
 

 

 

 

 

 

FAU Institutional Repository 

http://purl.fcla.edu/fau/fauir 

This paper was submitted by the faculty of FAU’s Harbor Branch Oceanographic Institute. 
 
 
 
 
 
 

Notice: ©1989 Elsevier B.V. The final published version of this manuscript is available at 

http://www.sciencedirect.com/science/journal/00088749 and may be cited as: Longley, R. E., 

Stewart, D., Roe, K. G., & Good, R. A. (1989). Inhibition of murine lymphokine-activated killer (LAK) 

cell activity by adherent cells. Cellular Immunology, 121(2), 225-236. 

doi:10.1016/0008-8749(89)90021-X   

 

 

 

http://purl.fcla.edu/fau/fauir
http://www.fau.edu/hboi/
http://www.sciencedirect.com/science/journal/00088749


CELLULAR IMMUNOLOGY 121, 225-236 (1989)

Inhibition of Murine Lymphokine-Activated Killer (LAK)
Cell Activity by Adherent Cells

Ross E. LONGLEY,* DEDRA STEWART,* KIMBERLY G. ROE, t
AND ROBERT A. GOOD+

*Division ofBiomedical Marine Research, Harbor Branch Oceanographic Institute, Ft. Pierce, Florida
34946; tDepartment ojBiological Sciences, University ofCentral Florida, Orlando, Florida 32816;

and tDepartment ofPediatrics, All Childrens Hospital, St. Petersburg, Florida 33701

Received July 26, 1988; accepted March 15, 1989

The effects of adherent cell depletion, indomethacin, and prostaglandin E2 (PGE 2) on murine
LAK cell activity were investigated. Removal of plastic adherent cells from splenocyte suspen
sions either prior to 5-day culture with 1000 Uzrnl of recombinant human IL-2 (rIL-2) or prior
to assay resulted in an enhanced LAK cell cytotoxicity compared to that of whole spleen cell
suspensions. Indomethacin enhanced LAK cell cytotoxicity of whole splenocyte suspensions if
present during the culture period, but had no effect on whole splenocyte or adherent cell-de
pleted cell suspensions if added just prior to assay, PGE2 suppressed LAK cell activity of nonad
herent splenocyte but not whole splenocyte suspensions when present during the culture period.
In vivo treatment of mice with indomethacin enhanced cytotoxicity directed toward both LAK
sensitive, natural killer (NK) resistant (P-8t5) and LAK, NK sensitive (YAC-I) tumor cell tar
gets. Splenocytes from indomethacin-treated mice cultured with additional indomethacin and
r1L-2 exhibited highest LAK cell activity, The results from this study indicate that LAK cells
are regulated by adherent cells which suppress LAK cell activity. This suppression can be re
versed both in vitro and in vivo by indomethacin. This study has important implications for the
possible clinical use of indomethacin in the potentiation of in vivo and in vitro LAK cell activity
for immunotherapeutic protocols, © 1989 Academic Press, Inc.

INTRODUCTION

One ofthe most promising areas in the treatment ofhuman malignancies has been
the use ofLAK cells in adoptive immunotherapy regimens (I, 2). However, a number
of undesirable side effects occur as a consequence of toxicity associated with high
dose interleukin-2 (lL-2) maintenance therapy (3, 4). Termination ofIL-2 treatment
results in complete reduction of these side effects, but with a corresponding reduction
in the effectiveness and absolute number of LAK cells available to kill malignant
cells. While anti-inflammatory agents such as corticosteroids could possibly be used
to control such side effects, similar studies in laboratory animals have demonstrated
that such treatments serve to decrease in vitro antitumor activity of LAK cells, and
thus abrogate any positive effects ofLAK cell therapy (5).

