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Release of granule enzyme(s) (BLT esterase) in the antibody dependent lymphokine-activated killer
(LAK) cell-mediated cytotoxic reaction (LAK ADCC) was studied nsing LAK cells induced from
murine splenocytes and thymocytes, various human tumor cells and relevant monoclonal antibodies
(mAbs) to the tumor cells, BLT esterase was nof significantly released from LAK cells in direct LAK
cell-mediated cytotoxic reactions (LAK CMC). However, cultures of LAK cells and IgG-coated
target tumor cells resulted in release of the enzyme concomitantly with target cell lysis, although
esterase release proceeded faster than target cell lysis. Anti-LFA-1 mAb showed an inhibitory effect
on LAK CMC but not on either LAK ADCC or BLT esterase release in the ADCC, These results
indicate that exocytosis of granule enzyme from LAK cells is triggered by stimulation of Fc receptor
on LAK cells and that LAK CMC and LAK ADCC differ in their lytic mechanism in terms of the

release of BLT esterase.
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Lymphokine-activated killer (LAK?) cells display
antibody-dependent cellular cytotoxicity (ADCC) in ad-
dition to their direct cytotoxicity against target tumor
cells."? Although LAK cells induced from murine
splenocytes contain cells that bear different cell surface
phenotypes which classify them as NK and T cell type,”*
both types of LAK cells express Fc receptor as a common
phenotype which enables LAK cells to act as the effector
of ADCC."*?

The cytotoxic mechanism of killer cells is indicated to
be mediated by killer factors such as lymphotoxin
(TNFS), TNFa and pore-forming proteins.*'® Exo-
cytosis of granules containing pore-forming proteins in
cytotoxic T cells, NK cells or LAK cells has been pro-
posed to be the critical event in the target cell lysis.'" '
The cytotoxic granules of these killer cells also contain a
family of serine esterases.'*'*) Therefore, such granule
enzymes appear to be secreted concomitantly with the
release of cytotoxic factors. For example, esterases are
released from cytotoxic T cells by stimulation with target
cells expressing the relevant antigen.'® However, secre-
tion of the granule enzymes in ADCC has not been
determined, although their close asscciation has been
reported in the case of so-called reverse-type ADCC in
which antibody bound to killer cells and Fc receptor-

' To whom all correspondence should be addressed.

* Abbreviations: LAK, lymphokine-activated killer; ADCC,
antibody-dependent cellular cytotoxicity; CMC, cell-mediated
cytotoxicity; LFA-1, lymphocyte function-associated antigen
1; BLT, N-a-benzyloxycarbonyl-L-lysine thiobenzyl ester.
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expressing target cells at the Fab and Fc portions, respec-
tively.'™'®

In this work, we investigated the secretion of granule
enzyme(s) (BLT esterase) from LAK cells and demon-
strated that it is triggered by the reaction between murine
LAK cells and antibody-bound target cells, that the
exocytosis of the esterase is mediated by stimulation of
Fc receptor on LAK cells and that it is correlated with
the ADCC activity of LAK cells.

MATERIALS AND METHODS

Animals Male C57BL/6 mice were obtained from
Shizuoka Agricultural Cooperative Association for Lab-
oratory Animals, Hamamatsu and used at ages of 7-8
weeks. '

Tumor cells Human cell lines, MOLT-4F acute lympho-
blastic leukemia, Raji Burkitt lymphoma, K562 myelo-
cytic leukemia, MKN-45 stomach cancer, SW1116 colon
cancer, and MGH-U1 urinary bladder cancer cells, and
mouse cell lines, YAC-1 T lymphoma and P815 masto-
cytoma, were used. These fumor cell lines were main-
tained by in vitro culture in RPMI 1640 medium contain-
ing penicillin G at 100 unit/ml, kanamycin sulfate at
60 yg/ml, 1 mM sodium pyruvate, 2 mM rL-glutamine,
HEPES at 2.3 mg/ml, NaHCO, at 2.0 mg/ml and 10%
heat-inactivated fetal calf serum (FCS) (Flow Labora-
tories) in a CO, incubator. Monolayer culture cells
(SW1116 and MGH-U1) were dispersed with phosphate-
buffered saline {PBS) containing 0.1% ethylenediamine-



tetraacetic acid by incubating them for a few minutes at
37°C.

