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(t, 1 H, H-5¢), 3,63-3.59 (m, 2 H, H-3¢, 6¢), 3.53 (t, 1 H, H-
6'e), 3.50-3.49 (m, 2 H, H-6f, 6'0), 3.47 (t, 1 H, H-30), 3.44
(t | H, H4e), 339 (1, | H, H-2f), 3.36 (, 1 H, H-2e), 3.14
(m, | H, H-5f), 2.22 (dd, | H, Jpen=13.7 Hz, J30q4=4.8 Hz,
H-3be), 193 (t, | H, H-3b,,), 2.19-1.75 (9 5,27 H, 9 Ac);
BC.NMR (100 MHz, CDCly) 4 170.7, 170.4, 1703, 1702,
169.7, 169.6, 168.0, 165.8, 164.1, 138.8, 138.6, 138.5, 1384,
138.3, 137.9, 137.5, 133.2, 133.1, 129.9, 129.4, 1284, 128.3,
128.3, 128.2, 1282, 1282, 128.1, 128.1, 128,0, 127.8, 127.8,
127.6, 127.5, 127.5, 127.3, 127.0, 103.7, 102.6, 101.1, 100.0,
98.6, 84.6, 82.6, 82.2, 81.6, 78.2, 77.1, 76.2, 762, 75.6, 75.1,
74.8, 74.7, 74.3, 73.9, 73.1, 72.0, 72.0, 712, 71.1, 70.3, 70.0,
68.9, 68.3, 68.2, 67.2, 67.1, 66.3,63.3, 62.1, 61.4, 53.1, 51.5,
49.1, 35.8, 29.6, 23.2, 23.1, 21.0, 20.8, 20.7, 20.7, 20.5, 20.4,
20.3; MALDI MS: m/z: caled for CyysHjsN,O3gNa:
2,167.80; found: 2,167.91 [M + Na] ~.

Benzyl 2,3 4,6-tetra-0-acetyl-(-p-galactopyranosyl-(1—3)-
2-acetamido-4,6-di-O-acetyl-2-deoxy-3-p-galactopyrano-
syl-(1—d4)-{methyl 5-acetamido-4,7.8.9-tetra-O-acetyl-3,5-
dideoxy-p-glycero-a-p-galacto-2-nonulopyranosylonare-
(2—3)}-2,6-di-O-benzoyl-3-D-galactopyranosyl-(1—+4)-2,3.6-
tri-O-benzyl-3-p-glicopyranosyl-(1—6)-2.3.4-i-O-benzyl-3-n-
glucopyranoside (24) To a solution of compound 15
(105 mg, 64.5 pmol) and 21 (137 mg, 129 pmol) in
CH,Cls (1.9 ml) was added molecular sicves 4 A (300 mg).
The suspension was stirred for 30 min and cooled to 0°C.
To the mixture was added TMSOTF (1.2 pl, 6.5 pmol) and
stirring was continued for 45 min. Completion of the
reaction was confirmed by TLC (toluene/EtOAc=7:1). The
reaction mixture was filtered through Celite. The combined
filtrate and washings was extracted with CHCls, and the
organic layer was washed with sat. Na,CO4 and brine, dried
over Na,SO, and concentrated. The residue was purified
with column chromatography on silica gel (CHCl;/MeOH=
200:3) to give 24 (110 mg, 69%).: [a)p=+ 0.0° (c 0.8,
CHCLy); '"H-NMR (600 MHz, CDCly): § 8.18-7.09 (m, 45
H, 9 Ph), 5.88 (d. 1 H, Js =63 Hz, NH-c), 5.66 (m, | H,
H-8b), 5.38-5.31 (m, 3 H, H-2a, 4¢, 4d), 5.19 (dd, | H, Js 7=
23 Hz, ng:‘g.? Hz, H-?b), 5.15 (d, 1 H, Jl_2=8.0 Hz, H-
I¢), 5.11-5.07 (m, 2 H, H-3a, 2d), 5.01-4.58 (m, 17 H, H-
6a, 4b, 3¢, 1d, 3d, 1f, NH-b, 10 CHHPh), 4.48-4.37 (m, 5 H,
Jy12=74 Hz, H-1a, J, ;=8.1 Hz, H-le, 6e, 2 CHHPh), 429~
422 (m, 3 H, H-9b, 2 CHHPh), 4.12-3.25 (m, 28 H, H-4a,
Sa, 6a, 6'a, Sh, 6b, 9'b, 2¢, S¢, 6¢, 6'c, 5d, 6d, 6'd, 2e, 3e, e,
Se, 6'e, 2f, 3f, 4f, 51, 6f, 6'f, -OMe), 2.73 (dd, | H, Jyan™
12.6 Hz, Jigqs=4.3 Hz, H-3by), 2.19-1.49 (m, 37 H, H-
b 12 Ac); PC-NMR (150 MHz, CDCl3) 6 172.1, 170.9,
170.7, 170.5, 1703, 1702, 170.2, 170.0, 1693, 1684,
165.5, 165.1, 138.9, 1386, 138.6, 1385, 138.1, 137.6,
1334, 133.1, 1303, 130.1, 130.0, 129.6, 128.7, 1284,
1282, 128.0, 1280, 127.9, 127.8, 127.7, 1277, 127.6,
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127.3, 127.3, 103.8, 102.7, 10L.1, 100.7, 99.0, 97.9, 84.7,
83.2, 82.4, 81.8, 78.3, 75.7, 75.2, 75.0, 75.0, 74.8, 745,
73.9, 73.6, 729, 72.2, 71.9, 716, 71.3, 71.0, 70.6, 69.2,
69.1, 69.0, 68.6, 67.1, 66.9, 66.6, 63.2, 62.8, 62.6, 61.0,
55.3, 52.8, 49.3, 36.9, 29.8, 24.0, 23.2, 22.8, 21.4, 20.9,
20.8, 20.8, 20.8, 20.7, 20.7, 20.4, 20.3, MALDI MS: m/z:
caled for C]z-;HlMNgo.u.Nﬂ: 2.455.89; found: 2.455.52
[M + Na] *.

3-p-Galactopyranosyl-(1—+3)-2-acetamido-2-deoxy-f>-D-galuc-
topyranosyl-(1—4)-{5-acetamido-3,5-dideoxy-p-glycero-a-p-
galacto-2-nonulopyranosylanic - acid-(2—3)}-3-p-galactopyra-
nasye‘—ﬂ—wd)-;3-D-g!ucoprranosyf-(!qﬁ)—&o—g&xwprrmmse
{1) To a solution of compound 24 (95 mg. 39 pmol) in
MeOH (1.6 ml) was added sodium methoxide (28% in
MecOH: 14 mg). The mixture was stirred for 74 h under
reflux condition, as the proceeding of the reaction was
monitored by TLC (CHCly/MeOH/H,0=3:2:0.3). H,0
(1.6 ml) was then added and stirring was continued for
14 h at ambient temperature. The reaction mixture was
neutralized with Dowex (H”) and filtered through cotton.
The combined filirate and washings was concentrated under
diminished pressure to give a syrup compound. To a
solution of the residue in HO (1.4 ml) was added
palladium hydroxide [P4(OH)y] (20 wi% Pd on carbon;
345 mg). The mixture was vigorously stirred for 4 h at
40°C under hydrogen atmosphere, as the proceeding of the
reaction was monitored by TLC (1-BuOH/MeOH/H,0=
2:1:1). The reaction mixture was filtered through Celite,
and the combined filtrate and washings was concentrated.
The residue was purified with gel filtration column
chromatography (Sephadex LH-20, H,O as eluent) to give
1 (43 mg, 9%).; [alp=+ 0.1° (¢ 1.0, H,0); "H-NMR
(600 MHz, CD;OD): § 5.16 (d, | H, J;,=3.7 Hz, H-le),
479 (4, 1 H, H-lc), 4.57 (d, | H, J,2=8.0 Hz, H-1d), 4.49-
4.45 (m, 3 H,H-1a, b, 1f), 4.15-3.19 (m, 39 H, ring H), 2.62
(dd, 1 H, H-3by), 1.99 and 1.96 (25, 6 H, 2 Ac), 1.87 (m, 1
H, H-3b,,), “C-NMR (150 MHz, CDsOD) § 1750, 174.8,
174.1, 106.1, 105.7, 105.5, 104.1, 104.0, 103.4, 101.8, 97.0,
0953, 94.2, 93.0, 91.5, 84.4, 81.2, 78.1, 77.6, 76.5, 75.1, 74.8,
745, 743, 73.9, 73.5, 73.4, 72.6, 72.1, 71.5, 70.8, 70.2, 68.9,
68.0, 67.1, 61,2, 61.0, 60.7, 59.7, 59.3, 58.8, 52.5, 51.6, 48.8,
47.5, 28.7, 25.9, 23.5; MALDI MS: m/z: caled for
CyaHpaN;054: 1160.40; found: 1159.75 [M-HJ.

2-Acetamido-2-deoxy-3-p-galactopyranosyl-(1—4)-{5-acet-
amido-3, 5-dideoxy-D-glycero-a-p-galacto-2
svlonic acid-(2—3) }-3-p-galactopyranosyl-(1—4)-3-o-
glucopyranosyl-(1—6)-p-ghicopyranose (2) To a solution
of compound 23 (38 mg, |18 pmol) in MeOH (2.0 ml)
was added catalytic amounts of sodium methoxide (10 mg).
The mixture was stirred for 96 h under reflux conditions, as

I,
pyrano-
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the proceeding of the reaction was monitored by TLC (1-
BuOH/MeOH/H,0=4:1:1). H;O was then added and stirring
was continued for 10 h at ambient tempenature. The reaction
mixture was neutralized with Dowex (H') and filtered
through cotion. The combined filtrate and washings was
concentrated under diminished pressure to give a syrupy
compound. The residue was purified by gel filtration column
chromatography on Sephadex LH-20 (MeOH) to give a
white solid. To a solution of the solid in MeOH/H,0 (2.5/
1 ml) was added palladium hydroxide [Pd(OH),] (20 wi%
Pd on carbon; 40 mg). The mixture was vigorously stimred
overnight at 40°C under hydrogen atmosphere, as the
proceeding of the reaction was monitored by TLC (1-BuOH/
MeOH/H,0=2:1:1). The reaction mixture was filtered
through Celite. The combined filtrate and washings was
column chromatography (Sephadex LH-20, MeOH/H,0=
L:1 as eluent) using MeOH as cluent, to give 2 (18 mg,
98%).; [alp=+19.4° (¢ 1.7, MeOH:H,0=1:1); 'H-NMR
(500 MHz, CD,0D/D;0=1:1): § 2.69 (4d, | H, Jymy=11.4
Hz, 1%4-4 6 Hz, H-3b), 2.04 and 2.02 (2 5, 6 H, 2 NAc),
1.91 (t, 1 H, H-3by): “C-NMR (125 MHz, CD;0D/D;,0=
1:1) 4 176.0, 175.4, 175.0, 103.9, 103.9, 103.7, 102.9, 97.3,
93.4, 80.0, 78.5, 77.0, 76.1, 75.8, 75.6, 75.4, 75.1, 71.0,
70.8, 69.8, 69.6, 69.5, 69.1, 64.2, 62.3, 61.5, 61,2, 53.5,
53.0, 49.5, 49.4, 484, 38.0, 23.6, 22.8; MALDI MS: m/z:
caled for Cs;HgNaOso: 997.33; found: 997.25 [M-H]" .

