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ABSTRACT

To reinforce cytotoxic activity and the targeting ability of lymphokine-
activated killer cells with a T-cell phenotype (T-LAK) for adoptive im-

munotherapy against human bile duct carcinoma (BDC), staphylococcal
enterotoxin A (SEA) was conjugated chemically with MUSEI 1 mono
clonal antibody (MUSEI 1 mAlÂ»,directed to the MUC1 antigen, using
V-smriiimiiiKI 3-(2-pyridyldithio) propionate and 2-iminothiolane HCI.
Both SEA-conjugated MUSEI 1 niAli (SEA-MUSE11) and the F(ab')2 of
MUSE11 niAh (SEA-F(ab')2) showed significant enhancement of T-LAK

cell tumor neutralization for MUC1 positive-target tumor cells, even with

a concentration of 0.01 fig/ml at an E:T ratio of 5:1 in vitro. In this m vitro
test, MUCl-positive BDC cells were observed to attach to surrounding
T-LAK cells in the presence of SEA-MUSE11 or SEA-F(ab')2. Remarka

ble tumor growth inhibition was observed in BDC-grafted severe com
bined immunodeficient mice to which 2 x 10 T-LAK cells preincubated
with 2 ftg of SEA-MUSE11 or SEA-F(ab')2, together with recombinant

interleukin 2 (500 IU), were administered i.v. for 4 consecutive days, when
tumor size was 5 mm in diameter. These results point to a promising
adoptive immunotherapy for patients with BDC.

INTRODUCTION

The prognosis of patients with BDC3 is known to be poor because

of the difficulty of curative resection due to irregular tumor invasion
to lymphatic tissues and/or perineural spaces (1). Even adjuvant
chemotherapy or radiotherapy after surgery generally cannot achieve
satisfactory results. To improve this situation, immunotherapy has
attracted a great deal of attention. In a previous study of human
BDC-grafted SCID mice, specific targeting therapy, consisting of i.v.
administration of T-LAK cells sensitized with two kinds of bispecific
antibodies, i.e., anti-CD3 X anti-MUCl and anti-CD28 X anti-MUCl

antigen (2), demonstrated remarkable inhibition of tumor growth.
However, complete cures could not be obtained. To develop another
strategy that could be used together with this specific targeting ther
apy, we have concentrated our attention on SAgs. SAgs, named by
White et al. (3), are the most potent known activators of human T
lymphocytes. They bind outside of the peptide-binding groove of

MHC class II molecules and activate T cells expressing a certain VÃŸ
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type of TCR, unlike the case with conventional antigen recognition
(4). To use this potential for adoptive immunotherapy, SEA and
MUSEI 1 mAb directed to the epithelial mucin antigen MUC1, widely
expressed in adenocarcinomas, were conjugated chemically in this
study. SEA binds T-LAK cells through MHC class II molecules and

thereby activates them. MUSEI 1 mAb, on the other hand, increases
the ability of T-LAK cells to target MUC1 after introduction of an
appropriate ligand. We therefore speculated that SEA-conjugated
MUSEI 1 mAb (SEA-MUSE 11) might enhance the specific cytotoxic
activity of T-LAK cells against MUCl-positive tumors. To test this

hypothesis, in vitro and in vivo experimental studies were carried out.
In this study, we report the first effective adoptive immunotherapy by
human T-LAK cells with SEA-conjugated antibodies in BDC solid
tumor-grafted SCID mice.

MATERIALS AND METHODS

inAlis. For induction of T-LAK cells and construction of SEA-MUSE 11,
the following mAbs were used: OKT-3 (anti-CD3, mouse IgG2a) and
MUSEI 1 (anti-MUCl. mouse IgGl) produced by Hinoda (5). These mAbs

were purified from sera and ascitic fluid of mice inoculated with hybridoma
cells by caprylic acid treatment in combination with the ammonium sulfate
method (6). For the flow cytometry analysis, W6/32 (anti-MHC class 1), L243
(anti-MHC class II), WT31 (anti-TCR-a/3; Becton Dickinson. San Jose, CA),
11F2 (anti-TCR--yS; Becton Dickinson), and MUSEI I mAbs were used as the

first antibodies, and FITC conjugated goat anti-mouse IgG (6250, Biosource

International, Camarillo, CA) was used as the second antibody.
Cell Lines. The human BDC cell line (TFK-1). reactive with MUSE 11

mAb, was used as a target and a human hepatocellular carcinoma cell line
(HT-17) as a control. Both were established in our laboratory (7) and cultured
in RPMI-1640 supplemented with 10% fetal bovine serum, 100 units/ml

penicillin, and 100 /Â¿g/mlstreptomycin (designated as culture medium below).
Reagents. SEA (AP101) was purchased from Toxin Technology, Inc.

