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Staphylococcus auwreus is known to activate mammalian
immune cells through Toll-like receptor 2 {TLR2). We recently
demonstrated that a lipoprotein fraction obtained from S. aureus
by Triton X-114 phase partitioning is a potent activator of
TLR2. In this study, we separated TLR2-activating lipoproteins
expressed in S, gureus and characterized an N-terminal struc-
ture. The lipoprotein fraction of S. aureiss was prepared by glass
bead disruption followed by Triton X-114 phase partitioning.
The TLR2-activating molecules were mainly detected in the
mass range of 3035 kDa, Seven lipoproteins were identified by
the mass spectra of their tryptic digests. Among them, three
lipoproteins were separated by preparative SDS-PAGE and
proved to activate TLR2. After digestion with trypsin in the
presence of sodium deoxycholate, the N terminus of the
lipopeptide was isolated from lipoprotein SAOUHSC_02699 by
normal phase high pressure liquid chromatography and charac-
terized as an S-(diacyloxypropyl)cystein-containing peptide
using tandem mass spectra. The synthetic lipopeptide counter-
part also stimulated the cells via TLR2. These results showed
that the diacylated lipoprotein from S. aureus acts as a TLR2
ligand in mammalian cells.

Bacterial infection is one of the major causes of death. Staph-
ylococcus aureus, the most common Gram-positive pathogen,
is a major source of mortality in medical facilities {1). The
pathogen causes various infectious diseases, including sepsis,
endocarditis, and pneumonia. During the infection, S. aureus
activates cells and evokes serious inflammation in the host.
TLR2? has been shown to play a crucial role in the host
response to S, aureits (2). However, a detailed understanding of
the molecular components that interact with TLR2 in S. anreus
cells has not yet been obtained. One of the reported TLR2
ligands was peptidoglycan (PGN) (3), a cell wall component of
most bacteria. However, Travassos et al. {4) recently showed
that PGN from several bacteria that were highly purified by
removal of lipoproteins or lipoteichoic acid (LTA) were not
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detected by TLR2. Moreover, the minimal active components
of the PGN, muramyl dipeptide and desmuramyl dipeptide
{(y-p-glutamyl diaminopimelic acid), were determined to be
ligands of the intracellular innate immune receptor Nod2/
Nodl (5, 6), suggesting that PGN is not a ligand of TLR2.
Another candidate of TLR2-activating ligands is LTA, a cell
surface glycoconjugate of Gram-positive bacteria (3). Morath ez
al. (7) reported that LTA from S. aureus is a potent stimulator
of cytokine release, whereas our group demonstrated that LTA
from enterococci, also a major Gram-positive pathogen, has no
cytokine-producing activity (8, 9). Furthermore, Han et al. (10)
showed that LTA from pneumocaocci is 100-fold less potent
than staphylococcal LTA. These observations suggested that
LTA is not a common ligand of TLR2 in Gram-positive
pathogens.

We also found that the enterococcal LTA fraction contains
some contaminants other than LT A and that these components
activate immune cells through TLR2 (8, 11). However, their
structures were not identified at that time. TLR2 is known to be
a predominant receptor for lipoproteins derived from various
bacteria. We have previously shown that the lipoprotein-con-
taining fraction from S. aureus stimulates activation of immune
cells through TLR2 (12). Recently, Stoll et al. (13) constructed a
lipoprotein diacylglycerol transferase deletion (Algt) mutant of
S. aureus, which is unable to carry out lipid modification of
prelipoproteins. It was demonstrated that the mutant com-
pletely lacks palmitate-labeled. lipoproteins and that its cells
and crude lysate induce much less proinflammatory cytokines
than the wild type. Bubeck ez al. (14) also reported that an S.
aureus variant that lacks lipoproteins is able to escape immune
recognition and cause lethal infections. Furthermore, we
showed that the activities of an LTA fraction derived from a
Algt mutant are largely decreased when compared with those
from the same fraction of the wild type (15). These results sug-
gest that the lipoproteins in S, aureus appear to be the TLR2
ligand for the immune system. In the present study, we sepa-
rated lipoproteins from S, aureus and elucidated the TLR2-
activating structure,

EXPERIMENTAL PROCEDURES

Bacterial Strain and Bacterial Components—S. aureus SA113,a
restriction-deficient mutant of NCTC8325 (16), was cultured
in brain heart infusion broth (Eiken, Tokyo, Japan) at 37 °C for
6 h with constant shaking in a culture bag (CB20-1, Fujimori
Kogyo Co., Ltd., Tokyo, Japan) before being harvested by cen-
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trifugation (5,000 X g for 15 min at 4 °C). The membrane frac-
tion was prepared by bead disruption of the cells as described
(13). The lipoprotein fraction was obtained by Triton X-114
phase partitioning of the membrane fraction as described (17)
and was designated as Sa-M-TX.

FSL-1, a synthetic diacylated lipopeptide, was purchased
from EMC microcollections (Tibingen, Germany). Esche-
richia coli O55:B5 lipopolysaccharide (Sigma-Aldrich) was
further purified by sodium deoxycholate reextraction as
described (18). SAOUHSC_02699 di-O-palmitoyl (Pam,)
lipopeptide 10-mer (Pam,CGNNSSKDKDG) and Pam,CSK,
were synthesized in our laboratory. The synthetic details will
be described elsewhere.

Separations of Proteins—Analytical SDS-PAGE was per-
formed by the Tris-glycine method (19) using a mini PAGE
chamber AE-6530 and an AE-8450 power supply (Atto Corp.,
Tokyo, Japan) with a 12.5% gel. Proteinous materials were visu-
alized by silver or Coomassie Brilliant Blue staining, and visu-
alization of acidic materials, such as LTA, was performed by
Alcian blue staining.

Proteins eluting between 25 and 40 kDa in the analytical
SDS-PAGE were separated using a preparative electrophoresis
apparatus, AE-6750 (Atto Corp.), according to the manufactur-
er’s instructions. The eluates were analyzed by SDS-PAGE and
subjected to acetone precipitation to remove any contaminat-
ing SDS. The precipitates were dissolved in 20 mnm octylglu-
coside. The concentration of lipoprotein was estimated by SDS-
PAGE with silver staining and adjusted to 10 pg/ml

Monocyte Western Blotting—Monocyte Western blotting
was carried out by the method described previously (20).
Briefly, stimuli were separated by SDS-PAGE, and the resolved
stimuli in the gel were transblotted to a nitrocellulose mem-
brane by the method of Towbin et al. (21) using an AE-6677
semidry blotting apparatus (Atto Corp.). The membrane of
each lane was cut into 4-mm strips, and each strip was sepa-
rately dissolved in dimethyl sulfoxide. The solution was poured
into. phosphate-buffered saline to. precipitate  stimuli-coated
particles, which consist of stimuli and nitrocellulose. After
washing three times with phosphate-buffered saline; the parti-
cle suspension in assay medium was applied to a luciferase assay
using the Ba/mTLR?2 cells described below.