{3-Acetamido-3, 5-dideoxy-p-glycero-a-p-galacto-2-nonulo-
pyranosylonic acid-(2—3)]-8-p-galactopyranosyl-(1—4)-3-
D-glucopyranosyl-{1—6)-p-glucopyranose (3) To a solution
of compound 22 (45 mg, 24 pmol) in MeOH (3.0 ml) was
added sodium methoxide (28% in MeOH; 11 mg). The
mixture was stirred for 48 h at 45°C, as the proceeding of
the reaction was monitored by TLC (CHCly/MeOH=5:1).
H,0 (1.0 ml) was then added and stirring was continued for
18 h at 45°C. The reaction mixture was neutralized with
Dowex (H') and filtered through cotton. The combined
filtrate and washings was concentrated under diminished
pressure to give a syrupy compound. To a solution of the
residue in H,O (2.0 ml) was added palladium hydroxide
[PA(OH);] (20 wt% Pd on carbon; 100 mg). The mixture
was stimed for 8 h at ambient temperature under hydrogen
atmosphere, as the proceeding of the reaction was monitored
by TLC (CHCly/MeOH/H,0=3:1:0.1). The reaction mixture
was filtered through Celite. The combined filtrate and
washings was concentrated. The residue was purified with
gel filtration column chromatography (Sephadex LH-20, H,O
as eluent) to give 3 (14 mg, 76%).; [ap=+ 8.3° (c 0.6, H,0);
'"H-NMR (400 MHz, D;0): 6 5.21 (d, 1 H, J;2=3.7 Hz, H-
le), 4.64-4.51 (m, 2 H, H-la, 11}, 421-2.87 (m, 25 H, ring
H), 2.75 (dd, | H, J;y;=12.0 Hz, J30y4=4.6 Hz, H-3b ), 2.02

(s, 3 H, Ac), L.77 (m, | H, H-3b,), "C-NMR (100 MHz,
D;0) § 177.7, 1766, 105.4, 105.2, 102.5, 98.7, 94.8, 80.9,
784,779,776, 77.5, 77.5, 77.0, 76.7, 75.6, 75.5, 75.4, 745,
74.1,73.1, 722, 7.1, 715, 71.4, 71.1, 70.8, 70.2, 65.3, 65.2,
63.7,62.7, 57.1, 54.4, 42.4, 24.8, 218, 17.7; MALDI MS: m/
= caled for CogHyNOo: 795.26; found: 79424 [M-H] .
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Human T-lymphotropic virus type 1 (HTLV-1) is the etiologic agent of adult T-cell leukemia (ATL). In
Japan, the number of HTLV-1 carriers is estimated to be 1.2 million and more than 700 cases of ATL have been
diagnosed every year. Considering the poor prognosis and lack of curative therapy of ATL, it seems mandatory
to establish an effective strategy for the treatment of ATL. In this study, we attempted to identify the cell surface
molecules that will become suitable targets of antibodies for anti-ATL therapy. The expression levels of
approximately 40,000 host genes of three human T-cell lines carrying HTLV-1 genomes were analyzed by
oligonucleotide microarray and compared with the expression levels of the genes in an HTLV-1-negative T-cell
line. The HTLV-1-carrying T-cell lines used for experiments had totally different expression patterns of viral
genome. Among the genes evaluated, the expression levels of 108 genes were found to be enhanced more than
10-fold in all of the T-cell lines examined and 11 of the 108 genes were considered to generate the proteins
expressed on the cell surface. In particular, the CD70 gene was upregulated more than 1,000-fold and the
enhanced expression of the CD70 molecule was confirmed by laser flow cytometry for various HTLV-1-carrying
T-cell lines and primary CD4* 7T cells isolated from acute-type ATL patients. Such expression was not observed
for primary CD4™ T cells isolated from healthy donors. Since CD70 expression is strictly restricted in normal
tissues, such as highly activated T and B cells, CD70 appears to be a potential target for effective antibody

therapy against ATL.

Human T-lymphotropic virus type 1 (HTLV-1) is the etio-
logic agent of adult T-cell leukemia (ATL) and HTLV-1-asso-
ciated myelopathy/tropical spastic paraparesis (10, 29, 40). The
geographic distribution of the virus has been well defined, and
the areas in the world where it is highly prevalent include
Japan, Alfrica, the Caribbean islands, and South America (31).
In Japan, the number of HTLV-1 carriers is estimated to be 1.2
million and more than 700 cases of ATL are diagnosed every
year (37). Since conventional anticancer chemotherapy active
against other lymphoid malignancies proved to be ineffective
for treating aggressive types of ATL, combination chemother-
apy designed exclusively for ATL has been examined. Al-
though such chemotherapy considerably improved the treat-
ment response rates in ATL patients, it could not sufficiently
extend the median survival time (16, 39). Therefore, it seems
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still mandatory to establish an effective strategy for the treat-
ment of ATL.

Monoclonal antibodies (MAbs) have recently gained consid-
erable importance in the area of anticancer therapy. The first
agent approved for clinical use is rituximab, which is an anti-
CD20 mouse/human chimeric MAb (32). Rituximab was found
to be effective for a variety of B-cell lymphomas as well as
non-Hodgkin's lymphoma (12). Currently, several MAbs have
been approved by the U.S. Food and Drug Administration for
the treatment of lymphoma, leukemia, breast cancer, and met-
astatic colon cancer. One of the anticancer mechanisms of
these MAbs is the induction of antibody-dependent cytotoxic-
ity (15, 20). The antibodies bind to the surface antigens of
tumor cells, while their crystallizable fragments (Fc) bind to
the Fc receptors of the effector cells, such as natural killer cells
and monocytes, triggering cytolysis of the target cells. In addi-
tion, complement-dependent cytotoxicity and direct induction
of apoptosis are also considered anticancer mechanisms of the
MAbs (20, 21).

A rationale of using MAbs for anticancer therapy is their
high specificities to tumor cells. A certain number of antigens
overexpressed on tumor cells have been identified as the tar-
gets of MAbs. Such antigens do not need to be completely
absent from normal tissues, because their relative overexpres-
sion on tumor cells has proved to be sufficient to confer a high
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level of specificity of MAbs to the target cells (20). Neverthe-
less, MAbs with higher specificities would be preferable in
terms of safety in vivo. Oligonucleotide microarray is an effi-
cient tool for studying the comprehensive gene expression lev-
els of tumor cells in comparison with normal tissues. In fact,
several molecules overexpressed in ATL cells have been iden-
tified by this technology (7, 35). In these studies, clinical sam-
ples obtained from ATL patients were analyzed for their gene
expression and compared with normal T cells. The advantage
of this procedure is that the gene expression profiles of ATL
cells in different disease types or stages can be analyzed di-
rectly. On the other hand, the expression profiles may be af-
fected by several conditions of patients, such as the time of
sample collection, the use of anticancer agents and/or other
drugs, and the presence of complications. Therefore, the mi-
croarray analysis of primary ATL cells is not always an ideal
way to identify the molecules commonly overexpressed in ATL
cells.

The purpose of this study is to identify the surface molecules
that will become potential targets for anti-ATL MADb therapy.
To this end, the expression levels of approximately 40,000 host
genes of three T-cell lines carrying HTLV-1 were analyzed by
oligonucleotide microarray and compared with the levels in an
HTLV-1-negative T-cell line. Among the genes that could be
evaluated, the expressions of 108 genes were found to be en-
hanced more than 10-fold in all of the T-cell lines examined
and 11 of the 108 genes were considered to generate the
proteins expressed on the cell surface. In particular, the CD70
gene was upregulated tremendously (more than 1,000-fold),
which was confirmed by the analysis for CD70 expression on
various HTLV-1-carrying T-cell lines and primary CD4* T
cells from ATL patients.

MATERIALS AND METHODS

Cells, The HTLV-1-carrying T-cell line S17 was established from the periph-
eral blood mononuclear cells (PBMCs) of an ATL patient, as described previ-
ously (2). The HTLV-1-carrying T-cell lines MT-2, MT-4, and MB8166; the
HTLV-1-negative T-cell lines MOLT-4, CEM, and Jurkat; and the monocytic
cell lines HL-60 and 1937 were also used for experiments. MT-2 and MT-4 cells
are derived from umbilical cord blood lymphocytes after cocultivation with
leukemia cells from ATL patients (24). MT-2 cells were reported to integrate at
least eight copies, including defective types, of HTLV-1 proviral DNA in the
chromosomes (18). M8166 is a subclone of CB166 cells, which were also estab-
lished by cocultivation of umbilical cord blood lymphocytes with ATL cells.
M8166 cells integrate one copy of provirus in the chromosome (34). All cell lines
were maintained in RPMI 1640 medium supplemented with 10% heat-inacti-
vated fetal bovine serum, 100 U/ml penicillin G, and 100 pg/ml streptomycin,
PBMCs were donated under informed consent from patients with acute-type
ATLand healthy volunteers. The cells were isolated from heparinized blood with
Ficoll-Paque Plus (Pharmacia, Uppsala, Swuim) io ubtum PBM& Diagnoses
of ATL were based on clinical fi ization, the

of serum antibodies against HTLV-1, md the insertion of proviral
DNA into leukemia cells.