(Sarasota. FL). Rabbit anti-SEA Ab (S-7656) was purchased from Sigma
Chemical Company (St. Louis. MO). Recombinant human IL-2 was kindly

supplied by Shionogi Pharmaceutical Co. (Osaka. Japan).
Effector Cells. For induction of T-LAK cells, peripheral blood mononu-

clear cells, isolated by density gradient centrifugation from a healthy volunteer,
were cultured for 48 h in culture medium supplemented with 100 lU/ml
recombinant human IL-2 at a cell density of 1 X lO^/ml in a culture flask (A/S

NUNC, RosKilde. Denmark) precoated with OKT-3 mAb (10 /xg/ml). The
T-LAK cells were then transferred to another flask and expanded in culture
medium containing 100 lU/ml IL-2 for 2-3 weeks.

Production and Purification of SEA-conjugated MUSE11 and Hah'K

of the MUSE11 Ab. The MUSEI 1 mAb was purified from sera and ascitic
fluid of mice inoculated with hybridoma cells and its F(ab'), was obtained by

digestion with preactivated papuin in 0.1 M acetate buffer (pH 5.5) at 37Â°Cfor

6 h at a concentration of 15 mg/ml in 40 mM sodium phosphate/150 mM
sodium chloride, pH 7.5. For conjugation. mAb or F(ab'), of mAb (12 mg/ml)

was mixed with a 3-fold molar excess of SPDP (Pierce Chemical Co.), which

had been dissolved in DMSO at a concentration of 64 mM and diluted 1:10
with 40 mM sodium phosphate/150 mM sodium chloride, pH 7.5 (8). The
mixture was incubated at room temperature for 2 h with gentle rocking under
sterile conditions, then applied to a Sephadex G25-prepacked PD-10 column
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Table 1 Flow cytomelric analyses of the reactivities ofTFK-l, HT-I7, and T-LAK cells lo antibodies

Reactivities of TFK-I. HT-17, and T-LAK cells to various antibodies and SEA. These results were obtained by flow cytometry using W6/32 (anti-class 1). L243 (anticlass II). WT31
(anti-TCRaÃŸ). I1F2 (anti-TCR-yS). MUSEI 1 (anti-MUCl), and SEA-F(ab'), of MUSEI I (anti-MUCl) as the first Abs and FITC-conjugated goat antimouse Ig as the second Ab.
Binding of SEA, SEA-MUSE11, and SEA-F(ab')2 lo these cells was determined. Cells were first incubated with SEA, SEA-MUSE11, or SEA-F(ab'),. After washing, rabbit anti-SEA
as the first Ab and FITC-conjugated goat anlirabbit IgG as the second Ab were applied for staining. With binding tests of SEA-MUSE 11 and SEA-F(ab' )2. similar results were obtained

when FITC-conjugated goat antimouse IgG Ab was used for determination, instead of rabbit anti-SEA as the first Ah and FITC-conjugated goat antirabbit IgG as the second Ab. Figures
in the table are percentages of positively staining cells. Figures in the parentheses are relative mean fluorescence intensities, calculated as the ratios of mean fluorescence intensities
of test cells to negative controls. Data are from triplicate determinations.

AntigenexaminedMHC

classIMHC
classIITCRa/3TCR-ySMUC1MUC1SEA

bindingSEA-MUSE
11bindingSEA-F(ab'),
bindingmAbW6/32L243WT311IF2MUSEI

1MUSE
11 F(ab'),TFK-1ND"4.03(2.1)NDND92.2

(36.4)88.7(18.8)2.33(1.2)72.2

(42.4)70.1
(21.8)Test

cellsHT-17ND1.13NDND1.651.250.821.84NDT-LAK99.9

(99.6)96.0
(95.0)93.3
(42.4)9.8(9.7)0.840.1099.9(15.3)92.7(10.0)70.5(7.1)

' ND, not done.