Interleukin (IL) 2 Recombinant human IL 2 (rhIL-2)
having a specific activity of 1.4 X 107 JU (Jurkat unit)/ml
was kindly donated by Shionogi Pharmaceutical Co.,
Osaka, and used after appropriate dilution.

Preparation of LAK cells and the clones Aliquots (2.5 X
10° cells in 1 ml of RPMI 1640 containing 10% FCS) of
fresh splenocytes from C57BL/6 mice were placed into
wells of a Costar 12-well plastic plate and were incubated
in a CO, incubator for 4 to 5 days at 37°C in the presence
of rhIL-2 at 500 JU/ml. The cells collected from plates
were washed with medium and used as LAK cells.
Antibodies Anti-mouse CD3 mAb, 145-2C11, was
donated by Dr. K. Okumura, Medical School, Junten-do
University, Tokyoc. Mouse mAbs, HBJ127 (IgG,),
HBJ98 (IgG,,), B3 (IgG)) and a rat mAb, KBA (IgG,,),
were produced from the hybridomas which had been
established in our laboratory.'”” Both HBJI127 and
HBJ98 recognize a human cell proliferation-associated
antigen (gpl25) but epitopes recognized with these
mAbs are different.'” B3* and KBA" % recognize a rat
homologue of human gp125*” and mouse LLFA-1, respec-
tively. Ascites fluids containing high titer of HBJ127,
HBJ98 or B3 were produced in BALB/c mice. For the
preparation of KBA, the hybridoma cells were trans-
planted into BALB/c nu/nu mice that had been pre-
treated with an i.p. injection of Pristane (Aldrich Chem-
ical Co., Milwaukee, Wis.). The ascites fluids were made
up to 509 saturation with (NH,),80, and allowed to
stand in the refrigerator for 4 h. The resultant precipi-
tates were collected by centrifugation at 10000g, and
dissolved in PBS. This solution was subjected to over-
night dialysis against a large volume of PBS. The inner
solution containing mAb was used for experiments,
Cytotoxicity assay The extent of target cell lysis was
assessed by the *H-uridine method as reported previ-
ously.” Briefly, target cells were incubated overnight at
37°C in RPMI 1640 medium containing 10% FCS and
*H-uridine (specific activity, 28 Ci/mmol; Amersham
Japan, Tokyo) at 2 uCi/ml. The cells were washed 3
times with PBS and then adjusted to the concentration of
5% 10* cells/ml. Various numbers of effector cells were
mixed with 5 10° target cells in a final volume of 0.2 m]
in wells of a Costar 96-well U-bottomed plastic plate, and
the cell mixture was incubated for 18 h at 37°C. For
ADCC assays, appropriately diluted mAb (10 ul/well)
was also added. After incubation, cells were collected by
the use of a Skatron cell harvester, and the radioactivity
in the cells was measured by a standard liguid scintilla-
tion technique. The per cent target cell lysis was calcu-
lated from the equation: % Cytotoxicity=[1—{cpm of
target cells cultured with effector cells/cpm of target cells
cultured alone)] X 100.