Mass Spectrometry—Mass spectra were obtained by matrix-
assisted laser desorption ionization-time of flight mass.spec-
trometry (MALDI-TOF-MS) with an Axima QIT TOF mass
spectrometer (Shimadzu, Kyoto, Japan) equipped with a nitro-
gen 337 nm laser. 2,5-Dihydroxybenzoic acid was used as the
matrix at a concentration of 10 mg/ml in aqueous 50% acetoni-
trile containing 0.1% trifluoroacetic acid. Peptides were ana-
lyzed in positive and reflectron mode. Tandem mass (MS/MS)
spectra were obtained using argon as a collision gas.

Identification of Lipoproteins and Lipopeptides—The pro-
teins that were separated by analytical SDS-PAGE were ‘di-
gested with trypsin as described previously (22). The peptides
were analyzed by MALDI-TOF-MS and identified by a data
base (the National Center for Biotechnology Information non-
redundant protein data base) search using the MASCOT soft-
ware from Matrix Science (23). The proteins were designated
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FIGURE 1.1dentification of lipoproteins in S. aureus. A, the NF-«B activation
induced by Sa-M-TX in Ba/«B, Ba/mTLR2, or Ba/mTLR4/mMD-2 cells for 4 h
was measured with a luciferase assay. The results are shown as relative lucif-
erase activity, which was determined as the ratio of stimulated to nonstimu-
lated activity. The data represent the mean = S.E. obtained from three inde-
pendent experiments, B, SDS-PAGE profiles of Sa-M-TX and separation of
TLR2-activating components in Sa-M-TX. The gels were separated with 12.5%
gel and visualized by Coomassie Brilliant Blue (CBB) or Alcian blue (AB). NF-xB
activation was detected by monocyte Western blotting using a luciferase
assay in Ba/mTLR2 cells. The results are shown as relative luciferase activity,
which was determined as the ratio of stimulated to nonstimulated activity.
¢, identification of lipoproteins in Sa-M-TX. Each protein were separated with
12.5% gel and identified by in-gel tryptic digestion followed by mass analysis.
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and visualized by silver staining. 8, the NF-kB activation induced by 1 ng/ml of
the lipoprotein, 0.1 ng/ml FSL-1, and 10 ng/mi lipopolysaccharide {LPS) in
Ba/«B, Ba/mTLR2, or Ba/mTLR4/mMD-2 cells. C, dose-dependent NF-xB acti-
vation induced by lipoproteins in Ba/mTLR2 cells. The cells were incubated
with stimuli for 4 h. NF-«B activation was measured with aluciferase assay.
The results are shown as relative luciferase activity, which was determined as
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by the locus tags for the genome of S. aureus NCTC8325, which
is the parent strain of SA113 (16).

To isolate the N-terminal lipopeptide, the lipoprotein frac-
tion was subjected to phase transfer surfactant-aided trypsin
digestion (24). The tryptic digest was subjected to HPLC using
a normal phase Daisopak SP-120-5-SIL-P column (250 X 4.6
mm, DAISO, Co., Ltd., Osaka, Japan). The digests were eluted
using a gradient program (solvent A, chloroforni, methanol,
water = 65/20/3, v/v/v; solvent B, chloroform, methanol,
water = 65/40/3, v/v/v) at a flow rate of 1.0 ml/min and were
fractionated into 1-ml portions. The N-terminal lipopeptide
was detected using a luciferase assay. The purified lipopeptide
was characterized by MALDI-TOF-MS.

Luciferase Assay—Ba/F3 cells that stably expressed p55IgxLuc,
an NF-kB/DNA binding activity-dependent luciferase reporter
construct (Ba/«B), murine TLR2 and the p55IgkLuc reporter
construct (Ba/mTLR2), and murine TLR4/MD-2 and the
p55lgkluc reporter construct (Ba/mTLR4/mMD-2) were
kindly provided by Prof. K. Miyake (Institute of Medical Sci-
ence, University of Tokyo, Japan). The NF-«xB-dependent lucif-
erase activity in these cells was determined as described previ-
ously (12).

Cytokine Assay—Eight-week-old male BALB/c mice were
obtained from Kyudo (Kumamoto, Japan). The animals received
humane care in accordance with our institutional guidelines and
the legal requirements of Japan. Stimulation of thioglycolate-elic-
ited peripheral exudate cells and Histopaque-separated human
peritoneal blood mononuclear cells (PBMC) from a healthy donor
(M. F.) and a cytokine assay for secreted murine or human TNF-«
were performed as described (15).

RESULTS

Identification of Lipoproteins in S. aureus— The lipoprotein
fraction was obtained from S. aureus cells using glass bead dis-
ruption followed by Triton X-114 phase partitioning. Four mg
of the lipoprotein fraction (Sa-M-TX) were obtained from 10
liters of bacterial cell culture. Sa-M-TX activated murine TLR2
expressing cells (Ba/mTLR2) at 10 ng/ml but not murine TLR4
and MD-2 expressing Ba/mTLR4/mMD-2 cells or the negative
control Ba/kB cells (Fig. 1A). The SDS-PAGE profile of Sa-
M-TX showed that it contained Coomassie Brilliant Blue
(CBB)-positive proteins and Alcian blue (AB)-positive compo-
nents (Fig. 1B). The active molecules in Sa-M-TX were ana-
lyzed by monocyte Western blotting. TLR2-mediated NF-«xB
activation was strongly detected in a molecular mass range of
30-35 kDa (Fig. 1B). Thus, we subjected the Sa-M-TX proteins
with molecular masses of around 3035 kDa to in-gel tryptic
digestion. At least -seven- lipoproteins, SAOUHSC_00634,
-00844,-01002, -01180, -02554, -02650, and -02699, were iden-
tified by a combination of peptide mass fingerprinting and
MS/MS spectra (Fig. 1C).

the ratio of stimulated to nonstimulated activity. The data represent the
mean * S.E. obtained from three independent experiments. D, TNF-a pro-
duction induced by the lipoprotein in human PBMC. £, TNF-« production
induced by the lipoprotein in murine peritoneal exudate cells. The levels of
TNF-« in the culture supernatants of the cells incubated with the indicated
concentration of the stimuli for 4 h were measured by enzyme-linked immu-
nosorbent assay. The data represent the mean *+ S.E. obtained from three
independent experiments.
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FIGURE 3. Characterization of the N-terminal lipopeptide of SAOUHSC_02699, A, the elution profile of a
tryptic digest of SAOUHSC_02699 using normal phase HPLC. The NF-«B activation of the fraction was deter-
mined using Ba/mTLR2 cells. B, the MS/MS spectrum of the lipopeptide. The precursor ion at m/z 1259.9 was
decomposed using collision-induced dissociation (CID) mode. C, the structure of the lipopeptide. interpreta-
tions of the fragment ions in the MS/MS spectra are indicated in the structure.

