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Abstract Our earlier studies have demonstrated that
natural killer (NK) cells are the effectors that participate
during the spontaneous regression of AK-5 tumour in
syngeneic hosts. We have shown that the tumour cells
are killed by necrosis and apoptosis. In this study, we
have examined the induction of functional anergy in NK
cells following coculture with fixed AK-5 tumour cells at
high ratio. NK cells, upon coculture with fixed AK-5
cells (1:1 ratio), showed loss of cytotoxic function
against both AK-5 (antibody-dependent cell cytotoxic-
ity) as well as YAC-1 targets. The response of these cells
to the activation by recombinant interleukin-2 and re-
combinant interferon y was poor. Induction of tumour
necrosis factor o (TNFa) secretion was observed after
coculture of NK cells with fixed AK-5 cells. The cocul-
tured cell supernatant inhibited the cytotoxic activity of
NK cells, which was partially restored with anti-TNFo
antibody. In addition, NK cells, after treatment with
fixed tumour cells showed overexpression of the Fas
receptor. We have also observed induction of apoptosis
in cocultured NK cells. These studies suggest that the
fixed tumour cells (antigen) at high ratio are able to
suppress NK cell function as well as induce death in NK
cells.
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Introduction

Natural killer (NK) cells have been shown to participate
in the regulation and development of an effective im-
mune response against infection and cancer. Patients
with poor NK activity possess lower resistance to
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infection and increased cancer metastases [3, 22]. NK
cells can be activated by interleukin-2 (IL-2), IL-12 or
interferon y (IFNy) to mediate potent cytotoxic activity
against a variety of tumour cells and virally infected
cells. However, NK cells become inactive and lose their
cytotoxic function following a short exposure to sensi-
tive target cells [1, 10]. One mechanism of inactivation
proposed is the lack of production of cytolytic factors by
NK cells following exposure to target cells. NK cells that
have been inactivated by target cells exhibit down-reg-
ulation and/or shedding of the FcyRIIT CD-16 receptor.
This observation suggested that CD-16 might be playing
an active role in the target-cell-induced NK cell anergy
and apoptosis [8, 11].

AK-5 is a highly immunogenic rat histiocytic tumour
[4, 13, 14], which regresses spontaneously in syngeneic
animals when transplanted s.c., whereas it kills 100%
animals when transplanted i.p. The death of AK-5 cells
is achieved through necrosis [12] and apoptosis [5]. Our
present studies demonstrate that fixed AK-5 cells in vitro
are able to activate or inactivate NK cell cytotoxic
function depending on their ratio in coculture. When the
ratio of the fixed cells to the splenocytes is high in co-
culture experiments, the NK cells are inactivated. In
addition, there is secretion of tumour necrosis factor «
(TNFo) into the culture medium, which seems to down-
regulate NK cell function. There is also up-regulation of
Fas receptor (Fas-R)expression on the NK cells that
have been inactivated.

Thus, in this present study, the following questions
were examined: (a) whether coculture of normal and
immune NK cells (NK cells obtained from an AK-5-
tumour-rejecting rat) with a high concentration of fixed
AK-5 cells results in reduced cytotoxic function of NK
cells; (b) whether the inactivated NK cells can be acti-
vated by recombinant IL-12 and IFNy; (c) whether se-
lective induction of TNFa secretion by splenocytes after
coculture with fixed tumour cells is responsible for the
inactivation of NK cell function; (d) whether there is any
change of the NK cell surface markers after coculture
with fixed AK-5 cells; (e) whether the treatment of NK
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cells with fixed AK-5 cells results in the induction of
apoptosis in NK cells.

Materials and methods

Animals and tumours

Wistar rats from the inbred colony of this laboratory were used
in this study. The AK-5 tumour was maintained as ascites in 6- to
8-week-old rats by injecting 5 x 10° cells intraperitoneally. The
murine lymphoma cell line YAC-1 was maintained in vitro in
RPMI-1640 medium supplemented with 10% fetal calf serum.
Solid AK-5 tumours were obtained by injecting 5 x 10 AK-5 cells
s.c. into 6-week-old rats.

Fixation of AK-5 cells

Formaldehyde-fixed AK-5 cells were obtained by suspending washed
tumour cells in 3% formaldehyde for 30 min at room temperature.
Fixed cells were washed four times with phosphate-buffered saline
(PBS), counted and used in the coculture experiments.

