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Abstract

Dietary bioflavonoids are secondary metabolites of plants that are known to have A"

y of bio-effects, including anti-cancer activity. In

this sludy_. we examined the el’fccts of ﬂavonolds on the growﬁr of human ieukenu'éi"rgells and found that certain ﬂavonoids induce apnptosis

chemothempeutic reagents for leukeinia panems
©® 2004 Published by Elsevier Ltd.
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1. Introduction

Flavonoids are ubiquitously occurring and widely cot ‘

sumed secondary metabolites of plants [§,2]. Flavonoids cin

and ring substitutions [3]. They have diverse phannacblb
cal properties, including antioxidant, cytoprotective, and

display anti-viral [4] and anti-parasitic {5] activis

Moreover, some flavonoids are known ta :
cancer reagenis. For example, Yoshida et al,;
Quercetin markedly inhibited the growth of }
cancer cells [6]. Record et al. also described |

e )5?.'0 cluster of dif-

coerythrin; PC-5,PE-

Abbreviations: ALL. acute lyinphoblast
ferentiation; FITC, Buorescein isothiocyinate
Cy-§; PC-7. PE-Cy-T7; topo, wpotsomerase
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gnificantly inhibited the protiferation of epldermoid carci-
noma A431 cells with an overexpression of epidermal growth

“factor receptor [8}. Indeed, some bioflavonoids like Quercetin

and Genistein bave already been used as chemotherapeutic
gents in phase trials [9,10].

10 an attempt to examine the effects of flavonaids on the
growth of human leukemic cells, we challenged cultured hu-
man leukemic cell lines with several kinds of flavonoids. In
the present study, we demonstrated that certain flavonoids can
induce significant apoptosis in a variety of human Ieukemia
cells,

2. Materials and methods
2.1. Cells and reagents

The cell line BV-173 that were established from a patient
in an acute relapse who most likely had Phl-pasitive chronic
myelogenous leukemia [11]; the acute-phase of chronic
myelogenous leukemia-derived cell lines K-562 (Japanese
Cancer Research Resources Bank, JCRB, Tokyo, Japan)
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treatiment.

cell lines, Including NALM- 16 NALM- 2% HPB NULL
and NALM-17 [12]; Burkiit’s lymphoma-genved el lines.
Daudi and Ramos (JCRB); the }ustiocync iymplmﬁga-derwed
cell tine U-937 (JCRB) and the acute monc;c"’frﬁt leukemia-
derived cell line THP-1 (JCRB) were used, _Cells were cul-

Sigma-Aldrich (St. Louis, MO). The peptide-inhibitors for
the caspases were obtained from Calbiochem-Navabjochem
Co. (San Diego, CA). Bloflavonaids, VP-16 and the caspase
inhibitors were desorbed in DMSO and then added to the
cell cultures. All other chemical reagents were obtained from
Wakao Pure Chemical Industries Ltd. (Osaka, Japan). unless
otherwise indicated.

2.2. Immunofluorescence study and detection of
apoplosis

A multi-color immunofluorescence study was performed
using a combination of fluorescein isothiocyanate {FITC),
phycoerythrin (PE). PE-Cy-5 (PC-5) and PE-Cy-7 {(PC-T).
Cells were stained with fluorescence-labeled monoclonal
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antibodies and analyzed by flow cytometry (EPICS-XL,
Beckman/Coulter}, as described previousty [13]. Stain-
ing of the cytoplasmic antigens was performed using
Cytofix/Cytoperm™ Kits (Becton Dickinson), according to
the manufacturer’s protocol,

To quantitate the incidence of apoptotic cells, cells were
stained with FITC-labeled annexin V using a MEBCYTO®-
Apoptosis Kit (Medical & Biological Laboratories (MBL)
Co. Ltd., Nagoya, Japan) and then analyzed by flow cytom-
etry according to the manufacturer's protocol. Experiments
were performed in triplicate, and the mean £3.1. of the cells
that bound annexin V are shown. Caspase-3 activity was as-
sessed with a PhiPRLUX™ G1D2 kit (MBL) and analyzed

by flow cytometry according to the manufacturer’s protocol.

The disruption of the mitochondrial transmembrane poten-
tial was detected by the MitoCapture Apoptosis Detection
Kit (MBL) and analyzed by flow cytometry according to the
manufacturer’s protocol.

2.3. Examination of morphological appearance

BV-173 cells were immobilized onto glass slides with Cy-
tospin 2 (Shandon Inc., Pittsburg, PA}, Glemsa-stained, and
their morphological appearance was examined by light mi-
croscapy {(BX-61, Olympus, Tokyo, Japan).

3. Results
2.1, Imntinophenotypic analysis of BV-173 cells

First, we examined the cell surface and cytoplasmic anti-
gens expressed jn BV-173 cells originally derived from a pa-

tient with Phl-positive acute leukemia. As shown in Fig. 1
the BV-173 cells expressed B-cell antigens, such as cluster &F

differentiation (CD}19, CD22 and cytoplasmic CI)79a, asy -

termined by flow cytometry. Together with the expression o
CD10 and HLA-DR (Fig. 1} and the absence of surface Tgh
{data not shown), the cell line was thought to have or___xg nated
from a precursor-B-cell. However, flow cytometri ysis
also revealed that the BV-173 cells simultaneously expressed
myeloid antlgens, including CD13 and CD33 (Fig. 1). There-
fore, BV-173 was thought to exhibit biphenotypic: kémla
characteristics with both precursor-B-cell and myel md lin-
eages. This cell line was mainly used in the fol!o\# ng exper-
iments,

3.2. Dietary bioflavonoids induce apopt
cells

24 hand then examined morpholegicaliy by light microscopy,
a portion of the cells exhibited condensalmn {arrow-head)
and cleavage (arrow) of the nucle

BV-173
| VP16

Fig. 2. Merphalogical examination of Flavone-treated BV-173 cells. BV-
173 cells were cultuved in the presence or absence of elther Flavone or
VP-16, as a positive control of apoptosis induction, for 24 h as indicated tn
the figure, then cytocentrifuged on the slide glasses. After Glemsa-staining,
the morphological appearance of the cells was examined using Hght ni-
croscopy. The arsowheads indicate nuclear condensation. Typical apoptotic
cells, characterized by cleaved nuclel, are indicated by the armows. Magnifi-
catlon 400x

of apoptosis {Fig: 2). No such figures were observed in un-
treated cells (Fig. 2). The following results clearly show that
ministration of Flavone indeed induced apoptosis in
BV-173 cells; First, DNA prepared from BV-173 cells treated
with Flavarie for 24 h showed oligonucleasomal Jadder frag-
on.on agarose gel electrophoresis (Fig. 3). Second, the
n mber of cells binding to ansexin V Increased significantly

“after Flavone-treatment {Fig. 4}, As shown in Fig. 4, other

ioflavonoids, including Luteolin, Genistein, Quercetin, and

o FHaelll

o
£
-
<

Fig. 3. DNA ladder formation in BV-173 cells afier Flavone-treatment. BV-
173 cells were treated with {lane 4) or without (-, lane 3) 200 pM of Flavone
for 24 h. The extracted DNA (1.5 pg per lane) from each saniple was sepa-
rated by 1% agarose gel electrophoresis. The MHindI and $/Heelll DNA
markers were applied to the same gel (left two lanes), As a positive control
for DNA ladder formation, DNA extracted from BV-173 cells treated with
25 pM of VP-16 for 24 h was also examined (VP-16, lane 5).
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means + 5.0, of the percentages of annexin V bound cells are indicated.

