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growth factor receptor 1) and development (such as jagged-1 and
frizzled-4, -7, and -8). Interestingly, in addition o the surface
antigens presented in Fig. 68 and C, the expression profiling of
EWS/ETS-expressing UET-13 culls displayed the modulation of
several genes associated with cell adhesion, cytoskeletal structure,
and membrane trafficking, such ns those for collagen-11 and -21.
ephrin receptor-A2, -B2, and -B3, ephrin-BL. daudin-1, integrin-
all, -aM, and -32, CD66 (carcinoembryonic antigen-related cell
adhesion molecule-1), and CDI02 (intercellutar cell adhesion
molecule-2), They also included genes of chemokines CCL-2 and
-3. These data raise the possibility that EWS/ETS can contribute
1o the membrane condition in human MPCs via the regulation of
these cell surface molkecules and chemokines.

Using these genes, we performed a PCA o visualize the shifl
i the gene expression pattern among the 642 probes. As
shown in Fig. 7C, the plots of UET-13 transfectants treated
with 1etracycline becume closer Lo those of EFT cells than o
those of UET-123 transfectants without tetracycline treatment.
These resulis indicated that the expression pattern of these
genes was altered from that of UIET-13 eells to that of EFT
cells in an EWS/ETS-dependent manner, Since the gene ex-
pression profile of UET-13 cells 1s similar to those of other cell
types of mesenchvmal origin (data not shown), our resulis
highlighted that the phenotypic alteration from mesenchyme
1o EFT-like cells in UET-13 cells induced by tetracydine treat-
ment was accompanied by a change in the global gene expres-
sion profile.

EWS/ETS expression enhances the Matrigel invasion of
UET-13 cells. To assess the role of EWS/ETS in malignant
transformation in human MPCs, UET-13 transfectanls were
examined by invasion assay. As shown in Fig. 8A, tetracycline
treatment did not affect the Matrigel invasion ability of UET-
I3TR cells, When examined similarly, however, tetracycline
treatment resulted in an apparently increased invasion (£ <
0.05) for both UFT-13TR-EWS/FLII (Fig. 8B) and UET-
I3TR-EWS/ERG (Fig. 8C) cells, The results indicated that
EWS/ETS expression can induce Matrigel invasion properties
in human MPCs.

MSCUSSION

In the present study, using ULT-13 cells as a model of
human MPCs, we demonstrated that ectopic expression of
FEWS/ETS promoted the acquisiion of an EFT-like pheno-
type, including cellular morphology, immunophenotype, and
gene expression profile. Morcover, EWS/ETS expression en-
hances the ability of UET-13 cells to imvade Matrigel. This
assay is thought 1o mimic the carly steps of tumor invasion in
vivo (34), and the ability o penetrate the Marrigel has been
positively correlated with invasion potential in several studies.
Therefore, we concluded that EWS/EETS expression could me-
diate a part of the feature of wmor transformation in human
MPCs. Thus, our culture system would provide a good model
for testing the effects of EWSAITS in human MPCs.

Several lines of evidence have indicated the transforming
ability of EWS/FLIL whereas that of EWSERG is not yet to
be clarified. Therefore, it is noteworthy that our data demon-
strated that EWS/ERG could promote an EFI-like phenotype
i UET-13 cells similarly (o EWS/FLIL Thus, EWS/ERG also
has the ability to induce an EFI-like phenotype m the human
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F1G. 8 Eflects of EWSETS expression on the Matrigel invasion
ability of UET-13 cells. UET-13TR (A), UET-13TR-EWSFLII (B).
and UET-13TR-EWS/ERG (C) aclls were cultured in the absence or
presence of tetmeycline (Tet) for 72 b and then plaied (2.5 % 10M) on
Matrigel-coated or uncooted filler inserts. After 20 h of culture, in-
vading cells were stained with hematonylin-eosin and counted in five
fielts per membrane as described in Materials and Methods, « P <
(05,

system. The major steps in the development of EFT should be
commonly regulated by distnct chimeric EWS/ETS proteins.
Indeed, several genes are common transeriptional targets of
different chimeric EWS/ETS proteins in the murine system
(11, 24, 35). Our data also showed that the 642 probes arc
coregulated in both EWS/FLII-expressing cells and EWS
ERG-expressing cells, Further comparative studics of both the
EWS/FLIT- and the EWS/ERG-mediated onset of EFT could
allow us 10 understand the common functions of EWS/FLII
and EWS/ERG in EFIL In addition, our systems are also
uselul for precisely distinguishing between the functions of
these chimeric molecules in the development of EFT.

As mentioned above, the immunophenotypic analysis also
revealed that the expression profiles of surface antigens in
UIET-13 cells were changed in favor of EFT cells in the pres-
ence of EWS/ETS (Fig. 4). Notably, the expression of CD54
(intercellular cell adhesion molecule-1 [ICAM1]), CD1HIT7
(e-kit), and CD271 (low-afiinity nerve growth factor receptor
[LNGFR]) increased in EWS/ETS-expressing UET-13 cells.
These markers are positive in EFT cell lines (17. 28, 33), and
in addition, CI117 is detected in about 4097 of patient samples
(17) and is negative in human primary MPCs (4, 43). Thus, it
is reasonable to consider that a phenotypic marker of EFFT was
induced in UET-13 eells by EWSETS expression. On the
other hand. CD34 and CD271 are positive in human primary
MPCs (8 25, 42), whercas these markers are negative in
UET-13 cells, However, a previous report showed the disap-
pearance of some positive markers, including CD271, from
primary human MPCs during the process of ex vivo expansion
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(25), and it has been speculated that the expression of these
molecules in MPCs is induced in vivo via interaction with the
bone marrow microenvironment and that the necessary stimuli
are absent from ex vivo culture conditions. Therefore, the
immunophenotype of ULET-13 cells rather might be related 1o
that of ex vivo-expanded primary human MPCs. In addition, it
may be possible that EWS/ZTS expression led to the reexpres-
sion of these disappeared markers in UET-13 cells without the
necessary stimuli. In this case, the maintenance of CD271
expression outside of the bone marrow microenvironment
might be a characteristic of EFT, Thus, our results proved that
both FWS/FLIT and EWS/ERG can be major causes of the
expression of these markers and that human MPCs that pre-
cisely recapitulate the expression are strong candidates for the
cell origins of EFT cells. The findings also imply that these
antigens are suitable targets for diagnostic tools and new ther-
apeutic agents. In fact, imatinib mesylate, which demonstrates
anticancer activity against malignant cells expressing BCR-
ABL as well as CDI117 and platelet-derived growth factor re-
ceptor, inhibits proliferation and increases sensitivity Lo vin-
eristine and doxorubicin in EFT cells (17).

Notably, our results also indicate that UET-13 cells, which
have the MPC phenotype, possess the potential Lo acquire an
EFT-like phenotype upon the expression of EWS/ETS. Unlike
what is seen for human primary fibroblasts (31), ectopic EWS/
ETS expression induces an EFF1-like morphological change in
human MPCs, suggesting that the cell type affects susceptibility
to the events following EWS/ETS expression. In murine MPCs.
retrovirally transduced EWS/FLLL has been reported 1o induce
the expression of CD99, a most useful marker for EFT, though
the results are controversial (6, 45). However, our direct evi-
dence obtained with UET-13 cells clearly demonstrated that
CD9 expression is induced by EWS/ETS proteins in human
MPCs. Moreover, we showed that the expression of CD9%
might correlate with  EWS/ETS-mediated  morphological
change, whereas the functional role of CD99 and the correla-
tion between CD99 expression status and EWS/ETS-mediated
morphological change in the development of EFT remain un-
clarified.