Antibodies and reagents

Recombinant rat IFNy was obtained from Genzyme and recom-
binant murine IL-12 was kindly provided by Dr. U. Giibler,
Hoffmann-La-Roche. Antibody against Fas-R was procured from
Santa-Cruz Biotechnology, anti-CD-16 and anti-CD25 were from
Serotec (UK), fluorescein-isothiocyanate(FITC)-conjugated goat
anti-(mouse IgG) and rabbit anti-(mouse IgG) were from Amer-
sham Pharmacia and anti-TNFo antibody was from Genzyme.

Preparation of splenocytes

Spleens from both normal and tumour-bearing rats were removed
aseptically, teased in RPMI-1640 medium and passed through a 20-
gauge needle to obtain a single-cell suspension. Mononuclear cells
were obtained after fractionation on a Ficoll-Hypaque gradient.
The cells were washed twice with the medium and used in different
experiments.

Preparation of NK cells

NK cells from the cocultured splenocytes and AK-5 cells were
isolated after their adherence to Dynal magnetic beads coated with
mADb 3.2.3 (anti-NKR-P1, Endogen Inc.). Preparations with more
than 95% positive NK cells were used in these experiments.

Enzyme-linked immunofiltration assay (ELIFA)

The cytokine levels in the coculture supernatants were quantified by
ELIFA. The ligand solution was filtered through the nitrocellulose
membrane, allowing it to bind to the membrane. The membrane was
blocked with PBS/bovine serum albumin (BSA) solution and treated
with primary antibody. The membrane was washed and treated with
horseradish-peroxidase-conjugated secondary antibody. The free
antibody was removed from the membrane by washing and the signal
was generated after developing for peroxidase.

Analysis of NK cell markers

The paraformaldehyde-fixed NK cells were washed twice with PBS
containing 1% BSA. Predetermined optimal concentrations of
specific mAb were added to 5 x 10* cells in 50 pl cold PBS/BSA
and the cells were kept at 4 °C for 60 min. The cells were washed
twice and treated with FITC-conjugated secondary antibody

(1:100) for 30 min. The cells were washed and analysed by flow
cytometry.

Anti AK-5 antibody

Serum collected from rats that had previously rejected AK-5 tu-
mour and were positive in a complement-fixation assay was used as
anti-AK-5 antiserum. The serum was partially purified by precip-
itation with 18% and 12% sodium sulfate followed by dialysis
against PBS. Anti-AK-5 antibody free from cytokines like 1L-2,
IFNy and IL-12, as checked by ELIFA, was pooled, filter-sterilised,
divided into aliquots and stored at —20 °C with 0.1% NaN.

Cytotoxicity assays

Cytotoxicity was measured by >!Cr-release assay. Purified NK cells
were isolated from the cocultured cell mixture b%/ Dynal magnetic
beads coated with mAb 3.2.3 and incubated with >'Cr-labelled AK-
5 cells in the presence of anti-AK-5 antibody and YAC-1 cells at an
E:T ratio of 100:1 for 4 h. Chromium released in the supernatant
was counted in a Packard gamma counter and the percentage
cytotoxicity was calculated.

Pretreatment of splenocytes with fixed AK-5 cells

Freshly isolated normal and immune (AK-5-tumour-rejecting ani-
mals) splenocytes were cocultured with fixed AK-5 cells at different
ratios for 20-24 h. The NK cells were then separated on mAb-3.2.3-
coated Dynal beads, detached from the beads, washed and used in
different experiments.

Western blotting

Culture supernatants concentrated by ultrafiltration were dissolved
in sample buffer and boiled for 5 min. The samples were electro-
phoresed on 15% sodium dodecyl sulfate/polyacrylamide gels and
transferred to nitrocellulose membranes. The blots were treated
with appropriate dilutions of primary and secondary antibodies,
washed and developed for alkaline phosphatase using 5-bromo-4-
chloro-3-indoyl phosphate and nitroblue tetrazolium as substrates.

DNA staining and apoptosis of NK cells

Staining of DNA was performed by labelling the NK cells with
propidium iodide. Briefly, 2 x 10° cells were washed twice with PBS
and incubated in 80% ethanol on ice. The cells were washed twice
with PBS and incubated with 100 ul RNase (1 mg/ml) for 30 min
before the addition of 500 pl propidium iodide (1 mg/ml) to each
sample. After 1 h of incubation in the dark, the DNA analysis was
performed in a flow cytometer.