Characterization of HTLV-1-carrying T-cell lines. The production of viral
antigens from 81T, MT-2, and M8166 cells into culture supernatants was deter-
mined by enzyme-linked i bent assay (ELISA). Briefly, the cells (1
10* cells/ml) were incubated for 3 days at 37°C. After incubation, the culture
supernatants were collected and examined for their p19 antigen levels with a
sandwich enzyme-linked immunosorbent assay kit (Cellular Products, Buffalo,
NY). The cells were also d for their of HTLV-1 env and fax
genes by reverse transcription-PCR (RT-PCR). For RT-PCR, the cells were
harvested after a 3-day incubation and washed three times with ice-cold phos-
phate-buffered saline. Total RNA was extracted from the cells with an extraction
kit (RNeasy; Qiagen, Hilden, Germany). The extracted RNA was treated with
DMase | and subjected to RT-PCR. The primers used for RT-PCR were RENV1
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(5-ACGCCOGTTGAGTCGCGTTCT-3'), RENVA (5 -CACCGAAGATGAG
OGGGCAGA-3'), RPX3 (5"-ATCCCGTGGAGACTCCTCAA-Y'), and RPXA
(5'-AACACGTAGACTGGGTATCC-Y). Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) mRNA was also amplified as an internal control by the
primer pair RT-GAPDHS (5'-CATTGACCTCAACTACATGG-3') and
RT-GAFDH3 (5-AGTGATGGCATGGACTGTGG-3'). The samples were
subjected to reverse transcription to ¢cDNA for 30 min at 42°C and PCR ampli-
fication (95°C for 30 &, 55°C for 30 5, and 72°C for | min) with each primer pair.
The amplified products were analyzed by the 2100 Bioanalyzer (Agilent, Santa
Clara, CA).
l-‘or lhe dﬂecliun of HTLV-I Tax, Western blot analysis of the cells was
4 as described previously (41). Briefly, the cells were incubated for 3
dsys and lysates were obtained by treating the cells with a low-sall extraction
buffer (10 mM Tris-HO [pH 8.0 containing 0.14 M NaCl, 3 mM MgCl,, | mM
dithiothreitol, 2 mM phenylmethylsulfonyl fluoride, and 0.5% Nonidet P-40) on
ice for 20 min. The lysates were centrifuged at 12,000 x g at 4°C for 10 min. After
ing protein ions, the lysates (100 pg of protein) were electro-
phoresed on & 10% polyacryllmldu gel with zodium dodecyl sulfate and trans-
ferred 1o a polyvinylidene difluoride b The d ins were
reacted with the anti-p40 Tax MAb Lt-4 (38) or an anti-actin polyclonal antibody
(Santa Cruz Bloled:nolon. Santa Cruz, CA), fullow:d by treatment with horse-

radish peroxid jugated goat anti lobulin G (1gG) (Amer-
sham Biosci Buckinghamshire, United Kingd 1) or b dish peroxi-
due-:nn]ugnlad rabbit anti- -goat I;G (MP B.lmuedlcah, Suhu, OH). Antibody

ding was visualized with an enh ion system
{A.mmhlm Biosciences).

Oligonucletide microarray, S1T, M8166, MT-2, and MOLT-4 cells (1 % 10°
cells/ml) were incubated for 3 days at 37C. After incubation, total RNA was
extracted from the cells with RNeasy (Qiagen). The quality of the total RNA was
examined by the 2100 Bioanalyzer (Agilent), according to the manufscturer’s
protocol. The minmmy processing of the samples was carried out with neces-
sary reagent kits p iby Mkmt. ding to the r's one-color

y L-*-‘gene pressi is p | (version 5.5). Briefly, 500 ng
of the total RNA was reverse transcribed to cDNA with Moloney murine leu-
kemia virus reverse transcriptase and T7 promoter primer. The cDNA was
transcribed and amplified with T7T RNA polymerase 1o produce the cRNA
labeled with cyanine 3. The cyanine 3-labeled cRNA was purified with RNeasy
(Qiagen) and 1 for its ion and labeling quality by a spectro-
phowmaler The cRNAwas fragmented and hybridized to Agilent whole human

ide mi ray (4 X 44K slide l’omm) Adfter hybridization,
them:luﬂwwwheﬂ' ghly and i with a mi
(Agilent), The microarray scan data were processed with Future Ennclion
software (version 9.5.1; Agilent), according to its manual. Cell culture and mi-
croarray experiments were conducted simultaneously for all of the T-cell lines
and repeated three times,

Data analysis. The expression level of each gene was analyzed by GeneSpring
GX software (version 7.3.1; Agilent), Briefly, after importing the processed data
into the sof % theywe:e normalized based on the default normalizing settings
for lor (G g 7.3 user’s guide; Agilent). The normal-
ized data were filtered on the basis of panm:ners in certain specific columns of
the original data files to remove the control and other inappropriate spots. The
genes of which expression levels were more than 10-fold in all of the three
HTLV-1-carrying T-cell lines (S1T, M8166, and MT-2) compared with the levels
of the control T-cell line (MOLT-4) were selected and evaluated for their
statistical significance by ¢ test (# < 0.05) with multiple testing correction.

Flow cytometric analysis. The MAbs used for experiments were phycoerythrin
(PE)-conjugated anti-human CD70 mouse MAbs (BD Biosciences, San Jose, CA
[for staining cell lines] and BD Pharmingen, San Diego, CA [for staining
PBMCs]), PE-conjugated anti-human CD124 mouse MAb (BD Biosciences),
?E—mn]ugmd anti-human interleukin-21 recep&or (IL-21R) mouse MAb (R&D

polis, MN), PE-conjugated anti-human CDI151 mouse MAb
(BD Biosci ), peridinin chlorophyll protein (PerCP)-conjugated anti-human
CD3 mouse MAb (BD Biosciences), PerCP-conjugated anti-human CD4 mouse
MAb (BD Biosciences), fiuorescent isothiocyanate (FITC)-conjugated anti-hu-
man CD25 mouse MAb (Bec) Coulter, Full , CA), FITC-conjugated
anti-human CD8 mouse MAb (Beckman Coulter), PerCP-Cy5.5-conjugated
anti-human CD19 mouse MAb (BD Biosciences), FITC-conjugated anti-human
CD14 mouse MAb (BD Pharmingen), and their isotype-matched control MAbs.
The test cell lines and PBMCs were washed with phosphate-buffered saline
containing 1% bovine serum albumin and incubated with appropriate MAbs far
30 min at 4°C. After washing, the stained cells were analyzed by FACScan
(Becron Dickinson, San Jose, CA).
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Anti-cell proliferation assay. S1T and MOLT-4 cells were incubated (1 x 10*
cellv/well) in a flat-bottomed microtiter plate with an anti-human CD70 mouse
MAD (BD Biosciences) or its isotype-matched control MAb at s concentration of
1 pg/ml After incubation at 3T°C, the number of viable cells was determined
every day by trypan blue exclusion. For primary ATL cells, PEMCs were ob-
tained from three differont ATL patients and the cells (1 % 10° cells/well) were
cultured in a microtiter plate with an anti-human CD70 mouse MAb (BD
Pharmingen) or its isotype-matched control MAb at various concentrations.
After a 24-h incubation, 25 i of 3.(4,5-di inzol-2-yl}-2.5-diphenyh
zolium bromide (MTT) (1 mg/ml) was added and further incubated st 37°C for
4 h. After incubation, 20% sodium dodecyl sulfate solution was added 10 each
well. The plate was i might at room temp in a dark place, and
specific absorbance was read at 570 nm by a microplate reader.

RESULTS

Viral gene and antigen expression in HTLV-1-carrying T-
cell lines. To identify the molecules selectively expressed in
ATL cells, comprehensive gene expression in HTLV-i-carry-
ing T-cell lines was examined by oligonucleotide microarray
and compared with the gene expression in an HTLV-1-nega-
tive T-cell line. To this end, cell lines with various viral gene
expression and replication patterns should be selected. Among
the HTLV-1-carrying T-cell lines available in our laboratory,
three T-cell lines, S1T, MT-2, and MB166, were selected and
examined for their HTLV-1 gene expression, protein synthesis,
and release of viral antigens in culture supernatants. The
HTLV-1-negative T-cell leukemia line MOLT-4 was selected
as a control. As shown in Fig. 1A, a strong signal of fax mRNA
could be found in MT-2 and M8166 cells, whereas a significant
signal of env mRNA was detected in only MT-2 cells. Like
MOLT-4 cells, neither env nor tax mRNA was identified in SIT
cells. These observations were confirmed by Western blot anal-
ysis of these cell lines, where sufficient amounts of p68 Env-Tax
fusion protein and Tax were observed in MT-2 and MB166
cells, respectively (Fig. 1B). However, neither Tax nor Env
could be detected in S1T cells. Furthermore, MT-2 cells pro-
duced and released a large amount of HTLV-1 p19 antigen,
which is regarded as a component of viral particles, into culture
supernatants, yet p19 production was not observed in M8166
and SIT cells (Fig. 1C). These results suggest that the three
HTLV-1-carrying cell lines, of which viral gene expression pat-
terns differ completely, are suitable tools for searching the host
cellular genes and proteins commonly overexpressed in ATL
cells obtained from patients.