Consistent with the morphological and immunophenotypic
changes, the expression pattern of a set of genes in EWS/ETS-
expressing UET-13 cells shifted 1o that in EFT cells (Fig. 7C).
Although EWS/ETS expression enhanced the ability of
UET-13 cells to invade Matrigel, it did not promote migratory
ability and surface-independent growth, as assessed by migra-
tion assay and soft agar colony formation assay (data not
shown). We also failed to develop EFT-like tumors by injecting
EWS/ETS-inducing UET-13 cells into irradiated nude mice
treated with tetracyeline (data not shown). These results imply
that EWS/ETS expression is not sufficient to induce the full
transformation in UET-13 cells, and other genetic abnormal-
ities not regulated by EWS/ETS could still be required for the
full transformation of human MPCs into EFT cells. An iden-
tification of these genes will greatly improve our understanding
of the additional genctic lesions that occur after EWS/ETS
expression. The genes expressed in EFT cell fines but not in
EWS/ETS-expressing UET-13 cells would be candidates for
such genes,

In summary, we reported the development of an inducible
EWS/ETS expression system in UET-13 cells as a model for
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the development of EFT in MPCs. In our system, the chimeric
genes alone are sullicient to confer EFT-like phenotypes, EFT-
specific gene expression pattern, and partial but not full fea-
tures of malignant transformation. Further analysis using our
system should clucidate the pathogenic mechanism by which
EFTs develop from MPCs, especially the initiating events me-
diated by EWS/ETS expression, Our system should also aid in
the identification of novel targets of the EWS/ETS-mediated
pathway as potential anticancer targets,
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Abstract We report a l-year-old girl with Evans syn-
drome coexisting with histologically confirmed Langerhans
cell histiocytosis (LCH) affecting the cervical lymph
nodes, liver, and spleen. Anti-cardiolipin antibody, anti-SS-
A antibody, and anti-SS-B antibody as well as a direct
antiglobulin test and platelet-associated IgG were all
positive at the onset, and these autoantibodies became
negative with the resolution of LCH by chemotherapy.
Serum T-helper-2 (Th2) cytokine levels such as those of
interleukin (IL)-6 and IL-10 were high whereas those of
Thl cytokines such as IL-2 and interferon-gamma were
low at the onset, and this cytokine imbalance was nor-
malized during the resolution of LCH. These results
suggest that cytokine imbalance due to LCH led to multiple
autoimmune phenomena in the present patient.
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1 Introduction

Langerhans cell histiocytosis (LCH) is a rare neoplastic
disease with a wide clinical spectrum, ranging from a
spontaneously regressing solitary lesion of bone to a mul-
tisystem, life-threatening disorder [1, 2]. The association of
LCH with autoimmune disease is extremely rare, and its
coexistence with Evans syndrome has not been reported to
date.

Herein, we report a patient with LCH coexisting with
autoimmune phenomena including Evans syndrome, and
discuss a possible pathogenesis of these rare phenomena.

2 Case report

A l-year-old female patient was referred to our hospital
because of prolonged fever, enlarged cervical lymph nodes,
and hepatosplenomegaly. On admission, the bilateral cer-
vical lymph nodes were palpable over a region 10 cm in
diameter, and the liver and spleen were palpable 11 and
5 ¢cm below the costal margin, respectively. The white
blood cell count was 15.4 x 10°/L with 28% bands, 68%
segments, 3% lymphocytes, and 1% monocytes. Hemo-
globin, the reticulocyte count, and platelet count were
44 g/dL, 145 x 10°/L, and 48 x 10%L, respectively.
Serum LDH was high (473 IU/L), haptoglobin was low
(2.4 mg/L), and total bilirubin was normal (0.8 mg/dL).
Coagulation studies revealed an international normalized
ratio of 1.57 and activated partial thromboplastin time of
49.5 5. Serum IgG was high (1,610 mg/dL). Bone marrow
aspiration revealed a normal nuclear cell count
(260 x 10%mL), increassed megakaryocyte  count
(9 x 10%mL) and no proliferation of LCH cells. A direct
antiglobulin test (IgG and C3) (DAT) was positive and
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platelet-associated 1gG (PA-IgG) was high (175.2 ng/107
cells, normal value <25). Thus, she was diagnosed with
Evans syndrome. In addition, anti-cardiolipin Ab, anti-SS-
A Ab, and anti-SS-B Ab were all positive at the disease
onset (Table 1), Analysis of lymphocyte subsets revealed
marked B cell proliferation (60% of total lymphocytes). As
autoimmune lymphoproliferative syndrome (ALPS) was
suspected [3], we investigated Fas-mediated apoptosis and
TCRufi+CD4-CD8- T cells (double-negative T cells:
DNT). However, Fas-mediated apoptosis was normal and
DNT cells did not increase in number (data not shown). As
shown in Fig. 1, biopsy of the cervical lymph nodes
revealed that S100 protein was positive, Langerin-positive,
and CDla-positive atypical cells were abundant in the
specimen, and so the diagnosis of LCH was confirmed.
Involved organs were the cervical lymph nodes, liver, and
spleen, without any characteristic bone lesion. Several
serum cytokines were longitudinally investigated via
enzyme immunoassay (Table 1). T-helper-2 (Th2) cyto-
kine levels such as those of interleukin (IL)-6 and IL-10
were high whereas those of Thl cytokines such as IL-2 and
interferon gamma (IFN-y) were low at the onset.

The patient was treated with induction chemotherapy
according to the JLSG-02 protocol, which is almost iden-
tical to the JLSG-96 protocol with only minor modification
[4], consisting of prednisolone, cytosine arabinoside, and
vincristine. Complete remission (CR) was achieved with
the resolution of anemia and thrombocytopenia, and all
autoantibodies became negative within a few weeks after
the beginning of chemotherapy. The normalization of high
levels of Th2 cytokines was observed with the resolution of

the disease (Table 1). The patient completed maintenance
chemotherapy about 1 year ago and remains in CR without
treatment.

3 Discussion

LCH with autoimmune disease is rare, but coexisting
organ-specific autoimmune disorders such as myasthenia
gravis [5] and membranous nephropathy [6] with LCH
have been reported in the past. Systemic autoimmune
disorder has been reported in only one patient, who had
LCH with systemic lupus erythematosus [7). Hematologic
autoimmune disorder has been reported in only one LCH
patient with ATHA [8]. Recently, it has been suggested that
central diabetes insipidus in LCH, a major complication of
this disorder, is caused by vasopressin-cell autoantibody
[9]. Thus autoimmunity in LCH may be more common
than has been expected. Although Evans syndrome with
other autoimmune disorders has been reported in the past
[10], coexistence with LCH in this syndrome has not been
reported to date, As multiple autoantibodies including DAT
and PA-1gG were positive, Evans syndrome was strongly
suspected in our LCH patient.

It is well-known that hypercytokinemia plays a central
role in the pathogenesis of LCH [11]. In our patient, serum
Th2 cytokine levels such as those of IL-6 and IL-10 were
high whereas those of Thl cytokines such as IL-2 and IFN-
y were low at diagnosis, and this cytokine imbalance was
normalized with the resolution of LCH. Multiple autoan-
tibodies were initially positive at diagnosis and disappeared

Table 1 Serum autoantibodies, cytokines, and lymphocyte subsets of the patent

On admission 6th week 14th week 53rd week 69th week
(at the end of induction)  (during mai e)  (at the end of maintenance)  (recent)

DAT Positive Negative Negative Negative Negative
PA-IgG (<25) 175.2 18.7 14,1
ACLAb (<10) 15 <8 <8 <8 12
S5-A Ab (<10.0) 388 7.1 <50 <50 <50
SSB Ab (15.0) 153 -] <50 <50 <50
IFN-y (<0.1) 02 <0.1
IL-2 (<0.8) <08 <08
IL-6 (4.0) 180 1.5 05 03 21
IL-10 (<5.0) 86 <2 <2 <2 <2
CD3 (+) cells (%) 347 64.1 60.4
CD4 (+) cells (%) 24 30.8 325
CD8 (+) cells (%) 85 30.7 233
CDI19 (+) cells (%) 60.7 257 335

Numbers of parentheses in the left column represent normal values

DAT direct antiglobulin test, PA-/gG platelet-associated 1gG, ACLAb anti-phospholipid antibody, S5-A4 Ab anti-SS-A antibody, S5-8 Ab

anti-SS-B antibody, /FN-y interferon gamma, /L interleukin
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Evans syndrome with LCH

Fig. 1 Biopsy specimen of a cervical lymph node. Atypical, large 1

cells are abundant (a, hematoxylin-eosin). Immunchistochemical

stains revealed that these cells were positive for 5-100 (b), Langenn (c), and CD la (d)

soon after treatment. These results suggest that the cytokine
imbalance had led to the production of multiple autoanti-
bodies in our patient [12].

In summary, cytokine imbalance may have played an
important role in the pathogenesis of autoimmunity in our
LCH patient. Further investigation is warranted to resolve
the pathogenesis of this rare, or may be more common than
has been expected, complication in LCH.
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Abstract
B-cell precursor acute lymphoblastic leukemia (BCP-ALL/

B-precursor ALL) is characterized by a high rate of tissue
infiltration. The mechanism of BCP-ALL cell extravasation
is not fully understood. In the present study, we have
investigated the major carrier of carbohydrate selectin
ligands in the BCP-ALL cell line NALL-1 and its possible
role in the extravascular infiltration of the leukemic cells.
B-precursor ALL cell lines and clinical samples from patients

Tochigi. Japan

microenvironmental niches and escape the effects of anticancer
drugs (3, 4). A small population of leukemia cells is known for
their ability to transplant disease to a recipient and is experimen-
tally called leukemic stem cells (3). They also hume. engraft, and
are maintained in their supportive mi al nich
(3, 5-7). Therefore, inhibition of leukemia cell infiltration and
engraftment may improve the treatment outcome of patients with
leukemia.