Statistical analysis

Student’s 7-test was used to analyse the significance of the difference
between control and experimental groups. Differences were con-
sidered to be significant at P < 0.01.

Results

NK cell cytotoxicity after co-culture
with fixed tumour cells

Antigen concentration may be a major regulator of ef-
fector cell functions. Recent experiments in vitro have



implicated antigen dose as an important factor in im-
mune response. We have studied the effect of fixed AK-5
cells (antigen) on normal rat splenocytes. A fixed num-
ber of splenocytes were cocultured with fixed AK-5 cells
at different E:T ratios. After 20 h incubation, NK cells
were isolated from the cocultured cell suspension
by mAb-3.2.3-coated Dynal beads and were tested for
their cytotoxic activity against °'Cr-labelled AK-5 and
YAC-1 target cells. At higher antigen concentration
(E:T = 1:1), the NK cell cytotoxicity was markedly
lower than that of untreated NK cells, whereas at lower
antigen concentration (E:T = 100:1), NK cells showed
a significant augmentation in their cytotoxic activity
(Table 1). The augmentation in the cytotoxic activity of
NK cells is not due to the binding of mAb 3.2.3, which is
a known activator of NK cell function, because the
control cells had also been isolated by the same proce-
dure. Since AK-5 is a macrophage-like cell, we also co-
cultured splenocytes with formaldehyde-fixed normal
macrophages at a 1:1 ratio. There was no significant
difference in the cytotoxic activity of NK cells (data not
shown). These observations suggest that the interaction
of splenocytes with fixed tumour cells can either activate
or suppress the NK cell cytotoxic function, which is
regulated by the concentration of the antigen present
during coculture. We have also confirmed the inactiva-
tion of NK cell function after coculture of fixed AK-5

Table 1 Effect of fixed AK-5 tumor cells on the cytotoxicity of NK
cells. Cytotoxicity of natural killer (NK) cells, isolated from normal
rat spleens following coculture with fixed AK-5 cells for 20 h at
different splenocytes to fixed tumour cell ratios, on AK-5 and
YAC-1 target cells by a 4-h >'Cr-release assay. Cytotoxicity to AK-
5 cells was through antibody-dependent cellular cytotoxicity
(ADCC) in the presence of anti AK-5 antibody

Splenocytes: fixed
target cell ratio

Cytotoxicity (%) against

AK-5 (ADCC) YAC-1
Control 14 +4 224+5
100:100 2+1 6£2
100:50 341 942
100:25 5+£2 10 + 4
100:10 12+ 4 21+ 6
100:1 45+ 6 56 +£ 8
100:0.5 32 £8 48 &1
100:0.1 21 +£4 35+ 4

Table 2 Functional inactivation of immune NK cells after treat-
ment with fixed AK-5 cells. Cytotoxicity of NK cells, isolated from
spleens of AK-5-tumour-rejecting rats, after coculture with fixed
AK-5 cells for 20 h, at high fixed cells to splenocytes ratio (1:1), on
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cells with Dynal-bead-purified NK cells at 1:1 ratio.
There was a significant reduction in the cytotoxic ac-
tivity of NK cells (data not shown).

Effect of fixed AK-5 cells on the cytotoxic activity
of immune NK cells

We examined the cytotoxic properties of immune NK
cells obtained from animals that rejected the AK-5 tu-
mour, following their treatment with fixed AK-5 cells at
a high tumour cell to splenocyte ratio (1:1). NK cells
after coculture were separated by mAb-3.2.3-coated
Dynal beads and tested for cytotoxicity against YAC-1
and AK-5 target cells. As compared to the untreated
splenocytes, the NK cells isolated after coculture ex-
hibited markedly less cytotoxicity (Table 2). Thus the
interaction between immune splenocytes and fixed AK-5
cells for 20 h resulted in the inactivation of NK cell
cytotoxic function. We have also done control experi-
ments with formaldehyde-fixed macrophages, which did
not show any suppression of NK cell cytotoxicity.