Gene expression profiles in HTLV-1-carrying T-cell lines.
The gene expression in the HTLV-1-carrying T-cell lines S1T,
MT-2, and M8166 was examined and compared with the ex-
pression in the HTLV-1-negative T-cell line MOLT-4 by Agi-
lent whole human genome oligonucleotide microarray (4 X
44K slide format). Among all the (41,150) genes that could be
analyzed, the expression levels of 3,931 genes were modulated
in all of the HTLV-1-carrying T-cell lines with statistical sig-
nificance (P < 0.05) (data not shown). Furthermore, among
the 3,931 genes, 108 genes were upregulated more than 10-
fold, respectively, in all of the HTLV-1-carrying T-cell lines
relative to the control cell line MOLT-4 (Table 1). When a
correlation coefficient was calculated for the relative expres-
sion levels of the 108 genes in Table 1, 0.64, 0.60, and 0.96 were
obtained between S1T and MT-2 cells, S1T and M8166 cells,
and MT-2 and MB8166 cells, respectively (data not shown).
Thus, there was a positive correlation among the highly up-
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FIG. 1. Different patterns of viral gene expression in HTLV-1-
carrying T-cell lines. (A) Detection of HTLV-1 env and fax gene
expression in MOLT-4 &tegai'm control), SIT, MT-2, and M1866
cells. Total RNA was extracted from the cells and subjected to RT-
PCR with primer pairs described in Materials and Methods. GAPDH
mRNA was also amplified as an internal control. The amplified prod-
ucts were analyzed by an Agilent Bioanalyzer. (B) Western blot anal-
ysis of the cells for detection of HTLV-1 Tax. The cell lysates were
electrophoresed and transferred to a membrane, as described in Ma-
terials and Methods. The transferred proteins were reacted with an
anti-p40 Tax MAb or an anti-actin polyclonal antibody, followed by
treatmant with the second antibody. Antibody binding was visualized
with an enhanced chemiluminescence detection system. (C) The pro-
duction of viral particles and antigens from the cells. The cells were
incubated for 3 days. After incubation, culture supernatants were col-
lected and examined for their p19 antigen levels by ELISA. The error
bar indicates standard deviation,

regulated genes of the HTLV-1-carrying T-cell lines, indicating
that our strategy may be applicable for identifying the mole-
cules commonly overexpressed in ATL cells,

From the 108 genes, 11 genes of which products were con-
sidered to be expressed on the cell surface were listed in Fig. 2.
These include the genes of tumor necrosis factor (TNF) ligand
superfamily member 7 (CD70), major histocompatibility com-
plex class I (MHC II) DRB3 (HLA-DR3B), glucose trans-
porter member 8 (GLUTS), IL-21R (NILR), prostaglandin E
receptor 4 subtype EP4 (EP4), IL-4 receptor a chain isoform a
(CD124), dodecenoyl-coenzyme A & isomerase (CD79A),
CD151 antigen (GP27), TNF superfamily member 10b isoform
1 (DRS), semaphorin 4C (SEMAI), and MHC 1 F (HLAF).
Above all, the expression of the CD70 gene was enhanced
more than 1,000-fold in all of the HTLV-1-carrying T-cell lines
(Table 1 and Fig. 2). Therefore, we examined whether such
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TABLE 1. Genes upregulated more than 10-fold in all of the HTLV-1-carrying T-cell lines compared with the mv-l-ncgllivc
T-cell line MOLT-4*

Relative expression level (fold change)

Accession no. Symbol Gene product
SIT MT-2 ME5166
NM_138410 CKLFSF7 1.886.6 + 1887  293.0 = 31.0 1133+ 199 CKLF-like MARVEL transmembrane domain
containing 7 isoform a
NM_001252 CD70 13753 1375 2,6353 = 2635 2,5948 = 2595 Tumor necrosis factor ligand superfamily,
member 7
NM_005572 FPL 769.8 = BB.2 8220+ 1551 1,3616= 1362 Lamin A/C isoform 2
NM_004364 CEBP 5399 + 1913 872+ 87 569 = 198 CCAAT/enhancer binding protein «
NM_022555 HLA-DR3B 4740 = 938 144 =49 540 %453 MHC II, DRA3 precursor
NM_004364 CEBP 468.8 = 144.7 728+173 471 =174 CCAAT/enhancer binding protein alpha
NM_002304 NM_002304 336.0 = 78.3 1723 = 36.6 1353 = 164
NM_002166 GIGS 3312331 2654 = 31.0 473 =240 Inhibitor of DNA binding 2
NM_024644 FLJ21802 325.1 £ 325 108.8 = 18.0 1073 = 351  Chromosome 14 open reading frame 169
NM_015392 CAB 2754 £ 215 1309 + 13.1 234=23  Neural proliferation 1, differentiation and control
NM_014580 GLUTS 213+221 933+ 130 1164 + 11.8  Solute carrier family 2, (facilitated glucose
transporter) member 8
NM_024710 TMEM101 2178 £ 37.6 2286 = 54.0 2458 663  Isochorismatase domain containing 2
NM_015691 BM042 2044 =204 805 =80 345+77  WWC family member 3
NM_015892 GALNACAS-65T 1789 = 18.2 40.5% 68 370+ 38  B-cell RAG-associated protein
NM_001017535 NRI1I1 140.8 = 42.1 1781 = 81.8 1093 = 66.6  Vitamin D (1,25-dihydroxyvitamin D3) receptor
NM_033518 SN2 1135 = 26.6 3L5= 116 585+ 222 Amino acid transport system N2
NM_181078 NILR 1125 +£11.3 1271253 1785 17.8  [L-21 receptor precursor
NM_012081 ELL2 1124 +232 529 +53 197+20  Elongation factor 2, RNA polymerase I1
ENST00000297871 1023 £ 102 824 +82 95.9 + 9.6
NM_004737 MDCID 978 =154 158+ 17 1067 + 264  Like glycosyltransferase
NM_139346 AMPH2 836 84 129.0 = 129 1196 + 126  Bridging integrator 1 isoform 8
NM_022121 THW 74074 293x30 65.1 + 6.6 PERP, TP53 apoptosis effector
NM_014580 GLUTS 7.7x72 260 =31 31.0=3.1  Solute carrier family 2, (facilitated glucose
rter) member 8
NM_004350 AML2 67.8 = 6.8 M9=x25 61,0 = 6.1 Runt-related transcription factor 3 isoform 1
NM_012465 KIAA0932 65.1 133 245%77 202%27  Tolloid-like 2
NM_000447 AD4 64.6 9.4 874 =191 586 =81  Presenilin 2 isoform 1
NM_016010 CGI-62 63.1 =63 246+ 25 235+ 24  Hypothetical protein LOC51101
NM_000447 AD4 622 + 120 909 + 19.7 571 = 1L1  Presenilin 2 isoform 1
NM_000786 LDM 609+ 8.1 592+ 116 630+ 63 P450, family 51
NM_005658 EBI6 546 +354 853 + 142 165.7 = 711  TNF receptor-associated factor 1
NM_025195 C8FW 538=199 1705 = 17.1 29937  G-protein-coupled receptor-induced p
NM_002306 GAL3 521 =52 1334 = 146 818 =110 Galectin3
AKO057088 AKO057088 518252 114=11 204 =20
NM_000786 LDM 509 = 7.1 492 > 115 526+53  Cytochrome P450, family 51
NM_000958 EP4 503 =105 227+ 46 430+ 70  Prostaglandin E receptor 4, subtype EP4
NM_177925 MGC921 489 =49 1343 + 134 1325+ 133  H2A histone family, member J isoform 1
NM_003254 EPA 48.0 = 15.7 201 £ 2.7 10932  Tissue inhibitor of metalloproteinase 1 precursor
NM_018094 GST2 474 50 686 £ 69 68.1+72  Peptide chain release factor 3
BCO018597 43844 518+52 744 = 10.0
THC2440229 43799 13542 11.3+£3.1
NM_002200 IRF5 437 =53 229.9 = 23.0 48973 Interferon regulatory factor 5 isoform a
NM_014178 amisyn 385%39 2004 =325 306=31  Amisyn
NM_014417 JFY1 384 =94 828 £ 148 1183 £ 49.0  BCL2 binding component 3
NM_000199 HSS 37.6 4.7 105 =10 128+ 1.4  N-Sulfoglucosamine sulfohydrolase (sulfamidase)
AK090416 RXRA 373 81 123 £41 279+102 FLJ00318 protein
NM_000418 CD124 372+62 438 + 44 20697  Interleukin 4 receptor a chain isoform a
precursor
NM_015111 N4BP3 36555 14214 275=29  Neddd4 binding protein 3
NM_015459 DKFZP564]0863 348 L 66 262=26 185 =54  Hypothetical protein LOC25923
NM_018664 SNFT 347 %35 246=25 11.7£25  Jun dimerization protein p21SNFT
NM_013385 CYT4 341 =34 162 =47 1076 = 344  Pleckstrin homology, Sec7, and coiled-coil
NR_002323 TUG1 334233 303+£30 301=x52 domains 4
BC004219 MGC4604 33133 210£21 13032  1-Acylglycerol-3-phosphate O-acyltransferase 3
BC0O35647 HLA-B 33063 524%52 363=57
NM_006035 MRCKB 320£32 65.7 £ 6.6 740+ 74  CDCA42-binding protein kinase
NM_001919 CD79A 318+32 15.6 £ 1.7 27.2+40  Dodecenoyl-coenzyme A 8 isomerase precursor
BO189193 1COSLG 318+ 142 30.1 £38 727+£73
THC2401087 31231 42542 14.6 = 4.0
NM_001852 MED 30.7 = 6.6 1722 £ 333 529+53  al type IX collagen
NM_004357 GP27 300 %44 340234 145+45  CDI15]1 antigen