(Pharmacia Biotech) equilibrated with 1 mM EDTA-PBS (pH 7.5) for purifi
cation of SPDP-IgG or SPDP-F(ab')2 of mAb. SEA at a concentration of 10

mg/ml in 40 mM sodium phosphate/150 mM sodium chloride pH 7.5 was mixed
with a 3-fold molar excess of 2-iminothiolane HCI (Pierce Chemical Co.),

prepared as a 20 mM solution in 50 mM sodium phosphate (pH 8.6), and
immediately incubated for 2 h at room temperature with gentle rocking under
sterile conditions. Excess reagents and low molecular weight reaction products
were removed by gel filtration on a Sephadex G-25 prepacked PD-10 column
equilibrated with l mM EDTA-PBS (pH 7.5). Both fractionated reactants,
SPDP-modifted MUSEI 1 [or F(ab')2] and 2-iminothiolane-derivatized SEA.
were mixed at a molar ratio of 1 (SEA):1 [MUSEI I mAb or F(ab')2[. This

mixture was incubated for 2 h at room temperature with gentle rocking and left
at 4Â°Covernight. The following day, gentle rocking was continued for 4-5 h,

and the reaction mixture was applied to gel filtration chromatography (FPLC
system) with a HiLoad 16/60 Superdex 200 prep-grade column (Pharmacia

Biotech) equilibrated in 10 mM phosphate/150 mM NaCl (pH 7.5) to remove
unconjugated SEA and other materials. In the production of SEA-MUSE 11,

two large peaks of M, 180,000 and M, 210,000, corresponding to 1:1 and 2:1
molar ratios of SEA:MUSE11 mAb, respectively, were fractionated. In the
case of conjugating F(ab')2 with SEA, two large peaks of M, 130,000 and M,
160,000 were obtained. The purity of SEA-MUSE 11 and SEA-F(ab')2 was

determined by SDS-PAGE. Conjugates with a 1 (SEA):1 [MUSEI 1 mAb or
F(ab')2 of MUSEI I mAb] molar ratio were used for the experiments described

below.

Analysis by Flow Cytometry. Flow cytometric analysis was performed on
a FACScan flow cytometer using CellQuest software (Becton Dickinson, San
Jose, CA).

Binding of SEA, SEA-MUSE11, and SEA-F(ab')2 to TFK-1, HT-17, or

T-LAK Cells. Cells (5 X IO5) were first incubated with 50 /il (5 Â¿ig/ml)of
SEA, SEA-MUSE11. or SEA-F(ab')2. After washing, they were exposed to

rabbit anti-SEA as the first Ab and then to FITC conjugated goat anti-rabbit

IgG (H + L, 0833. Immunotech Inc.. Westbrook. ME) as the second Ab. The
stained cells were analyzed by flow cytometry.

TN Assay. TN assay was determined with an MTS assay kit (CellTiter
96â„¢AQUEOUS nonradioactive cell proliferation assay: Promega Co. Madi

son, WI; Ref. 9). Target cells, detouched with 0.02% EDTA-PBS solution,
were adjusted to I05/ml with culture medium, and 10.000 cells in l(X)-/nl

culture medium were distributed to each well of a half-area (A/2) 96-well
flat-bottomed plate (Costar Corp., Cambridge, MA). They were cultured

overnight to allow adhesion to the wells of the plate, and after removing the
culture medium by aspiration. 50 ^1 of various concentrations of SEA-
MUSE11, SEA-F(ab')2, SEA. or MUSEI 1 mAb in culture medium and 50 /Â¿I

of effector cell suspension were added to each well. E:T ratios tested in this
study were 2.5 and 5. After culture for 48 h at 37Â°C.each well was washed

with 100 Â¡t\of PBS three times to remove effector cells and dead target cells.
This was followed by the addition of 95 /Â¿I/wellof culture medium and 5

fil/well of a fresh mixture of MTS/phenazine methosulfate solution (Promega
Co.). The plates were read on a microplate reader (Bio-Rad model 3550) at 490