lipoproteins induced NF-«B activa-
tion in Ba/mTLR2 cells but not in
Ba/mTLR4/mMD-2 or Ba/kB cells
(Fig. 2B). The activities of the
lipoproteins were observed at 0.1
ng/ml (Fig. 2C) and were about 100-
fold higher than that of Sa-M-TX,
which was shown in Fig. 1A. They
also stimulated human PBMC and
murine peritoneal exudate cells to
induce TNF-a dose dependently
(Fig. 2, D and E). The other four
lipoproteins could not be analyzed

because of the low content in
Sa-M-TX.
The N-terminal Structure of

S. aureus Lipoprotein—Because the
minimal active structure of bacterial
lipoproteins is reported to be N-
terminal  acylated S§-(2,3-dihy-
droxypropyljcysteine-containing
lipopeptide (25), the N-terminal
structure of S aureus lipoprotein
was investigated. We attempted to
separate N-terminal lipopeptides
from three separated lipoproteins
by conventional tryptic digestion
followed by reverse or normal phase
HPLC separation. Although active
componerits were: eluted, no li-
popeptides were detected by mass
spectrometry. This may have been
caused by insufficient digestion of
the N-terminal moiety of the
lipopeptides, probably because of
poor solubility or micelle formation.
Therefore, we used phase transfer
surfactant-aided trypsin digestion
(24) to improve the efficiency of
hydrophobic lipoprotein digestion.
The lipoprotein' SAOUHSC_02699
was thus able to be digested, and the
digests were subjected to normal
phase HPLC (Fig. 34). A TLR2-acti-
vating component was-found be-
tween fractions 17 and 18. The
MALDI-TOF-MS spectra of the
component showed a pseudomo-
lecular ion [M-+H]" at m/z 1259.9.
In the MS/MS spectra of the precur-
sor ion at m/z 1259.9 (Fig. 3, B and

Lipoprotein Immunological Activities—The lipoproteins
were separated by preparative: SDS-PAGE using a 12.5% gel.
Among seven identified lipoproteins, we could separate three
lipoproteins, SAOUHSC_02699, -02650, and -00634 (Fig. 2A4).
About 1 ug of each lipoprotein were obtained from 250 ug of
Sa-M-TX. The TLR2-dépendent activities of the lipoproteins
were detected by NF-«B activation in TLR-expressing cells. All

9150 JOURNAL OF BIOLOGICAL CHEMISTRY

(), C-terminal y ions were observed at m1/z 606.0, 549.0, 435.0,
and 321.0, which agreed: with the  N-terminalsequence of
SAOUHSC_02699, GNNSSK. The ions at #/z 1026.7, 825.6,
and 711.2 correspond to b ions of an S-(dipalmitoyloxypropyl)-
cysteine-containing peptide. The ion at m/z 675.1 represents
dehydroalanyl GNNSSK, which is formed by -elimination of
the 2,3-dipalmitoyloxypropylthio group. These results prove
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FIGURE 4. Immunological activities of a synthetic lipopeptide of SAGUHSC
02699, A, NF-kB activation induced by the indicated doses of lipopeptide in
Ba/mTLR2 cells for 4 h was measured with a luciferase assay. The results are
shown as relative luciferase activity, which was determined as the ratic of stimu-~
lated to nonstimulated activity. The data represent the mean * S.E. obtained
from three independent experiments. B, TNF-a production induced by the
lipoprotein in human PBMC. The levels of TNF-« in the culture supernatants of
the cells incubated with the indicated concentration of the stimuli for 4 h were
measured by enzyme-linked immunosorbent assay. The data represent the
mean * S.E. obtained from three independent experiments.
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that the N-terminal structure of SAOUHSC_02699 is a diacyl-
type lipoprotein. The synthetic counterpart of its N-terminal
lipopeptide 10-mer stimulated TLR2-dependent NF-«B activa-
tion in Ba/mTLR2 cells and TNF-« induction in PBMC {Fig,. 4).
The lipoprotein SAOUHSC_00634 and -02650 were also sub-
jected to the phase transfer surfactant-aided trypsin digestion.
Although active components were eluted from HPLC, no spec-
tra corresponding to lipopeptide were obtained, suggesting that
further improvement is required for complete digestion of
some lipoproteins.

DISCUSSION

S. aureus is known to activate TLR2, but the principal mole-
cule responsible for this activity has not been proven. In this
study, we identified several lipoproteins including SAOUHSC_
01002, -01180, -02554, -00634, -02650, -00844, and -02699
as candidates of TLR2-activating molecules (Fig. 1C). Some
of the lipoproteins were identified as quinol oxidase
{SAQUHSC_01002), and the ATP-binding cassette transporter
{SAOUHSC_02699, SAOUHSC_00634) and the others were
classified as hypothetical proteins. SAOUHSC_00634 has been
previously reported as SitC, which acts as an iron-regulated
ATP-binding cassette transporter in S. aureus and Staphylococ-
cus epidermidis and is a major lipoprotein that is distributed
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throughout the cell wall (26). SAOUHSC_00634 and -01180
were also identified in the membrane fraction of S, aureus (13).
Although some of lipoproteins reported (13) were not identi-
fied in our study, probably because of differences in the culture
conditions, similar lipoproteins were extracted. Thus, we con-
sider lipoproteins to be constitutively expressed in S. aureus.

SAOUHSC_02699, -02650, and -00634, which were sepa-
rated by preparative SDS-PAGE (Fig. 24), activate TLR2-ex-
pressing cells (Ba/mTLR2) but not murine TLR4- and MD-2-
expressing Ba/mTLR4/mMD-2 cells or the negative control
Ba/xB cells (Fig. 2B). They also exert strong TNF-a-inducing
activity on murine and human immune cells (Fig. 2, D and E).
These data indicate that the lipoproteins are the TLR2-activat-
ing ligands in S. aureus. Sa-M-TX contained LTA, which was
visualized in the range of 15-23 kDa (Fig. 1B), whereas the
activity of Sa-M-TX was observed in the range of 3035 kDa
(Fig. 1B). We have previously reported that the LTA fraction
derived from an §. aureus lipoprotein knock-out mutant is 100-
fold less potent than that of the wild-type (15). Although the
LTA is still thought to be a TLR2-activating molecule (27), the
principal molecules responsible for the TLR2 activity of Sa-
M-TX are concluded to be lipoproteins,

Because the three lipoproteins separated were predominant
constituents in Sa-M-TX and the sum of their activities is com-
parable with that of Sa-M-TX (Figs. 14 and 2B), they are
responsible for most of the activity in Sa-M-TX. As for the
TLR2-mediated recognition of whole S. aureus, it should
include other lipoproteins, which depend on the condition of
bacteria. Characterization of lipoproteins expressed in a path-
ogenic condition is important for the analysis of virulence fac-
tors by S. aureus in infectious diseases.