B-cell precursor acute lymphoblastic lenkemia (BCP-ALL/

with BCP-ALL essentially exhibited positive flow cy ric
reactivity with E-selectin, and the reactivity was signifi-
cantly diminished by O-sialoglycoprotein endopeptidase
treatment in NALL-1 cells. B-precursor ALL cell lines
adhered well to E-selectin but only very weakly to P-selectin
with low-shear-force cell adhesion assay. Although BCP-
ALL cell lines did not express the well-known core protein
P-selectin glycoprotein ligand-1 (PSGL-1), a major propor-
tion of the carbohydrate selectin ligand was carried by a
sinlomucin, CD43, in NALL-1 cells, Most clinical sam
from patients with BCP-ALL exhibited a PSGL-1
CD43"#" phenotype. NALL-1 cells rolled well on E-tﬂmlin.
but knockdown of CD43 on NALL-1 cells resulted in reduced
activity on E-selectin. In addition, the CD43 knock-
down NALL-1 cells showed decreased tissue engraftment
compared with the control cells when introduced into y-
irradiated immunodeficient mice. These results strongly
suggest that CD43 but not PSGL-1 plays an important
role in the extravascular infiltration of NALL-1 cells and
that the degree of tissue engraftment of B-precursor ALL
cells may be controlled by manipulating CD43 expression.
[Cancer Res 2008:68(3):790-9]

Introduction

Infiltrating ability is one of the most important characteristics
of leukemia cells (1, 2). After infiltration and engraftment, a
proportion of leukemia cells is thought to be maintained in

R B . Mt Nak c.nhvll “'Ttnm.
I'I.umrehCmﬂlrhrMnhﬂl" i i Insti of Ad d Inde

B ALL) is the most common childhood malignancy
xnd the second most common acute leukemia in adults (2).
Eighty percent and 76% of ALLs are of B-lineage in childhood and
adulthood, respectively, 95% of B-lineage acute leuk are BCP-
ALLs in adulthood, and B-precursor ALL consists of pro-B ALL,
common ALL, and pre-B ALL (2), Although the remission rate is
relatively high in patients with BCP-ALL, the disease often relapses
in the central nervous system (CNS) and peripheral organs (2).
This is in part attributable to the ability of BCP-ALL cells to
i.nﬁltmte and engraft into the liver, spleen, and CNS. Hepatomegaly,

ly, and lymphadenopathy are found in about 69% to
s&% of paﬁents at ﬂm first medical examination and hepatos-
plenomegaly per se is one of the risk factors (1, 8). Infiltration
to the CNS is found in <10% of patient at the first examination
but such patients are also in a high-risk group (1). In this context,
manipulating the tissue infiltration of BCP-ALL cells could be
important.

Leukocytes emigrate from blood into peripheral tissues through
the sequential interactions of selectins with their ligands, chemo-
kines with their receptors, and integrins with their ligands (9-11).
Precursor-B cells and BCP-ALL cell lines are known to express
selectin ligands, chemokine receptors, and integrins, and these
adhesion molecules may play important roles in cell migration,
Carbohydrate selectin ligands are expressed in BCP leukemia cells
and the down-regulation of their expression influences tissue
infiltration (12). CXCR4, a receptor for stromal cell-derived factor-1,
is involved in the localization of BCP-ALL cells and precursor-B
cells within the bone marrow (BM) stromal layer (13, 14). By/Pa2
integrins are expressed in BCP-ALL cells (15) and involved in the
intercellular association between BCP-ALL cells and BM stromas
(16), Thus, it is important to reveal which adhesion molecules are

Science and Technology, Central-2, 1-1-1 Umezono, Trukuba 305-8568, Japan. Phone:
81-29-861-2745% Fax: 81-29-861-2744; E-mail: owl nakamuraguist go jp.

©2008 American Association for Cancer Research.
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P d and how their expression is regulated to understand the
hani of leukemia cell homing and engraftment.

We reported previously that BCP-ALL cell lines express a sialyl-

Lewis-X (sLe®)-related carbohydrate structure, the amount of

Cancer Res 2008; 68: (3). February 1, 2008
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which is regulated by core 2 31,6-N-acetylglucosaminyltransferase-1
(C2GnT1) during differentiation (17-19). Another important
glycosyltransferase, al,3-fucosyltransferase-Vll, was involved in
sLe™ biosynthesis in BCP-ALL cells but did not exhibit significant
change during pre-B-cell differentiation (17, 18). Knockdown of
C2GnT1 in a B-precursor ALL cell line resulted in a reduction in
leukemic cell tissue migration using mouse model (12). Moreover,
the sLe™-related structure was mainly located on an 0-glycosylated
protein (17, 18). On treatment of BCP-ALL cells with an O-
sialoglycoprotein-specific endopeptidase, leukemic cell migration
reduced in vivo (12).

a final concentration of 5 pg/mL overnight at 4°C and washed thrice with
PBS. Cells were labeled with 2,7 bis-(2-carboxyethyl)-5-(and-6)-carboxy
fuorescein, acetoxymethyl ester (BCECF-AM; Molecular Probes), washed
with PBS thrice, added to wells coated with selectin/lg and incubated for
30 min at 37°C on a shaking incubator at 60 rpm to maintain shear stress
conditions. Nonadherent cells were washed off thrice with TBS-CaCly or
TBS-EDTA. The adherent cells were lysed in 0.5% NP40, and (luorescence
intensity was measured with an Arvoe §X 1420 multilabel counter (Wallac).
The number of cells was calculated from the fluorescence Intensity based
on a standard curve prepared simultancously using BCECF-AM-labeled
NALL-1 cells.
I.nllil:ltinn of O-glycan hlnmﬂledl and enzymatic breakdown of
i For the ke of cell surface sialomucins,

For the selectin counter-receptor in leukocytes, P-selecti
glycoprotein ligand-1 (PSGL-1) has been identified as the major
ligand of P-selectin and E-selectin (20-22). As for BCP-ALL cells,
the major carrier of selectin ligands is expected to be a sialomucin
(12, 17, 18) but has yet to be identified. In the present study, we
show that CD43 functions as an E-selectin counter-receptor in a
BCP-ALL cell line. BCP-ALL cells exhibited a PSGL-17*%17/
CD43"# phenotype. Although BCP leukemia NALL-1 cells rolled
well on E-selectin, knockdown of CD43 resulted in the inhlbmnn of
this rolling. In addition, CD43 knockd led to d 1 tissue
engraftment in a mouse model. These results suggest that CD43
but not PSGL-1 is a selectin counter-receptor in BCP leukemia
NALL-1 cells and plays an important role in their peripheral tissue
infiltration and that manipulation of CD43 expression may control
the tissue infiltration and engraftment of leukemic cells.

Materials and Methods

Cells and cell culture. The human BCP-ALL cell lines NALL-1, Nalm-6,
Nalm-16, Nalm-20, KOPN-8, KOPN-K, BV-173, and u\zm ihe humnn
Burkitt's lymphoma cell line Raji, and the | prom
cell line HL60 were maintained in RPMI 1640 (Sigma- Mdridl‘] 293FT cells
[Iuwlrugeu) wm'e cultured in DMEM. Chinese hamster ovary (CHO) cells

E-gelectin (CHO-E cells) were maintained in a-MEM.
Cel]lwmctdmmdn.w‘cmﬁﬁw,mdﬂmcuhmmedmmwu
supplemented with 10% fetal bovine serum (FBS), 100 units/mL penicillin,
and 100 pg/mL streptomycin. BM cells from patients with BCP-ALL WEtE

td

onﬂnmculﬂnndh&dayiudthdaﬂrnddlumunf&uhﬂshla

dopeptidase (OSGPEPase: Cederlane). The sensitivity of the
n'uqor selectin ligand carrier protein to OSGPEPase was also examined by
treating cell lysates with the endopeptidase for 3 h at 37°C.