In studies which were designed to optimize LAK cell generation and activities in
C567BL/6J mice, we report here that adherent cell-depleted splenocyte preparations
demonstrate greater LAK cell activity than that observed with whole, unseparated
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spleen cell preparations. We show that a similar in vitro suppressive effect may be
mediated, in part, by the addition ofprostaglandin E2 , which is known to be produced
by adherent cells (macrophages) and which has been shown previously to suppress
cytotoxic activity ofNK (6, 7) and cytotoxic T-lymphocytes (CTL) (8-12).

We also report that indomethacin, a known anti-inflammatory agent and inhibitor
ofprostaglandin synthesis, serves to enhance both in vitro and in vivo LAK cell-medi
ated cytotoxicity. These results suggest that current clinical protocols which include
the administration ofindomethacin to control inflammatory effects ofIL-2/LAK cell
therapy may also serve to enhance in vivo LAK cell activity. In addition, clinical in
vitro protocols for preparation of LAK cells for adoptive immunotherapy might in
clude removal of adherent cells and addition of indomethacin prior to culture with
IL-2 in order to further maximize LAK cell activity.

MATERIALS AND METHODS

Mice. C57BL/6J (B6) mice were obtained from Jackson Laboratories (Bar Harbor,
ME). Experiments were performed with male mice, 6 to 10 weeks ofage.

Cell lines. P-815 and YAC-l tumor cell lines (LAK and NK cell targets, respec
tively) were obtained from American Type Culture Collection (Rockville, MD) and
were maintained in. culture by in vitro passage with RPMI 1640 medium supple
mented with 10%(v/v) heat-inactivated fetal calfserum, 100 Uyrnl penicillin, 100 p,g/
ml streptomycin, 60 p,g/ml j.-glutamine, and 5 X 1O~3 M 2-mercaptoethanol (Grand
Island Biologicals Co., Grand Island, NY). Cells in log-phase growth were used for
NK and LAK cell assays.

Preparation of splenocyte suspensions. Whole splenocyte suspensions were pre
pared as previously described (13). Briefly, spleens oftwo to six mice were aseptically
removed and disassociated in cold (4°C) RPMI 1640 medium. The resulting cell sus
pension ~as incubated at O°C for 5 min to allow large debris to settle. The cells re
maining in the supernatant were removed and washed once with RPMI 1640 me
dium. Viable cell counts were determined by trypan blue exclusion and cells adjusted
to the appropriate concentration in RPMI 1640 medium.

Adherent cell-depleted splenocyte cultures were prepared as follows. Aliquots of
15-20 ml ofwhole splenocyte suspensions were added to 100 X 20-mm plastic tissue
culture dishes (Falcon, Becton-Dickinson, Oxnard, CA) and incubated for 1 hr at
3rc. Plates were then washed vigorously with warm (3rC) RPMI 1640 medium,
and the resulting nonadherent cells collected by decanting the warm wash medium
to a tube.

IL-2. A highly purified recombinant human IL-2 preparation cloned in Esche
richia coli (rIL-2) was generously provided by the Cetus Corp. (Emeryville, CA) (14,
15). Units of IL-2 activity were calculated from the total specific activity reported
by the manufacturer. Activity was verified by comparing the activity of a standard
preparation ofhuman IL-2 (Biological Response Modifiers Program, Bethesda, MD)
with that of the manufacturer's material, using the IL-2-dependent cell line HT-2
(16) in the standard microassay (17). One unit of activity is defined as the reciprocal
of the dilution ofIL-2 which results in one-half of the maximal proliferation ofHT
2 cells.