Fisetin, it not Genistin, also induced an increase in the num-
ber of cells binding to annexin V.

cells was further characterized. Tn healthy cells.
ture, a cationic dye, accurnulates and aggregat
mithocendria, giving off a bright red fluorescerice
the mitochondrial transmembrane potential js: dmmpted
however, this dye remains In the cytoplasm in its monit
form, [Iuorescing green. As shown ln Fig. 5 éﬂow oyt

increased the number of cells with green{yﬂuorescence
indicaling that the mitochondrial transmembraiié potential
was disrupted after the Induction of Flavone-induced
apoptosis. In addition, Luteolin and A n, but not Rulin,
also disrupted the mitochondial trénsinem

(Fig. 5). Next, we examined the activat nofcaspase 3£n the
process of bioflavonoeid-induced apoﬁtosxs‘ Flow-cytometric
analysis with PhiPhiLux™ GiD2 indicated that treatment
with Flavone significantly increased thé number of cells in
which caspase-3 was activated- (Fig—.—- ). The incidence of
caspase-3-activated cells induced By: Flavone-treatment was
much higher than that mduced by VP-16-treatment (Fig. 6).

200 100 5o
Genistin

200 100 S0
Fizetin

2007100 S0

Ql.'lercetin

.h in the presence of the indicated concentrations of each flavonoid,
ﬂow cylometry. Expeciments were performed in triplicate and the

=9

g3

uteolin and Apigenin also increased the nunber of cells in
which caspase-3 was activated (Fig. 6).
We further examined whether the activation of caspase

% was indeed involved in the bioflavonoid-induced apo ptosis.

As shown in Fig, 7. when BV-173 cells pretreated with either
z-DEVD-fmk (a tetrapeptide inhibitor of caspase-3), z-1ETD-
fmk (a tetrapeptide inhibitor of caspase-8), or z-VAD-fmk (a
tripeptide inhibitor of a broad range of caspases}, a reduc-
tion in annexin V-positive cells after Flavone treaiment was
observed (Fig. 7). Of these inhibitors, z-VAD-fmk produced
the most significant Inhibition of Flavone-induced apoptosis
in BV-173 cells.

3.4. Bioflavonoids induce apoptosis in other leukemia
cell lineages

Next, we tested the effect of dietary bioflavenoids on other
leukenia cell lines. As shown in Fig. 8, all of the leukemia
cell liges tested in this study, including the pro-B cell lines
NALM-16 and NALM-20, the pre-B cell lines HPB-NULL
and NALM-17, the Burkitt’s lyraphoma cell lines Ramos and
Daudi, the erythroleukemia cell line K-562. the basophilic
Ieukesmia cell line KU-812, the histiocytic lymphoma cell
line U-937, and the acute monocytic leukeniia cell line THP-
1, were found to be sensitive to the apoplosis-inducing effect

LR 2061 1-9

159
160
181
192
163
1684
165
164
w7
168
169

170



187

J. Matsui ¢t al. | Leukemia Research xxx (2005) xo-1ax

o~

BV-173

g Control 8 Apigenin g Luteolin

1 75% 12.5% i397% 8.3% "187.8% 21.4%

g g g

g g ®
+ . . |
W 1181% 66.9% - 261% 25.0% ~{33.6% L 1E%
8 A2 1 10 we 1000 ) ¥ 10 0 10 vt 1 0 0¢ 1000
§ .
a g Flavone g Rutin g VP-16
§ -rleash | 11.6% - ST 8.2% T{778% 3.2%
ool g 2

ol ] g 2

| 87% 11.6% ~173% 88.0% mtSzn | 3s%

A 1 19 10¢ 1000 <% 1 1m 0 1N Al 1 ki 100 1060
Fluorescence- 590 =

Fig. 5. Disruption of the mitochondrial iransmemtrane potential in BV-173 cells afte;
(Apigenin, 200 pM; Luteatin, 50 uM; Flavone, 200 gM: Rutin, 200 uM) or VP-16 (25 4K
Kit and analyzed by flow eyiometry. The resulting hisiograms are shown, X-axts i
(green). A shift in the fluorescence from red o green indicates the distuption of (&

noid-treatiment. BV-173 cells reated with or without Savonoids
4 h were exainined vsing a MitoCapture Apoptosis Detection
ty of fleorescence -590 {red); Y-axis, intensity of fluarescence 530
tocliadrial transmermbrane patential.

of dietary bioflavonoids. Among these cell lines, however,
NALM-6 and K-652 exhibited a relatively Jower sensitivity,
Although the Burkitt's cell Hnes showed a limited sensitivig
to VP- 16 cytotoxicity. they showed a very high sensitivity to”
Flavone-mediated apoptosis Induction.

number of studies have reported the potential ability of
.bioflavonolds to act as anti-cancer drugs. The precise mech-

nism of this phenomenon, however, remains unclear, al-
“though several effects of bioflavonioids on cell growth and
cell death have been reported. For example, bioflavonoids
are reported to have topo inhibitor activity. Luteolin Is re-
ported to inbibit both topo I and 11 and induces apoptosis in
Leishmanta cells {5,14]. Strick et al. [15] reported that cer-
tain bioflavonoids induce MLL gene cleavage through the
inhibitlon of topo I,

Some topo [I-inhibitors, such as VP-16 and doxorubicin,
are widely used as anti-cancer reagents and have been linked
Luteolin, Genistein, Quercetin. and Fisetin iy with therapy-related leukemia induction due to topo II-
icant apoptosis in BV-173 cells, while Genis inhibition. The effect of topo [I-inhibiting substances on cells
did not. The apoptosis-inducing effect of Apigeiiln was in- Is thought to consist of two stages [16.17]. During the first
termediate. As demonstrated in the present study, all of the stage, topo II-inhibitors stabilize topo [I-cleavable complexes

4. Discussion

QOur data clearly indicates that certain, b
bloflavonclds Induce apoptosls in a variety
feukemia cell types. As shown in the present study;

human leukemia cells that were tested were effectively in- by forming drug:topo IEDNA ternary complexes on chro-
duced to undergo apoptosis after bioflavonoid treatment. The mosomal DNA. This stage s reversible by DNA religation
bioflavonotd-induced apoptosis eccurred inradose-dependent or by DNA repair. However, cellular processing of the acci-
manner and was accompanied hy:the disruption of the mi- mulating ternary complexes triggers the initiation of apop-
tochondrial transmembrane potential and the activation of totic DNA cleavage, an Ireversible process (secondary stage
caspase-3 and perhaps caspase;8.- Indeed, the apoptosis was of the pathway). At this stage, it is reported that caspase-8

diminished by pretreatment of !he cells with anti-caspase in- is activated through FADD/TRADD-dependent mechanism
ihibitors. and plays a critical role in caspase-3 activation and apop-
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Fig. 6, Cospase-3 activity in BV-173 cells afler bioflavaneld-treatment. To measurdiy:

tivity B BV-173 cells afier bioflavonoid-treatment. cells

prepared 45 in Fig. § were examined using PhiPhiLux™ GiD2 and analyzed by ﬂnu%’ttmmﬁy The resohiing histograms are shown. X~axis, flnorescence

ftensity: Y-axis, relative cell number.

totic celi death [18]. In parallel, caspase-9 is also activated
by apoptosome-mediated mechanism as a result of mitochon-
drial dysfunction. However, latter pathway seems to play a
much Jess role in caspase-3 activation [18]. Considering the
above evidence, including similar activation pattern of ca
pase pathway (Figs. 6 and 7}, it seems reasonable to assgme
that the anti-cancer effect of the bioflavonoids onginated i
their topo Il-inhibitor activity. F ¥