Continued on facing page
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TABLE 1—Continued
Relative expression level (fold change)
Accession no. Symbol Gene product
SIT MT-2 MB166
NM_006509 I-REL 209 =30 650 65 435=51 Reticuloendotheliosis viral oncogene homolog B
AKD96677 AK096677 292+38 20772 73.3 = 364
NM_024758 FLJ23384 277 %45 231%56 1B6+21 Agmatine ureohydrolase (agmatinase)
AK021777 FLI00205 258+26 168 = 1.7 199 =20  GalNAc transferase 10 isoform b
NM_001953 TP 25225 432+43 308%59 Enﬁothalia! cell growth factor 1 (platelet-derived)
NM_02073] AHH 248+53 101 £ 16 994 = 425  Arylhydrocarbon receptor repressor
NM_002413 GST2 46%56 454 % 46 51.5+52 Microsomal glutathione S-transferase 2
NM_014383 Rog 243+ 24 411 x4 125+ 38  Testis zinc finger protein
NM_003928 MGC117411 242+24 61.8%7.1 358+36 CAAX box 1
BX362492 BX362492 23140 263+28 425 =110
NM_033375 myr2 20829 454+ 82 485+ 83 Myosin IC
NM_213589 LPD 206 +23 149 =35 248 +13.1 Ras ami;w and pleckstrin homology domains
1 isof
NM_004838 HOMER-3 203+ 20 193.6 = 236 845+ 158 Homer 3, neuronal immediate early gene
A_23 P370707 18277 421%42 301 =70
AB033060 AHH 179+ 39 12212 1148 £+ 224  Arylhydrocarbon receptor repressor
BC024020 VMP1 176 £ 26 39.6 = 4.0 28=x60 Transmembrane protein 49
NM_023076 FLJ23360 176 = 3.1 21.2 40 205 + 28 Hypothetical protein LOCA5259
AK097976 DLEU2 172+31 25+53 136 83
NM_003842 DR5 167 1.7 329 +40 372+137 TNF receptor superfamily, member 10b isoform 1
precursor
NM_024646 ZYG11 165 = 1.7 1L1+11 151 =15  Zyg-11 homolog B
AK092921 HLA-B 163 = 1.6 25,7x26 199 =20
NM_022152 RECS1 16216 13.6 29 147 3.0  Transmembrane BAX inhibitor motif containing 1
AA451906 BIN1 154 %15 18220 173+ 17
NM_018370 DRAM 153 25 B0.9 = 14.7 416 = 108  Damage-regulated autophagy modulator
NM_005514 HLA B 15217 323+£32 280+ 49 MHC I, B
THC2403644 149 + 44 175+ 59 150 = 5.0
NM_000152 LYAG 147+15 158+24 130=21 Acid a-glucosidase preproprotein
ENST00000355804 144+ 14 23.7+28 131 % 1.7
NM_001613 ACTSA 144+ 16 353x54 23+23 a2 actin
NM_018370 DRAM 14323 733+ 124 339+ 77  Damage-regulated autophagy modulator
A_24 P101771 140=15 21322 193233
NM_017789 SEMAI 139 =17 204 25 339+ 138 Semaphorin 4C
NM_002502 LYTIO0 133243 15410 459+ 28 Nuclear factor of « light polypeptide gene
enhancer in B cells 2 (p49/p100)
NM_031419 IKBZ 126 £ 4.6 371 +49 134.0 = 625  Nuclear factor of « light polypeptide gene
enhancer in B cells inhibitor, { isoform b
NM_015516 TSK 12512 127+ 13 12212 Tsukushi
CR594843 HLA-B 122%12 115+12 101 = 1.9
NM_018950 HLAF 12118 16.7 £ 1.7 137 =20 MHC 1, F precursor
NM_024567 PBHNF 120=19 15330 170 = 2.8 Homeobox containing 1
NM_003764 FHLA 120 =21 140+ 14 117+ 4.4 Syntaxin 11
THC2276547 11.9+13 168 4.7 309 = 9.6
CA431756 CTTN 113%14 138+15 128+ 31
CR608347 HLA-B 11.0+12 165+ 14 12719
NM_005261 KIR 11045 96.2 + 9.6 973+ 56.7 GTP-binding mitogen-induced T-cell protein
NM_130446 FLI00029 110+12 1.6 =35 13671 Kelch-like 6
NM_017789 SEMAI 109 = 1.1 164+ 1.6 24.6 = 104  Semaphorin 4C
BC037255 LOC389634 106 = 1.1 16.8 = 3.0 213+ 64 Hypothetical protein LOC389634
AF009619 CASH 10.6 = 1.7 164 £33 851 =382 (CASP8 and FADD-like apoptosis regulator
NM_006674 P51 105+12 580+58 914+93 HLA complex P5
NR_001434 HLAHP 102+ 1.0 15716 185+ 24

*The

K 7

for three indep microarray exp

high upregulation of the CD70 gene was reflected in the ex-
pression of the CD70 molecule on the surfaces of the cell lines.

CD70 expression in HTLV-1-carrying T-cell lines. As shown
in Fig. 3, MOLT-4 cells did not express CD70 on their surfaces,
whereas this molecule was highly expressed on the HTLV-1-
carrying cell T-lines S1T, MT-2, M8166, and MT-4. Like the
case for MOLT-4 cells, CD70 expression was scarcely observed

genes of which expression levels were more than 10-fold in all of the three HTLV- I-cnmnng‘l’-adllna(SlT,M‘l’?,nnﬁmlﬁﬁ}mwudwilhthmml
T-cell line (MOLT-4) with statistical uplﬁ:mce (P < 0.05) are listed and sorted by the expression level in SIT cells. All data rep

for other HTLV-1-negative T-cell lines (CEM, Jurkat, and the
monocytic cell lines U937 and HL-60), suggesting that CD70 is
selectively expressed in HTLV-1-carrying T-cell lines. Such
selectivity was also confirmed by the analysis of these cell lines
for the expression of CD124, IL-21R, and CD151 on the sur-
face, The gene expression of not only CD70 but also CD124,
IL-21R, and CD151 was highly upregulated in all of the
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FIG. 2. Genes upregulated more than 10-fold in the HTLV-1-car-
rying T-cell lines S1T, MT-2, and MB166 compared with the genes in
HTLV-1-negative T-cell line MOLT-4. The genes of which products
are considered to be expressed on the cell surface are shown. All data
represent means * standard deviations (error bars) for three indepen-
dent microarray experiments.

HTLV-1-carrying T-cell lines (Table 1 and Fig. 2). However,
there was no significant difference of CD124 and IL-21R ex-
pression among the nine cell lines (Fig. 4). Like CD70, CD151
was strongly expressed on the HTLV-1-carrying T-cell lines

1. ViroL

Expression (MFI)

FIG. 4. Expression of CD124, IL-21R, CD70, and CD151 on various cell
lines. The cells were strained with appropriate MAbs described in Materials
and Methods and analyzed by laser flow cytometry. The expression level of
each molecule is expressed as mean fluorescence intensity (MFI).

compared with MOLT-4 cells, yet this molecule was also highly
expressed on CEM, Jurkat, and U937 cells, indicating that
CD151 expression was not selective enough to HTLV-1-carry-
ing T-cell lines.

CD70 expression in leukemic cells from ATL patients. To
determine whether CD70 is a potential target for anti-ATL
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CD70 expression

FIG. 3. CD70 expression on various cell lines. The cells were strained with an anti-human CD70 MAb (white histogram) or its isotype control
MADb (gray histogram) and analyzed by laser flow cytometry. The number in each histogram indicates the mean fluorescence intensity of the cells.
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FIG. 5. CD70 expression on CD4" T cells isolated from healthy
donors and ATL patients. PBMCs were isolated from (A) an HTLV-
I-negative healthy donor (HD-1 in Table 1) and (B) an acute-type
ATL patient (ATL-1 in Table 1). The cells were examined for their
CD4 and CD70 expression by laser flow cytometry after being gated by
their forward and side scattering intensities, The percentage of CD70*
cells among CD4* cells was calculated by the following formula: percent-
age of upper right quadrant/(percentage of upper right quadrant + per-
centage of lower right quadrant).

MAD therapy, the selective expression of CD70 has to be
demonstrated in the primary ATL cells isolated from patients.
When PBMCs were isolated from an HTLV-1-negative
healthy donor and examined for their CD4 and CD70 expres-
sion by laser flow cytometry, a small number (approximately
1.8%) of CD4™ cells, which were regarded as T cells because
of their being gated by forward and side scattering intensities,
were CD70* (Fig. 5A). Under the same conditions, 69.2% of
the CD4" cells isalated from an acute-type ATL patient were
CD70" (Fig. 5B). Therefore, we extended the analysis to
PBMCs obtained from an additional five HTLV-1-negative
healthy donors and five acute-type ATL patients, As shown in
Table 2, the average numbers of CD70* cells were 3.2 and
79.3% of the total CD4" T cells obtained from the healthy
donors and ATL patients, respectively, which was statistically
significant (P < 0.00095). In contrast, there was no practical
difference of CD70 expression on B cells and monocytes be-
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tween healthy donors and ATL patients. Although certain dif-
ference of CD70 expression was observed for CD8* T-cells, it
was not statistically significant. Furthermore, difference of
CD70 expression on CD8" T cells, B cells, and monocytes
varied from one patient to another. These results suggest that
CD70 is predominantly expressed on the CD4™ T cells, pre-
sumably leukemia cells, from acute-type ATL patients.

Effect of anti-human CD70 MAb on ATL cells. When SIT
and MOLT4 cells were incubated with a commercially avail-
able anti-human CD70 MAb, the MAb did not affect the pro-
liferation of these cell lines at a concentration of 1 pg/ml
during a 4-day incubation period (Fig. 6A). The effect of an
anti-human CD70 MAb for the viability of primary ATL cells
was also examined. No significant reduction of cell viability was
observed at concentrations of up to 1 pg/ml for all of the
PBMCs obtained from three different ATL patients (Fig. 6B).

DISCUSSION

Human oligonucleotide microarrays have been used to ex-
amine gene expression patterns of PBMCs infected with
HTLV-1 (11), HTLV-1-transformed T-cell lines (8, 30), Jurkat
cells expressing either p121 (26) or p30II (23), and the Jurkat
cell line JPX-9 that can be induced to express higher levels of
Tax-1 (27). In addition, activated PBMC cDNA has been used
in subtraction hybridization studies with ¢cDNA from cultured
ATL cells from a patient (33). The complexity of the data from
these studies and differences in chip composition preclude a
full definition of genes that are affected by viral infection.
However, there is a consensus on the expression of some cel-
lular genes. Enhanced expression of cell cycle and antiapop-
totic genes includes the cyclin B1, p21WAF1/CIP1, and Bel-
X(L) genes, confirming prior biological/biochemical findings
(1, 5, 25, 28). In contrast, caspase-8 appears to be consistently
downregulated. Among the interleukins and their receptors,
the upregulation of IL-2Ra, but not IL-2, is also consistently
detected. In contrast, [L-15Ra appears to be upregulated in
only some HTLV-l-infected T-cell lines and PBMCs. Simi-
larly, IL-15 is not upregulated in all cell lines and IL-15 ex-
pression does not appear to be induced by Tax-1 in Jurkat cells.