E/T=5

Fig. 1. TN of T-LAK cells with various concen
trations of Abs and SEA against TFK-1 cells. Var
ious concentrations of MUSE II mAb, SEA, SEA
plus MUSEI 1 mAb (SEAiMUSEll. 1:1). SEA-
MUSE11, or SEA-F(ab')2 were added to T-LAK

cells. The TN index was determined by 48-h MTS
assay at an E:T ratio of 5:1. Columns show the
results (means; bars, SD) of multiplÃcate determi
nations; *. P < 0.001 for 0.01-1 fig/ml versus 0

l for each group (by Student's / test).
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Fig. 2. TN of T-LAK cells prestimulated by SEA. T-LAK cells were
incubated at 37Â°Cfor 6 h with 0.1 ^tg/rnl or 0.5 /ig/ml of SEA. washed,

resuspended in culture medium, and applied to the TN assay (48-h MTS
assay; E:T, 5:1 ) of TFK-1 cells. Columns show the results (means; bars,

SD) of multiple determinations.

E/T =5

Ou gÃ¬ml 0.1 /Â¿g/ml 0.5 /Â¿g/ml

nm after incubation for 1-3 h at 37Â°C.The TN index (2) was calculated as
follows: TN index C7r)= [ 1 - (A4Viof experiment//^, of control)] x 100.

Blocking Tests. To confirmthe specificityof the SEA-MUSE11enhanced
TN index, blocking tests using MUSE11 and anti-SEA antibodies were per
formed. For this, T-LAK cells in the presence of SEA-MUSE11 (0.5 /xg/ml)
underwent 48-h MTS assays at an E:T ratio of 2.5, with rabbit anti-SEA Ab
(0-30 Mg/ml)or MUSEI l mAb (0-50 /ig/ml) added for blocking.

In Vivo Tumor Models. SCID mice (Fox CHASE C.B.17/Icr-Scid Jcl),
6-8 weeks of age, purchased from Japan Clea (Tokyo, Japan), were inoculated
with 5 x IO6TFK-1 cells s.c. into the dorsal thoracic wall on day 0. The

treatments were initiated on day 10 after tumor inoculation. For 4 consecutive
days, the mice received adoptive immunotherapy, i.e., 2 X IO7T-LAK cells in

a total volume of 0.15 ml were preincubated with 2 fig of either SEA-
MUSE11, SEA-F(ab'),. MUSEI 1 mAb, F(ab'), of MUSEI 1 mAb, or SEA at
4Â°Cfor 1 h. Then each xenografted mouse received i.v. via the tail vein 500
IU (2 /nl) IL-2 and T-LAK cell suspension (2 x 107/mouse/day)in 0.15 ml of

PBS without washing out antibodies and SEA. Tumor size was measured with
a caliper weekly for 10 weeks, and tumor weight (HOin mg was calculated
from linear measurements of the width (A) in mm and the length (ÃŸ)in mm as
follows (10):

W=(A2XB)/2

Statistical Analysis. Resultswere comparedusing Student'st test.

RESULTS

Reactivities of TFK-1, HT-17, and T-LAK Cells. Data for reac
tivities of TFK-1, HT-17, and T-LAK cells to various antibodies,

SEA, and SEA-conjugates, as assessed by flow cytometry, are sum
marized in Table 1. TFK-1 cells had strong reactivities with MUSEI 1,
SEA-MUSE11, and SEA-F(ab')2 but were not reactive with SEA.

HT-17 cells, used as a control, had no reactivity with SEA and
SEA-MUSE 11 because of their lack of expression of the MUC1

antigen and MHC class II molecules. On the other hand, most T-LAK

cells in this study expressed MHC class I, class II, and TCRaÃŸbut
demonstrated only negligible MUC1 antigens. Consequently, T-LAK
cells had strong reactivities with SEA, SEA-MUSE11, and SEA-
F(ab')2- The results suggest that both SEA-MUSE11 and SEA-F(ab')2

are able to bind well to TFK-1 and T-LAK cells but not HT-17 cells,
indicating that SEA-conjugates are appropriate for retargeting T-LAK

cells.
SEA-Antibody-mediated T-LAK Cell TN. Various concentra

tions of MUSEI 1 mAb, SEA, SEA plus MUSEI 1 mAb (mixture of
SEA and MUSEI 1 mAb at 1:1 by molar ratio), SEA-MUSE11, or
SEA-F(ab')2 were added to TFK-1 target cells and T-LAK effector

cells in the MTS TN assay (Fig. 1). The TN index of T-LAK cells
alone was â€”¿�20%,and this was much enhanced (to â€”¿�60%)by the
addition of SEA-MUSE11 or SEA-F(ab')2. even at 0.01 Â¿ig/ml,indi

cating applicability for in vivo experiments in which the dose of SEA
should be kept as low as possible. Addition of the mixture (SEA plus
MUSEI 1 mAb) did not enhance TN index statistically, although the
mean value was slightly elevated.