However, as we presented in Fig. 8, Ramos Burku} 8

which were resistant to VP-16, were sensitive to‘”?lavon 4

induced apoptosis. In addition. Strick et ak. have mported that
Luteolin exhibits more strong topo Il-inhibitory-effect than
that of Flavone [15], whereas apoptosis-indut:ing eﬁ'ect of
Flavone is not lower than that of Luteolin (Flg 8). Therefore,
the induction of apoptosis by flavonoids oalmot‘\be explained
solely by their topo 11-inhibitory effect, and addltional possi-

are sensitive to VP-16-induced apoptosis.and show over than
70% annexin V-positive cells, similar tothe Havonolds used.
The precise reason for the discrepancy between the previous
reports and our data is presently‘uncledr, However, it is also
reported that K-562 cells show'delay it the VP-16-induced
caspase activation in compared with HL-60 cells, leading to a
long latent period before initjation 6f .apoptosls, and once the
active phase of apoptosis is {n'tlaled a similar proportion of

et

w.cellsare ultimately killed in both cell lines [20]. Therefore,
"'K 562 cells are not completely resistant to topo Tl and the
*\»\)eensxtivity to VP-16-mediated apoptosis may vary among the
stbcks of K-562 cells in different laboratories.
t, On the other hand, some bioflavonoids, such as Genis-
%tem and Quercetin inhibited tyrosine kinase activity both
in vitro and in vivo [21]. Since the overactivation of ty-
rosine kinases is thought to be fnvolved in oncogenesis in
many types of cancer, it scems reasonable that bioflavonoids

FITC-Annexin V (%)

T8

g Al R ek
® O ¢

Flavone .

Fig. 7. Effect of caspase-inthibitors on Flavone-induced apoptosis. BV-173
cells pretreated with 50 pM of caspase-inthibitor, as indlcated, were wreared
with 200 pM of Flavone for 24 h, as in Fig, 4. Subsequent apoptotic cells
were detected by annexin V binding and analyzed by flow cytometry and
are indicated as shown in Fig. 4.
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Fig. 8. Agpoptosis-inducing effect of biaflayo in other teukemia cell lines. A variety of leukemia cell lines, a3 indicated in the fgure. were treated with
200 pM of Flavone, 50 M of Luteolin, or 25 pM of ¥P-16 (as a positive control for apoptosis induction), as in Fig, 4. Subsequent apoptotic cells were detected
by annexin V binding and anslyzed by flow cylomneiry and are indicated as shown in Fig. 4.
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with anti-tyrosine kinase activity would exhibitan anti-cancer
effect.

Bioflavonoids have also been reported to be involved in

cell cycle regulation. For example, Quercetin was found to
downregulate the expression of mutant p53 protein in human
breast cancer cell lines, leading to an arrest of the cells in
the G2-M phase of the cell cycte [21]. In the case of human
leukemic T-cells, Quercetin was found to arrest the cells in
late G1 phase. Inaddition, Luteolin has been reported to arrest
the cell cycle in the G1 phase of human melanomna cells [22],
and Genistein induces cell cycle arrest at the G2-M stage and
the inhibition of cdc2 kinase activity {23]. The arrest of the
cell cycle in turn reduces cell growth and results in apoptosis
induction.

Another explanation for the anti-cancer activity of
bioflavonoids is suggested by thelr ability to Interact with
hormone receptors [21]. Certain bicflavonoids have been
reported 1o bind to estrogen binding sites in estrogen re-
ceptors, there by interrupting estrogen binding. Indeed,
flavonoids, such as Daidzein, Genistein, Quercetin, and Lute-
olin. were found to suppress the induction of the proliferation-
stimulating activity of environmental estrogens in hurnan
breast cancer cell lines [24]. However, whether estrogen bind-
ing induces the proliferation of leukemic cells has not been
reported. Alternatively, flavonoids may interact with the bind-
ing sites of growth factors other than estrogen. thereby in-
hibiting the growth of leukemia cells.

In conclusion, dietary bioflavonoids exhibjted an
apoptosis-inducing effect in various humnan leukemia cells.

Although further studies must be performed to elucidate y
the mechanism by which bioflavonoids induce apoptosis
in leukemia cells, the present data indicates that dietaty Sy

bioflavonoids might be useful chemotherapeutic reagents for
leukemnia patients.
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Development of Novel Monoclonal Antibody 4G8 against
Swine Leukocyte Antigen Class I & Chain

WEI-RAN TANG,! NOBUTAKA KIYOKAWA,! TOMOKO EGUCHI,? JUN MATSUI,! HISAMI
TAKENQUCHI,! DAISUK HONMA 3 HIROSHI YASUE,® SHIN ENOSAWA,? KENICHI MIMORI,!
MITSUKO ITAGAKI,! TOMOKO TAGUCHI,! YOHKO U. KATAGIRI,! HATIME OKITA,! HIROSHI
AMEMIYA,? and JUNICHIRO FUJIMOTO!

ABSTRACT

A mouse monoclonal antibody (MAb) was generated against swine leukocyte antigen (SLA) class I a chain.
A newly developed series of MAb clones that react with pan leukocytes were selected and tested by immuno-
histochemistry using SLA class I & chain expressing Cos-7 cells. Among them, MAb 4G8 was characterized
by the following features: (1) 4G8 reacted with Cos-7 cells transfected with SLA class I & chain from the d
haplotype, (2) 4G8 recognized epitopes that were different from those of commercially available anti-SLA
class I MAbs 74-11-10 and PT85A, and (3) 4G8 could be used to immunostain frozen sections of thymus,
spleen, lymph node, kidney, and liver tissues with good results.

INTRODUCTION

HE PORCINE SYSTEM has received much attention as a suit-

able model for transplantation medicine. Therefore, an ac-
curate understanding of human imrmune responses to porcine
tissues has become increasingly important. However, the de-
tails of the porcine immune system, especially those features
that are novel to the pig, remain unclear. We thus attempted to
develop new MAbs that could be used to analyze the porcine
immune system. ' '

The immune response to foreign antigens is determined by
the expression of specific major histocompatibility complex
(MHC) molecules that can bind and present peptide fragments
of that protein to T cells. There are two different types of MHC
gene products, termed Class I and Class I MHC molecules,
and any given T cell recognizes foreign antigens bound to only
one Class I or Class I MHC molecule. Antigens associated with
Class I molecules are recognized by CD8* cytolytic T cells,
whereas class IT-associated antigens are recognized by CD4*
helper T cells. Class I molecules are located on every nucle-
ated cell surface, except those of newrons and trophoblasts. In
contrast, the expression of Class I molecules is limited to cer-

tain cell types. In pigs, MHC molecules are known as swine
leukocyte antigens (SLA). All SLA class I molecules contain
two separate polypeptide chains: an MHC-encoded « chain of
45 kD and a non-MHC-encoded B chain of 12 kD.

Recently, the profound involvement of SLA Class I mole-
cules in human anti-porcine cell reactions has been described.
Several studies have shown that human T cells can directly rec-
ognize porcine MHC molecules and that such recognition can
lead to the killing of the porcine eells. Porcine cells have re-
cently been shown, moreover, to be targets for human NK cells.
Since human MHC class I molecules deliver a negative signal
to human NK cells, protecting syngeneic cells from lysis, we
surmised that differences in the gene sequences of porcine MHC
class I molecules may be responsible for the lack of recogni-
tion by human NK cell receptors and subsequent cytolysis of
the porcine cells. In addition, it was reported that a single treat-
ment with a monoclonal antibody (MAb) directed against the
SLA class I provides an attractive approach to the induction of
T cell tolerance, possibly enabling long-term graft survival in
porcine-to-human cell transplantations.) These studies indicate
that SLA class I molecules play critical roles in transplantation
medicine. T
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Here, we report a novel MAb 4G8 against the SLA class I
¢ chain that was proven to be different from four commercially
available anti-SLA class I MAbs. The utilization of 4GS in tis-
sue sections was also examined.