There is a criticism that limited or biased information re-
garding the molecules selectively expressed in ATL cells will be
obtained when HTLV-1-carrying T-cell lines, instead of pri-
mary ATL cells, are used for oligonucleotide microarray anal-
ysis (35). This criticism may be appropriate from one aspect,
since such HTLV-1-carrying T-cell lines generally express the
viral transactivator protein Tax that considerably affects viral
and cellular gene expression. In fact, our study demonstrated
that MT-2 and M8166 cells strongly expressed Env-Tax fusion
protein and Tax, respectively (Fig. 1B). Both cell lines were
established by cocultivation of healthy human cord blood T
cells with ATL cells (24). Therefore, it is not surprising that
unlike primary ATL cells, these in vitro-transformed T-cell
lines still retain functional Tax. This may be a reason for the
high correlation coefficient (0.96) in relative expression levels
of the 108 genes between MT-2 and M8166 cells (Table 1), On
the other hand, S1T cells were directly established from pri-
mary ATL cells by cultivation with IL-2 (2). Consequently, S1T
cells did not express env or tax gene as well as Env or Tax

(Fig. 1).
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TABLE 2. CD70 expression in PBMCs isolated from healthy donors and ATL patients®
Expression on indicated marker-positive cells (%)°
Donor WBC* (cells/mm’ - +
) cp3*con*  cpetcprt  cpetcpsst P4 DT epgecppe  cD19* cOM* CDM* CDTOY

HD-1 26 1.8 ND 03 0.6 165 0
HD-2 29 27 15 04 42 179 0.1
HD-3 24 19 36 04 02 136 0
HD-4 6.3 4.2 3 12 0.6 203 05
HD-5 G4 5.8 o 13 39 158 03
HD-6 55 28 142 13 ND 215 03
ATL-1 414,000 67.5 69.2 736 56.6 ND 145 0
ATL-2 28,300 98.0 98.6 975 98.5 913 183 0
ATL-3 296,000 66.6 B43 406 369 0 0 1]
ATL-4 9,100 99.1 98.7 587 588 846 8.7 05
ATL-5 816 315 104 57 746 215 339
ATL-6 94.3 934 73.1 69.6 245 16.7 15

* PBMCs obtained from healthy donors (HD) and scute-type ATL patients were stained with appropriate MAbs (see Materials and Meth ds). After staining, the

cells were analyzed by laser flow cytometry.
* WBC, white blood cell count.

“ Mean = standard deviation values for healthy donors were 4.9 = 2.8 for CD3* CD70* cells, 32 + 1.5 for CD4* CD70" cells, 6.8 = 48 for CD4™ CD25" cells,
0.8 + 0.5 for CD4* CD25* CD70* cells, 1.9 = 2.0 for CD8* CDT0” eells, 18.6 + 4.9 for CD19* CD70™ cells, and 0.2 = 0.2 for CD14* CD70™ cells. Mean * standard
deviation values for ATL patients were 84.5 = 14.9 for CD3* CD70" cells (statistically significant [P < 0.01] by ¢ test), 79.3 * 25.9 for CD4* CD70* cells (statistically
significant [P < 0.01] by ¢ test), 59.0 = 303 for CD4™ CD25™ cells (statistically significant [P < 0,01] by £ test), 54.4 + 31.2 for CD4* CD25* CD70* cells (statistically
significant [P < 0,01] by I test), 55.0 £ 404 for CD8* CD70" cells, 133 = 7.8 for CD19* CD70* cells, and 6.0 + 13.7 for CD14* CD70* cells. ND, not determined.
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FIG. 6. Effect of anti-human CD70 MAD on the growth and viabil-
ity of ATL cells. (A) SIT (diamonds) and MOLT- (squares) cells
were incubated with an anti-CD70 MADb (filled symbols) or its isotype-
matched control MAb (open symbols) at a concentration of 1 pg/ml.
After a 4-day incubation, the number of viable cells was determined by
trypan blue exclusion. (B) PBMCs obtained from three different ATL
patients (circles, squares, and diamonds) were incubated with an anti-
CD70 MAb (closed symbols) or its isotype-matched control MAb
(open symbols) at various concentrations. After a 24-h incubation, the
number of viable cells was determined by the MTT method. Error bars
indicate standard deviations.

In this point of view, if HTLV-1-carrying T-cell lines with
totally different origins could be included for oligonucleotide
microarray analysis, it would become an efficient approach to
determining the molecules selectively expressed in ATL cells.
In the present study, 108 genes were found to be upregulated
more than 10-fold in different HTLV-1-carrying T-cell lines
relative to a control T-cell line (Table 1). Among them, tre-
mendous (more than 1,000-fold) upregulation was observed
for the CD70 gene, of which product should be expressed on
the cell surface (Fig. 2). In fact, the CD70 molecule was
strongly and selectively expressed on various HTLV-1-carrying
T-cell lines and CD4* T-cells obtained from ATL patients but
not on HTLV-1-negative T-cell lines, monocytic cell lines, or
CD4* T-cells obtained from HTLV-1-negative healthy donors
(Fig. 4 and 5 and Table 2).

CD70 is the only known ligand for its receptor CD27 that
belongs to the TNF receptor superfamily 7. In general, this
molecule is expressed on strongly activated T and B cells (4)
and some hematological malignancies, such as non-Hodgkin’s
lymphoma (42). In fact, when PBMCs were isolated and stim-
ulated with phytohemagglutinin, approximately 18 and 32% of
the cells became CD70" after 7 and 12 days of cultivation,
respectively (data not shown). However, there has been no
definitive report describing the selective expression of CD70 in
ATL cells. CD70 is also highly expressed on some solid tumors,
including renal cell carcinoma (9, 17) and glioblastoma (6, 43).
In contrast, CD70 expression is highly restricted in normal
tissues (19). Therefore, CD70 has been considered to be an
artractive target of MAbs and MAb-drug conjugates for selec-
tive anticancer therapy. It was recently shown that the admin-
istration of an engineered anti-CD70 MADb significantly pro-
longed the survival of severe combined immunodeficient mice
bearing CD70*-disseminated human non-Hodgkin’s lym-
phoma xenografts (22). In this study, treatment with control
IgG did not prolong median survival (21 days). In contrast,
median survival was increased to 72 days when the mice were
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treated with the anti-CD70 MAD at a dose of 4 mg/kg of body
weight. Furthermore, anti-CD70 antibody-drug conjugates
were effective against tumor growth in mice bearing human
renal cell carcinoma xenografts (6). These results suggest that
irrespective of drug conjugates, anti-CD70 MAbs deserve to be
investigated for their anticancer activities against ATL in vitro
and in vivo.

In addition to CD70, we have also identified 10 genes of
which products should be highly expressed on the HTLV-1-
carrying T-cell lines (Fig. 2). Among these, three molecules,
CD124, IL-21R, and CD151, could be evaluated for their ex-
pressions on various cell lines, since MAbs for these molecules
were commercially available. CD151 was indeed highly ex-
pressed on the HTLV-1-carrying T-cell lines, yet it was also
expressed in other T-cell and monocytic cell lines, except
MOLT-4 (Fig. 4). CD151 is a member of the tetraspanin family
and is a broadly expressed molecule. It is also noted for its
strong molecular associations with integrins (44), CD151 was
initially identified as a marker of human acute myeloid leuke-
mia cells, platelets, and vascular endothelial cells (3). The
upregulation of the CD151 gene in HTLV-1-carrying T-cell
lines has already been reported and investigated for its patho-
logical role (13, 14). Our microarray analysis has confirmed
these reports. Since CD151 is broadly expressed by a variety of
cell types (36), it does not seem to be a suitable target for
anticancer therapy with MAbs. Further studies are in progress
to identify other molecules selectively expressed on primary
ATL cells obtained from patients,

At present, there is no evidence indicating that commercially
available anti-CD70 MAbs are capable of inhibiting cell pro-
liferation or inducing apoptosis of primary ATL cells obtained
from patients as well as the S1T cells (Fig. 6). It is possible that
these anti-CD70 MAbs are not optimized to exert their bio-
logical functions and may be required for structural modifica-
tion. However, a company in New Jersey has recently obtained
permission from the U.S. Food and Drug Administration to
use a fully human MAb directed against CD70 in a phase |
clinical trial for treatment of clear cell renal cell carcinoma
(Medarex). Considering this fact and the poor prognosis and lack
of curative therapy for ATL, CD70 should be further perused as
a potential target in anticancer therapy against ATL.
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To obtain lectins without tedious purification steps, we developed a convenient
method for a purification of lectins using sugar-immobilized gold nano-
particles (SGNPs). Proteins in crude extracts from plant materials were

with 60% ammonium sulphate, and the precipitate was re-dissolved in a small volume
of phosphate buffer. The resultant solution was then mixed with appropriate SGNPs
under an optimized condition. After incubating overnight at 4°C, lectins in the
mixture formed aggregate with SGNPs, which was visually detected and easily
sedimented by cen aggregate was dissolved by adding inhibitory
sugars, which were identical to the non-reducing sugar moicties on the SGNPs.
According to SDS-PAGE and MS of thus obtained proteins, it was found that SGNPs
isolated lectins with a high purity. For example, a protein isolated from banana
using Gle#-GNP (a-glucose-immobilized gold nano-particle) was identified as banana
lectin by trypsin-digested peptide-MS finger printing method.

Key words: gold nano particle, lectin, peptide MS fingerprinting, purification, sugar

chain.

Abbreviations: CHCA, e-cyano-4-hydroxyeinnami

acid; Glea-GNP, alpha-glucose-immobilized gold

nano-particle; GleNAca-GNP, alpha-N-acetyl-gl

alpha-mannose-immobilized gold nano-pn‘:lic‘ia-, 84, 356-dimethyl-4-hydroxy

sugar-immobilized gold nano-particles,

Lectins are carbohydrate-binding proteins, which can
specifically recognize sugar structures (1). Their physio-
logical functions have been argued for a long time, and
were recently determined for several lectins. Selectins
medinte the adhesion of leucocytes and the endothelial
cells of blood vessels. Some plant lectins serve as defence
factors against phytopathogenic fungi, insect and ani-
mals by interacting with their glycans (2-4). According to
these examples, lectin—glycan interactions are recognized
as important in biological processes in both plant and
animal bodies, To understand the functions of lectins at
the molecular level in detail, purification and subsequent
characterization are the most crucial.