In the case of Gram-negative bacteria and mycoplasma, sev-
eral lipoproteins have been identified as TLR2 ligands, and their
N-terminal lipopeptides, which contain diacylated or triacy-
lated S-(2,3-dihydroxypropyl)cystein, have been proven to be
essential moieties for TLR2 activity using chemically synthe-
sized compounds. Lipoproteins derived from Gram-negative
bacteria, such as E. coli, Borrelia burgdorferi, Neisseria gonor-
rhoeae, and Porphyromonas gingivalis, have been proven to be
triacylated lipoproteins (28 -31). Mycoplasma, such as Myco-
plasima fermentans and Mycoplasma salivarium, have been
shown to possess diacylated lipoproteins (32, 33). However, it is
not clear whether the lipoproteins in Gram-positive bacteria
are diacylated or triacylated. In this study, we identified the
N-terminal structure of S.awreus lipoprotein SAOUHSC_
02699 as diacylated lipoproteins (Fig. 3). We also confirmed its
activity using a synthetic counterpart (Fig. 4). In several bacte-
ria, but not all, the N terminus of the diacylglyceryl-modified
cysteine residue is fatty-acylated by a lipoprotein N-acyltrans-
ferase (Int) (34). Stoll et al. (13) screened the published genome
sequences of S, aureus strains for a gene encoding an fnt hom-
olog and found no such protein. These data correspond to our
data that the lipoproteins in S. aureus are diacylated.

Kurokawa et al. (35) recently reported that N terminus of
S. aureus SitC lipoprotein is triacylated. They also suggested
the existence of another type of N-acyltransferase distinct from
Int. Although the results did not agree with our analytical data,
it is possible to consider that strain variation or cultural condi-
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tion may affect the activity of the suggested enzyme. Further
analysis must be necessary.

In conclusion, we identified TLR2-activating lipoproteins
from S. aureus cells and characterized the N-terminal lipopep-
tide structure of alipoprotein SAUOHSC_02699 as a diacylated
one. Because these lipoproteins are considered to contribute to
the virulence of S. aureus, further studies using protein expres-
sion or organic synthetic chemistry are now ongoing to clarify
their immunobiological properties.

Acknowledgments—We thank Professor Kazuhisa Sugimura at
Kagoshima University for measuring luciferase activity.
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By a biopanning method using cell sorter, we quickly isolated an antibody phage
clone (S1T-A3) specific to human T-lymphotropic virus type l-carrying T-cell line S1T
from a human single chain Fv (scFv) antibody phage library. This scFv antibody
bound to HTLV-1-carrying T-cell lines including MT-2, MT-4 and M8166 other than
S1T, but not to non-HTLV-1-carrying T-cell lymphomas such as Jurkat and MOLT4
cells. Interestingly, this antibody induced the cell death on S1T cells very guickly
(<30min). We tried to identify the target molecules by western blotting and mass
spectrometric analysis, revealing that the target antigen was HLA class 11 DR. The
cell death was induced only in dimmer form of scFv (diabody) and at 15-fold lower
concentration than that of a fusion protein of scFv and human IgG Fe [(scFv),-Fe] or
anti HLA-DR mouse whole antibody 1.243. Thus, S1T-A3 diabody is a small antibody
fragment with agonistic activity to induce cell death through HLA-DR. This is the
first report elucidating that diabody specific to HLA-DR is effective to induce the
cell death in T-cell malignancy especially adult T-cell leukaemic cell line.

Key words: adult T-cell leukaemia, human antibody, scFv, phage library, diabody.

Abbreviations: APC, antigen presenting cells; ATL, adult T-cell leukaemia; FACS, fluorescence-activated
cell sorter; FBS, fetal bovine serum; FITC, fluorescent isothiocyanate; HLA, human leucocyte antigen;
HTLV-1, human T-cell leukaemia virus type 1; mAb, monoclonal antibody; MHC, major histocompatibility
complex; PE, phycoerythrin; PIL; propidium iedide; RMF, relative mean fluorescence; scFv, single chain Fv;
SPR, surface plasmon resonance.

ATL (adult T-cell leukaemia) is a disease, which is
caused by infection of the retrovirus HTLV-1 (human
T-cell leukaemia virus type 1)-to CD4" T cells. As many
as 10~20 million people worldwide are estimated to carry
the virus (I, 2). Other diseases caused by HTLV-1
infection include HAU (HTLV-1 associated uveitis) and
HAM/TSP (HTLV-1-associated myelopathy/tropical spas-
tic paraparesis), which is a neuro-degenerative disease.
Although the frequency of ATL development in the life of
the carriers is low (2-6%), its prognosis is generally
severe after the development of ATL (2). Nevertheless,
a human antibody for therapeutic use of ATL has not yet
been established until now.

The antibody .phage library has become a major
technology that directly isolates human antibodies for
therapeutic use (3), along with hybridoma technology
using trans-chromosome mouse (4). In cell panning to
isolate the cell-specific phages by antibody phage display

*To whom correspondence should be addressed. Tel: +81-99-285-
8346, Fax: +81-99-285-8346, E-mail: vito@be kagoshima-u.ac.jp

library, several methods were developed to remove
non-specific phages, for example, by washing the
cells with repeating centrifugation and suspension (5),
by recovering the cells with magnet beads (6) or by
sedimentation of the cells though centrifugation in
organic solvent (7). We employed  here another panning
method using cell sorter (8, 9) for rapid isolation of
the binders and for less damage giving the cells.
Furthermore, by use of the control cells as absorber, we
could obtain the antibody phages which recognize the
unique antigens expressed specifically on the target cells,
facilitating the finding of novel tumour markers (10, 11).

We isolated a human scFv antibody specific to S1T
cells, a cell line derived from an_ ATL patient (12) by
a cell panning method using a cell sorter from a single
chain ' Fv (scFv) human antibody: phage library.
Interestingly, the obtained scFv antibody induced a cell
death on S1T cells within in a very short time (<30 min).
In this report, we identified the antigen on SIT cells
targeted by this scFv and elucidated the molecular
structures” which is essential for ‘inducing the cell
death. The antibody isolated here can be expected as
small therapeutic antibody to kill the malignant T cells.