Western and selectin blot analyses. Western blotting was performed as
described (18) using mAbs for sLe® (CSLEX1; HB85800; American Type
Culture Caollection), CD43 [DF-T1 (Sigma-Aldrich) and MEMS59 (Monosan)],
PSGL-1 (KPL-1), or B-actin (AC-15; Abcam ple). Cell lysates were subjected
to a 5,0% or 75% SDS-PAGE under reducing or nonreducing conditions and

ferred to polyvinylidene difluoride memt (Bio-Rad Labomtories).
After blocking, the | were incubated with the primary antibody
overnight at 4°C. The blots were incubated with a secondary goat anti-
mouse IgM or IgG antibody conjugated with horsemdish peroxidase (HRP)
for 2 h at room temperature. Signals were visualized with a chemilumines-
cent substrate (GE Healthcare Bioscience). Selectin blotting was performed
essentially as above using E-selectin/lg biotin-conjugated anti-h Iz
and HRP-conjugated streptavidin.

lmmwopnclpluﬂm Total cell lysate was precleared using protein
L-S (Pierce Bi logy) or protein G-Sepharose (Sigma-Aldrich)
al4'Cw'1lhlhol' For each i itati jon, 400 pL
afdam-adlynlewmeh:cnb-tedwhhﬁﬂﬂofCSl.ﬂ(l or MEMS59 at 4°C
overnight, and then 50 pL of p L-Seph or | in G-Sepl
were ndded and incubated for an additional 1 h. lmunaoomp!m’ were
precipitated by centrifugation, washed thrice with rad
tion assay (RIPA) I:mﬂ'nr [25 manI. Tris-HCl (pH 8.0), 150 mmnlﬂ. Nn{j,
1% NP4, (Complete Minl EDTA-free, Roche
Dlagrloll.lcl)]. and l'ina]ly ded in the sample buffer and boiled for
Smln.The 1 proteins were 1 by Western blotting.

obtained after informad comnl md uned g lo
approved by our | i
Howcylmctrynndcdlwrthp}'lowcytowh‘yaudcﬂl] sorting were
carried out using FACSAria (BD Bi es). E-selectin/P-selectin binding
was d d using r b E-sel and P-selectin-h immu-

noglobulin chimeras (E-selectin/lg and P-selectin/lg R&D Systems) in the
prnmm of 1 mmol/L CaCly or 10 mmol/L F.DT& Rphymarythrln [R -PE)-
1 anti-} Ig (Jnck 1 was

Biotinylation of cell surface proteins and selectin pull-down. Surface
proteins were labeled with biotin using a Sulfo-NHS-LC-Biotin kit according
to the manufacturer’s instructions (Pierce Biotechnology). Cells were washed
thrice with PBS containing 100 mmol/L glycine and lysed with RIPA buffer
containing 1 mmol/L CaCl,. The lysate was cleared by centrifugation and the
supernatant was p ted with protein G-Sepl After centrifugation,
the suj was incubated ight at 4°C with recombinant human
E-selectin/Ig and then for another 2 h at 4°C with protein G-Sepharose.

usedmthe dary antibody. The expressi u!‘cal]mrfaw
was detected with m‘Cmnjugnlad anti-human CD43 (1G10; BD Bio-

! ), R-PE jugated anti-human CD43 (DF-T1; Serotec), or R-PE-
conjugated anti-human PSGL-1 antibody (KPL-1; BD Biosciences). The

After centrifug the pellcta were directly analyzed by SDS-PAGE
or resuspended in i precipitation buffer ¢ ining 10 mmol/L
EDTA, and the eluted § were ipitated with anti-CDa3

and protein G-Sepharose followed by SDS-PAGE. Biotinylated proteins were

expression of other cell surface molecules was ined using clonal
antibodies (mAb) for integrin (2, (CD28; DF5; Chemicon International),
VLAda (CD49d; SG/73; Seikagaku), integrin (3, (CD18; 6.7; BD Biosciences),
LFAla (CDlla: B-B15; T Cell Diagnostics), ICAM-1 (CD54; VF27; T Cell
Diagnostics), L-selectin (CD62L: MHLI; Seikagaku), and CD44 (A3DS;
Slgma Aldrich), The detection was carried oul using an indirect immuno-
ence method with d Ty anti-mouse 1g mtibody conjugated
with R-PE. The exy ion of ch tors was detected with R-PE-
conjugated mAbs for CCR7 and CXCR5 ({or spleen; RE&D Systems), CCR6
and CXCR3 (for liver; R&D Systems), and CXCR4 (12G5 for BM:; BD
Biosciences).
Low-shear-force cell adhesion assay. This assay was carried out
essentinlly us described (23), except for the cell-labeling procedure. Briefly,
multiplate wells were coated with E-selectin/P-selectin/lg or control 1gG at

lized using streptavidin-HRP and chemiluminescence substrate
(GE Healthcare Bioscience).

Gene silencing by lentiviral RNA interference. Short hairpin/short
interfering RNA [nhRN.ﬂ!ulRNa. refs. 12, 24) was introduced into NALL-1
cells to down-reg CD43 exy hyr.helhI{NAlent.I\'inmtyltnm
Oligonucleotides were chemically synthesi d, ter lly phos-
phorylated, and inserted into the vector pLL3.7. The oligonucleotides
containing siRNA target sequences were 5- cacticaatancgetice-
igteacgitatignagaggtacaterttttte-3” (forward #1), .

caccacticantaacgtgacaggaagegtiatigaagiggtgtacatea-8’ (reverse #1),

MELMMWMH’f (forward #2),
and 5-tegag Mm“ﬁw1 (re-
verse #2) and those containing a scramk control e of #1 were
5 lgmmmmhcggdlmmwmw -3 (forward) and

www.aacrjournals.org
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5" tegagsaaaaagenatatiacatatacgee e et gaaggogtatal glaatatigea-3' (reverse
nucleotide sequences comesponding to the siRNA are underlined. The
resulting plasmids or the parental pLL3.7, along with lentiviral packaging
mix (VimPower, Invitrogen). were transfected into 293FT cells (Invitrogen)
top rec lentivi mdthaNALl.lclﬂsmbtkeuthh
the virus. Enhanced green fl tein-positive cells were purified
by FACSAria as shRNA-transf ’cd],_" (NALL-16iCD43# 1,
NALL-15iCTM352, NALL-1scrambled, and NALL-1pLL3.7, respectively).

Gene expression analysis. (043 and fi-actin transcripts were detected
by the real-time PCR method The primer set and probe for CD43 were as
follows: forward, 5-cacticaalaacangignccctangg-3: reverse, 5-tgglaggtight-
gecteaggta-5; probe, 5-FAM-ceagacctengeectacctocctona-TAMRA-S. Those
for matrix metalloproteinase 2 {MMPZ), MMP9, and f-actin were purchased
from Applied Biosystems. PCR products were continuously measured with a
Prism 7000 (Applied Biosysterns).

Rolling assay. The rolling assay was performed using a fow chamber
(GlycoTech) and CHO-E cells as described (25, 26) with a slight
modification. The cells were grown on fibronectin-coaled dishes and
served as o rolling substrate. The flow chamber for rolling assays was
mounted on the stage of an inverted microscope (model IX71, Olympus
Products). Test cells were introduced into the flow chamber of a
concentration of 5 x 10%/mL in RPMI 1640 supplemented with 10% FBS
and 1 mmol/L CaCly. Shear stress in the fow chamber was controlled using

mep[wawjmumwdmmuummm

ity was 1 by king an individual cell frame by frame
(Digimo).
wnrmmwnmmnﬂmmtm:
or NALL-1scrambled, were Jabeled with tetra
nmmﬁmkmm}nﬂmﬂﬂulwcﬂlmu
labeled with carbaxyfl iyl ester (CFSE:
Mnlamlu?mhu.nr.a?)nnr.hcannmmmd (1:1) and iv. injected
(1 = 10 ) into sublethally +y-irradiated (3.3 Gy) bese diabetic/
severs bined deficient (NOD/SCID) mice (28] Mice were killed
6 and 24 h after injection, and the spleen, liver, and peripheral blood were
sampled. The tissues were minced and filtrated to obtain single-cell
suspensions. A BM cell suspension was also prepared from a pair of femurs
and tibine. TRITC-labeled test cells were counted as the engrafted cells in
the peripheral organs. The number of test cells injected was normalized
using CFSE-labeled control cells at each point of assay. All animal
experiments were carried out with approval from our Institutional Review
Boards.

Assay for gelatinnse activity. Gelatin zymography was used to detect
gelati activity as described elsewhere (29).

Statistical analysis. The significance of differences between the control
and experimental groups was determined with Student’s ¢ test.