TNFa secretion by splenocytes after coculture
with fixed AK-5 cells

The effect of fixed AK-5 cell treatment on splenocytes
for the secretion of cytokines was investigated. Spleno-
cytes were cocultured overnight with fixed AK-5 cells.
The supernatants were harvested and analysed by ELI-
FA for the presence of cytokines. Addition of fixed AK-
5 cells to splenocytes induced significant secretion of
TNFa. TNFo was secreted in the coculture supernatants
by both immune and normal splenocytes following
overnight incubation with fixed AK-5 cells at a 1:1 ratio.
No TNFa production was observed at lower antigen
concentration, where we have observed activation of
NK cell function. TNFo levels secreted by immune
splenocytes were higher than the TNFu levels secreted
by normal splenocytes (Fig. 1). In the case of untreated
splenocytes, low levels of TNFo secretion were observed.
Secretion of TNFuo in the culture supernatant by cocul-
tured splenocytes was further confirmed by Western blot
analysis (Fig. 2). These findings demonstrate that the

AK-5 and YAC-1 target cells by a 4-h 3'Cr-release assay. Cyto-
toxicity against AK-5 cells was through ADCC in the presence of
anti AK-5 antibody

NK cells Cytotoxicity (%)

AK-5 cells YAC-1 cells

Expt. 1 Expt. 2 Expt. 3 Expt. 1 Expt. 2 Expt. 3
Control 28+ 4 17+£5 22+4 56 +9 52+9 48 £ 7
Control + anti-AK-5 S2+7 47+ 3 45+ 6 - - -
Treated 11+£5 9+2 12+4 18+7 22+ 8 25+ 4
Treated + anti-AK-5 17+ 7 20+ 5 19 + 4 - - -
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Fig. 1 Induction of tumour necrosis factor o« (TNFa) secretion by
naive and immune splenocytes after coculture with fixed AK-5 cells
(1:1). Supernatants were harvested from untreated splenocytes
(white bar) and cocultured splenocytes (black bar) after 24 h and
analysed for the presence of TNFo by enzyme-linked immunofil-
tration assay. Data are the means & SD from three different
experiments in triplicate. P < 0.01, experimental group versus
control

treatment of naive or immune splenocytes with fixed
AK-5 cells selectively triggered the secretion of TNFa.

Role of endogenous TNF« secretion
in the suppression of NK cell function

The above findings demonstrated selective secretion of
TNFa following treatment of either naive or immune
splenocytes with fixed AK-5 cells, suggesting a possible
role for TNFu in various manifestations observed in
the fixed AK-5-cell-treated NK cells. Accordingly, it
was presumed that the neutralization of TNFa activity
would reverse the induction of anergy in NK cells. The
addition of anti- TNF« antibodies to the splenocytes
cocultured with fixed AK-5 cells resulted in partial in-
hibition of NK cell anergy (Fig. 3). Normal and immune
splenocytes, when treated with fixed AK-5 cells, showed
a decrease in NK cell cytotoxicity, as tested against
YAC-1 and AK-5 cells (Fig. 3, bars A and D). However,
the suppression of cytotoxicity was partially recovered
after the addition of anti-TNFa antibody during cocul-

<~ 18 kDa

Fig. 2 Western blotting of TNFu secretion by splenocytes after
24 h incubation with fixed AK-5 cells. Lanes: 1 normal splenocytes,
2 normal splenocytes + fixed AK-5 cells, 3 immune splenocytes +
fixed AK-5 cells

ture, (Fig. 3, bars B and C). These observations suggest
an important role for TNFa in the induction of anergy
in NK cells.

Production of soluble molecules
during splenocyte tumour cell coculture

Earlier experiments suggested TNF« to be at least partly
responsible for the inactivation of NK cells. In order to
study whether the inactivation of NK cells is due to the
production of soluble molecules or whether cell—cell in-
teraction is absolutely essential, we tested the effect of
culture supernatants obtained from cocultured normal
and immune splenocytes on the cytotoxic activity of
naive and immune NK cells. At higher concentrations of
culture supernatants the cytotoxicity of NK cells was
significantly reduced (Fig. 4). These observations suggest
that the interaction between splenocytes and fixed-AK-5
cells triggers the secretion of soluble molecule(s),
including TNFa, which are involved in the induction
of anergy in NK cells.

Expression of surface molecules by NK cells

We also tested the expression of different molecules like
CD-16, CD-25 and perforin, which are generally asso-
ciated with the activation of NK cell function. There
was no significant difference in the expression of CD-16,
CD-25 and perforin by NK cells before and after
treatment with fixed tumour cells (data not shown).
However, the induction of Fas-R in cocultured NK cells
was confirmed by immunofluorescence and cytofluori-
metric analysis by staining NK cells with a specific anti
Fas-R antibody. The number of Fas-R-positive NK cells
was higher after coculture with fixed AK-5 cells than in
untreated NK cells (Fig. 5).