MATERIALS AND METHODS

Animals and tissues

Landrace or (Landrace X Large White) F1 pigs were used
in this study. Peripheral blood (PB) and tissues were obtained
from anesthetized animals and were processed. PB was col-
lected in acid citric buffer to avoid coagulation. Tissues were
immediately snap frozen and kept in the deep freezer until use.

Monoclonal antibodies

PB leukocytes were treated using RBC lysis with NH,Cl ly-
sis buffer followed by centrifugation at 1,500 rpm for 10 min.
After washing twice in phosphate-buffered saline (PBS), ap-
proximately 1 X 108 cells were injected into the abdominal cav-
ity of 8-week-old female Balb/c mice. Boost injections were
performed twice at 2-week intervals. At 4 days after the last
boost, splenocytes were fused with P3U1 mouse myeloma cells
and incubated in hypoxanthine and thymidine (HAT) medium.
Supematants of growing hybridomas were screened on porcine
PB leukocytes by flow cytometry and clones secreting anti-
bodies reactive with porcine PB leukocytes were subcloned
twice by limiting dilution. Clones were grown in the abdomi-
nal cavity of Pristane-treated Balb/c mice, and ascites were ob-
tained. Purification of MAbs was performed by Protein-A or
Protein-G column {Bio-Rad Laboratories, Hercules, CA). Af-
ter purification, MAb was fluorescence isothiocyanate (FITC)
conjugated as described previously.® Commercially available
MAbs against SLA class I 74-11-10, PT835A, HI7A*, H58A*
(* indicates known as cross-reactive with pig and other species)
were obtained from Veterinary Medical Research and Devel-
opment (Pellman, WA).

Flowcytometry and immunohistochemistry

Flowcytometrical analysis of MAbs was carried out as fol-
lows. Briefly, aliquot of porcine PB was incubated with ap-
propriate amount of MAb for 30 min at 4°C. After washing
with PBS, cells were incubated with FITC-conjugated (Jackson
Laboratory, West Grove, PA) for 30 min at 4°C. Cells were
washed with PBS and analyzed by EPICS XL analyzer (Beck-
man/Coulter, Westbrook, MA).

Reactivity of MAbs on tissues were analyzed by immuno-
histochemistry on frozen sections. Briefly, porcine tissues were
snap-frozen in optimal cutting temperature (OCT) compounds
and frozen sections were made by cryostat apparatus. Sections
were fixed by acetone for 15 min at 4°C, After washing in PBS
and blocked with normal rabbit serum, sections were incubated
with MAbs at appropriate dilutions for 30 min at room tem-
perature, Sections were then washed with PBS and incubated
with horseradish peroxidase (HRP)—conjugated rabbit anti-
mouse antibodies (Jackson Laboratory) for 30 min at room tem-
perature. After washing with PBS, color development was done
in diaminobenzidine solution (10 mM in 0.05 M Tris-HCl, PH
7.5) with 0.003% H,0,.
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Binding competition assay

Binding competition assay was carried out as follows.
Briefly, after aliquot of porcine PB leukocytes were incubated
with 2ug saturated amount of commercially available MAbs for
30 min at 4°C. The cells saturated with these commercially
available MAbs were stained with FITC-4G8 for 30 min at 4°C.
Then, PB leukocytes were treated using RBC lysis with NH,CI
lysis buffer followed by centrifugation at 1,500 rpm for 10 min.
FITC-mouse immunoglobulin (MsIg) was used as control an-
tibody. Cells were washed with PBS and analyzed by EPICS
XL analyzer {(Beckman/Coulter).

Cloning and expression of porcine cDNA library

As another purpose for analysis of ¢5TCR against MAb (7G3})
and CD8 against MAb (6F10), cDNA libraries of 7G3-positive
as well as 6F10-positive PB leukocytes were first constructed, A
brief description is shown below. Porcine PB labeled with FITC-
7G3 antibody was incubated with magnetic-activated cell sorting
(MACS) beads conjugated with anti-FITC antibody (Miltenyi
Biotec, Bergisch Gladbach, Germany) and was loaded onto Au-
toMACS cell separator (Miltenyi Biotec). 7G3-positive cells were
positively selected and a cDNA library was constructed using the
oligo-capping method® and plasmid vector pME188-FL3, which
containg the SR-~a promoter for expression in mammalian cells.
To 7G3-negative pass-through fractions, FITC-6F10 was added
and labeled. These cells were also positively selected by Au-
toMACS and used for the cDNA library construction. Out of sev-
eral thousand clones sequenced from both cDNA libraries, one
clone was selected which exhibited homologies to known porcine
MHC class I sequences from d haplotype and contained full-length
open reading frames.

Complementary DNA coding for porcine MHC class I un-
der SRa promoter was introduced into COS7 cells by lipofec-

(Class I-transfected Cos-7)
FIG. 1. Reactivity of 4G8 on Cos-7 cells transfected with
SLA class I PD1. Mammalian expression vectors containing

SLA class I PD1 were introduced into Cos-7 cells, and the cells
were stained with 4G8 using immunochistochemistry.
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tion (LIPOFECTAMIN, Invitrogen, Groningen, Netherlands)

and cells were stained with 4G8 MAb after 3 days.

RESULTS AND DISCUSSION

Anti-SLA Class I MAb 4G8 recognizes a distinct

epitope from those of commercially available
antibodies

From one hybridization experiment, 45 hybridoma clones
were established. The MAbs produced by these clones reacted

Ly
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differently to the porcine PB leukocytes, as revealed by flow
cytometry (data not shown). To determine whether a MAb
against SLA class I e chain was included among these clones,
MAD clones that reacted with pan leukocytes were selected and
tested by immunohistochemistry using SLA class I o chain ex-
pressing Cos-7 cells. As shown in Figure 1, when a mammalian
expression vector of SLA class I PD1 from d haplotype was
transfected into Cos-7 cells, clone 4G8 was found to stain the
cells, whereas control Mslg failed to stain the cells (data not
shown). Therefore, 4G8 was considered to recognize the SLA
class I & chain, including the d haplotype.
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FIG. 2. Comparison of reactivity profiles of 4G8 and commercially available anti-SLA class I monoclonal antibodies. Porcine
PB Jeukocytes were stained with 4G8 and commercially available anti-SLA class I MAbs, 74-11-10, and PT85A, using flow cy-

tometry. Mslg was used as a control antibody.



1%0

Next, we compared the reactivity of 4G8 with commercially
available anti-SLA class I Abs 74-11-10, PT85A, H17A, H58A
to PB from outbred domestic pigs. As shown in Figure 2, flow-
cytometrical analysis demonstrated that the reactivity of 74-11-

4G8 -FITC

Mslg

Te T -

FIG. 3. Competition binding assay using flow cytometry.
4G8 continued to react with porcine PB leukocytes that had
been saturated with commercially available MAbs (74-11-10
and PT85A). Mslg-FITC was used as a pegative control,
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10 and PT85A to the porcine PB was similar to that of 4GS,
Although multiple samples from individual animals were tested,
all of these MAbs always revealed a pan leukocyte positive
staining pattern. In contrast, H17A did not react with the do-
mestic porcine PB samples (data not shown), indicating that
H17A is polymorphic in pigs. H58A, exhibited variable reac-
tivity from one animal to another (data not shown). This data
indicates that the reactivity of H17A and H58A is different from
that of 4G8.