To purify lectins from crude extract, several chroma-
tography techniques, such as affinity chromatography,
ion-exchange chromatography and gel permeation chro-
matography, are generally used. However, such chroma-
tographic purification needs lengthy and tedious steps,
preventing the studies of lectins especially in case of
small amount of target lectins in the starting materials.
To overcome this problem, a simple and effective method
is desired, Use of gold nanc-particles huving glycans is
one of the most promising for the purpose.

bilized gold

nano-particle; Mana-GNP,
i ic acid; SGNPs,

Gold nano-particles having glyeans were rapidly
developed in this decade, and utilized to analyse lectins,
to estimate their affinity strength or to visualize them
with electron microscopy (5-7). Recently, we established
an efficient technique for the immobilization of glycans
on gold nano-particles (8, 9). The produced gold nano-
particles, designated bilized gold nano-
particles (SGNPs), were homogeneous in size and
amount of glycans. Importantly, they are casily sedi-
mented by forming aggregate with lectins, suggesting
that they are promising for capturing lectins. In this
study, we established an effective method for purifica-
tion of lectins using the SGNPs, As a result, a lectin
with high purity was successfully obtained from plant
extract.

sugar

MATERIALS AND METHODS

Materials—All reagents were used without further
purification. Banana was obtained from a grocery store
and stored at —20°C until use. Sugars were purchased as
follows: maltose, cellobiose and lactose were obtained
from Nacalai tesque (Kyoto, Japan); GalNAcp1-3Gal and
1-2 mannobiose from Dextra Lab. (Reading, UK);

libi from TCI (Tokyo, Japan). GleNAcx1-6Gle,
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Synthesis of Ligand-Conjugate Contaiming Sugar
Moieties—Ligand-conjugates containing sugar-moieties
were prepared according to the previous report (8, 9). For
preparation of ligand-conjugat taining w«-p-gl id
(abbreviated as Glex1-4Gle-mono), mono-valent linker
compound (10.0mg, 34umol) (9) dissolved in 1.0ml of
dimethylacetoamide (DMAc) was mixed with maltose
(12.2mg, 34 pmol, dissolved in 0.8 ml of distilled water)
and 0.2 ml of acetic acid (Fig. 1). After incubation at 37°C
for 4h, NaCNBHj (21.3 mg, 340 pmol) dissolved in 0.2 ml of
distilled water was added to the solution, After further
incubation at 37°C for 72h, the reaction was lyophilized.
The obtained ligand-conjugate was purified by reverse-
phase chromatography using Chromatorex ODS (Fuji
Silysia Chemical, Aichi, Japan) equilibrated with 45%
methanol at the flow rate of 0.8 ml/min. The obtained
ligand conjugate was elucidated by reverse-phase chroma-
tography using Inertsil ODS-3 (GL Science, Tokyo, Japan),
MS (Voyager DE-Pro, Applied Biosystems, CA, USA) and
'H NMR (ECA-600, JOEL, Tokyo, Japan).

By a similar protocol described above, the ohjected
compound was prepared from appropriate materials, ie.
Glep1-4Gle-mono, Galal-6Gle-mono, GalPl-4Gle-mono,
GleNAcx1-6Gle-mono, GleNAcp1-6Gle-mono, GalNAcxl-
6Gle-mono, GalNAcBl-3Gal-mono, Fuezl-6Gle-mono,
Fuepl-6Gle-mono and Manu1-2Man-mono were prepared
from cellobiose, melibiose, lactose, GleNAcul-6Gle,
GleNAcp1-8Gle, GalNAcx1-8Gle, GalNAcf1-3Gal, Fuexl-
6Gle, Fucpl-6Gle and ul-2 mannobiose, respectively.

Synthesis of SGNPs—Sugar-immobilized gold nano-
particles (SGNPs) were prepared according to the pre-
vious report (8). To synthesize «-p-glucoside immobilized
SGNP (Glex-GNP), 5 mM (final concentration) of NaBH,
was added to 1 mM of aqueous solution of NaAuCl, with
stirring. Above prepared 100uM of ligand-conjugate
(Glen1-4Gle-mono) was then added to the solution with
stirring. The resulting solution was subsequently dia-
lysed against distilled water and PBST [100 mM phos-
phate buffer, pH 7.2, containing 0.9% (w/v) NaCl and
0.06% (viv) Tween-20]. By TEM analysis, diameter of
obtained particles was estimated to be 2-10nm, and
most of them showed around 5nm.

Glep-GNP, Galo-GNP, Galf-GNP, GleNAcz-GNP, Gle
NAcf-GNP, GalNAcx-GNP, GalNAcf-GNP, Fuex-GNP,
Fucf-GNP and Manu-GNP were prepared from appro-
priate ligand-conjugate, i.e. Glef1-4Gle-mono, Galx1-6Gle-
Galfil-4Gle-mono, GleNAc1-6Gle-mono,

mono,
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Gleet! -4Gle-mono

ide (Glex1-4Gle-mono),

GleNAep1-6Gle-mono, GalNAcxl-6Gle-mono, GalNAcpl-
3Gal-mono, Fucx1-6Gle-mono, Fucpl-6Gle-mono  and
Mann1-2Man-mone, with similar protocol. The SGNPs
prepared were elucidated by binding experiment using
lectins, e.g. C alin A (Con A) purchased from EY
Laboratories (CA, USA) and RCA120 from Vector
Laboratories (CA, USA). The amount of sugar ligand
attached to the gold nanoparticles was estimated by
elemental analysis. As a result, 50-70 ligand-conjugates
were immobilized on the surface of one gold nano-particle
of 5 nm diameter.

Preparation of Plant Extract—Matured banana pulp
(1g) was homogenized in 5ml of PBS [100 mM phosphate
buffer, pH 7.2, containing 0.9% (w/v) NaCl] containing
10 mM 2-mercaptoethanol. The extract was stirred at 4°C
for 2h, and the homogenate was centrifuged at 8,000
r.p.m. for 30min. Obtained supernatant was then filtered
with DISMIC® (¢=0.45um, ADVANTEC, CA, USA).
After adding 60% (w/v) smmonium sulphate to the
filtrate, the precipitate was obtained by centrifugation
at 10,000 rpm. for 10min at 4°C. Thus, obtained
precipitate was dissolved in 2.5ml of PBS containing
10 mM 2-mereaptoethanol. This solution was used for the
following purification steps of lectins.

Screening with SGNPs—To evaluate the sugar chain-
binding properties of the extract from banana, a series of
SGNPs, i.e. Glew-GNP, Glep-GNP, Galx-GNP, Galf-GNP,
GleNAex-GNP, GleNAcfi-GNP, GalNAcx-GNFP, GalNAcf-
GNP, Fuecx-GNP, Fucp-GNP and Mana-GNP, was used
for screening. In brief, the above 11 kinds of SGNP
solution (30 pl, adjusted to Abssys=23.0) were mixed with
10l of sample solutions in round-bottomed microtitre
plate wells, respectively, and incubated overnight at 4°C.
Also, the extent of aggregation was determined by
measuring the absorbance of supernatant at 530nm.
Activity was calculated according to the following
equation:

Precipitation (%) = 100 ;AL‘EE = 100
Absggg

where AbsP,, and Absj,, indicate absorbance at 530nm
before and after overnight incubation, respectively.

Dissociation of SGNP-Lectin Complex with Free
Sugars—Dissociation effects of free sugars against
SGNP aggregates were examined. Similar to the screen-
ing described above, 30 pl of Glex-GNP was mixed with
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10l of sample solution. After standing at room tem-
perature for 10min, the formed SGNP aggregate was
sedimented by centrifugation at 1,800 r.p.m. for 1 min at
room temperature. After removal of supernatant, 100 pul
of sugar solutions (0.2M glucose, GlcNAe, mannose
and galactose dissolved in distilled water) were added
to each well.

Capturing Lectins—Sugar-binding proteins (lectins)
were captured by SGNPs and characterized. The overall
approach was shown in Scheme 1. From data of screen-
ing, 30 ul of Glea-GNP, GleNAca-GNP or Man«-GNP was
added to 10 pl of banana extract, and thoroughly mixed
by pipetting. After incubation overnight at 4°C, the
formed aggregate was sedimented by centrifugation at
10,600 r.pm. for 10min, and the supernatant was
removed. After subsequent washing with 50pl each of
PBST and distilled water, the aggregate was dissolved by
adding 10l of inhibitory monosaccharides, ie. 0.2M
glucose, 0.2M GlcNAc and 0.2M mannose were used for
Glea-GNP, GleNAcw-GNP and Mana-GNP, respectively.
Thus, captured proteins were analysed by SDS-PAGE
under non-reducing condition using 16% gel without
further purification. Also, they were applied to the
subsequent analyses described below.

Proteolytic Digestion by Trypsin—After re-dissolving in
inhibitory sugar solutions, 10l aliquot of sample solu-
tion (corresponding to 2.3pug protein) was added to the
same volume of 75 mM NH;HCO;. Proteins in the solu-
tion were denatured by boiling for 5 min, and then 10yl
of trypsin (Sigma-Aldrich, MO, USA) dissolved in dis-
tilled water (5pg/ml) was added. The protein digestion
was performed by incubating the reaction solution at
37°C for 2Zh. The resulting digest was analysed by
MALDI-TOF/MS without further purification.

MALDI-TOF Mass Spectrometry—The MALDI-TOF
mase spectrometer u.aed was a Voyasar DE-Pro (Applied
Biosystems). a-cya hy ic acid (CHCA) or
35~d1methyl4-hydmxytmnmlc acd (SA) as MALDI
matrix was dissolved in the aqueous solution containing
50% acetonitrile and 0.1% trifluoroacetic acid (TFA)
to make 10mg/ml. SGNP-captured proteins and the
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trypsin-digested peptides were co-crystallized with
CHCA or SA matrix. The MS analyses were performed
with a reflector and positive-ion mode. The spectra were
acquired with 300 shots of a 337nm nitrogen laser
operating at 3 Hz. Angiotensin (SIGMA) and Calibration
mixture 2 (PE Biosystems, CA, USA) were used as MS
calibration standards. Protein identification was perfor-
med by searching the National Center for Biotechnology
Information (NCBI) non-redundant database using Mascot
search engine (hitp//www.matrixscience.com/search_form
_selecthtml). The following parameters were used for
database searches with MALDI-TOF peptide mass finger-
printing: monoisotopic mass, +1.2 Da peptide mass toler-
ance, trypsin as digestion enzyme with one missed
cleavage allowed, no modification of a cysteine residue.