Esterase Release from LAK by ADCC

Assays for BLT esterase activity FEsterase activity was
assayed by the use of N-z-benzyloxycarbonyl-L-lysine
thiobenzyl ester (BLT) as a substrate. LAK cells were
mixed with various numbers of target cells and mAbs.
Aliquots (5X10° LAK cells in 0.2 ml) of the mixture
were distributed in wells of a Costar 96-well U-bottomed
plastic plate and cultured for 6 h at 37°C. After incuba-
tion, 20 yl aliquots of the culture supernatants were
mixed with 180 gl of BLT solution containing 0.2 mM
BLT, 0.22 mM 5,5 -dithio-bis(2-nitrobenzoic acid) in 0.2
M Tris-HCI buffer, pH 8.1. The mixture was incubated at
room temperature for 30 min, and the absorbance of the
solution at 414 nm was measured by the use of an
Immunoreader NJ-2000 (Nippon InterMed, Japan). The
percentage of BLT esterase release was calculated from
the equation: % BLT esicrase release=100>%(E—S8)/
(T—S), where E and S represent the enzyme units in an
experimental well with LAK cells and a control well
without LAK cells, respectively; T represents total units
of BLT esterase in LAK cells in a well.

RESULTS AND DISCUSSION

We studied first the cytotoxic activity of murine LAK
cells against various human and murine tumor cells in the
presence or absence of HBJ127 mAb (IgG,), which
recognizes a proliferation-associated glycoprotein of Mr
12500 (gp125) on human tumor cells.’” The results are
shown in Table I and Fig. 1. The cytotoxic activity of
LAK cells to MOLT-4 human T lymphoma cells was
augmented by pretreatment of the target cells with
HBJ127 mAb reactive with these target tumor cells.
MKN-45 human gastric cancer cells resistant to LAK
cell-mediated cytotoxicity (CMC) were also destroyed
by LAK cells in the presence of HBJ127. However,
similar treatment of mouse tumor cells (YAC-1 and
P815), which were unreactive with HBJ127, did not
increase their LAK sensitivity (data not shown). More-
over, F(ab"), fragments of HBJ127 could not enhance the
LAK activity, but they showed the activity in the pres-
ence of rabbit anti-mouse IgG. All these findings in-
dicated that augmentation of LAK activity by addition
of mAbs is caused by ADCC. As for isotypes of mAbs
effective in ADCC, LAK cell-mediated ADCC took
place with the help of mAbs of any isotype, as opposed to
macrophage-mediated ADCC which is supported by
IgG,, and IgG; antibodies but not by IgG,, or IgG,
antibodies.”**® This is probably due to different struc-
tures of Fec receptors present on macrophages and lym-
phocytes.

As to the LAK cell population responsible for BLT
esterase release, we treated spleen cells with anti-CD3
antibody, 145-2C11 (for T cell depletion) or anti-
asialoGMI1 antibody (for NK cell depletion) and com-
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Table I.

Effect of Anti-LFA-1 mAb (KBA) on ADCC Activity of LAK Cells

% Cytotoxicity? (E/T=12)

Target cells

mAb? - HBI127 KBA KBA +HBJ127
MOLT-4 53.5+3.39 £1.91.5 8.4%3.1 71.6+7.3
Raji 26.914.0 445+1.0 6.1+2.0 21.9+1.2
MGH-UI 18.9-1.4 32.2%5.0 —2.61+9.9 37.5+3.8
P315 44.1£0.8 425+1.0 24.012.1 295+32
YAC-1 44.8+1.3 42.0+1.8 342+2.2 32.1%1.5

a) Cytotoxicity assay was performed by the *H-uridine method for 16 h (see “Materials and Methods™).
b) The final concentration of HBJ127 mAb was 10 gg/ml and that of KBA mAb was 25 yg/ml.
¢} MeanZSE of triplicates, expressed as percent cytotoxicity.