TN of T-LAK Cells Prestimulated by SEA. To confirm the effect
of SEA on T-LAK cells, the TN due to T-LAK cells prestimulated by

E/T=2.5

Fig. 3. Blocking tests with various concentra
tions of MUSE 11 and anti-SEA Abs. TN of TFK-1
cells by T-LAK cells was determined by 48-h MTS
assay in the presence of SEA-conjugated MUSEI I
Ab (0.5 Â»ig/ml)at an E:T of 2.5:1, with various
concentrations of rabbit anti-SEA or MUSEI I Abs
added. Columns show the results (means; bars. SD)
of multiplÃcate determinations.
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<*)

40
E/T.5

Fig. 4. TN of HT-17 cells by T-LAK cells. Various concentrations of
SEA-MUSE11 were added to the 48-h MTS assay system (E:T. 5:1 ) with
HT-17 target cells. Columns show the results (means; bars. SD) of

multiplÃcate determinations.

30

Â£ 20

10 mill
0.01 0.05 0.1 o.s 1.0

SEA was measured (Fig. 2). T-LAK cells were preincubated at 37Â°C

for 6 h with 0.1 or 0.5 fig/ml SEA and then washed and applied for
the TN assay against TFK-1 cells. The direct TN index of T-LAK

cells was slightly increased by this SEA prestimulation, indicating that
the significant enhancement of T-LAK cell TN in the presence of
SEA-MUSE11 or SEA-F(ab')2 (Fig. 1) was dependent not only on

increased targeting ability but also on direct SEA stimulation of
T-LAK cells, although this increase of T-LAK cell TN with SEA was

nonspecific.
Specificity of TN. To verify the specificity of the TN in this study,

blocking tests were performed. When MUSEI I or anti-SEA antibod
ies were added to the assay system, significant dose-dependent reduc
tion of the TN index was observed (Fig. 3). Enhancement of T-LAK
cell TN by SEA-MUSE 11 was not obtained, even at 1.0 /ig/ml, when
the hepatocellular carcinoma cell line HT-17 was used as a MUC1-

negative target (Fig. 4). These results indicate that the effects of
SEA-MUSE 11 or SEA-F(ab')2 on T-LAK cells are dependent on the

specificity of the MUSEI 1 antibody.
Attachment of T-LAK Cells Mediated by SEA-MUSE11.

TFK-1 cells and T-LAK cells were observed during the TN assay
using a phase-contrast microscope (Fig. 5). When SEA-MUSE 11 was
added to TFK-1 and T-LAK cells in coculture, T-LAK cells started to

Fig. 5. Micrographs of cells in the TN assay. TFK-1 and
T-LAK cells were cocultured for 18 h in a A/2 96-well
microplate in the presence (A) or absence (B) of SEA-

MUSE1I (l Â¿ig/ml;E:T, 5:1).

(ligi ml)

SEA-MUSE11

surround TFK-1 cells after only 1 h. This phenomenon did not occur
in the absence of SEA-MUSE 11.

Experimental Treatments of Xenografted SCID Mice. Experi
mental treatments were initiated 10 days after s.c. inoculation of
5 X IO6TFK-1 cells into the dorsal thoracic walls of SCID mice. For

4 consecutive days, xenografted SCID mice received injections i.v. of
IL-2 (500IU) and T-LAK cells (2 X IO7cells) preincubated with 2 /xg
of SEA-MUSE11, SEA-F(ab')2, MUSEI 1 mAb, F(ab')2 of MUSEI 1
mAb, or SEA at 4Â°Cfor l h in 0.15 ml PBS. Each group consisted of

15-25 mice. The tumor size was measured weekly for 10 weeks (Fig.
6). With both SEA-MUSE11 and SEA-F(ab')2. marked inhibition of

tumor growth was observed from an early phase and continued
throughout the experimental period. The average inhibition was
â€”¿�70%,but no complete disappearance of tumors was noted.