© The Authors 2009. Published by Oxford University Press on behalf of the Japanese Biochemical Society. All rights reserved.
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(a) Amino acid sequence of the VH domain

801

FERY CBR1 FLRZ CoR2
EYOLLOSHEGGLYDPERSLBLSUAASHITFD DYAMH FYROAPGHALESNYS GILSHUNGGNIDYADSYRS

CDR3

FLRI FLR4
RFTISRORBANKILYLGROSLRAEDTALYYCAY APGHMLIYYSYMDY YOKGTHYTVYES

{b) Amino acid sequence of the VL domain

FLRY COR1

FLRQ £DR2

QGPYLIOQPPEYSYSFEUTARITY SGDRLPRQYVY HYQQKPEGQGAFVYLLIY KDIERPS

FLRY
GIPERFSBSTSGTITYTILY IHGYQAEDEADYS G

{€) Varisble gene usage
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[GLV3-25+03  16LJ3+02

Fig. 3. The amino acid sequence of the S1T-A3 scFv clone
deduced from the DNA sequence. The complementary
determining regions (CDR1-CDR3) and the frame regions
{FR1-4) were assigned according to Kabat’s numbering. The

MATERIALS AND METHODS

Cells and Proteins—The HTLV-1-carrying T-cell line
S1T was previously established from the peripheral blood
mononuclear cells (PBMCs) of an' ATL patient (12). The
other cells used here (HTLV-1-carring T-cell lines; MT-2,
MT-4 and M8166; HTLV-I-negative T-cell lymphoma cell
lines: MOLT-4 and Jurkat; B-cell lymphoma cell lines:
Dauji and Raji) are described in the previous report (13).
All cell lines were maintained in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal bovine
serum (FBS), 100U/ml penicillin G and 100pg/ml
streptomycin. The murine L929 cells (ATCC CCL-1)
transfected with the human HLA-DR genes (HLA-
DRB¥0101 and HLA-DRA*0101) are referred to as
15723 cells. The . purified HLA-DR molecule
(DRA*0101/DRB1%0405) was kindly gifted by Prof.
S. Matsushita (10).

Antibody Phage Library—Human naive scFv phage
library with a diversity of 4.5x 10% was constructed
using . pCANTABSE phagemid vector, as described
previously (14).

Cell Panning on Flow Cytometry—One million S1T
cells - were labelled with fluorescent isothiocyanate
(FITC)-conjugated. anti-human CD30. mouse monoclonal
antibedy (mAb) for 30 min on ice and were washed once
with phosphate-buffered  saline  (PBS). After. adding
1 x 10° MOLT4 cells, the cells were suspended in 500l
PBS containing 1% BSA and were incubated with the
scFv-phage library of 1 x 10¥*TU (transforming unit) at

Vol. 145, No. 6, 2009

CDR regions are indicated in bold letfers (A and B). The scFv
nucleotide sequence was analysed by searching the IMGT/V-
QUEST database to identify the gene usage on the immunoglo-
bulin germ line (C) (35).

4°C for 1h, with gentle shaking on a rotator. After
centrifugation (500g, 30s), the cells were re-suspended
in PBS containing 2% FBS (2.5 x 10%cells/ml in 8ml).
After filtration through 40pum Nylon Mech (Kyoshin
Rikoh Inc.), the cells were supplied for cell sorting on an
BPICS ALTRA HyperSort (Beckman coulter Inc.) with
fluorescence emission (512nm) by excitation at 488nm.
The S1T cells separated by cell sorting were suspended
in PBS and treated with 76 mM citric acid solution {pH
2.5) at room temperature for Hmin to dissociate the
bound phages. After neutralization with 1M Tris~-HCl
(pH 7.4), the cell suspension was transferred to the
culture of Escherichia coli- TG1 in logarithmic growth
phase for infection. . The scFv-displayed phages were
rescued by co-infection with M13KO7 helper phage and
purified by polyethylene glycol (PEG) precipitation from
the culture supernatant, as described previously (14, 15).
This biopanning process was repeated three times. The
phages after the second and third round of biopanning
were cloned and: used for binding analysis on flow
cytometry.

Flow Cytometric Analysis—The mammalian cells with
80-90% confluent. growth: were collected by centrifuga-
tion and washed once in cold PBS and twice in FACS
buffer (PBS containing 10% FBS and 0.1% sodium azide).
The cells (1 x 10% cells) were incubated with the cloned
phages or the purified scFv for 30 min. After washing the
cells. twice with FACS buffer, the phages bound to
cells were stained by biotinylated anti-M13  mAb
(GE Healthcare) and phycoerythrin (PE)-conjugated
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Fig. 4. Bindings of S1T-A3 scFv to HTLV-1-carrying T-cell
lines (S1T, MT-2, MT-4 and MB8166) and non-HTLV-1-
carrying T-cell lines (MOLT4 and Jurkat)..The cells were
stained with scFv, anti-His-tagged mouse mAb and FITC-labelled
anti mouse antibody and supplied to FACS analysis (thick line).
The broken and dotted lines indicate the cells only and the cells

streptavidin  (Beckman  Coulter 'Inc.). The scFv- that
bound to the cells was stained with an anti-His tag
mAb (GE Healthcare) and FITC-conjugated anti-mouse
IgG antibody. For staining HLA-DR, PE-conjugated anti-
HLA-DR (L.243) mAb was used. Cells were washed twice
with FACS buffer and then analysed on an EPICS XL
flow cytometer (Beckman Coulter Inc.).

Purification of scFi for Cellular Assay—The expression
of scFv in E. coli HB2151 infected with the phage clone
S1T was localized in the cytoplasmic fraction. Therefore,
the original C-terminal tag (E-tag) of scFv was replaced
with a His-tag by recombination of the gene from
pCANTABSE to. a pCANTAB6 vector to. generate
pCANTABG/S1T-A3 phage. The phage was infected to
E. coli HB2151 and the S1T-A3 scFv was expressed in
HB2151 by induction of 1 mM IPTG at 30°C. The bacterial
cells were disrupted by ultrasonication and the super-
natant obtained by centrifugation was supplied to affinity
purification on His Trap MHP column (GE Healthcare),
according to the manufacturer’s instructions. The scFv

Fluorescence intensity

Fuorescence infensity

stained without scFv, respectively. The increase of the fluores-
cerice intensity of the cells by binding with scFv was evaluated as
the relative mean fluorescence (RMF) with scFv vs. without scFv,
which gave the values of 330, 1186, 51, 3.0, 1.1, 1.2 for S1T, MT-4,
M8166, MT-2, MOLT4 and Jurkat cells, respectively.

was further purified on the gel permeation HPLC on
Superdex75 (10/300 GL, GE Healthcare) equilibrated with
0.1 M phosphate buffer (pH 7.0).