RESULTS AND DISCUSSION

To purify lectins from biological materials, the most
efficient way may be to utilize their affinity for sugar
chains. Since lectins specifically recognize sugar struc-
tures, it is essential to select appropriate sugar chains,
Thus, wa first screened the sugar-binding property of
the extract using a series of SGNPs, i.e. Glex-GNP, Glep-
GNP, Gale-GNP, Galp-GNP, GleNAcx-GNP, GleNAcp-
GNP, GalNAca-GNP, GalNAcf-GNP, Fuca-GNP,
Fucf-GNP and Mana-GNP. The banana exiract was
thoroughly mixed with 11 kinds of SGNPs and allowed to
stand at 4°C. When banana extract includes agglutinin
having affinity for particular SGNPs, lectin-SGNP aggre-
gnte may be formed, and it is visually detected as
precipitate. As a result, three of the SGNPs tested, i.e.
Glea-GNP, GleNAcax-GNP and Mana-GNP, obviously
formed precipitate (Fig. 2). In contrast, no precipitate
was detected for the other SGNPs including Glef-GNP and
GleNAcf-GNP. To know the extent of aggregation, the
absorbance of supernatant at 530 nm was measured. As
shown in Fig. 2, 91.2%, 92.4% and 92.8% of Glex-GNP,
GleNAcw-GNP and Manx-GNP, respectively, in the wells
precipitated, while the f-anomers showed no or, if any,
weak affinity for banana extract. These results clearly
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Fig. 2. Screening of sugar-immobilized gold nano-particles
(SGNPs). Ten microlitres of sample solutions were added to 30 ul of
each SGNP in round-hottomed microtitre plate wells. When the

1 lution includes lectin(s) having affinity for particular
aggregate is formed and observed as a
te the extent of aggregation determined

SGNP(s), lectin-SGNP
precipitate. Graphs indi

indicated that banana extract included agglutinin having
affinity for a-glucose, x-GleNAc and «-mannose, The sugar-
binding specificity observed here agrees well with previous
reports describing that lectin in banana pulp shows
affinity for mannose, glucose, GleNAc and their derivatives
(10-13).

To clarify sugar-binding specificity in detail, dissociation
effects of free sugars were examined using Glex-GNP.
Similar to the case of screening described above, 30 ul of
(Glea-GNP was mixed with 10 pl of banana extract. After
standing at room temperature for 10min, aggregate was
sedimented by centrifugation at 1,800 r.p.m. for 1 min, and
supernatant was removed. To the wells, 100l of sugar
solutions, i.e. 0.2 M glucose, 0.2 M GleNAc, 0.2M mannose
or 0.2M galactose dissolved in distilled water, was added,
respectively. As expected, Glex-GNP-aggregate was re-
dissolved in glucose solution (Fig. 3). In addition, it was
also re-dissolved in GleNAc and mannose solution, but not
at all in galactose solution (Fig. 3). The result indicated
that the banana extract included an agglutinin having
affinity for glucose, mannose and GleNAe. In other words,
the protein aggregated with Glea-GNP, GleNAcx-GNP or
Mana-GNP may be identical.

Using Glex-GNP, GleNAcx-GNP or Mana-GNP, the
purification of the agglutinin from banana extract was
performed. As shown in Scheme 1, 10 pl of banana extract
was added to 30 pl of ench SGNP. The formed aggregates
were sedimented by centrifugation, and supernatant was
transferred to other tubes. Precipitates were subsequently
washed with PBS containing 0.05% Tween-20 (PBST) and
distilled water to remove non-specifically bound proteins
and salt, and then re-dissolved in inhibitory sugar
solutions. As estimated by quantifying the protein using
a dye-binding assay (14), 2.3, 4.3 and 3.6 pg proteins were
captured from 10yl of extract (corresponding to 4 mg
starting plant material) using Glex-GNP, GleNAcu-GNP
and Mans-GNP, respectively. Higher yield relative to
previous report (11) was probably achieved by one-tube
reaction. Upon SDS-PAGE under non-reducing conditions,
every SGNP-captured protein showed a single protein
band at a molecular mass 13.6kDa (Fig. 4, lanes 4, 6 and 8).
No band was detected at the corresponding mass in
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by measuring the absorbance of supernatant at 530 nm. (A) Banana
extract, (B) PBST as negative control. 1: Glex-GNP, 2: Glep-GNP,
3: Gala-GNP, 4: Galp-GNP, 5: GleNAca-GNP, 6: GleNAef-GNP,
7: GalNAca-GNP, 8: GalNAcp-GNP, 9: Fucx-GNP, 10: Fucp-GNP,
11: Mana-GNP.

1 2 3 4 5

Fig. 3 Dissociation of SGNP-lectin complex with free
sugars. Lectin—Glea-GNP aggregate is fivat formed. After
removal of supematant, sugar solutions were added to each
well. When lectin—SGNP interaction is inhibited by free sugara
added, lectin will dissociate from the SGNP and the aggregate
disappears. (1) PBS, (2) glucose, {3) GleNAc, (4) mannose,
(5) galactose.

d from b

Fig. 4 SDS-PAGE of proteins obtai
stained with CBB. M: Molecular marker, lane 1: crude extract
from plant materials, lane 2: extract after concentration with
60% (wiv) ammonium sulphate, lanes 3 and 4: Glex-GNP, lanes
5 and 6: GleNAca-GNP, lanes 7 and 8: Mana-GNP. Lanes 3, &
and 7: supernatanit after aggregation, lanes 4, 6 and 8:
precipitation after aggregation.
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supernatant (Fig. 4, lanes 3, 5 and 7). This result indicated
that the protein with molecular mass 13.6kDa in the
extract was completely captured by SGNPs. Also, the
captured proteins are very pure, as far as stained with
CBB.

Exact moleculur mass of captured proteins was then
mensured By MALDI-TOF MS analysis. Since nggregates
were washed with distilled water and dissolved in sugar
solutions without salts, SGNP-captured proteins were
used for MS analysis without further purification and
desalting steps. For analysis, 1.2, 2.2 and 1.8pg of Glex-
GNP-, GleNAcz-GNP- and Manx-GNP-captured proteins
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(corresponding to 5yl of extract, ie. 2mg of starting
plant material), respectively, was co-crystallized with SA,
and directly analysed by MALDI-TOF muss spectro-
meter. As a result, intense signals were detected for all
the three samples (Fig. 5), in spite of remaining free
SGNPs. The result indicates that free SGNPa did not
disturb the ionization of proteins in MALDI-TOF/MS,
suggesting that the SGNP was not needed to be removed
from the analytical samples. In case of Glex-GNP-
captured protein, only one major peak was detected at
m/z value of 14,556 (Fig. 5A). According to the previous
report, mannose/glucose-binding lectin from banana pulp
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Fig. 6. MALDI-TOF mass spectra from tryptic digestion of
proteins obtained from b
All the six peaks submitted to the Mascot search engine for
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extract using Glez-GNP. 76%. L denotes m/z value of ligand conjugate.

Table |. Peptide peaks detected from the tryptic digestion of Glex-GNP-captured proteins.

miz_ Protein Stari-End___ Missed _cleavage Seq
1 187040  Banana lectin 7-26 0 VGAWGGNGGSAFDMGPAYR
2 208157  Banana lectin 31489 ] IFSGDVVDGVDVTFTYYGK
3 2656926  Banana lectin 41-53 1 IFSGDVVDGVDVTFTYYGKTETR
4 389613  Banana lectin 54-91 0 HYGGSGGTPHEIVLQEGEYLVGMAGEVANYHGAVVLGK
5 2023456  Banana loctin 100-120 0 AYGPFGNTGGTPFSLPLAAGK
[ 76355  Banana lectin 121-127 0 ISGFFGR
is a dimeric protein composed of 15kDa subunits  the digosted protein are listed in Table 1. As expected, all

estimated by SDS-PAGE (10, 11). In addition, its

the peaks are revealed to be derived from banana lectin.
The seq coverage was 76%. Thus, Glea-GNP-

lecular weight calculated from seq (A
No: 2BMYA) is 14,i54Da (15). Thus, the captured
protein is supposed to be a | lectin. Since gene of
banana lectin is a member of a multi-gene family (11),
a weak signal at m/z value of 14,363 might be derived
from them, Another minor signal at m/z value of 28,994
was corresponding to a dimer of hanana lectin. Very
similar MS profiles were observed for GleNAcx-GNP and
Manax-GNP (Fig. 5B and C). In both cases, only one major
peak was detected around m/z =14,5660. The m/z value of
major pesks observed for GleNAcx-GNP and Manx-GNP
were 14,5628 and 14,575, respectively, which are corre-
sponding to the previous report, too (11). According to
the results of MS analysis together with those of SDS-
PAGE, the purity of captured proteins was high enough
to apply further analysis.

To identify SGNP-captured protein, we carried out
peptide-mass fingerprinting. Judging from the results of
dissociation of SGNP-lectin complex with free sugars,
SDS-PAGE and MS spectrometry described above (Figs
3, 4 and 5), all the proteins captured by Gles-GNP,
GleNAcx-GNP and Mana-GNP were supposed to be
identical. Thus, Glex-GNP-captured protein was used
for the purpose. As described under MATERIALS AND
METHODS section, the captured protein (2.3 pg protein)
was digested by trypsin, and the resulting digests were
analysed by the MALDI-TOF/MS (Fig. 6). Detected peaks
at m/z 783.54, 1870.34, 2023.45, 2081.37, 2669.26 and
4896.13 were searched against the Swiss-Prot protein
database for the identification of source proteins. All six
peaks matched the database. The peptide sequences from

captured protein was identified as banana lectin. This
result indicated that the purity of protein eaptured by
Glen-GNP was sufficient to identify the source protein.

In conclusion, we established an effective method for u
one-step purification of lectin from extracts using
SGNPs. Compared with conventional methods, several
advantages of SGNPs were found, e.g. small amount of
start materials (in case of banana lectin, <1g), simple
operation (only centrifugation) and direct analysis by
SDS-PAGE and MS spectrometry (without further
purification or concentration steps). Although SGNPs
having simple saccharides were used here, a lectin was
successfully purified with such high purity as to identify
the source protein. Using a similar protocol, we have also
performed easy and quick purification of lecting from
soybean. Since, in general, affinities of lectins for
oligosaccharides are relatively high compared with
those for simple saccharides, utilization of SGNPs
having complex glycans is promising for easy purification
of less abundant carbohydrate-binding proteins.

We thank Y. Fujimoto, Osaka University, for her help in
elemental analysis. This research was supported in part by
a grant from a Ministry of Health, Labor and Welfare
(Y.8), and Japan Science and Technological Agency
(CREST, Y.8.).
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