To determine whether the epitope recognized by 4G8 was
the same as that of 74-11-10 and PT85A, we examined whether
4G8 could still bind to the cells after the cells had been satu-
rated with 74-11-10 or PT85A. As shown in Figure 3, 4G8 con-
tinued to react with PB leukocytes that had been saturated with
74-11-10 or PT85A. These results indicate that 4G8 recognizes
a novel epitope distinct from those recognized by 74-11-10,
PT85A, H17A and H58A. MHC class [ molecules are extremely
polymorphic, and polymorphism often occurs in the a1 domain,
or the @2 domain, but the &3 domain is nonpolymorphic.® 74-
11-10 and PT85A have been reported to require the PD1 eel/o2
domains, but not the o3 domain, to exhibit reactivity.(!> A pre-
cise analysis to clarify which domain is recognized by 4G8 is
now underway,

Analysis of 4G8 using immunohistochemistry

We examined whether 4G8 could be used to immunostain
frozen sections. As shown in Figure 4, 4G8 produced high-qual-

* ity immunostaining results when used on frozen sections. In

thymus tissues, 4G8 produced a dense and diffuse staining pat-
tern in the medullar region and a lighter, scattered staining
pattern in the cortex, suggesting that SLA class I molecules are
mainly expressed on mature thymocytes in the medulla, but not
on immature thymocytes in the cortex. In spleen, lymph node,
kidney and liver tissues, 4G8 produced an ubiquitous staining
pattern, as shown in Figure 4. These results demonstrate that
4G8 can be effectively used to immunostain frozen sections.
Therefore, 4G8 may be a useful reagent for immunopathology
studies and improving our general understanding of the porcine
immune system.

In conclusion, a novel MAb, 4G8, that recognizes the SLA
class I @ chain has been identified and used to produce high-
quality immunostaining results on tissues sections. 4G8 is ex-
pected to become a useful tool for investigating the immune
system of domestic pigs.
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FIG. 4. Reactivity of 4G8 on frozen sections of porcine tissues. Frozen sections of porcine thymus, spleen, lymph node, kid-
ney, and liver tissues were stained with 4G8 using immupohistochemistry,
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Deficiency of BLNK hampers PLC-y2 phosphorylation and Ca®* influx induced
by the pre-B-cell receptor in human pre-B cells

TOMOKO TAGUCHL*t NOBUTAKA KIYOKAWA * HISAM] TAKENQUCH,* JTUN MATSUL*
WEI-RAN TANG,* HIDEKI NAKAJIMA * KYOKQ SUZUKL* YUSUKE SHIOZAWA,*
MASAHIRO SAITO.* YOHKO U. KATAGIRL* TAKAO TAKAHASHL T HAJIME KARASUYAMA
YOSHINOBU MATSUG,§ HAJIME OKITA.* & JUNICHIRO FUJIMOTO* *Department of Developmental Biology,
National Research Institute for Child Health and Developmens, Setagaya-ku, Tokyo, +Departrient of Pediatrics,

Keio University, School of Medicine, Shinjuku-ku, Tokvo, $Department of Inunune Regulativn, Tokyo Medical and
Dental University, Graduate Schowl, Tok ye, and §Fujisaki Cefl Center, Hayashibara Biochemical Laboratories Ine, Fufisaki,

Olayama, Japan

SUMMARY

B-cell linker protein {BLNK) is a component of the B-cell receptor (BCR}) as well as of the pre-
BCR signalling pathway, and BLNK™" mice have a block in B tymphopoiesis at the pro-B/pre-
B cell stage. A recent report described the complete loss or drastic redoction of BLNK
expression in approximately 50% of buman childhoed pre-B acate Iymphoblastic lenkaemias
{ALL), therefore we investigated BLNK expression in human pre-B ALL cell lines. One of the
four cell lines fested, HPB-NULL cells, was found o lack BLNK expression, and we used these
human pre-B ALL cell lines that express and do not express BLNK to fnvestizate the intra-
cellular signailing events following pre-BCR cross-linking. When pre-BCR was cross-linked
with anti-g heavy<hain antibodics, significant phosphoryiation of intracellular molecules,
including Syk, She, ERK MAP kinase, and AKT, and an activation of Ras were observed
without regard to deficiency of BLNK expression. snggesting that BLNK is not required for pre-
BCR-nediated activation of MAP kinase and phosphatidyl-inesito! 3 (PL3} kinase signalling,
By contrast, phospholipuse C-y2 (PLC-y2) phosphorylation and an increase in intracellular
Ca®* level mediated by pro-BCR cross-linking were observed only in the BLNK-expressing
cells, indicating that BLNK is essential for PLC-y2-indoced Ca®* jnflux, Human pre-B cell
lines expressing and not expressing BLNK should provide an in virro model for investigation of
the role of BLNK in the pre-BCR-mediated signialling mechanism.,

Keywords B-cell receptor; B cells; signalling/signal transduction

INTRODUCTION

Signals transduced through antigen receptors play essential
roles in B-cell development and tate determination. The
B-ceil antigen receptor (BCR), which consists of a g heavy
chain (HC). conventional light chain (LC) immunoglob-
ulin 2 (Igx, CD79a). and Igf (CD79b), mediates ditlerent
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biological responses in B cells, 1.e. proliferation, differenti-
ation, growth arrest. or induction of apoptosis. depending
on the differentiation and activation stage of the B cefl.!3

In contrast to mature B cells, B-vell progenitors do not
possess the complete forms of the BCR. but do express
BCR-related components, For example, pro-B cells express
the IgaTgp heterodimer in association with cainexin,® an
integral membrane protein, and the surrogate light (SL)
chain encoded by the VpreB (CD179a) and 45 (CD179h)
genes.™® These molecuies have been found to be competent
for transducing differentiation signals for pro-B cells.?

In addition, pre-B cells that have successfully accom-
plished rearrangement of the HC genes start to express a
premature form of the antigen receptor, i.e. a pre-B-cell
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receplor (pre-BCR) consisting of g HC, SL chains and the
125/1gf heterodimers,”® Several studies have shown the
vital importance of pre-BCR as a mediator of pre-B-cell
differentiation signals.'™? Expression of pre-BCR on the
cell surface suppresses further recombination of g HC genes
and induces rearrangement of the conventional LC genes,
indicating that signals through pre-BCR facilitate the
proliferation of successlully developed pre-B cells.

Although the 3 HC does not have any enzymatic activity
in its cytoplasmic domain to transduce intracellular signals,
the regulatory cascade of molecules is involved in BCR-
mediated signalling.>® The stimuli conveyed by antigens
through BCR activate a number of BCR-associated
cytoplasmic prolein tyrosine kinases (PTKs), including the
Sre-family PTKs, Syk and Brutons tyrosine kinase
{BTK).*™ These PTKs then phosphorylate numerous
intracellular proteins and couple BCR stimulation o
intraceBular signallings. such as phosphoinositide hydro-
Iysis, protein kinase C activation, and activation of Ras-
mitogen-activated protein (MAP) kinase pathways.™ A
similar molecular cuscade for signal transduction has been
postulated for pre-BCR signalling.*?

B-cell linker protein (BLNK), also known as SLP-65,
BASH and BCA, is a B-cell adaptor molecule that links the
cytoplasmic PTKs with phosphorylation of downstream
effector molecules’® ' and plays a cracial role in the BCR
signalling system. Since BLNK does not encode any
intrigsic enzymatic activity, its function is to serve as a
scatlold for assembling molecular complexes that inclode
enzymes and additional linker proteins. Upon BCR sti-
mulation, BLNK couples activated Svk to phospholipase
C-3 (PLC+y), Vav, Grb? and NCK." In addition. it binds
Btk®™™ and is required for activation of the transcription
factor NF-xB.2 It has been reported consistently that
B cells lacking BLNK fail to clicit Ca®* influx following
BCR cross-linking and cxhibit atienuated activation of alf
three families of MAP kinases.'”

