the distribution of STIM1(EX + TM) was
not restricted to ER. Similar distribution patterns of STIM1 mutants
were also observed in 293T cells (data not shown). Therefore, the
coiled-coil domains of STIM1 critically contribute to its localization in
ER where STIM1 mainly works as a Ca®*-sensor.

THE CYTOPLASMIC REGION OF STIM1 YIELDS ITS PROTEIN
STABILITY

Figure 2 showed that HeLa cells transfected with STIM1(Full)-FLAG
and STIM1(EX + TM + CC)-FLAG, but not those with STIM1(EX + TM)-
FLAG, changed the shape of ER to “the distended form,” where STIM1
proteins seemed to be massively accumulated in ER. This might indicate
that the cytoplasmic region corresponding to the coiled-coil domains
has some specific effects, such as STIM1-stabilization. To clarify this
possibility, we analyzed a half-life of each STIM1 mutant. After the
transfection of plasmids for the deleion mutants into HeLa cells, the
newly synthesized proteins were labeled with **S-methionin. The cells
were lysed and subjected to immunoprecipitation using anti-FLAG
antibody after the indicated periods of cultures. As shown in Figure 3,
the half-life of STIM1(Full) was approximately 19h. Although
STIM1(EX +TM + CC) exhibited similar half-life to STIM1(Full),
STIM1(EX +TM) disappeared more rapidly. Similar results were
obtained in 293T cells as well as HeLa cells (data not shown). Therefore,
the coiled-coil domains have an ability to stabilize STIM1 proteins.

THE CYTOPLASMIC REGION OF STIM1 IS ESSENTIAL FOR
ACTIVATING SOCE

To validate physiological roles of cytoplasmic region of STIM1 in
activating SOCE, we established STIM1-deficient DT40 B cells stably
expressing STIMI1(Full) and STIMI1(EX+TM) (Fig. 4A), and
examined whether these stably transfected cells have an ability
to restore SOCE. As shown in Figure 4B, the reconstitution of SOCE
was observed in DT40 cells expressing STIM1(Full), but not in those
expressing STIM1(EX + TM). This data indicate that cytoplasmic
region of STIM1 is essential for activating SOCE.
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IDENTIFICATION OF STIM1-ASSOCIATED PROTEINS

In the present study, we showed essential roles of the coiled-coil
domains in the ER-retention as well as the protein-stabilization of
STIM1. We also indicated that cytoplasmic regions of STIM1 are
critical for activating SOCE. Recent reports have suggested that the
C-terminal region of STIM1 is critical for the binding to the CRAC
activating domain of Orail [Park et al., 2009; Yuan et al., 2009].
Other reports also indicated that the polybasic C-termini of STIM1
binds to calmodulin [Bauer et al., 2008] and that the short
polypeptide motif (SxIP) of STIM1 associates with the microtubule-
plus-end-tracking protein end binding protein-1 (EB1) [Honnappa
et al., 2009]. Thus, it is likely that STIM1 may associate with several
proteins, which modulate functions and/or protein characteristics
of STIM1. To identify STIM1 associated molecules comprehensively,
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The coiled-coil domains of STIM1 contribute ER-retention. A: Schematic representation of STIM1 functional domains and STIM1 mutants. TM, transmembrane
domain; S/P rich, Ser/[Thr-rich domains; K rich, Lysine-rich C-terminal domain. B: HeLa cells were transfected with the indicated STIM1 mutant expression plasmids, and their
supernatant and cell lysates were collected after 24 h of cultures. Each supernatant was precipitated with ANTI-FLAG ® M2-Agarose Affinity Gel. The precipitates as well as cell
lysates were subjected to Western blot using an anti~FLAG antibody. One representative of three independent experiments is shown. Specific bands for each STIM1 mutant were
shown by arrows. The membrane was deprobed and stained with anti-actin antibody for a loading control. C: Twenty-four hours after transient transfection of the indicated
STIM1 mutant expression plasmids to Hela cells, their cell surface proteins were biotinylated. Then, the biotin-labeled Hela cells were lysed, precipitated with ANTI-FLAG * M2~
Agarose Affinity Gel, and Western blotted with anti-FLAG and HRP-streptavidin. Specific bands for each STIM1 mutant were shown by arrow heads. The membrane was
deprobed and stained with anti-actin antibody for a loading control. Similar results were obtained in three independent experiments.

we performed co-immunoprecipitation experiments combined
with mass spectrometry. After 293T cells were transfected with
STIM1(Full)-FLAG or the empty FLAG-pcDNA3 plasmid, the cell
lysates from each transfectant were prepared and subjected to
immunoprecipitation with anti-FLAG antibody. When the immu-
. noprecipitated proteins in the gel were visualized with silver
staining, several specific bands were detected in the lane for the
STIM1(Full)-transfected samples (Fig. 5A). Each specific band
was then digested in gel with trypsin and subjected to LC-MS/MS
analysis. As shown in Figure 5B, the approximately 80-90 kDa band
(band 2) contains STIM1 in all experiments. Of importance,
calnexin, which acts as a chaperone protein and exists in ER
[Ni and Lee, 2007; Caramelo and Parodi, 2008], was always
identified in the band 2 at a high score. Exportin1, transportin1, and
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