Mass Spectrometric Analysis for Antigen
Determination—The S1T cells were lysed in lysis buffer
(pH 74, 10mM Tris—HCl buffer containing 0.5mM
EDTA, 150mM NaCl, 1% Tween-20, 50 ug/ml DNase I
and protein inhibitor cocktail, Sigma-Aldrich) by combi-
nation with the ultrasonic disintegrator. The cell lysate
wag centrifuged and the supernatant was mized with
2 x SDS sample buffer containing 5% 2-mercaptethanol
and subjected to SDS-PAGE on 5-20% gradient gel. The
gel was subsequently supplied to western blot analysis to
detect the protein band, which was recognized by S1T-A3
sclv. After CBB-staining, the gel fragment including the
positive band on western blot was excised, destained and
in-gel digested with trypsin. The digested peptides were
analysed on LC-MS/MS (Medigenomies, Germany) and
their mass spectrum data were analysed by MASCOT
search.

J. Biochem.
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Fig. 5. Cell death of S1T cells induced by S1T-A3 scFv. (A)
S1T cells or MOLT4 cells were incubated with S1T-A3. scFv
(6nM) at 37°C for 1h and were stained with propidium iodide
(PI) and Annexin V staining solution for 15 min. The stained cells
weré analysed on a flow cytomer. (B) Morphological aspects of the

Preparation of (scFu)o-Fc of SIT-A3—ScFv gene of
SIT-A3 was cloned into mammalian expression vector
pCAG-H with a human IgG; constant region (16,
pCAG-H- SIT-A3). (ScFv),-F¢ of SIT-A3 was expressed
by using FreeStyle 293 system (Invitrogen). Briefly,
FreeStyle 293 cells were transfected with a pCAG-H-
SIT-A3 by 293 fectin according to the manufacturer’s
instruction and culture 72h. The supernatants were
removed from the cells by centrifugation and filtered
through a 0.22-pm membrane. The expressed (scFv)e-Fe
of SIT-A3 was purified by protein A  affinity
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cell death were examined on OLYMPUS IX71 microscope.
The S1T cells: were incubated with 10nM scFv (right panel) or
with no. scFv. (left. panel):for 30min and subjected to the
microscopic observation::Scale bar in picture indicates the
length of 200 um.

chromatography (GE healthcare). Purified (scFv)s-Fc of
SIT-A3 was analysed by size-exclusion chromatography
under presence of 0.2 M arginine (17).

Cell Killing and Apoptosis Assay—Cells (1 x 10° cell/
30pul) in RPMI 1640 medium containing 10% FBS were
incubated with anti-HLA-DR antibodies at 37°C for
30min. The cells were centrifuged and subjected to the
flow cytometer to count the viable cells. The killing
activity (%) was evaluated by viable cell recovery:
[(viable untreated)—(viable treated)}/(viable untreated)
x 100. The Annexin V-FITC assay was also performed
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Fig. 6. Binding specificity of S1T-A3 se¢Fv to HLA-DR-
expressing L cells (L57.23), The cells (L929 or 1.57.23 cells)
were stained with PE-labelled: L243  mAb: (anti-HLA-xchain
mouse mAb, thick line in the upper panel) or with S1T-A3
scFv, anti-His mAb and FITC-labelled ‘anti-mouse mAb: (thick

to quantitatively determine the percentage of apoptotic
cells using the TACSTM Annexin V-FITC apoptosis
detection kit (R&D System).

DNA Sequencing—The DNA sequence of phages was
determined by the Dye Terminator method @using
primerl (5-CAACGTGAAAAAATTATTATTCGC-3'  for
scIFv gene) on the ABI PRISM3100 Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA)

ELISA—Each well of the microplate (Nunc, Maxisop)
was coated - with HLA-DR (50ng/40 pl/well) in 0.1M
NaHCO35 and blocked with 0.5% BSA in PBS. scFv was
added to each well and incubated for 1h. The wells were
washed five times with PBS containing 0.1% Tween-20
and the bound scFv was detected by an anti-His tagged
mouse mAb and alkaline-phosphatase (AP)-conjugated
anti-mouse IgG (Jackson Immuno Research, West Grove,
PA, USA). Using p-nitrophenyl phosphate as a substrate,
the colorimetric assay was performed measuring the
absorbance at 405 nm using a microplate reader NJ-2300
(System Instruments, Tokyo)

Protein Concentrations—Protein concentrations were
determined * from the absorbance at 280nm using
molecular extinction coefficients (sqeg0) of 48,360, 96,720
and 167,400 (absorbance unit of M~tem™) for scFv
monomer, diabody and (scFv)s-Fc, respectively.

Fluorescence intensity

line in the lower panel). The dotted lines in the lower panel
indicate the data for staining without scFv. The broken
lines .indicate - the. data for.the cells only.. The RMF values of
S1T-A3 binding were 9.2 and 1.3 for 1L57.23 cells and L cells,
respectively.

RESULTS

Isolation of An Antibody Clone Specific to HTLV-1-
Carrying Cells—To isolate a human antibody specific to
S1T cells (HTLV-I-carring cells) from a human scFv
phage library, the cell panning method in combination
with a cell sorter were employed. The S1T cells (1 x 10%)
were first labelled with FITC-conjugated anti-CD30 mAb,
as €D30 is known to be highly expressed by adult T-cell
leukaemia cell lines (18), mixed with control cells
(MOLT4, 1% 10% and reacted with scFv antibody phage
library (1 x 10'27TU). The SIT ecells were collected by
a cell sorter. The phages binding to the cells were
amplified through re-infection to E. coli TGl and
supplied to the next round of cell panning. After only
two rounds of panning, S1T cells-specific binding phages
were enriched (Fig. 1). Among the 30 clones isolated from
the pooled phages after the second and third rounds of
panning, the 15 clones showed the binding activities to
the SIT cells. Their DNA sequences were determined
and a single clone S1T-A3 was identified. As shown in
Fig. 2, S1T-A3 phage indicated the specific binding to
S1T cells with no binding to MOLT4 cells, indicating that
S1T-A3 recognized a unique antigen expressed on SIT
cell. The amino acid sequences of the VH and VL regions
of S1T-A3 are shown in Fig, 3.

J. Biochem.
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Fig. 7. Antigen determination of S1T-A3 scFv by ELISA
(A) and western blotting (B). HLA-DR coated on the plate
was detected by S1T-A3 scFv, anti-His-tagged mouse mAb and
AP-conjugated anti-mouse IgG. The SDS-PAGE gel of HLA-DR
was subjected to silver staining or western blot analysis with
S1T-A3 scFv or HU-4 mAb (mouse mAb specific to the human
HLA-DR P chain). In the silver-stained gel, the upper (34kDa)
and lower (29kDa) bands corresponded to the HLA-DR ¢ and §
chain, respectively.