BLNK has also been shown o play important toles in
pre-BCR signalling, and BLNK-deficient mice show a par-
tial block at the pre-B cell stage characterized by impaired
developimental progression from farge cycling CD43* pro-B
cells into small resting CD43" pre-B cells® 28 suggesting an
essential role of BLNK in pre-BCR signalling that mediales
the growth and differentiation of B-cell precursors.

" Moreimporiantly. it has beenreported that some BLNK-
deficient mice spontancously develop pre-B-celf tymphomas
that express large amounts of pre-BCR on their surface. >
Consistent with. this. approximately 50% of human child-
hood pre-B acute lymphoblastic leukacmias (ALL) show
complete loss or drastic reduction of BLNK. expression.®
These findings indicate that BLNK functions as a tumour
suppressor and that Joss of BENK and the accompanying
block in pre-B-cell differentiation is one of the primary causes
of pre-B ALL, alihough the precise mechanism is unknown.

We employed human pre-B cell lines that express and do
not express BLNK and examined the intracellular sipnal-
ling events following pre-BCR cross-linking in an attempt
to investigate the role of BLNK in pre-BCR-mediated sig-
nalling. I this paper, we report the absence of Ca?* influx

tollowing pre-BCR ligation in BLNK-nepalive human
pre-B-cell lines, but not interference with pre-BCR-medi-
ated phosphorylation of intracellular molecuyles. This sug-
gests Lhat BLNK is essential to Ca® " signalling in human
pre-B cells bt not to other signalling cascades and it shounld
provide an /n vitre model for studying the role of BLNK in
pre-BCR-mediated signalling.

MATERIALS AND METHODS

Cells and reagents

The buman pre-B cell lines, NALM-17. HPB-NULL,
P30/0OHK™ and NALM-6' were used in this study. The
cells were cultured in RPMI-1640 supplemented with 10%
felal calf serum al 37° in a humidified 5% CO, almosphere.
The mouse monoclonal antibodies (inAbs) used were; anti-
u (G20-127), anti-x (G20-193), and anti-A (JDC-12) from
Pharmingen (San Dicgo, CA); anti-BLNK (2B11), anti-Syk
(4D10), and anti PLC-y2 (B-10), from Santa Cruz Bio-
technology (Samta Cruz, CA); anti-extracellular signal-
repulated kinase (ERK)-1 (MKI12) trom Transduction
Laboralories (Lexington. KY); anti-phosphotyrosine (PY)
(4G10) from Upstate Biotechnology Inc. (Lake Placid,
NY);, anti-y (AF6) from Beckman/Coulter Inc. (West-
brook, MAY; anti-f zctin (ZSAD from Seikagaku Co.
(Tokyo, Japan}; and anti-u (DA4.4) from the American
Type Cuiture Collection (Rockville, MD). Ant-£5
(HSL11), anti-Vpre-B (HSL96) and anti-<conformalional
pre-BCR (HSL2) were also used.™ As the negative control
for flow cytomeiric analysis, isotype-matched mouse
immanoglobulins, 1gGt (KOPC-31C) and IgG2a (G155-
178}, [rom Pharmingen were used. The rabbit polyclonal
antibodies vsed were; Flab”)y frapment of anti-¢ HC from
Jackson Laboratory. Inc. (West Grove, PA); anti-PLC-y1,
anti-phospho-ERK, anti-phospho-MAP kinase/FRK kin-
ase (MEK), anti-phospho-PLC-yl. anti-phospho-PLC-y2
and anti-phospho-AKT from New England Biolabs, Inc.
(Beverly, MA); anti-PLC-y2 from Pharmingen; and anti-
She from Transduction Laboratories. The goul polyclonal
anti-BTK antibody from Sanwa Cruz Biotechnology was
also used. Secondary antibodies, including fluorescein-
comjugated and enzyme-conjugated antibodies. were pur-
chased from Jackson.

Imanmofluorescence study

The cells were stained with mAbs and analysed by flow
eytometry (EPICS-XL, Conlier) as described previously. ™
Staining of cytoplasmic antigens was performed with
CytoStain™ Kits (Pharmingen) according 1o the manu-
facturer’s protocol.

Immunobluing and intrannoprecipitation

Immunoblotting was performed as described previously,
Briefly, cell dysutes were prepared by solobilizing the cells in
lysis bulfer (containing 20 mM Nu,PQO4, pH 74, 150 mu
NaCl, 1% Triton X100, 1% aprotinin, § mM phenyl-
methylsulphonyl  fuoride, [00mmM NaF and 2 mM
Na;VO,). After centrifugation, supernatants were obtained
aned the protein concentration of each cell lysate was

€ 2004 Blackwell Publishing Ltd. Immwrology. 132, §75-582
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determined with a Bio-Rad prolein assay kil (Bio-Rad
Laboratories, Hercules, CA). Fifty micrograms of each
cell lysate were electrophoretically separated on sodium
dodecyl sulphate-polyacrylamide pel and transferred onto a
nitroceltulose membrane using a semi-dry transblot sysiem
{Bio-Rad). After blocking, the membranes were incubated
with the appropriate combination of primary and secon-
dary antibodies as indicaied, washed intensively, then
examined using the enhanced chemiluminescence reagent
system (ECL, Amersham Life Science, Buckinghamshire,
UK). The results obtained from a 1-min exposure of the
ECL-treated membrane to filin are presented.

For the immunoprecipitation, 500 sig of the cell lysates
was incubated with 1 pg of antibody -and 50 pl of 50%
protein-G agarose (Bochringer Munnheim Biochemica,
Mannheim, Germany) for 1 hr. After intensive washing, the
immunoprecipitates were separated by electrophoresis and
analysed as described above.

To measure Ras activation, EZ-Detect™ Ras Activa-
tion Kits from PIERCE Biotechnology {Rockford. [L)
were used according to the manufacturet’s protocol.

CE" mobilization assay

Intracellular Jevels of Ca®™ were measured by flow evto-
metry using Floo 3-AM (Dojin, Kumamoto, Japan) after
pre-BCR cross-linking with anti-y antibodies. Ten million
cells were washed and resuspended in t ml of OPTI-MEM
containing 5% bovine serum albumin, and incubated with
1 mu of Fluo 3-AM for 30 min at 37°. After washing. the
celis were resuspended in 10 mi of medium, stimulated by
adding ditTerent concentrations of rabbit anti-human g HC
antibody as described in Figure 4 and the intracellulur
caleium concentration was measured by flow cytometry as
described previously," Calcium jonophore (lonomycin,
Sigma-Aldrich Fine Chemicals. 8t Louis, M) was used as
the positive control. The datx oblained were analysed using
winMDl software (distributed by Dr Joe Trotter) and
presented as a kinetics line,

RESULTS

Expression of cell surface pre-BCR and BLNK
in luman pre-B-cell lines

1t has been reported that some pre-B-cell Jines express pre-
BCR on their cell surface, even if not abundantly.®® To
identify cell lines that express pre-BCR on their cell surface,
we tested a series of human pre-B-cell lines for surface
expression of g HC, Flow cytometry showed that all four
cell lines tested, i.¢. lines NALM-6, HPB-NULL, NALM-
17, and P30/0HK, expressed p HC on their cell surface,
and that two of them., NALM-17 and HPB-NULL cells.
expressed pgf HC on their cell surface more abundantly than
the others (Fig. 1a). To investigate the celf sorface expres-
sion of pre-BCR. we examined reactivity to mAb against
SL chains. The mAbs HSLI1. HSL96 and HSL?2 specific-
ally recognize 25, VpreB and the conformational epitope of
pre-BCR. respectively.®® When evaluated by Bow cyvio-
metry. the cell lines stained positive with all three mAbs
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(Fig. Ia), but not with anti-x and -2 mAb (data not shown),
indicating that the pre-BCR is indeed expressed on the cel}
surface of some pre-B cell limes. It is noteworthy that
although NALM-6 cells clearly reacted with both HSL1t
(A5) and HSL96 (VpreB). they revealed much weaker
reactivity with HSL2 (conformational epitope of pre-BCR),
for which the precise reason is unknown (Fig. 1a).