PR T Tgh ot

Results

Human BCP-ALL cell lines express selectin ligands, NALL-1
was first reported as a “null” cell line (30) but proved to have
B-precursor cell markers (31). The cells are thought to inherit the
typical characteristics of ALL, the major population of
BCP-ALLs [terminal deoxynucleotidyl transferase positive (TdT")/
CD19*/CD10"/slg ; ref. 2], So we chose NALL-1 in this study as
a model of BCP-ALL. We first carried out flow cytometry using
E-selectin/Ig and P-selectin/Ig to test whether the cells express
selectin ligands. As shown in Fig. 14 (fop), NALL-1 cells were
positively stained with E-selectin/P-selectin in the presence of
CaCly, Other TdT'/CD19'/CDI0"/slg” BCP-ALL cell lines, Nalm-6,
Nalm-16, Nalm-20, KOPN-8, KOPN-K, BV-173, and LAZ22], were
also essentially positive for E-selectin and/or P-selectin (Table 1A,
left two columns). These results suggest that BCP-ALL cells express
selectin ligands.

Clinical BCP-ALL samples express selectin ligand, To
investigate whether BCP-ALL cell lines inherit the immunopheno-

type of primary B-precursor ALL cells, we performed a flow
cytometric analysis of BM-derived leukemia cells from 13 patients
with BCP-ALL. The cells were stained with E-selectin/P-selectin
(Table 1B, left two columns). This suggests that BCP-ALL cell lines
inherit the immunophenotype of primary B-precursor ALL cells as
far as the expression of selectin ligands is concerned.

BCP-ALL cell lines functionally adhere to E-selectin but only
very weakly to P-selectin. Although NALL-1 cells bound to both
E-selectin/P-selectin in the flow cytometric analysis, it is not clear
whether the binding is actually functional. To evaluate the function
of selectin ligands on NALL-1 cells, we carried out a low-shear-
force cell adhesion assay. The data clearly showed that NALL-1
cells functionally adhere to E-selectin but adhere very poorly to P-
selectin (Fig 1B white columns). HL60 cells adhered to both
selectins (gray columns). The other BCP-ALL cell lines, Nalm-6,
Nalm-16, Nalm-20, KOPN-8, KOPN-K. BV-173, and LAZ221, were
also tested for functional reactivity with E-selectin/P-selectin.
These cells also showed a preference for E-selectin (Fig. 1C). The
results suggest that the data from flow cytometric analyses should
be carefully interpreted and that E-selectin rather than P-selectin is
the functional partner of BCP-ALL cell lines.

Identification of the major selectin ligand carrier protein as
a sinlomucin. Our previous findings suggest that carbohydrate
selectin ligands on BCP-ALL cell lines are mainly carried by an
O-glycosylated protein and that the contribution of N-glycans or
glycosphingolipids may not be significant (12, 17-19). To test
whether the selectin ligand on NALL-1 cells was sensitive to
sialomucin-specific endopeptidase, flow cytometry was first
carried out using NALL-1 cells treated with OSGPEPuse for
3 days. As exhibited in Fig. 14 (botfom left), the reactivity with
E-selectin decreased significantly. This suggests that the E-selectin
ligand on NALL-1 cells is carried by sialomucin(s). On the other
hand, the effect of OSGPEPase on P-selectin reactivity was
minimal (bottom right). This suggests that the P-selectin ligand on
NALL-1 cells is carried by some OSGPEPase-resistant glycoconju-
gate(s) or the reactivity with P-selectin detected by flow
cytometry is not functional in NALL-1 cells. In the subsequent
analyses of this study, we focused on the identification and
function(s) of the OSGPEPase-sensitive E-selectin ligand on BCP-
ALL cells.

Subsequently, we performed an immunoblot analysis of NALL-1
cell lysate to detect the E-selectin counter-receptor(s). As shown in
Fig. 1D (lane 1), we observed one major sLe™-carrying protein. This
major sLe® carrier had an apparent molecular mass of ~ 135 kDa
on 7.5% SDS-PAGE (lane 5) and was designated gp135. To identify
gpl35 as a sialomucin, cell lysates were treated with OSGPEPase
and analyzed using immunoblotting with anti-sLe™ mAb. As shown
in lane 2, gp135 was OSGPEPase sensitive; the signal became faint
after the treatment. As a positive control for the enzyme treatment,
the blot was reprobed with an anti-CD43 mAb, DF-T1. CD43 was
sensitive to OSGPEPase (lane 4). To our surprise, CD43 was
identical or very similar in size to gp135 (lanes ! and 3). To test
whether gp135 was an E-selectin ligand carrier, we performed
blotting of NALL-1 cell lysate. With the blotting, a main band
(~ 135 kDa) was detected along with a minor signal (~ 180 kDa;
lane 7). The intensity of the major gpl135 signal was reduced on
pretreatment with OSGPEPase, whereas the minor signal did not
decrease (lane 8). With OSGPEPase treatment, the signal detected
with the anti-sLe® and anti-CD43 mAbs disappeared completely
(lanes 6 and 10), The size of gp135 was very close to that of CD43
(lanes &, 7, and 9), These results suggest that gp135 is the major
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carrier of E-selectin carbohydrte ligands in NALL-1 cells and that
it may be CD43.

BCP-ALL cell lines express not PSGL-1 but CD43. PSGL-1 is
known as a major ligand of P-selectin/E-selectin on neutrophils
and subsets of T cells. Its molecular mass is similar to that of CD43
under reducing conditions (32), whereas it is —250 kDa under
nonreducing conditions. This is because PSGL-1 forms a disulfide-
bonded homodimer. To discriminate CD43 from PSGL-1, we
conducted SDS-PAGE under nonreducing conditions using the
respective mAbs. PSGL-1 was clearly detected as a ~250-kDa band
in HL60 cells but was not detectable in NALL-1 cells, which did not
express detectable level of PSGL-1 (Fig. 24, top). These cells were
also analyzed with flow cytometry. As shown in Fig. 2B, PSGL-1 was
not detected in NALL-1 (fop left), whereas NALL-1 expressed CD43

p of the signals.

(top right) and control HL60 expressed both PSGL-1 and CD43
(bottom), Next, we examined whether PSGL-1 and CD43 were
present in the other BCP-ALL cell lines using flow cytometry.
Nalm-6, Nalm-16, Nalm-20, KOPN-8, KOPN-K, BV-173, and LAZ221
were negative for PSGL-1 but strongly positive for CD43 (Table 1A,
third and fourth columns). These results suggest that the major
E-selectin ligand carrier is not PSGL-1 in BCP-ALL cell lines.
Clinical BCP-ALL samples are essentially PSGL-1"*#'*/
CD43"®", To investigate whether primary B-precursor ALL cells
and BCP-ALL cell lines shared the same characteristic expression
of PSGL-1 and CD43, we performed a flow cytometric analysis of
BM-derived leukemia cells from the 20 patients with BCP-ALL, For
the expression of sialomucins, positivity for CD43 was >85% in 14 of
20 patients and >45% in 20 of 20 patients but PSGL-1 was negative

www.aacrjournals,org
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to very weakly positive in 18 of 19 patients (Table 1B, third and
fourth columns); most patients were PSGL-1"®""/CD43"#" The
cells were PSGL-1"'#/CD43"#" (Table 1B) in patient 3. They may
have exceptional characteristics whose pathologic meaning is
currently unclear, However, these results suggest that the majority
of clinical BCP-ALL cells are PSGL-1"#""/CD43"#", and BCP-ALL
cell lines, including NALL-1, essentially inherit characteristics of
primary B-precursor ALL cells.

The major selectin ligand carrier protein gpl35 is suggested
to be CD43. To test whether gp135 is CD43 or not, we carried out
coimmunoprecipitation and selectin pull-down assays. Figure 2C
illustrates the results of the coimmunoprecipitation analysis, When
the immunoprecipitation was performed with the anti-sLe® mAb
CSLEX]1, a band with a molecular mass of — 135 kDa was detected
along with additional signals for larger proteins (lazne 1). The same
immunoprecipitated sample clearly contained CD43 with a similar
molecular size to gpl35 (lane 2). In contrast, the immunoprecip-
itate obtained with anti-CD43 mAb was reactive not only with anti-

CD43 but also with CSLEXI at the same electrophoretic mobility
(lanes 3 and 4). Figure 2D shows the result of an E-selectin pull-
down analysis. The ~ 135-kDa signal was clearly detected by pull-
down with E-selectin (lane 2). In contrast, control IgG could not
pull-down any significant signal at ~ 135 kDa (lane 4), Although an
additional ~220-kDa band was visualized (lane 2; open arrow-
head), the signal was also detected with control 1gG (lane 4) and
thought to be nonspecific. To examine the presence of CD43 in the
pull-down fractions, the proteins were released using EDTA from
the selectin beads and again immunoprecipitated with anti-CD43
mAb. We could detect the ~ 135-kDa protein using anti-CD43 mAb
(lane 3). These results suggest that the major selectin ligand carrier
£pl35 on NALL-1 cells is CD43.