Generation ofLAK cells. LAK cells were generated by culturing whole or adherent
cell-depleted splenocytes in 25-cm2 tissue culture flasks (Corning Glassware, Corning,
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NY) containing 5-10 ml ofRPMI 1640 medium. The final concentration ofcells was
adjusted to 5 X 106 cells/rnl. The rIL-2 preparation was added to these cells at various
concentrations in initial studies to determine an optimal concentration (1000 U/rnl)
for generation of LAK cells with maximal activity. Culture flasks were incubated
upright for 5-8 days at 37°C in 5% COz-95% air atmosphere. After incubation, LAK
cells were removed from the flask and were used for in vitro cytotoxicity studies.
Whole splenocyte LAK cell suspensions were obtained by removal of the LAK cul
ture flask contents, followed by addition of cold (4°C) RPMI 1640 medium to the
empty flask, and incubation for 2 hr at 4°C. Following this incubation, the cold me
dium containing the previously adherent cells was removed and combined with the
initial contents of the flask. This low-temperature incubation step allowed recovery
ofcells which had adhered to the plastic surface ofthe tissue culture flask during LAK
cell generation. This adherent population represented approximately 10%ofthe total
number of cells recovered. Adherent cell-depleted LAK cells derived from rIL-2 cul
tures ofwhole splenocytes were obtained by collecting the contents ofa LAK culture
flask with warm, RPMI 1640 medium only, leaving behind the flask-adherent cells.
Both cell populations were then utilized as effector cells in LAK and/or NK cell
assays.

LAK and NK cell assays. LAK and NK cell assays were performed in similar fash
ions, using the murine P-815 mastocytoma cells as targets for LAK cells and YAC-l
cells as targets for NK cells, using the standard chromium release assay (18). Briefly,
target cells 3-5 X 106 cells/ml were incubated with 100 JICi of 51Cr(NEZ-030S, New
England Nuclear, Boston, MA) for 2 hr in a 3rC water bath. Cells were washed three
times in RPMI 1640 medium. A volume of 100 JII containing 5 X 104 target cells was
added to wells of a microtiter plate. Splenocyte preparations were harvested, washed
once in RPMI 1640 medium, and added to triplicate wells at various dilutions result
ing in effector(LAK or NK):target (P-815 or YAC-l) ratios of 100:1, 50: 1, and 25: 1.
The microtiter plates were centrifuged at 30g for 3 min and then incubated at 3rC
for 4 hr. Following incubation, the plates were centrifuged at 400g for 5 min to pellet
the cells. The amount of radioactivity released into 0.150 ml of the supernatant col
lected from each microtiter well was determined. Spontaneous release controls were
obtained from supernatants of target cells incubated in medium alone. Maximum
release controls were determined from cultures in which target cells were incubated
with a 0.1% (v/v) solution of Nonidet-P40 detergent (Bethesda Research Labora
tories, Rockville, MD). The percentage 51Crrelease (percentage cytotoxicity) was de
termined from the following formula:

. . experimental release - spontaneous release 100
percentage CytOtOXICIty = . X .

rnaxrrnurn release - spontaneous release

Prostaglandin and indomethacin. Prostaglandin E2 (PGE2) and indomethacin were
purchased from Sigma Chemical Co. (St. Louis, MO). PGE2 was dissolved in absolute
ethanol to a concentration of 2 X 10- 3 M, and stored at -20°C. This stock solution
was later diluted in RPMI 1640 medium and added to cultures at concentrations of
10-7 to 10-5 M. Controls containing equivalent concentrations of ethanol were in
cluded for each dilution ofPGE2 tested. Indomethacin was dissolved in absolute etha
nol at a concentration of 10.0 mg/rnl and diluted to the appropriate concentration
with RPMI 1640 medium.
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FIG. I. Effect of adherent cell depletion on LAK cell activity. Whole splenocytes were cultured for 5
days with various concentrations of rIL-2. Some splenocyte cultures were depleted of adherent cells. Both
populations were assayed for LAK activity. (0) Whole splenocytes; (.) adherent cell-depleted splenocytes.

In vivo studies with indomethacin. Groups ofsix mice each were provided with 28,
14,and 7 jtg/ml indomethacin dissolved in 0.16% ethanol in drinking water for 14-21
days, ad libitum. Drinking water was changed twice weekly. Control animals received
ethanol in their drinking water at a concentration equivalent to that present in the
indomethacin preparations.

Statistics. Statistical differences in responses to various treatment protocols were
determined using x2 analysis. In some cases, the mean LAK cell and NK cell cytotox
icity was calculated from triplicate well determinations and standard error of the
mean determined.