Since complete loss or drastic reduction of BLNK
expression has also been reported in approximately 50% of
childhood precursor-B ALL cases™ we tested pee-B cell
lines for expression of BLNK. Irmmunoblotting revealed
abundant expression of BLNK by NALM-17 cells, whereas
no BLNK expression was detectable in HPB-NULL celis
{Fig. ib). The NALM-6 and P3)/OHK cells showed an
intermediale amount of BLNK expression (Fig. 1b). We
also investigated HPB-NULL and NALM-17 celis for
intracellular BLNK expression by fow ¢ylometry. When
membrane-permeabilized cells were stained with fluorese-
cin-labelled anti-BLNK mAb. clear expression of BLNK
was observed only in NALM-17 cells (Fig. 1c), consistent
with the results of immunoblotting, In contrast, when tested
for expression of other Bcell-related signalling molecules,
ie. BTK, Syk, PLC-y1 and PLC-72. by immunoblotting, all
four molecules were comparably expressed in all four pre-B
cell lines (Fig. Ib). Based on these findings, we decided to
use NALM-17 and HPB-NULL cells in the following
experiments as i vitre models of BLNK.-positive and
negative pre-B cells, respectively.

Phosphorylation of intracellular proteins induced
by pre~BCR cross-linkage in hoth BLNK-pasitive
and -negative pre-B cells

Next, we investigated whether cross-linking of pre-BCR
with anti-p aotibodies would induce tyrosine phosphory-
lation of intracellolar proteins in pre-B cel} lines. Evalua~
tion by immunoblotting with the anti-FY mAb, DA44
directed against human u HC was found to cross-link pre-
BCR strongly enough to induce tyrosine phosphorylation
of intracellular proteins in HPB-NULL cells (Fig. 2a), but
isotype-maiched coutrol mouse immunoglobulin did not
(dats aot shown). Phosphorylation of the tyrosine residues
peaked at 1-5 min afier pre-BCR cross-linking and then
decreased to a testing level by 30 min (Fig. 2a). Testing of
other antibodies specifically reacting with u HC, including
the other clone of anti-t HC mAb (AF6 and G20-127) and
F(ab’), fragment of rabbit polyclonal anti-y HC, yielded
identical resulis (datz not shown). Based on the results
obtained under various conditions, incubation with
10 pg/ml of anii-p mAb DA4.4 for 5 min was considered
the optimal condition for pre-BCR cross-linking.

Next, immunoprecipitation and immaunoblotting were
used to identify signal transduction molecules localed
downstream in the pre-BCR signalling cascade in HPB-
NULL cells, When Sgk PTK (Fig. 2b) and She adapter
molecules (Fig. 2¢) were immunoprecipitated with specific
antibodies, a pre-BCR-mediated increase in tyrosine phos-
phorylation was observed on anti-PY immunoblotting, and
use of phospho-specific antibodies revealed that ERK MAP
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Figure 1, Bxpression of pre-BCR and BLNK in human pre-B<eli lines. {a} The pre-BCR-related molecules, i.e. u heavy
chain, A5, VpreB and conformational pre-BCR {pre BCR). expressed on the cell surface of haman pre-B cell lines, NALM-6,
NALM-17, HPB-NULL. and P30/0HK, were stuined with the specific monoclonal antibodies indicated and analysed by flow
eytometry us desetibed in the Materials and methods. The histograms obtained (solid lines) have been superimposed on those of
the negative control {cells stained with isotype-matched control mouse immunoglobulin, IgGt KOPC-31C, light broken lines).
The mean Huorescence intensity (MF1) for each stuining is presented in the top right hand comer of each panel. The MFT for
tach negalive control staining is presented in the top left hund corner of the 1op panel of each cell fine, The a-axis represents
fluorescence intensity: (he p-uxis represents relative cell number. (b) Human pre-B-cell lines were tested for expression of BLNK
and signal-transduction-related molecules by immuenoblotling anadysis with the specific antbodies indicated. For PLC»2
blotting, anti-PLC-:2 monoclonal antibody (B-10) was vsed, (¢) Human pre-B cell lines were tested for expression of BLNK by
Row cytometry, Cells were permeabilized. stained with & combination of anti-BLNK monoclonal 2ntibody and Suorescein
isothiocyanate-conjugated secondary goat anti-inouse TG, and anulysed as deseribed in the Materials and methods, As a
negative control, cells were also swained with isotype-mutched control mouse imorunoglobulin (IgG2 G153-178, MsizG).

kinase and MEK kinase were phosphorylated immediately
after exposure Lo the anti-y HC mAb DA4.4 (Fig. 2d). The
time course of the phosphorylation slate of MEK and MAP
kinase showed kinctics similar to those of intracellular
proleins detected with anti-PY mAb (Fig. 2a.d), and clear
phosphorylation of PLC-#1 and AKT was also deiceled in
HPB-NULL cells alier pre-BCR cross-linking (Fig. 3a), We
also examined the activation of Ras. an upstream signalling
molecule of ERK MAP kinase. As shown in Fig. 3(b), we
observed an activation of Ras in HPB-NULL cells after
pre-BCR cross-hinking.

Similar testing of BLNK expressing NALM-17 celly
revealed that pre-BCR cross-linking induced phosphoryla-
tion of these intracellular molecnles as well as Ras
activation that was as immediste and clear as we observed
in HPB-NULL cells (Figs Ja.h). However, il is noteworthy
that examination of phosphorylation of PLC-32 in the same
manner showed that pre-BCR cross-linking induced phos-
phorylation of PLC-32 only in NALM-17 cells, and not in
HPB-NULL cells (Fig. 3a). .

A major mechanism by which BLNK has been proposed
to regulate PLC-42 is through the juxtaposition of BTK and

€ 2004 Blackwell Publishing Lid. frmmarology. 112, §75-582
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Figure 2. Increase in phosphorylation of intracettular proteins in
HPB-NULL cells afier exposuore to anti-p antibodies. {a) Immuoso-
blot anabvsis with anti-phosphotyrosine (x-PY) monoclonal anti-
body was performed on cell lvsates prepared from HPB-NULL
pre-B cells exposed (o 10 pzAnl of anti-x mAb DA44 for the
periods indicated. A molecular weight standard is indicated on the
left. (b) Proteins immunoprecipitated with either isotype-matched
control mouse immunoglobulin {Mslg, fanes | and 2) or mouse
mon oclonal antibody against Syk {z-Syk, lanes 3 and 4) feom HPB-
NULL lvsates were seporated by sodiwn dedecyl sulpbate-poly-
acrylamde gel efectrophoresis in duplicate. After transfer onto a
nitrocellelose membrane, the samples were analysed by immuno-
blotting with either anti-phosphotyrosine (2-PY) monoclonal anti-
body (upper panel) or anti-Syk monoclonal antibody {lower panel).
Corresponding bands for Syk ace indicated by arrows. (¢) An
experiment similar to that in (b) was performed using & combination
of HPB-NULL fysutes and rubbit polyclonal anti-She antibody
{#-8he). () The celf lysates prepured from HPB-NULL a5 in a)
were dlso tested by immunoblotting with astibodies indicated.