Target cells  Treatment

MOLT-4 None
HBEJ127

HBJ127 Flab)z

HBJ127 Flab'}z
+ rabhlt
antl-mouse IgG

MKN-45 None
HBJ127

HBJ127 F(ab'} 3

HBJ127 F(ab')p
+ rabbit
anti-mouse PG

-
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Fig. 1. LAK ADCC to human tumor cells in the presence of
HBJ127 mAb or its F(ab"),. LAK cells and target tumor cells
were cultured for 18 h in the presence or absence of HBJ127
mAb or its F(ab’), and target cell lysis was determined as
described in “Materials and Methods.” Columns and bars show
the means and SEM of triplicate wells, respectively,

plement and then cultured them in the presence of IL-2
for 4 days. Together with LAK cells induced from un-
treated spleen cells, these antibody-treated cells were
tested for release of BLT esterase in the ADCC reaction
using MOLT-4 cells and HBJ127 mAb. The contents of
BLT esterase in the LAK cells from T cell-depleted (NK
LAK) and from NK cell-depleted spleen cells (T LAK)
were 3.3-fold and 0.4-fold of that in the LAK cells from
untreated spleen cells, respectively. The released BLT
esterase in ADCC was 9.3% from the NK LAK, 2.4%,
from the T LAK and 6.3% from the spleen LAK. These
findings indicated that BLT esterase release from the
spleen cell LAK in ADCC is mainly attributable to
NK-type LAK cells.

To study the different characters of the direct cyto-
toxic reaction of LAK cells against target cells (LAK
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Fig. 2. Relation between target cell lysis and BLT esterase
release from LAK cells. LAK cells and target tumor cells were
cultured in the presence (B) or absence of HBJ127 mAb ()
and lysis of target cells and release of BLT esterase were
determined as described in “Materials and Methods.” a, Cyto-
toxicity of LAK cells against human (MOLT-4, K562 and
SW1116) and murine tumor cells (P815). E/T ratio=10. b,
BLT esterase secretion from LAK cells cultured with the in-
dicated target cells in the presence or absence of HBJ127.
Columns and bars show the means and SEM of triplicate wells,
respectively.
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Fig. 3. Time course of ADCC activity of, and release of BLT
esterase from, LAK cells. LAK cells were cultured with
MOLT-4 cells in the presence { @) or absence { O} of HBJ127
and the activity of BLT esterase (—) and cytotoxic activity
(--+) were measured as described in “Materials and Methods.”
Circles and vertical bars show the means and SEM of triplicate
wells, respectively,

CMC) and the LAK ADCC, we examined the BLT
esterase release from LAK cells. BLT esterases (serine
esterase and granzymes A and B) are present at high
levels in CTL, NK and LAK cells.'> % 2} 1t is known that
BLT esterase is secreted from CTL into the super-
natant,'” but not from LAK cells,”” after their binding
with target cells. The relationship between ADCC activ-
ity of LAK cells and release of BLT esterase is shown
in Fig. 2. In the absence of mAb, BLT esterase was
not found in the culture supernatants of LAK cells
and target human tumor cells (MOLT-4, K562 and
SW1116), regardless of the lysis of tumor cells (Fig. 2a).
However, addition of HBJ127 mAb significantly in-
creased the release of BLT esterase in the culture (Fig.
2b). A similar result was obtained by the use of MKN-45
tumor cells as a target. The antibody-target cell combina-
tions negative for ADCC such as the combination of
HBJI127 mAb and P815 mouse mastocytoma cells and
combinations of B3 IgG, (anti-rat gpl25 mAb) and
human tumor cells did not result in release of BLT
esterase from LAK cells. BLT esterase activity was not
detected from the target tumor cells used in the experi-
ments. These findings suggest an essential role of Fc
receptor in the release of BLT esterase from LAK cells.

We next examined the dependence of BLT esterase
release on the time of LAK ADCC using a combination
of MOLT-4 cells and HBJ127 mAb. The result is
depicted in Fig. 3. BLT esterase release and LAK ADCC
showed different time courses. The secretion of BLT
esterase from LAK cells induced by co-culture with
HBJ127-sensitized MOLT-4 cells was faster than the
advance of cell lysis, and it reached a plateau after 4 to 6

Esterase Release from LAK by ADCC

NONE

HBM27?

