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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 1-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 quickly
(< 30 min). We tried to identify the target molecules by western blotting and mass
spectrometric analysis, revealing that the target antigen was HLA class II 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 Fc [(scFv)2-Fc] or
anti HLA-DR mouse whole antibody L243. 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.
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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; PI, propidium iodide; 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 (1, 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

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 S1T 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.
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Fig. 1. The enrichment of the S1T cell-specific phages by
cell panning on cell sorter. The binding activities of the
phages amplified after each round of cell panning against S1T
cells were analysed using FACS. The lines represent the

histograms after the first (thick line), second (broken line) and
third round (dotted line) of cell panning. The grey line indicates
the control data of the cells stained without phages.

Fig. 2. The binding specificity of S1T-A3 phage clone to
S1T cell. S1T-A3 (A) or non-specific control (B) phages were
incubated with the mixture of MOLT4 and S1T cells, the latter of
which were labelled with FITC-conjugated anti CD30 mAb, and

analysed on FACS. The other three panels indicate the FACS
data for S1T cells labelled with FITC-conjugated anti CD30 mAb
(C), non-labelled MOLT4 cells (D) and their mixture (E),
respectively.

800 S. Muraoka et al.

J. Biochem.

 at Islam
ic A

zad U
niversity on Septem

ber 28, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


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-1-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), 100 U/ml penicillin G and 100mg/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
L57.23 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 4.5� 108 was constructed
using pCANTAB5E 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
antibody (mAb) for 30 min on ice and were washed once
with phosphate-buffered saline (PBS). After adding
1� 106 MOLT4 cells, the cells were suspended in 500 ml
PBS containing 1% BSA and were incubated with the
scFv-phage library of 1� 1012 TU (transforming unit) at

48C for 1 h, with gentle shaking on a rotator. After
centrifugation (500 g, 30 s), the cells were re-suspended
in PBS containing 2% FBS (2.5� 105 cells/ml in 8 ml).
After filtration through 40 mm Nylon Mech (Kyoshin
Rikoh Inc.), the cells were supplied for cell sorting on an
EPICS ALTRA HyperSort (Beckman coulter Inc.) with
fluorescence emission (512 nm) by excitation at 488 nm.
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 5 min to dissociate the
bound phages. After neutralization with 1 M 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� 106 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

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

CDR regions are indicated in bold letters (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).
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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 (L243) mAb was used. Cells were washed twice
with FACS buffer and then analysed on an EPICS XL
flow cytometer (Beckman Coulter Inc.).

Purification of scFv 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
pCANTAB5E to a pCANTAB6 vector to generate
pCANTAB6/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 308C. The bacterial
cells were disrupted by ultrasonication and the super-
natant obtained by centrifugation was supplied to affinity
purification on His TrapTMHP column (GE Healthcare),
according to the manufacturer’s instructions. The scFv

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 7.4, 10 mM Tris–HCl buffer containing 0.5 mM
EDTA, 150 mM NaCl, 1% Tween-20, 50 mg/ml DNase I
and protein inhibitor cocktail, Sigma–Aldrich) by combi-
nation with the ultrasonic disintegrator. The cell lysate
was centrifuged and the supernatant was mixed with
2�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
scFv. 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 (Medigenomics, Germany) and
their mass spectrum data were analysed by MASCOT
search.

Fig. 4. Bindings of S1T-A3 scFv to HTLV-1-carrying T-cell
lines (S1T, MT-2, MT-4 and M8166) 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

stained without scFv, respectively. The increase of the fluores-
cence 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, 116, 51, 3.0, 1.1, 1.2 for S1T, MT-4,
M8166, MT-2, MOLT4 and Jurkat cells, respectively.
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Preparation of (scFv)2-Fc of SIT-A3—ScFv gene of
SIT-A3 was cloned into mammalian expression vector
pCAG-H with a human IgG1 constant region (16,
pCAG-H- SIT-A3). (ScFv)2-Fc 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 72 h. The supernatants were
removed from the cells by centrifugation and filtered
through a 0.22-mm membrane. The expressed (scFv)2-Fc
of SIT-A3 was purified by protein A affinity

chromatography (GE healthcare). Purified (scFv)2-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� 105 cell/
30 ml) in RPMI 1640 medium containing 10% FBS were
incubated with anti-HLA-DR antibodies at 378C for
30 min. 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)
� 100. The Annexin V-FITC assay was also performed

Fig. 5. Cell death of S1T cells induced by S1T-A3 scFv. (A)
S1T cells or MOLT4 cells were incubated with S1T-A3 scFv
(5 nM) at 378C for 1 h and were stained with propidium iodide
(PI) and Annexin V staining solution for 15 min. The stained cells
were analysed on a flow cytomer. (B) Morphological aspects of the

cell death were examined on OLYMPUS IX71 microscope.
The S1T cells were incubated with 10 nM scFv (right panel) or
with no scFv (left panel) for 30 min and subjected to the
microscopic observation. Scale bar in picture indicates the
length of 200mm.
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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
primer1 (50-CAACGTGAAAAAATTATTATTCGC-30 for
scFv 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 (50 ng/40 ml/well) in 0.1 M
NaHCO3 and blocked with 0.5% BSA in PBS. scFv was
added to each well and incubated for 1 h. 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 280 nm using
molecular extinction coefficients ("280) of 48,360, 96,720
and 167,400 (absorbance unit of M–1 cm–1) for scFv
monomer, diabody and (scFv)2-Fc, respectively.