PLC-y2.525™ Therefore we exantined the complex for-
nmation between BTK and PLC-72 in both celi fines. As
shown in Fig. 3(c), immunoprecipitation revealed that a
portion of BTK was detected in anti-PLC-72 immunopre-
cipitates from the lysates prepared from both NAIM-17
and HPB-NULL cells without pre-BCR cross-linking.
Interestingly, the total amount of BTK protein precipitated
with anti PLC-y2 antibody was increased aller pre-BCR
cross-linking in NALM-17 cells, while pre-BCR ¢ross-link-
ing did not atlect the amount of BTK protein precipitated
with anti PLC-y2 antibody in HPB-NULL cells (Fig. 3c).

Ca®* influx does not occur in BLNK-negative cell lines
after cross-linking of pre-BCR

Next, we investigated whether the cross-linkage of pre-BCR
leads 1o an increase in intraceliular Ca? ™ level, Measurement
of the intracellular Ca?* level of HPB-NULL celis by flow
cylometry with Fluo 3-AM showed no significant increasein
intraceliular Ca®* Ievel after exposure to anti-u antibodies,
wlile treatment with calcium ionophore led to a elear
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Figure 3, Pre-BCR-mediated signalling in pre-B cell lines.
(1) Bomunoblot analysis using phospho-specific antibodies on
NALM-17 and HPB-NULL cells after exposure 1o anti-y mono-
clonul antibody DA4.4, Cell lysutes prepared from NALM-17 and
HPB-NULL celis as in Fig. 2(2) were also tested by immano-
blogting with the anti-phospho-specific antibodies indicated. (b)
NALM-17 and HPB-NULL cells were exposed 1o DA4.4 and cell
Iysales were prepared as in (3). Active form of Rus (Ras-GTP)
proteins were captured with Rafl-immobilized resin and detevted
by immunoblotiing using anti-Ras antibody. (¢) Cell lvsates were
prepared from NALM-17 and HPB-NULL cells treated with (+)
or without {-) DA4.4 (10 e/l for § min as in (a). Proteins were
immunoprecipitated with rabbit anti-PLC-2 antibody from the
cell lysates nod were separated by SDS-PAGE in duplicate. Im-
munoblotting was performed with either mouse anti-PLCwy2
monectonal antibody (B-10, 2-PLC-y2. upper panel) or goal anti-
BT astibody (lower punel).

increase in the intracellular Ca?™ level (Fig. 43, By contrast,
however, when NALM-17 cells, which express BLNK. were
examined, an increase in intracellular Ca®* lovel after pre-
BCR cross-linkage was observed pnder identical expeti-
mental conditions (Fig, 4). We therefore concluded that the
cross-linking of pre-BCR tailed to increase intracellular
Ca?" in pre-B cells that lack BLNK expression.

DISCUSSION

Several different groups have reported that 5-10% of
BLNK-deficient mice spontaneously develop pre-B celt
feukaemialymphomas expressing large amounts of pre-
BCR on their surface.?™ Injection of immunodeficient
mice with a BLNK™" pre-B-cell line has been found to
result in the development of pre-B-cell leukaeria that was
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Figure 4. Flow cytometric analysis of Ca? ¥ mobilization in huoman
B-cel] ines. NALM-17 or HPB-NULL cells were loaded with Fluo
3-AM as described in the Materials and methods, and the intra-
cellular Ca** levels were measured by flow cytometry, Rabbit #nti-g
monaclonal antibody (x-g, 5. 10, and 20 go/ml) or the calcium
jonophore ipnoinycin (lono, 0-f pg/nf) was added to the cells at
the times indicated by the arrows. Other anti-p antibodies were also
vsed, and ideatical resolts were obtained (dala not shown).

prevented by reconstitution of BLNK expression in
BLNK™ pre-B-cell line.®® More important. it is also
reported thit 16 of 34 homan childhood precursor-B ALL
cases showed complete loss or drastic reduction of BENK.
expression.® Thus, it was hypothesized that BLNK acts as
a tumour suppressor and thal somatic loss of BLNK and
the accompanying block of pre-B-cell differentiation is one
of the primary cavses of childhood ALL® Congistent
with the above observations. the results of the present study
demonstrated the existence of a human pre-B ALL cell line
that Jacks BLNK, expression, and our findings indicate that
the BLNK-deficiency phenotype in human precursor-B
ALL cells is maintained in the cell lines established from
these ALL cells.

The function of BLNK in pre-B cels is still a matter of
controversy. Since, #s staled above, reconstitution of
BLNK expression in the BLNK™" pre-B-cell line prevented
the development of the teukaemia in immunodeficient mice,

Jumaa et ol. suggested that BLNK is essential to Iimiting
pre-B-cell proliferation.™* By contrast. Hayashi ef al.
observed that the pre-B cells that accumulale in BLNK-
deficient mice are mostly non-cycling large pre-B cells, and
they therefore concluded that BLNK is eritical 1o pre-BCR
signalling that induces proliferation of large pre-B cells,™
Although the function of BLNK in pre-B ALL cell lines has
noi yet been clarified, the variable expression levels of BLNK,
in the pre-B ALL cell lines that we described in this study
may mean hat the level of expression of BLNK no lenger
critically affects growth and servival in eslablished human
pre-B ALL cell lines. In fact. we did not observe any signi-
ficant ditference in growth rate between the human pre-B
ALL cell fines regardless of their BLNK expression Jevel
(data not shown).’

-Iu the present study we examined the downstream events
mediated by cross-linking of pre-BCR in both BLNK-pos-
itive and -negative human pre-B-tell fines. The analysis with
HPB-NULL cefls that lack BLNK clearly indicated that the
cross-linking of pre-BCR induces agtivation of Syk, She,
Ras, ERK MAP kinase, and AKT, suggesting that the pre-
BCR-mediated signalling in the MAP kinase pathway and
the phosphatidyl-inosito! 3 (PI3) kinase-AKT pathway do
not require BENK. In couatrast, cross-linking of pre-BCR
induced phosphorylation of PLC-y2 and an jucrease in the
intracellular Ca®™ level in NALM-17 cells alone, and not in
HPB-NULL cells. suggesting that BLNK is essential to the
pre-BCR-mediated Ca** influx via PLC-y2 activation.

Kuwahara ef of. analysed the downstream events of pre-
BCR signalling in the human pre-B cell lines NALM-6 and
796 cells and reported a significant difference in comparison
with the ¢vents mediated by the conventional BCR, ex-
pressed on mature B cells, namely, less tyrosing phos-
phorylation of the evtoplasmic proteins, including Syk, and
failure of Ca*" mobilization.?® However, the fact that the
pre-B lines that they studied express only a small amount of
pre-BCR on their cell surface may have been a limitation.
Thys, their failure to detect signals following pre-BCR
cross-linkage may have been because the signals were below
the threshold of the detection system.™ Tn fact, Nakamura
et af. analysed the downstream signalling events after pre-
BCR stimulation in px-transfected NALM-6 cells, which
express larger amounts of the reconstituted BCR, and
observed that cross-linkage of BCR on pre-B cells caused
an elevation in intracellalar Ca** that was qualitativety
indistinguishable from the clevation totlowing cross-linkage
of BCR on matwre B ¢cells.®

In addition, we observed ihat NALM-6 cells clearly
reacted with both anti-15 and anti-VpreB antibodies, while
they revealed much weaker reactivity with antibody against
conformational epitope of pre-BCR (Fig, 1a). Although the
precise reason for the discrepancy is unknown. our finding
may be related to the failure of Ca®* mobilization by pre-
BCR cross-linking in NALM-6 cells,

By conirast. our findings also indicated that cross-link-
age of pre-BCR expressing on pre-B NALM-17 cells
induces hyperphosphorylation of the tyrosine residucs in
numerous intracellufar proteins as well as elevation of the
intracellular Ca** level, Therefore, NALM-17 cells should
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