Apoptosis in NK cells

The death of cocultured NK cells by apoptosis was de-
termined by propidium iodide staining. Significant NK
cell apoptosis was observed following 48 h and 72 h
incubation of splenocytes with fixed AK-5 cells. A
higher percentage of apoptotic cells was seen in immune
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Fig. 3 Cytotoxicity of natural killer (NK) cells to AK-5 (white bar)
and YAC-1 (black bar) cells. Normal and immune splenocytes were
cocultured with fixed tumour cells in the presence and absence of
anti TNFa antibody; NK cells were then separated on magnetic
beads. 4 NK cells without coculture, B NK + anti-TNFa
antibody + fixed AK-5 cells, C NK + control isotype antibody
+ fixed AK-5 cells, D NK + fixed AK-5 cells. Data shown are
the means £ SD and are representative of three experiments.
P < 0.01 between B and C

NK cells than in the naive NK cells, following coculture
with fixed AK-5 cells. There was a gradual increase
in NK cell death with coculture incubation time; after
72 h incubation about 80% NK cells had undergone
apoptosis (Fig. 6).

Discussion

AK-5 tumour, when transplanted s.c., regresses spon-
taneously in syngeneic rats [4, 13, 14]. We have earlier
shown that the killing of tumour cells is mediated by
CD3", CD8" NK cells through antibody-dependent
cellular cytotoxicity [12] and that the effector cell is able
to kill the tumour cell through necrosis and apoptosis
[5]. We have also shown earlier that the tumour-infil-
trating lymphocytes (TIL) were ineffective in a cyto-
toxicity assay, ascribing it to the depletion of the lytic
molecules in the effector cell. The lytic molecules were

Fig. 4 Cytotoxicity of NK cells to AK-5 (white bar) and YAC-1
(black bar) cells. Normal and immune NK cells were incubated
with culture supernatants (at different dilutions with fresh culture
medium) obtained from fixed AK-5-cell-treated splenocytes.
A Control splenocytes, B splenocytes + culture supernatant (2:1),
C splenocytes + culture supernatant (1:1), D splenocytes + culture
supernatant (0.5:1), E splenocytes + fixed AK-5 cells control. Data
shown are mean £+ SD and are representative of three similar
experiments

% Cytotoxicity
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regenerated by the effector cell during an overnight
culture with IL-2 [19].

This study provides evidence for the role of endoge-
nously secreted TNFo in mediating functional inactiva-
tion, which ultimately leads to apoptosis in NK cells that
have been cocultured with fixed AK-5 cells at 1:1 ratio.
In addition, a change in the phenotype from Fas-R%™ to
Fas-RP"&" was observed in NK cells cocultured with
target cells. The up-regulation of Fas-R expression
on the NK cells after coculture with fixed AK-5 cells
may play an important role in signalling NK cells for
functional anergy and apoptosis [7].

NK cells, when treated with fixed AK-5 cells, lost
their cytotoxic function. This was observed for both
normal and immune NK cells. Functional inactivation
could be due to the depletion of the lytic factors or to the
impairment of the activation pathway of the lytic ma-
chinery. However, no difference in perforin expression
was observed between treated and untreated immune
NK cells, suggesting that anergy induction in the tu-
mour-cell-treated NK cells is not due to the depletion of
the lytic factors. The other possibility is that the treat-
ment of splenocytes with fixed AK-5 cells caused the
impairment of the activation pathway of the lytic ma-
chinery, finally leading to the apoptosis of NK cells.
Addition of IL-12 and IFNy to the NK cells, isolated
from splenocytes following coculture with fixed AK-5
cells for 20 h, partially restored their cytotoxic function,
suggesting their recovery from the anergic state (data
not shown). These results indicate that the reduction in
cytotoxic function is more likely due to the functional
inactivation of NK cells and the possible involvement of
IL-2 and IFNy in the reactivation of inactivated NK
cells.