DISCUSSION

Bacterial SAgs are the most potent known activators of human T
lymphocytes; they bind to the outside of the peptide-binding groove of

MHC class II molecules and present to T cells in an unprocessed form.
Only T cells expressing a certain VÃŸof the TCR recognizing SAgs are
activated, unlike the case with conventional antigen recognition (4).

â€¢¿�-â€¢&-.
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Fig. 6. Results of m viro adoptive Â¡mmunotherapy of TFK-l tumors in SCID mice.
T-LAK cells were incubated with 0.15 ml PBS containing 2 /Â¿gof SEA-MUSE11 (â€¢).
SEA-F(ab'), (A). MUSEI i Ab (Al, F(ab')2 of MUSEI 1 Ab (O), or SEA (D) at 4Â°Cfor

l h. Then, each mouse received i.v. 500 lU (2 Â¡il)IL-2 and 0.15 ml preincubated cell
suspension without washing the cells. Experimental groups receiving T-LAK cells incu
bated with PBS (*| and PBS control group <*) are included in these figures. Symbols
show mean values for tumor weights. Bars. SDs of the control. SEA-MUSE1I, and
SEA-F(ab'), groups. The SEA-MUSE11 and SEA-F(ab')2 groups each consisted of 25
mice (B and O. and the other groups consisted of 15 mice, respectively (A). *. P < 0.0001
for SEA-MUSE11 Ab versus control group; and **. P < 0.01 for SEA F(ab')2 MUSEI 1
Ab versus control group (both by Student's / test).

The activated T cells proliferate and produce cytokines, e.g., tumor
necrosis factor a, IFN-y. IL-1. IL-2, and IL-6 (11-14). Consequently,
the activated T cells rapidly bind to MHC class 11-expressing tumor

cells in the presence of SAgs and lyse them (15). To apply this activity
to various tumor cells, regardless of the expression of MHC class II
molecules, SAg-conjugated mAb to tumor-associated antigens or
combined use of SAg-activated T cells with bispecific antibodies

directed to activated T cells and tumor cells has been introduced to
experimental immunotherapy (16-20). T cells activated with SAgs

have also been applied for in vivo experimental studies (21, 22).
In the present study, we constructed SEA-MUSE 11 for retargeting

T-LAK cells to a BDC-grafted SCID mouse tumor. LAK therapy has

been used for clinical control but has hitherto not generated adequate
results (23, 24) because of an insufficiency in the targeting ability in
vivo. T-LAK cells do exert cytotoxicity against cancer cells if appro

priately targeted (2) and substantial quantities can be induced more
easily than is the case with cytotoxic T cells. This is the reason why
they were used as effector cells in this study, with addition of
SEA-MUSE11 and SEA-F(ab')2 to improve the targeting. The spe

cific targeting ability against MUC1 antigen on the target cells was
enhanced with both SEA-MUSE11 and SEA-F(ab'), (Table 1 and

Figs. 1 and 3). Furthermore, SEA continued to stimulate T-LAK cells

(Fig. 2). However, administration of T-LAK cells preincubated with

SEA did not result in growth inhibition in the xenografted tumor
model. The experimental study only showed marked reduction of
tumor growth in the groups using T-LAK cells with SEA-MUSE 11 or
SEA-F(ab')2 (Fig. 6). These results indicate that both retargeting of

T-LAK cells by antibodies and activation with SEA are required for

effective immunotherapy in vivo. In an additional in vitro assay,
T-LAK cells with a very low concentration of SEA-MUSE 11 (0.001

fig/ml) demonstrated significantly enhanced TN, supporting the effi
cacy of this approach in the xenografted tumor model.

The reason why preincubation of T-LAK cells with SEA for 6 h
induced enhanced TN index in the following 48-h MTS assay (Fig. 2),
while the addition of SEA to T-LAK cells in the 48-h MTS itself was

without effect (Fig. 1) remains unclear. However, one possibility is
that a long incubation time, probably more than 48 h, might be
necessary for further activation of T-LAK cells.