RESULTS

Isolation of An Antibody Clone Specific to HTLV-1-
Carrying Cells—To isolate a human antibody specific to
S1T cells (HTLV-1-carring cells) from a human scFv
phage library, the cell panning method in combination
with a cell sorter were employed. The S1T cells (1� 106)
were first labelled with FITC-conjugated anti-CD30 mAb,
as CD30 is known to be highly expressed by adult T-cell
leukaemia cell lines (18), mixed with control cells
(MOLT4, 1� 106) and reacted with scFv antibody phage
library (1� 1012 TU). The S1T cells were collected by
a cell sorter. The phages binding to the cells were
amplified through re-infection to E. coli TG1 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 S1T 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 S1T
cell. The amino acid sequences of the VH and VL regions
of S1T-A3 are shown in Fig. 3.

Fig. 6. Binding specificity of S1T-A3 scFv to HLA-DR-
expressing L cells (L57.23). The cells (L929 or L57.23 cells)
were stained with PE-labelled L243 mAb (anti-HLA-achain
mouse mAb, thick line in the upper panel) or with S1T-A3
scFv, anti-His mAb and FITC-labelled anti-mouse mAb (thick

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 L57.23 cells and L cells,
respectively.

804 S. Muraoka et al.

J. Biochem.

 at Islam
ic A

zad U
niversity on Septem

ber 28, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


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-1-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 S1T-A3 scFv—Of
interest, we found that the S1T cells lysed during the
incubation with S1T-A3 scFv. Therefore, we examined
the apoptotic activity of S1T-A3 by Annexin V/propidium
iodide (PI) staining (Fig. 5A). Although apoptosis was
generally defined by an increased Annexin V-positive
and PI-negative cell population, the S1T cells incubated
with S1T-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 S1T 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.

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 (32.5 kDa) 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-EBI).
The potential candidate for antigen of the cell surface
was found to be HLA-DRb.

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 L929 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 120 nM 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 amino acids, (GGGGS)3

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)2 and (GGGGS)1, and compared their cell-death
activities. The purified three diabodies showed similar
dose-dependent activities with EC50 of 2–5 nM (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 Fc, (scFv)2-Fc)
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 BIAcore also showed a tight binding of
(scFv)2-Fc to HLA-DR molecules with an apparent
dissociation constant Kd of 1.9 nM (Fig. 9B). In spite of
its tight binding, (scFv)2-Fc unexpectedly showed a weak
cell death-inducing activity (EC50: 26 nM� 8), which was
15-fold more than that of the diabody (EC50: 1.8 nM� 0.8)
and similar to that of L243 mAb (EC50: 22 nM� 2), an
apoptosis-inducing mouse mAb specific to a chain of
HLA-DR.

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 b chain). In the silver-stained gel, the upper (34 kDa)
and lower (29 kDa) bands corresponded to the HLA-DR a and b
chain, respectively.
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Cell-Death-Inducing Activities of S1T-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 a chain mouse mAb (L243). 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 S1T-A3
diabody was largely different (15% and 60% for MT-4
and Daudi). This discrepancy may be caused by the
differences of the accessory molecules for HLA-derived

cell-death signalling and/or of HLA b 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 a chain and a highly variable b 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

Fig. 8. Cell-death-inducing activities by the different
molecular forms of S1T-A3 scFv [monomer, diabody and
(scFv)2-Fc] 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

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 L243 mouse mAb was used as a control Ab
inducing cell death.
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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 (Hu1D10), 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 IgG4 antibodies
exchange Fab arms by swapping a heavy chain and
attached light chain with a heavy-light chain pair from

another molecule, such swapping mechanism might
reduce efficacy of 1D10. Anti-HLA-DR human antibody
HD8 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 S1T-A3 diabody specific to MHC class II
molecules also had 15-fold higher cell-death activity
than the (scFv)2-Fc or L243 mouse whole antibody
(Fig. 8). These results suggest that the death signalling
through MHC class I or II molecules is more effectively
exerted by the diabody form rather than by the whole
antibody or the (scFv)2-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 et al. (30) proposed another
cell-death pathway. The humanized anti-HLA-DR anti-
body 1D09C3 exerts a potent anti-tumour effect on the
chronic lymphocytic leukaemia JVM-2 and the mantle-
cell lymphoma cell line GRANTA-519 by activating
reactive oxygen species-dependent, c-Jun-NH2-kinase
(JNK)-driven cell death. The other paper described that
the HLA-DR/CD18 complex stimulated by L243 mAb
ligation delivers the cell death signalling through the
activation of protein kinase C (PKC) b 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

Fig. 9. Binding analysis of S1T-A3 (scFv)2-Fc to S1T cells
on FACS (A) and to HLA-DR molecules by surface
plasmon resonance (SPR) analysis (B). The cells were
stained with (scFv)2-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)2-Fc and the
cells only. The relative mean fluorescence (RMF) values of
(scFv)2-Fc to S1T and MOLT4 were 311 and 0.8, respectively.
SPR analysis was performed on BIAcore 2000 (GE Healthcare)
at 258C and a flow rate of 20 ml/min. The HLA-DR molecules
were conjugated to a CM5 sensorchip by the amine-coupling
method. The (scFv)2-Fc 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 BIAevaluation 3.2 software assuming a 1:1 binding
model to give a dissociation equilibrium constant, Kd of 1.9 nM
(ka, association rate constant: 5.2�104 M–1 s–1, Kd, dissociation
constant: 9.6�10–5 s–1). The simulation curves calculated on the
basis of these parameters were indicated in the dotted lines.
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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 distinct
targets and mechanism of action, together with the
anti-CCR4 and anti-CD70 antibodies.
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