HBJg8

Bag_‘:lﬂ

0 10 15 20 25 30
% Cytotoxicity

mAb Treatment

NONE

HBJ127

HBJS8

s {1

T ] L
0 2 4 6 8
% BLT Esterase Release

Fig. 4. Effect of an anti-LFA-1 mAb against cytolytic activity
of LAK cells and BLT esterase release from LAK cells in
ADCC. LAK cell activity (a) against MOLT-4 cells with the
indicated mAbs (10 xg/ml) at the E/T ratio of 5 and BLT
esterase release (b) from LAK cells at the E/T ratio of 1 were
assayed in the absence () or presence of an anti-LFA-1
mAb, KBA (25 pg/ml) (#) as described in “Materials
and Methods.” Columns and bars show the means and SEM
of triplicate wells, respectively.

h when the target cell lysis was still increasing. This
finding suggests that the BLT esterase release or granule
exocytosis from LAK cells takes place in advance of
target cell lysis by LAK ADCC.

To study further whether the secretion of BLT esterase
is correlated directly with LAK ADCC, the BLT esterase
release was determined in the presence of an anti-LFA-1
mAb, KBA, which could block LAK CMC by inhibiting
the contact between LAK cells and target cells.?’ The
results are shown in Fig. 4. To study whether LFA-1 is
involved in LAK ADCC, we first examined the effect of
KBA on LAK ADCC. The LAK activity against human
tumor cells was decreased to less than 109 of the control
by the addition of KBA. However, when HBJ127 was
present, the LAK activity against MOLT-4, Raji and
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MGH-U1 was displayed even in the presence of KBA
(Table I). Other mAbs of IgG,,, 1gG,, or IgG; isotype,
which are reactive with the target cells, also exhibited
ADCC activity in the presence of KBA (data not
shown). We confirmed that KBA mAb reacted only to
murine LAK cells but not to either target human tumor
cells or HBJ127 mAb. When LAK cells were incubated
with MOLT-4 cells, the LAK activity was enhanced by
the addition of HBJ127 or HBJ98 with or without KBA.
BLT esterase was detected in the supernatant of LAK
cells incubated with MOLT-4 at E/T ratio of 1. Only
target cells bound with HBY127 or HBY98 induced secre-
tion of this granule enzyme from LAK cells, and similar
results were obtained in the presence of KBA (Fig. 4b).
These findings indicate that LFA-1 plays a leading role
in LAK CMC but not in LAK ADCC and suggest that
the LAK CMC and the LAK. ADCC proceed through
different processes of cytotoxicity.

As demonstrated above, in the regular ADCC, the
target cells and effector cells adhere by binding with the
Fab part and Fc part of an antibody, respectively. In
addition to such regular ADCC, there is another type of
ADCC called reverse-type ADCC, where Fab binds to
killer cells and Fc to target cells. To study the relation-
ship between the reverse-type ADCC and BLT esterase
release, we examined the secretion of the esterase from
LAX cells stimulated with anti-CD3e mAb, 145-2Cl1,
using P815 cells bearing Fe receptor as a target. In this
reverse-type ADCC too, BLT release occurred con-
comitantly with the ADCC (19.4% at 6 h).

In either the regular LAK ADCC or the reverse
ADCC, BLT esterase could be released from LAK cells
but not from target cells, because BLT esterase activity
was detected only from LAK cells but not from the
target cells used. It has been reported that the stimulation
of killer T cells with anti-CD3 mAb resulted in release of
BLT esterase from the LAK cells.'® However, in the
regular LAK ADCC, the antibody binds to Fc receptor
of LAX cells. Therefore, in the regular ADCC, the
stimulation of Fc receptor may trigger the release of
BLT esterase. To confirm this, we examined the effect
of anti-Fc receptor substances on the release of BLT
esterase in LAK ADCC. As expected, addition of anti-
mouse Fc receptor mAb, 24G2 (25 ug/ml) and Protein
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