The scFv was purified from the cytoplasmic fraction of
the bacterial cells infected with S1T-A3 phages and the
binding analysis was examined against several T cell
lymphoma cell lines (HTLV-1-carrying T-cell lines: S1T,
MT-2, MT-4 and M8166 and non-HTLV-1-carrying T-cell
lines: MOLT4 and Jurkat) on FACS. The results
indicated the scFv bound to the four HTLV-l-carring
T-cell lines strongly or moderately, but not to the non-
HTLV-1-carrying T-cell lines (Fig. 4), suggesting that the
cell-surface antigen recognized by S1T-A3 is a potential
marker for malignant T-cells during HTLV-1-infection.

Cell-Death-Inducing Activity . of SIT-A3 = scFuv—Of
interest, we found that the SIT cells lysed during the
incubation with. S1T-A3 scFv. Therefore, we examined
the apoptotic activity of SI1T-A3 by Annexin V/propidium
iodide (PI) staining (Fig. 5A).. Although apoptosis was
generally defined by an increased Annexin V-positive
and Pl-negative cell population, the SIT cells incubated
with SI1T-A3 scFv were doubly-stained by PI and
Annexin V, suggesting that the cell death induced by
S1T-A3 is not typical apoptosis but apoptotic cell death
with necrotic properties.

The cell death of S1IT cells by S1T-A3 scFv was rapidly
induced with 30 min, changing largely the morphology of
the cells (Fig. 5B). After incubation of the cells with scFv,
the cells were aggregated and lead to cell lysis.
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Antigen Targeted by S1T-A3 scFv—We subsequently
determined the antigen targeted by S1T-A3 scFv.
Western blot analysis of the S1T cell lysate indicated
a positive band (32.5kDa) stained with S1T-A3 scFv
(data not shown). The gel fragment corresponding to the
positive band on western blot was excised, subjected to
in-gel digestion with trypsin and then LC-MS/MS
analysis. The mass spectrum data of the obtained peptide
fragments were subjected to MASCOT search on human
IPI (International Protein Index) database (EMBL-EBD.
The potential candidate for antigen of the cell surface
was found to be HLA-DRJ.

To confirm this, we examined the binding ability
of S1T-A3 scFv to HLA-DR-expressing L57.23 cells,
a murine L-cell transfectant with HLA-DRB*0101 and
HLA-DRA*0101 genes. S1T-A3 scFv bound to the L57.23
cells but not to control L1929 cells (Fig. 6). Furthermore,
ELISA and Western blotting analysis using the purified
HLA-DR (DRA*0101/DRB1*0405) molecules confirmed
the binding of S1T-A3 scFv to HLA-DR and its specificity
to B chain of HLA-DR (Fig. 7).

Cell Death Activities Dependent on Molecular Formats
of S1T-A3 scFv—Generally, scFv produced by E. coli
sometimes contains the dimer (diabody) as well as the
monomer form, S1T-A3 scFv purified here also contained
the two forms-of scFv in almost equal amounts, which
was detected on the size exclusion chromatography (data
not shown). To examine which form is responsible for the
cell death activity, each purified scFv form was subjected
to cell lysis analysis by counting the viable cells on FACS
(Fig. 8). The viable cell number did not change even after
treatment with 120nM scFv monomer. In contrast, the
treatment with only 6 nM diabody largely reduced
the cell viability to 20%. This finding clearly indicates
that the dimer form is essential for the induction of cell
death through HLA-DR ligation. This diabody harboured
a linker peptide composed of 15 amine acids, (GGGGS);
between the VH and VL domain. To test the effect of the
linker length on cell-death activity, we prepared
diabodies with different lengths of linkers composed of
(GGGGS); and (GGGGS)y, and compared their cell-death
activities. The purified three diabodies showed similar
dose-dependent activities with ECyg of 2-5nM (data not
shown), indicating that the difference of the linker length
between 5 and 15 amino acids does not influence the
cell death activity so much.

On the other hand, an alternative scFv dimer molecule
(a fusion protein of scFv and human IgG Fe, (scFv)s-Fe)
was constructed. This molecule ‘showed a comparative
binding to S1T cells with a relative mean fluorescence
{(RMF) of 311 (Fig. 9A), where that of S1T-A3 scFv was
330 (Fig. 4). The surface plasmon resonance (SPR)
analysis on BlIAcore also showed a tight binding of
(scFv)s-Fe to HLA-DR molecules with an apparent
dissociation constant Ky of 1.9nM (Fig. 9B). In spite of
its tight binding, (scFv),;-Fe unexpectedly showed a weak
cell death-inducing activity (ECsp: 26 nM &£ 8), which was
15-fold more than that of the diabody (EC5y: 1.8nM:£0.8)
and similar to that of L243mAb (ECse: 22nM12), an
apoptosis-inducing mouse mAb specific to « chain of
HLA-DR.

0102 ‘9z Aepy uo Ausiaaiun ewiysobey 1e Bio sjeuinolpioixo-ql:dny wols papeojumod



806

scFv monomer

100 r

a0+

26 ¢

Recovery of viable cefls (%)

n i 1. i
L2 12 26

Cencentration of scFv (nM)

1L.243 {mouse mAb)
0o ¢

40 b

20

Recovery of viable cells (%)

0 1 £ 1
2 20 360

Concentration of antibody {(nM)

Fig. 8. Cell-death-inducing activities by the different
molecular forms of S1T-A3 scFv [monomer, diabody and
(scFv)s-Fel on S1T cells. The S1T cells were treated with the
different forms of scFv at the indicated concentrations. The viral
cells were recovered by centrifugation and were counted using

Cell-Death-Inducing Activities of SIT-A3 Diabody on
Other HLA-DR Expressing Cells—We further examined
the cell-death-inducing activities of S1T-A3 diabody on
the cell lines other than S1T cells (Fig. 10A). Under the
condition where more than 90% S1T cells died, the cell
death was observed in 60% of MT-4, 8% of M8166 and
15% of Daudi cells, and the no significant cell death was
done in MOLT4 cells. These cell-death capabilities seem
to accord with the expression level of HLA-DR on the
surface of the cells. Figure 10B showed the expression
level of HLA-DR examined on FACS by staining .with
anti-HLA-DR o chain mouse mAb (1.243). The S1T cells
highly expressed HLA (RMF: 520), MT-4 or Daudi
cells moderately (RMF: 72, 55). M8166 and MOLT4
cells at very low level or not at all (RMF: 4.0 and 1.0).
Interestingly, in. spite of the similar expression of
HLA (RMF:72 and 55) and the comparable cell-death
induction by L243 mAb (14 and 20%) between MT-4 and
Daudi cells, the extent of the cell death by SI1T-A3
diabody was largely different (156% and 60% for MT-4
and Daudi). This discrepancy may be caused by the
differences of the accessory molecules for HLA-derived
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the flow cytometer. The recovery yields of the cells are expressed
as a percent ratio of the cell count with vs. without the antibody
treatment. The 1243 mouse mAb was used as a control Ab
inducing cell death.

cell-death signalling and/or of HLA § chain isoforms
between the cell lines.