RESULTS

Effect ofadherent cell depletion on LAK cell activity. Whole splenocytes were cul
tured with various concentrations of rIL-2 for 5 days. Following incubation, whole
splenocyte and adherent cell-depleted splenocyte suspensions were prepared from
LAK cell culture flasks and assayed for LAK cell cytotoxicity. Figure 1 shows that
increasing concentrations of rIL-2 (> 125 U/rnl) resulted in the generation ofspleno
cyte preparations which exhibited increasing LAK cell activity, regardless ofcell type
tested. Whole splenocyte LAK cell cultures which were depleted of adherent cells
prior to the assay consistently demonstrated greater LAK cell cytotoxicity at optimal
rIL-2 concentrations (500 and 1000 Ll/rnl) and at all effector:target cell ratios com
pared to that of whole splenocyte LAK cell cultures. A higher proportion of LAK
cells in the adherent cell-depleted cultures could not fully account for this increased
cytotoxicity in that even 25: 1 E:T ratios expressed higher levels of cytotoxicity com
pared to 100:1 ratios of whole splenocyte preparations. These results indicate that
removal of adherent cells from IL-2-activated cultures results in increased LAK cell
activity.

Effect ofadherent cell depletion prior to culture. Whole splenocytes and adherent
cell-depleted splenocyte suspensions were prepared and were cultured with 1000 U/
ml of rIL-2 for 5 and 8 days. Some whole splenocyte LAK cell cultures were depleted



INHIBITION OF LAK ACTIVITY BY ADHERENT CELLS 229

40 5 DAY INCUBATION 8 DAY INCUBATION

25 50 100 25 50

><
f-<....
;:; 30
X
o
f-<o
!;:: 20
u
f-<
~ 10
u

"'~c,

OUlml

50

1000 U/ml

100 50 100

OU/ml 1000 U/ml

100

EFFECTOR:TARGET (X) RAno
FIG. 2. Effect of adherent cell depletion prior to culture. Whole splenocytes and adherent cell-depleted

splenocytes were cultured with 1000 Uzrnl ofrlL-2 for 5 and 8 days. Some whole splenocyte cultures were
depleted of adherent cells after the 5- or 8-day culture. LAK activity of (0) whole splenocytes; (.) adherent
cell depleted prior to LAK cell assay, and (1!liI) adherent cell depleted prior to culture (P < 0.005 for depletion
prior to or following LAK cell assay compared to whole splenocytes).

of adherent cells immediately prior to the LAK cell assay. Figure 2 shows that LAK
cell cytotoxicity was greatest in all adherent cell-depleted cultures which had been
cultured with rIL-2 compared to whole splenocyte preparations at all E:T ratios
tested. The mean percentage enhancement of cytotoxicity was 40.5% for those de
pleted ofadherent cells prior to culture with rIL-2 and 29.7% for suspensions depleted
ofadherent cells after culture with rIL-2 and immediately prior to LAK cell assay (5
day incubation). This enhancement of cytotoxicity was even greater for splenocytes
cultured for 8 days (124% for cultures depleted of adherent cells prior to assay and
'119% in those depleted prior to IL-2 culture). Adherent cell depletion, either before
or after culture with rIL-2, resulted in a significant enhancement ofcytotoxicity com
pared to nondepleted (whole) splenocytes (P < 0.005 for depletion prior to or follow
ing LAK cell generation compared to whole splenocytes). These results indicate that
adherent cells serve to suppress LAK cell activity, since their physical removal either
before IL-2 culture or immediately before LAK cell assay results in enhancements of
LAK cell activity.