Effect of CD43 knockdown on cell adhesion activity. The
function of CD43 in cell adhesion was investigated in knockdown
experiments. The knockdown efficiency of CD43-shRNA was 60% in
NALL-1siCD43#1 and 49% in NALL-1siCD43#2 cells (Fig, 34). CD43
expression was examined using flow cytometry and immunoblot
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analyses (Fig. 38 and C), The mean fluorescence intensity (MFI) of
CD43 in NALL-1siCD43#1 and NALL-1siCD43#2 was 7.6% and
65.2% of the control, respectively (Fig. 3B). As shown in Fig. 3C, the
intensity of CD43 was markedly reduced in NALL-1siCD4321 cells
using the DF-T1 mAb (lane 3). CD43 expression in the NALL-
15iCD43#2 subline was substantially diminished (lane 4). The
reactivity with E-selectin/lg was also evaluated using flow
cytometry. Whereas MFI in NALL-1siCD43#2 cells was comparable
with that in the parental cells, MFI in the NALL-1siCD43#] subline
decreased to 75% of the control {data not shown).

The effect of knocking down CD43 was evaluated using
functional low-shear-force cell adhesion assays (Fig. 44). For
adherence to E-selectin, the knockdown resulted in a 24% decrease
in NALL-1siCD43#1 cells (light gray columnns) and 7% decrease in
NALL-1siCD43#2 cells (striped columns) compared with control
NALL-1scrambled cells (white columns). Next, we conducted a
rolling assay and the rolling activity of NALL-1 cells was evaluated
on CHO-E cells. Under a constant shear stress of 5 dyne/cm?, we
detected significant NALL-1 cell rolling on CHO-E cells in the
buffer containing CaCly (Fig. 48 and C). Rolling events in NALL-
1siCD43#1 and NALL-1siCD43#2 cells were significantly reduced
(69% for #1 versus control, P < 0.001; 35% for #2 versus control,
P < 0.001; Fig. 48). For rolling velocity, knockdown of CD43 resulted
in a significant increase compared with the control (168% for #1
versus control, P < 0.001; 135% for #2 versus control, P < 0.005;
Fig. 4C). These results suggest that CD43 on NALL-1 cells functions
as an E-selectin ligand.

Down-regulation of CD43 inhibits tissue engraftment.
Finally, we examined the effect of knocking down CD43 on
tissue migration using a mouse model. We chose NALL-
15iCD43#1 cells for the cell migration assay in vivo using NOD/
SCID mice. In the assay, parental NALL-1 cells essentially
behaved like the NALL-1scrambled cells (Fig. 4D, white columns).

We observed that more cells migrated to BM than those to
spleen and liver at 6 h. Few cells were detected in peripheral
blood. Migrated cells were also found at 24 h and their number
was similar to that at 6 h. This observation suggested that the
leukemic cells engraft to the peripheral lymphoid organs, not a
simple transient migration. As shown in Fig. 4D, the migration/
engraftment of the knockdown cells (black columns) decreased

Figure 2. Expression of the E i fidate in NALL-1
cafls. A, lysates from NALL-1 and HLEO ceils were 1o SDS-PAGE
undar and with nm—PSGL 1 f,I{PL 1; fop)
or anti-p-actin tA.G‘!E bottom) antibody. Left, it ol mass

of the slgnni& El. NALL-1 and HLBO cells were
stained wnn anti-PSGL- 1 ang CD‘SrnAbs IKPL -1 and 1610, respectively),
and oell surface exp 1ol in was detected using flow cylometry.
C mmmunupramplmﬂon of sLe” carbohydrate antigen with CD43. NALL-1 cell
lysates were immunoprecipitated (/P) with anti-sLe”™ (CSLEX1; lanes 1 and 2)
of anti-CD43 mAb (MEMSS, fanes 3 and 4), Precipitales were subjected lo
SDS-PAGE under reducing conditions and immunoblofied (1B) with anti-sLe™
(CSLEX1; lanas 1 and 4) or anti-CD43 mAb (MEMS9; fanes 2 and 3). D, selectin
pull-down from cell lysates, NALL-1 cell surface proteins were biotinylated,
subjected lo SDS-PAGE undet reducing conditions, and biolted with
streptavidin-HRAP and a Lane 1, total lysate;
fane 2, precipitates of the pull-down by E q; lane 4, pitates of the
pull-down by control human IgG. Lane .‘? 1o !l.nrler show the pull -gown d
CD43 by selectins, preci 1 with E g were rek d using
EDTA and again proclpi'lmea with anti-CD43 mAb [MEMSS] C and D, closed
arrowhsads, positions of the major carrier glycopratein (gp1 35} and CD43;

left, positions of mass . D, open ition of the
nonspacific pull-down prolein. A 1o D, data are representative nf multiphe
indepandent expernmants.

significantly compared with that of the scrambled cells (5-20%:
white columns). The decrease at 24 h was similar to that at 6 h.
To exclude any possible reduction in levels of other cell adhesion
molecules by the knockdown, we examined the expression of
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several cell adhesion molecules and gelatinase activity (Table 2).
The levels of integrin B,, VLAda, integrin f; LFAla, ICAM-1,
L-selectin, CD44, CCR7, CXCRS5, CCR6, CXCR3, CXCR4, MMP2, and
MMP9 and gelatinase activity did not decrease significantly in
NALL-15iCD43#1 cells compared with NALL-lcontrol cells, These

results suggest that the down-regulation of CD43 results in an
inhibition of cell migration from the vascular system to peripheral
tissues and that CD43 plays a significant role in mediating the
extravasation of NALL-1 cells.

Discussion

Thus far, PSGL-1, ESL-1, L-selectin, and CD44 have been
reported as selectin counter-receptors. In BCP leukemia cells,
the major selectin ligand carrier was first shown as a 150-kDa
O-glycosylated protein (17, 18), L-selectin (33, 34) and CD44 (35, 36)
are ruled out because of their molecular sizes, —70 and ~ 85 kDa,
respectively. ESL-1 is 150 kDa but an N-glycosylated protein (37).
As demonstrated in the present study, PSGL-1 is essentially negative
and the most feasible candidate of the major selectin ligand carrier
on BCP-ALL cells is a sialomucin, CD43. In a study of T-cell
recruitment to skin, the cutaneous lymphocyte-associated antigen
(CLA) was reported as the only E-selectin/P-selectin ligand and
located on PSGL-1 (38, 39). Recently, however, CD43 was reported as
a ligand for E-selectin on CLA® T cells (32). CD43 was also found
to be an E-selectin ligand in activated T cells (40). It is worth noting
that PSGL-1 as well as CD43 are present under physiologic
conditions in both human CLA' T cells and mouse Thl cells
(22, 32, 38—41). CD43 must function in cooperation with PSGL-1and
the central player may be PSGL-1 in vivo,

There are two major glycoforms of CD43 (135/115 kDa) in
human T cells (42). The 115kDa form is found on resting T,
whereas the 135-kDa CD43 is expressed on activated T cells. Core
2-branched O-glycans are abundant in the larger glycoform and
biosynthesis of the branch is regulated by the rate-limiting C2GnT1
(43). Its expression is up-regulated during T-cell and B-cell
activation (42, 44). According to our previous investigations,
C2GnT1 and carbohydrate selectin ligand are highly expressed in
BCP-ALL cells and down-regulated simultaneously to 1 of 10
during differentiation, and the expression level of carbohydrate
selectin ligand is regulated by C2GnT1 (12, 17-19). Applying our
previous findings to the present results, C2GnT1 is thought to
regulate the biosynthesis of core 2 branches on CD43 in BCP-ALL
cells, The changes of CD43 glymﬁorrns dudng pre-B-cell differen-
tiation will be reported elsewhere.*

Our immunophenotypic observations and functional data on
CD43 obtained using NALL-1 cells may be applicable to most
B ALL i Of course, we do not exclude the
poadbﬂnylhatﬂwmajcrmofcurbnhydmu selectin ligand is
not CD43 or PSGL-1 but amther D-giynopmteln on primary BCP-
ALL cells, Tor selecti i there are
sulfated carbohydrate structures, including 6-sulfo-sLe®, 6-sulfo-
sLe®, 6,6 -disulfo-sLe®, and sulfo-Le® (45). Some of such structures
have been proved as L-selectin ligands and may be possibly
expressed in BCP-ALL cells and involved in the leukemic cell
migration to peripheral tissues, However, it requires careful and
extensive investigation to draw definitive conclusion. According to
mremtdn&unsuggeuedmupﬂmarypmcunorﬂceﬂs
itopes’ and it may be involved in the

3 ¥

lnﬂi:kmgn{pm-ﬂudlsmﬂlu.