DISCUSSION

In this report, we identified HLA-II molecules as a S1T
cell-specific marker by isolation of S1T-specific antibody
(scFv) and determination of its antigen. HLA-II (human
MHC-class II molecules) is a heterodimer composed of
an o chain and a highly variable § chain, and classified
into three groups of the gene family, namely HLA-DP,
HLA-DQ and HLA-DR. This molecule is expressed on the
antigen presenting cells (APC) such as macrophages and
dendritic cells, and functions as antigen presentation
molecule to T cells in the activation of the immune
response (19, 20). It is well known that the expression of
these molecules is increased in the malignant lympho-
mas and therefore especially HLA-DR has become a
clinical target for antibody therapy to B-cell lymphoma
(21, 22). On the ‘other hand, it was reported
that HLA-DR expression is enhanced in the activated
T-cells or in malignant T-cells including several

J. Biochem.
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Fig. 9. Binding analysis of S1T-A3 (scFv)s-Fe to S1IT cells
on FACS (A) and to HLA-DR molecules by surface
plasmon resonance (SPR) analysis (B). The cells were
stained with (scFv),-Fc, biotinylated anti-human Fc mAb and
PE-labelled streptavidin (SA) (thick line). The dotted and broken
lines indicate the data for staining without (scFv)e-Fc and the
cells only, The relative mean fluorescence (RMF) values of
(scFv);-Fe to S1T and MOLT4 were 311 and 0.8, respectively.
SPR analysis was performed on BlAcore 2000 (GE Healthcare)
at 25°C and a flow rate of 20ul/min. The HLA-DR molecules
were conjugated to a CM5 sensorchip by the amine-coupling
method. The (scFvi,-Fe solution was injected to the flow cells at
the indicated concentrations to monitor the association phase
and the subsequent dissociation phase by eluting with the
running buffer. The kinetic parameters of the binding were
evaluated on BlAevaluation 3.2 software assuming a 1:1 binding
model to give a dissociation equilibrium constant; Ky of 1.9nM
(k,, association rate constant: 5.2 x 10* M s, Ky, dissociation
constant: 9.6'x 107 ™). The simulation curves calculated on' the
basis of these parameters were indicated in the dotted lines.

ATL cells (13, 23). We demonstrated here that HLA-DR
could be a candidate of clinical target for antibody
therapy to ATL and that anti-HLA-DR antibody can
work effectively to induce the cell death to ATL cell lines
in addition to B-cell lymphoma, although its cell killing
activity is largely dependent on the expression level of
HLA-DR on the cells (Fig. 10).

1D10 (HulD10), a human IgG4 antibody isolated from
the synthetic human antibody phage library (HuCal)
induces apoptosis by a caspase-independent pathway
without the aid of effector cells (21). However, as described
by van der Neut Kolfschoten et al. (24) as 1gG4 antibodies
exchange Fab arms by swapping a heavy chain and
attached light chain with a heavy-light chain pair from
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another molecule, such swapping mechanism might
reduce efficacy of 1D10;: Anti-HLA-DR human antibody
HDS8 generated by transchromo mouse technology also
exhibited cell cytotoxic activity through the effecter cells or
the complement (22). Other antibodies were used for
killing malignant lymphocytes by exerting anti-tumour
activity through cell-death signalling (21, 22, 25-27).

As compared with these whole antibodies, small
fragment antibodies like scFv or minibodies are consid-
ered to have several advantages in clinical applications.
These include easy control of serum concentration owing
to their short half-life in serum, high penetration into
target tissues owing to their small sizes, low cost of
production using bacterial cells and less side-effects such
as antibody (Fc)- or complement-dependent cytotoxicity
against the normal cells, Kimura et al. (28) described
a diabody with agonistic activity to induce apoptosis
through the ligation of MHC class I molecules by
a caspase-independent pathway. This diabody (2D7)
showed a 4-fold stronger apoptotic activity on ARH-77
cells (a myeloma cell line) than the original whole
antibody 2D7 dimerized by anti-mouse Fc Ab. In our
case, the SI1T-A3 diabody specific to MHC class II
molecules also had 15-fold higher cell-death activity
than the (scFv)y,-Fc or L243 mouse whole antibody
(Fig. 8). These results suggest that the death signalling
through MHC class I or 1T molecules is more effectively
exerted by the diabody form rather than by the whole
antibody or the (scFv)e-Fc form.

The features of the cell death induced by the S1T-A3
diabody were characterized by PI- and Annexin V- double
positive staining on FACS analysis (Fig. 5), which
indicates not a typical apoptosis but apoptosis-like cell
death with necrotic feature. The similar properties of
the cell death by HLA-DR signalling were reported in
B-cell lymphoma characterized by caspase-independent
pathway (21) with accompanying DNA fragmentation
(29). Recently, Carlo-Stella ef al. (30} proposed another
cell-death pathway. The humanized anti-HLA-DR anti-
body 1D09C3 exerts a potent anti-tumour effect on the
chronic lymphoeytic leukaemia JVM-2 and the mantle-
cell lymphoma cell line GRANTA-519 by activating
reactive - oxygen species-dependent, . ¢-Jun-NH2-kinase
(JNK}-driven cell' death. The other paper described that
the HLA-DR/CD18 complex stimulated by 1243 mAb
ligation - delivers the cell death signalling through the
activation of protein kinase C (PKC) § which is located in
the outside of the lipid raft of the cell surface (31). Thus,
several papers as for signalling pathway of cell death
through HLA-DR reported somewhat contradictory
results. -S1T-A3 diabody exerting an effective anti-
tumour activity by a strong cell death may contribute
to understanding the. cell-death-signalling pathway
through HLA-DR.

Based on the earlier findings that CCR4 expression
is associated with ATLL (Adult T-cell leukaemia/
lymphoma) at a high frequency (88%) (32), an anti-
CCR4 Ab is under development for ATL treatment (33).
When using therapeutic agents, which target a single
pathogenic marker of the tumour, the appearance of
relapses or refractory tumours is problematic. In fact,
despite the clinical success of rituximab (anti CD20
mAb), relapse of CD20-negative tumours have been
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Fig. 10. Cell-death-inducing activities of S1T-A3 diabody
on S1T, MOLT4, Daudi and M8166 and MT-4 cell lines (A)
and the expression levels of HLA-II molecules on each cell
(B). The open and filled bars in (A) indicate the viable cell
recovery (%) of each cell lines treated with anti HLA-DR » chain
mAb L243 (200nM) and S1T-A3 diabody (60nM), respectively.

reported (34). Recently, we reported- that CD70 is a
promising tumour marker for ATL (13). We are expecting
the anti-HLA-DR diabody to provide an alternative
candidate for antibody therapy for ATL with a distinet
targets and mechanism of action, together with the
anti-CCR4 and anti-CD70 antibodies.
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