Furthermore, the treatment of splenocytes with fixed
AK-5 cells triggered the secretion of TNFa, which was
found to play a critical role in the induction of NK cell
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Fig. SA—C Up-regulation of Fas-R in immune NK cells cocultured
with fixed AK-5 cells. A Secondary antibody control, B untreated
immune NK cells, C immune NK cells cocultured with fixed AK-5
cells for 24 h. After 24 h, NK cells were isolated and stained for
Fas-R expression

inactivation and death. The role of TNFoa was corrob-
orated by demonstrating that the blocking of TNFa
function by anti-TNFa antibody partially abrogated the
AK-5-cell-mediated NK cell inactivation. The addition
of anti TNFa resulted in partial inhibition of the in-
duction of anergy in normal and immune NK cells.
These observations suggest that TNFo may be one of the
molecules involved in the NK cell inactivation. In ad-
dition, other molecules and cellular interactions may
also participate in NK cell inactivation. Addition of
culture supernatants harvested from AK-5-treated
splenocytes to the normal and immune splenocytes
caused inactivation of NK cells, as was observed for

Fig. 6 Fixed AK-5-cell-mediated apoptosis of NK cells. Frequency
of apoptotic NK cells was obtained by propidium iodide staining
and fluorescence-activated cell sorting analysis. NK cells were
isolated after coculture of naive and immune splenocytes with fixed
AK-5 cells for 24, 48 and 72 h. White bars the control NK cells,
black bars the cocultured cells

tumour-cell-treated splenocytes. This clearly indicated
that the soluble molecules secreted by the splenocytes
following coculture with fixed AK-5 cells are responsible
for the inactivation of NK cell function.

CDI16 has been implicated in signal-transduction
pathway of NK cells [16, 20, 21]. Nagler et al. [15]
showed that CD16%™ cells had significantly lower
cytotoxic activity than the CD16°"€" fraction. In our
system, we did not observe any changes in the expression
of CD16 levels on the surface of treated and untreated
NK cells, which suggested that the lower cytotoxic
function of treated NK cells may not be due to the re-
duced expression of CD16 on these cells. Similarly,
a direct correlation between cytotoxic function and
decreased levels of CD25 (IL-2R) expression has been
suggested previously [6]. No significant differences in the
levels of CD25 expression in treated or untreated NK
cells were observed in our studies. These observations
indicated that the lower cytotoxic function in the tu-
mour-treated NK cells is not due to the down-regulation
of either CD-16 or CD-25 expression. However, a
change in the phenotype from Fas-R¥™ to Fas-R°rieht
was observed in NK cells treated with fixed tumour cells.
The up-regulation of Fas-R may play an important role
in the induction of anergy in NK cells. Fas-R is involved
in the induction of apoptosis in immune cells to main-
tain selection and development and to limit lymphoid
expansion [2, 17]. We have also observed increased
apoptotic death in the NK cells that were cocultured
with AK-5 cells. Thus, our results suggest that the up-
regulation of Fas-R may be an indication of the anergic
state of the NK cells.

This study demonstrates that TNF« plays an impor-
tant role in the induction of anergy in NK cells. TNFu
has been reported to play a pivotal role in the activation
of NK cells by IL-2. It is able to activate and inhibit the
function of NK cells, depending on the nature of the
stimulus used [9, 11, 18]. From our study, it is not clear
whether TNFo contributes directly to NK cell inacti-
vation or whether it may trigger other molecules that are
involved in NK cell inactivation and death. We have
observed up-regulation of Fas-R on the NK cells that
were treated with fixed AK-5 cells, and its regulation by
TNFa could represent a mechanism by which TNFu«
contributes towards inactivation of NK cells.

Thus, our findings demonstrate that interaction of
NK cells with fixed AK-5 cells at high antigen concen-
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tration caused a decrease in cytotoxic function of both
normal and immune NK cells. The up-regulation of Fas-
R expression and induction of TNFo secretion are
coupled with negative signalling for cytotoxic function
and trigger induction of apoptosis in NK cells. In this
context it is conceivable that, when the concentration of
target cells is high, the NK cells are constantly inter-
acting with the target cells either directly or indirectly
through the T cells. Such interactions might result in the
loss of cytotoxic function in NK cells. Further studies
directed towards inhibiting the processes leading to NK
cell inactivation might help the task of restoring the
function of NK cells in immune surveillance against
infection and cancer.

Acknowledgements The authors acknowledge the technical help
provided by Mr. Mubarak Ali, Mr. B.V.V. Pardhasaradhi, Ms
Zareena Begum, Ms Leela Kumari, Mr. P. Jayaraman, Mr.
K. Kennady and Mr. Kulanand. The authors are grateful to
Mr. Harinarayanan and Ms. Radhika for helpful suggestions.
Ms. T. Hemalatha typed the manuscript. S.D. received a CSIR
fellowship.