* 1. Sasakl, J. Kikuchl, H. Ohno, C. N Y. F
hed date
|, Kikuehi, H. Sasaki C. Nonomura, H. Ohno. Y. Purukawa, and M. Nakamura,
unpublished data.
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Selectin-binding activity measured by flow cytometry may not
necessarily reflect the actual function of a carbohydrate ligand and
its carrier protein. That is, we detected P-selectin binding using
flow cytometry but could not observe a significant adhesion
capability of NALL-1 cells to P-selecti bilized surfi in
low-shear-stress cell adhesion assay (Fig. 18 and C). Likewise, we
observed some discrepancies about the effects of knocking down
the expression of CD43 and functional assays, Whereas NALL-
1siCD43#1 and NALL-15iCD43#2 cells showed 60% and 49%
decrease in the expression of CD43 transcript, the Immunoreac-
tivity for anti-CD43 mAb using flow cytometry exhibited 92% and
35% suppression, respectively (Fig. 34 and B). The knocking down
of CD43 resulted in only 25% and 7% decrease in #1 and #2 cells on

low-shear-force cell adhesion assay, respectively (Fig. 44). The
reactivity profile of the mAb in the flow cytometry assay may be
very sensitive as for NALL-1siCD43#1 cells. Similarly, the reactivity
profile of low-shear-force cell adhesion assay may be also sensitive
for both #1 and #2 cells and rolling substrate E-selectin. Besides
these, the knocking down effect of CD43 in NALL-1siCD43#1 (60%;
Fig. 34) was well correlated to the decrease in cell rolling events
{69%; Fig. 48), increase in cell rolling velocity (168%; Fig. 4C), and
suppressed cell migration in vive (70-75%; Fig. 4D).

For PSGL-1, a versatile mAb KPL-1 has been developed (46). It
blocks adhesion of PSGL-1 with P-selectin. The development of a
novel tool, such as a functional mAb, to block the interaction of
CD43 with E-selectin is required to make further analyses
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NALL-1siCD43#1; wbodoolums NALL-1siCD43#2, dark gray columns, HLE0. *, P < 0.001; **, P < 0.005. D, in vivo leukemic cell migration assay using
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Ingepandent exparimants; bars, SD. White MALL- , black NALL-1siCD4381. *, P < 0.01; **, P < 0.05.

www.aacrjournals.org 797 Cancer Res 2008; 68: (3). February 1, 2008



Integrin B, - - - - - < censt
V9iAda R g e it nt
Integrin {3, e .. aee nt
LFAla . - e nt
JCAM-1 e e e nt
L-selectin e 44+ D nL
€D PO o . nt
CCR7 . ++ + + nt
CXCR5 - + i et
CCHR6 . - o + e
CXCR3 ++ + + nt
CXCR4 Tt ++ e nt
B
AMMP2 158 185 177 100 £ 17
MMP9 T3 642 73 100 + 12
Cc
Gelatinase activity 10 + 4 10+3 914 100 £ 26

NOTE: (A) Flow cytometric expression of cell adhesion molecules was examined using specific mAbs in the parental NALL-1, NALL-15iCD4321, and

1ina

NALL-1scrambled cells. The exp was

5% positive; +, 5% Lo 15% positive; +, 1% Lo 5% positive; —
the parental NALL-1, NALL- Iml..mdNAurlmmnhbduﬂtTherdnuwnptumnhﬂkuhnduthmofdumuhuhdl'nrl.lu

contral HL60, which is set as 100, and presented as mean + SD. (C) Gelati

(g mlnn:rhﬂ.ﬂﬂu[uﬂtpudﬂvuﬂnmwmpl,MH 15% to
, <1% of cells positive. (B) MMP2 and MMP9

}-time PCR in

gelatin zymography in CXCL12-treated

parental NALL-1, NALL-1siCD43#1, and NALL-1

bled cells. The relath

HL60, which is set as 100, and presented as mean & 5D,
*Pasitive control cells are HL60 for integrin By, Raji for CXCR5 and CCR6, and HL60 for MMP2, MMP9, and gelati ¥ resp ¥

d using
ctivity kulcu!ludmlhcpuwntqznftluwhunbhtmdfmﬁnmmnl

it el

possible. Recently, an anti-CD44 mAb is reported to have the  @nd Glyeoeng

I D '. hMm.ﬂuUuuf

Tachnol ™

Project (Tech
Bup(ﬂnin Punctions) of New Bnurylnd I Y

ability to purge leukemic stem cells from niches (6, 7). The data
presented here indicate that a functional anti-CD43 mAb could
also be of potential use in purging BCP-ALL cells from micro-
environmental niches.
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Introduction

Summary

B-cell-activating factor (BAFF) is a survival and maturation factor for B
cells belonging to the tumour necrosis factor superfamily. Among three
identified functional receptors, the BAFF receptor (BAFF-R) is thought to
be responsible for the effect of BAFF on B cells though details of how
remain unclear. We determined that a hairy-cell leukaemia line, MLMA,
expressed a relatively high level of BAFF-R and was susceptible to apopto-
sis mediated by either CD20 or B-cell antigen receptor (BCR). Using
MLMA cells as an in vitro model of mature B cells, we found that treat-
ment with BAFF could inhibit apoptosis mediated by both CD20 and
BCR. We also observed, using immunoblot analysis and microarray analy-
sis, that BAFF treatment induced activation of nudear factor-xB2 follow-
ing elevation of the expression level of Bcl-2, which may be involved in
the molecular mechanism of BAFF-mediated inhibition of apoptosis.
Interestingly, BAFF treatment was also found to induce the expression of
a series of genes, such as that for CD40, related to cell survival, suggesting
the involvement of a multiple mechanism in the BAFF-mediated anti-
apoptotic effect. MLMA cells should provide a model for investigating the
molecular basis of the effect of BAFF on B cells in vitro and will help
to elucidate how B cells survive in the immune system in which BAFF-
mediated signalling is involved.

Keywords: apoptosis; B-cell-activating factor; Bcl-2; B-cell receptor; CD20

stimulates cell proliferation and the secretion of immuno-
globulin in B cells.*”7 Transgenic mice that overexpress

The immune system comprises a variety of immune effec-
tor cells, including T and B lymphocytes and antigen-
presenting cells, such as dendritic cells and others; it
protects individuals from infections and cancer. To main-
tain these sophisticated mechanisms, a very subtle balance
between the life and death of the immune effector cells
must be maintained to eliminate, by apoptosis, potentially
harmful self-reactive lymphocytes and only allow the
survival, development and activation of safe and protec-
tive immune cells. For this purpose, a number of
molecules are involved in this regulatory system.'
B-cell-activating factor (BAFF, also termed BlyS, TALL-1,
THANK and zINF4) produced by monocytes, dendritic
cells and some T cells is a member of the tumour necrosis
factor (TNF) superfamily and is a type 2 transmem-
brane-bound protein that can also be expressed as a
soluble ligand.? BAFF was first described as a factor that

© 2008 Blackwell Publishing Ltd, Immunclogy

BAFF in lymphoid tissues exhibited hyperplasia of the
mature B-cell compartment*'® In contrast, mice defi-
cient in BAFF showed a deficit in peripheral B lympho-
cytes'™"" and an almost complete loss of follicular and
marginal zone B lymphocytes in secondary lymphoid
organs. This suggests an absolute requirement for BAFF
in normal B-cell dw:]npmenhm In contrast, a later exam-
ination of immunized BAFF-null mice validated the
BAFF-independent nature of germinal centre formation
and that antibody responses, including high-affinity
responses, were attenuated, indicating that BAFF is
required for maintenance, but not initiation, of the ger-
minal centre reaction.'” Based on the above evidence,
BAFF is considered to be a survival and maturation factor
for B lymphocytes and has emerged as a crucial factor
that modulates B-cell tolerance and homeostasis.™* How-
ever, the precise role of BAFF in B-cell development is
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still controversial and it has been reported that the capac-
ity of B lymphocytes to bind BAFF is correlated with their
maturation state and that the effect of BAFF is dependent
on the maturation stage of the B lymphocytes. !4