T-LAK cells infiltrating into tumors, demonstrated using polyclonal
rabbit anti-human CD3 antibody, were more numerous after injection
with SEA-MUSE11 than in the control groups (T-LAK alone, T-LAK
injected with SEA, and T-LAK injected with MUSE 11 Ab). This

correlated with results for adoptive immunotherapy in xenografted
mice.4

Marked reduction of tumor growth was observed for T-LAK cells
with SEA-MUSE11 or SEA-F(ab')2 in the tumor-xenografted model.

Although identical TN indexes were obtained for these two groups in
vitro (Fig. 1), the degree of tumor regression did vary slightly. It might
be expected that SEA-F(ab'), would confer higher cytotoxicity and

tumor infiltration due to its smaller size than SEA-MUSE 11, but the
affinity difference between SEA-MUSE 11 and SEA-F(ab')2 (Table 1)

probably caused the difference in the in vivo results. To reduce the
side effects of SAgs (25) by preventing SEA from binding to nontu-
mor MHC class Il-positive cells, T-LAK cells preincubated with
SEA-MUSE11 or SEA-F(ab')2 were administered to TFK-l-xe-

nografted SCID mice. For this purpose, use of mutated SEA (26),
which has minimum class II binding, though maintaining the potential
for T cell activation, should be considered for future study.

The reasons for selection of the MUC1 antigen as the target antigen
in this study were its specificity and broad overexpression in various
epithelial cancers, such as those arising in the pancreas, stomach,
ovaries, and bile ducts (27-29). Our previous study (2) demonstrated
that specific targeting therapy with T-LAK cells and two kinds of
bispecific antibodies (anti-CD3 X anti-MUCl and anti-CD28 X anti-

MUC1) inhibited the growth of xenografted human BDC. with the
percentage cytotoxicity found to be dependent on the degree of the
MUC1 expression on the target cells. It has been reported that the
breast cancer-associated antigen, DF3/MUC1, deletes activated T

cells by induction of apoptosis and thus contributes to the paucity of
the anti-breast cancer immune response (30). However, successful
induction of anti-MUCl cytotoxic T cells has been reported (31).

Recently, we obtained killer cells with remarkable cytotoxicity by
mixed lymphocyte tumor cell culture of peripheral blood mononuclear
cells with autologous MUC1 vaccine cells.5 The mechanism of in

duction of killer cell apoptosis by MUC1 antigen is still controversial.
With regard to this problem, administration of activated T-LAK cells
retargeted with SEA-MUSE 11 may be an effective approach to avoid

this inhibition of the antitumor immune response by MUC1.
The injection of SAg into mice first induces strong T-cell activa

tion, followed by functional inactivation and deletion of T cells (32).

4 M. Shinoda and T. Kudo. Immunohistological study of adoptive immunotherapy with

SEA-conjugated antibody in xenografted SCID mice, manuscript in preparation.
5 T. Kudo and M. Ichiyama. Induction of activated NK cells with strong cytotoxic

activity by MUC 1 vaccine cells, manuscript in preparation.
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It has been described that SEA-induced hyporesponsiveness involves
CD4+ cell deletion and a failure to produce cytokines in the remaining
CD4+ T-cell compartment, whereas IFN-y production and cytotox-
icity by the CD8+ T-cell compartment remain relatively intact (33).

However, IL-2 enhances and prolongs SEA-induced CTL activity
after injection of SEA, und exogenous IL-2 prevents the reduction in

cytotoxic activity after repeated injections with SEA (34, 35). There
fore, we consider IL-2 administration in combination with SEA-

conjugated Ab as essential to obtain the best advantage of SEA for
satisfactory antitumor effects. Although we used only T-LAK cells as

effector cells in this study, cytokine production from local T cells in
the tumor area by stimulation of SEA-MUSE 11 would be expected to
cause synergistic effects on T-LAK cell activity in clinical treatment.

For application of SEA-conjugated Ab for clinical trials, single-

chain Fv antibody reconstituted from MUSE 11 Ab gene may be
useful because it lacks the Fc portion. Single-chain Fv antibody causes

only a low immunogenic response in the host due to its fast clearance
from the circulation and therefore may not present a problem, even
after repeated administration (36).

In conclusion, this is the first report of effective adoptive immu-
notherapy by human T-LAK cells with SEA-conjugated antibodies in
human s.c. tumor-grafted SCID mice. Although there are various

limitations, the results point to potential application in clinical therapy
for patients with BDC or other MUC1 -positive carcinomas.
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