References

1. Abrams IS, Brahmi Z (1988) Target cell directed NK inacti-
vation Concomitant loss of NK and antibody dependent cel-
lular cytotoxicity activities. J Immunol 140: 2090

2. Azzoni L, Anegon I, Calabretta B, Perussia B (1988) Ligand
binding to FCR induced C-myc-dependent apoptosis in 1L-2
stimulates NK cells. J Immunol 154: 491

3. Biron CA (1994) Cytokines in the generation of immune
response to, and resolution of virus infection. Curr Opin
Immunol 6: 350

4. Bright JJ, Hedge SP, Begum Z, Khar A (1994) Modulation of
natural killer cell function leading to spontaneous regression
of a histiocytoma. Cell Immunol 154: 54

5. Bright JJ, Kausalya S, Khar A (1995) NK-cell activation asso-
ciated induction of target cell DNA fragmentation in sponta-
neously regressing rat histiocytoma. Immunology 85: 638

6. Debatin KM, Suss D, Krammer PH (1994) Differential ex-
pression APO-1 on human thymocytes: implication for nega-
tive selection. Eur J Immunol 24: 753

7. Haux J, Johnson AC, Steinkjer B, Egeberg K, Sundan A,
Espevik T (1999) The role of interleukin-2 in regulating the

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

115

sensitivity of natural killer cells for Fas mediated apoptois.
Cancer Immunol Immunother 48: 139

. Heiskala MK, Timonen TT (1990) Participation of CD-11 a/

CD-18 RGD recognising adhesion molecules in the binding of
LGL to fibroblasts. Evidence for the role of CD-11a in the
fibroblast mediated inactivation of NK cells. Scand J Immunol
32: 137

. Jewett A, Bonavida B (1993) Pivotal role of endogenous

TNF-o in the IL-2 driven activation and proliferation of the
functionally immature NK free radical. Cell Immunol 151:
257

Jewett A, Bonavida B (1995) Target-induced anergy of NK
cytotoxicity function is restricted to the NK-Target conjugate
subset. Cell Immunol 160: 91

Jewett A, Cavalcanti M, Bonavida B (1997) Pivotal role of
endogenous TNF-« in the induction of functional inactivation
and apoptosis in NK cells. J Immunol 159: 4815

Kausalya S, Hegde SP, Bright JJ, Khar A (1994) Mechanism
of antibody dependent NK cells mediated AK-5 tumor cell
death. Exp Cell Res 212: 285

Khar A (1986) Development and characterisation of a rat
histiocyte tumor line. J Natl Cancer Inst 76: 871

Khar A (1993) Characterisation of spontaneous immunolog-
ical regression in a histiocytoma: role of NK cells and anti-
tumor antibodies. Int J Oncol 2: 393

Lanier LL, Buck DW, Rhodes L, Diny A, Evans E, Barney C,
Phillips HJ (1988) IL-2 activation of natural killer cells rapidly
induces the expression and phosphorylation of the leu-23
activation antigen. J Exp Med 167: 15

Nagrer A, Lanier LL, Cwirla S, Phillips JH (1989) Compar-
ative studies of human Fc-R3 positive and negative natural
killer cells. J Immunol 143: 3183

Ogasawora J, Suda T, Nagata SJ (1995) Selective apoptosis of
CD-4%, CD-8" thymocytes by the Anti-Fas antibody. J Exp
Med 181: 485

Ortaldo JR, Mason AT, O’Shea JJ (1995) Receptor-induced
death in human natural killer cell: Involvement of CD-16.
J Exp Med 181: 339

Rose ME, Caligiuri MA (1997) Cytokine induced apoptosis of
human natural killer cells identifies a novel mechanism to
regulate the innate immune response. Blood 89: 910

Salcedo WT, Kurasaki T, Kanakaraj P, Ravetch VJ, Perussia
B (1993) Physical and functional association of p-56 Ick with
Fc gamma R 3A(CD-16) in natural killer cells. J Exp Med 177:
1475

Ting TA, Eiaspahz KJ, Abraham RT, Lerbson PJ (1991) Fc-y
receptor signal transduction in natural killer cells. Coupling to
phospholipase C via a G-protein independent tyrosin kinase
dependent pathway. J Immunol 147: 3122

Trinchieri G (1989) Biology of the natural killer cells. Adv
Immunol 47: 187