Recent studies have further shown that BAFF affects not
only B lymphocytes but also T lymphocytes.'™'® The three
distinct receptors for BAFF, namely the BAFF receptor
(BAFF-R, also termed BR3), the B-cell maturation antigen
(BCMA), and the transmembrane activator and calcium
modulator and cyclophilin ligand interactor (TACI), have
been identified and BAFF binds with a similar high affinity
to these receptors.”'”* Among these receptors, however,
BAFF-R is thought to be responsible for the survival and
differentiation of B cells,”* whereas the molecular basis of
BAFF-mediated signalling remains unclear,

A number of systems inducing apoptosis in B cells are
present to eliminate inappropriate clones, such as self-
acting B cells. For example, it is reported that stimulation
via particular surface molecules, including B-cell receptor
antigen (BCR) and CD20, induces apoptosis in cultured
B cells.***® The balance between apoptosis-inducing sys-
tems and survival systems, such as CD20 and BAFF-medi-
ated signalling, would be important for the maintenance
of appropriate B-cell development, though details are not
known,

To elucidate the molecular basis of the interaction
between apoptosis-inducing signals and BAFF-mediated
cell survival signals in B cells, we have employed a B-cell
line that expresses BAFF-R and is sensitive to CD20-med-
iated and BCR-mediated apoptosis. In this paper, we
present evidence that BAFF-mediated stimulation inhibits
the apoptosis induced by both CD20-mediated and BCR-
mediated signalling. The possible mechanisms involved in
BAFF-mediated cell responses that regulate these apopto-
tic stimuli are discussed.

Materials and methods

Cells and reagents

The human hairy cell leukaemia cell line MLMA was
obtained from the Japanese Cancer Research Resources
Bank (JCRB, Tokyo, Japan). Cells were cultured in
RPMI-1640 medium supplemented with 10% fetal calf
serum at 37° in a humidified 5% CO; atmosphere,
Recombinant human BAFF and a proliferation-induc-
ing ligand (APRIL) were obtained from R&D Systems,
Inc. (Minneapolis, MN), and used at a concentration of
400 ng/ml for cell stimulation unless otherwise described.
The mouse monoclonal antibodies (mAbs) used for the
immunofluorescence analysis were anti-CD10, anti-CD20,
anti-CD21, anti-CD22, anti-CD24, anti-CD40, anti-
human leucocyte antigen DR (HLA-DR; Beckman Coul-
ter, Inc,, Fullerton, CA); anti-CD19 (Becton Dickinson
and Company, BD, Franklin Lakes, NJ); anti-x, anti-A,

anti-p, anti-8, anti-y (Dako, Denmark A/S); anti-BAFF-R
(Santa Cruz Biotechnology, Santa Cruz, CA); and anti-
CD45 (American Type Culture Collection, ATCC, Manas-
sas, VA). The rat mAbs against BCMA (Vicky-1) and
TACI (1A1) were purchased from Santa Cruz Biotechnol-
ogy. The mouse mAbs used for the immunochemical
analysis were anti-caspase-2, anti-caspase-3 and anti-gly-
cogen synthase kinase-3f (GSK-3f; Becton Dickinson);
anti-caspase-9 (Medical & Biological Laboratories Co.,
Ltd, Nagoya, Japan); anti-nudlear factor-kB (NF-xB) p52
(C-5), anti-Bcl-2 (100) from Santa Cruz; and anti-B-actin
(AC-15) from Sigma-Aldrich Co. (St Louis, MO). The
rabbit polyclonal antibodies used were anti-cleaved poly
ADP-ribose polymerase (PARP), anti-cleaved caspase-3,
anti-phospho-GSK-3p (Ser9) and anti-phospho-GSK-3a/8
(Ser9, 21) from Cell Signaling Technology, Inc. (Danvers,
MA), A goat anti-NF-xB p50 (C-19) from Santa Cruz
was also used. Secondary antibodies, including fluorescein
isothiocyanate- (FITC) and enzyme-conjugated antibod-
ies, were purchased from either Jackson ImmunoResearch
Laboratories, Inc. (West Grove, PA) or Dako. To cross-
link BCR, purified anti-p rabbit polydonal antibody
(10 pg/ml) from Jackson ImmunoResearch Laboratories,
Inc. was used. To cross-link CD20, a mouse anti-CD20
mAb from Beckman Coulter and a secondary anti-mouse
immunoglobulin antibady from Jackson ImmunoResearch
Laboratories, Inc. were used each at a concentration of

5 pg/ml.

Immunofluorescence analysis and detection of apoptosis

Cells were stained with FITC-labelled mAbs and analysed
by flow cytometry (EPICS-XL, Beckman Coulter) as
described previously.*” To quantify the incidence of apop-
tosis, cells were incubated with FITC-labelled annexin V
using a MEBCYTO-Apoptosis kit (Medical & Biological
Laboratories Co., Ltd) and then analysed by flow cyto-
metry according to the manufacturer’s directions. Apop-
totic cells were also detected by nuclear-staining with
DAPI] and examined by confocal microscopy as described
previously.”® The enzymatic activity of caspases -2, -3, -9
was assessed by using a colorimetric protease assay kit for
each caspase (Medical & Biological Laboratories Co., Ltd)
according to the manufacturer’s protocol.

Immunoblotting

Immunoblotting was performed as described previously.*
Briefly, cell lysates were prepared by solubilizing the cells
in lysis buffer (containing 20 mm Na,PO,, pH 74,
150 mm NaCl, 1% Triton X-100, 1% aprotinin, 1 mm
phenylmethylsulphonylfluoride, 100 mm NaF, and 2 mm
NayVO,), and the total protein concentration was deter-
mined using a Bio-Rad protein assay kit (Bio-Rad, Hercu-
les, CA). For each cell lysate, 20 pg was separated by

© 2008 Blackwell Publishing Ltd, Immunology
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sodium dodecyl sulphate—polyacrylamide gel electropho- prenormalized signal intensities on each gene were nor-
resis and transferred to a nitrocellulose membrane using a malized to the median of prenormalized measurements
semidry Transblot system (Bio-Rad). After blocking with for that gene. The data were filtered with the following
3% skimmed milk in phosphate-buffered saline, the steps. (1) Genes that were scored as absent in both sam-
membrane was incubated with the appropriate combina- ples were eliminated. (2) Genes with a signal intensity
tion of primary and secondary antibodies as indicated, lower than 90 in both samples were eliminated. (3) Per-
washed intensively, and examined using the enhanced forming cluster analysis using filtering genes, genes were
chemiluminescence reagent system (ECL plus; GE Health- selected that exhibited increased expression or decreased
care Bio-Sciences AB, Uppsala, Sweden). expression in BAFF-treated cells.

DNA microarray analysis Results

The DNA microarray analysis was performed using Geng. 3 s
G (Affymetrix, Sants Clara, CA). Total RNA tolated  |™MUunophenotypic characterization of MLMA cells

from MLMA cells treated with and without BAFF for While screening to identify human cell lines expressing
12 hr was reverse transcribed and labelled using One- BAFF-R, we found that MLMA cells expressed higher
Cycle Target Labeling and Control Reagents as instructed levels of BAFF-R than other human B-cell lines. Although
by the manufacturer (Affymetrix). The labelled probes the MLMA cell line is known to have been established
were hybridized to Human Genome U133 Plus 2.0 Arrays from a patient with hairy-cell leukaemia, details were not
(Affymetrix). The arrays were analysed using cenecmp reported. Therefore, we first examined the immuno-
OFERATING Software 1.2 (Affymetrix), Background subtrac- phenotypic characteristics of MLMA cells. Consistent with
tion and normalization were performed with GenespriNG the JCRB records, flow cytometric analysis revealed that
Gx 7.3 software (Agilent Technologies, Santa Clara, CA). MLMA cells expressed high levels of y heavy chain and
Signal intensities were prenormalized based on the med- low levels of & heavy chain with expression of x light
ian of all measurements on that chip. To account for the chain (Fig. 1a). In addition to the CD19 and HLA-DR,
difference in detection efficency between the spots, MLMA cells were found to express mature B-cell
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Figure 1. | phenotypic charac of MLMA cells. (a) MLMA cells were stained with specific fluorescein isothiocyanate (FITC)-
labelled monoclonal antibodies (mAbs) against B-cell differentiation antigens and analysed by flow cytometry, The x-axis represents fluorescence
intensity and the y-axs the relative cell number; control was isotype-matched mouse immunoglobulin. (b) The expression of B-cell-activating fac-
tor receptor (BAFF-R), transmembrane activator and calcium modulator and cyclophilin ligand interactor (TACI), and B-cell maturation antigen
(BCMA) on MLMA cells was also examined as in (a).
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