Effect ofindomethacin on LAK cell activity ofwhole splenocytes. In order to deter
mine if the suppression ofLAK cell activity by adherent cells could possibly be medi
ated by prostaglandins, whole splenocytes were cultured with rIL-2 and indometha
cin, an inhibitor of prostaglandin synthesis. Controls consisted of splenocytes cul
tured with rIL-2 and medium or ethanol. Splenocytes were collected after 5 days
incubation and LAK cell cytotoxic activity was determined. Figure 3 shows that LAK
cells generated in cultures ofwhole splenocytes which contained 5.0 and 1O.01Lg/ml
of indomethacin demonstrated an increased level of cytotoxic activity compared to
ethanol or medium controls (P < 0.05). These results show that indomethacin poten
tiates LAK cell cytotoxicity when present during the culture of whole splenocytes
with rIL-2.

Effect ofindomethacin addition immediatelyprior to LAKcell assay. To determine
if the potentiating effects ofindomethacin on LAK cell activity could be immediately
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FIG. 3. LAK cell activity ofwhole splenocytes cultured for 5 days with 1000 Vim] ofrIL-2 in the presence
of indomethacin (_), ethanol (0), or medium (Em). E:T ratio = 100: I. Differences in LAK cell activities of
indomethacin-treated splenocytes compared to ethanol or medium were significant (P < 0.05).

induced, whole splenocyte and adherent cell-depleted splenocytes were cultured with
rIL-2 for 5 days without indomethacin. Some whole splenocyte suspensions were
additionally depleted of adherent cells prior to LAK cell assay. Indomethacin was
then added to effector/target combinations immediately prior to the assay. The re
sults as illustrated by Fig. 4 again confirm that the removal of adherent cells, either
prior to LAK cell culture or prior to LAK cell assay, results in increased LAK cell
activity, compared to that exhibited by whole splenocyte suspensions. However, the
relatively short-term incubation ofthese cell preparations with indomethacin did not
significantly enhance LAK cell activity of any cell preparation tested (P = 0.50 for
whole splenocytes, 0.70 for adherent cell depletion prior to assay, and 0.30 for adher
ent cell depletion prior to culture). These results suggest that the pharmacological
action of indomethacin on adherent cells in whole splenocyte preparations requires
an incubation time of greater than 5 hr in order for- the potentiation of LAK cell
activity to be observed.

Effect ofPGE2 on LAK cell activity ofadherent cell-depleted and whole splenocytes.
To directly determine if PGE2 could suppress LAK cell cytotoxicity, adherent cell-
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FIG. 4. Effect of indomethacin on LAK cell activity when added prior to assay. Whole splenocytes (0)
and adherent cell-depleted splenocytes (_) were cultured with 1000 Vim I ofrIL-2 for 5 days. Some whole
splenocytes were depleted of adherent cells prior to LAK cell assay (Em). E:T ratio = 100: I. Differences in
LAK cell activities between the two populations were not significant.
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FIG. 5. LAK cell activity of adherent cell-depleted splenocytes cultured with 1000 Uyrnl ofrIL-2 for 5
days in the presence of PGE z (_), ethanol (0), or medium (~). E:T ratio = 100: I. Mean of two separate
experiments, P < 0.005 for differences in LAK cell activity of PGETcultured splenocytes compared to
ethanol- or medium-cultured splenocytes.

depleted or whole splenocytes were cultured with rIL-2 and PGEz for 5 days, and
LAK cell activity was determined. Figure 5 shows that higher concentrations ofPGEz
significantly inhibited LAK cell cytotoxicity ofadherent cell-depleted splenocyte cul
tures. This inhibition was 28 and 88% at 10- 6 and 10- 5 M PGEz, respectively, com
pared to the corresponding alcohol control (mean of two separate experiments, P
< 0.005). PGEz suppressed LAK cell cytotoxicity of whole splenocytes only at the
highest concentration tested (10-5 M) (Fig. 6). This suppression was probably due to
cytotoxicity of the PGEz itself. These results indicate that PGEz directly suppresses
LAK cell activities of adherent cell-depleted splenocyte populations.

Effect ofin vivo treatment ofmice with indomethacin on LAK cell and IL-2-induced
NK cell activities. Mice were provided with 28, 14, and 7 1Lg/ml of indomethacin
dissolved in ethanol-water for 14 days. All mice receiving 28 1Lg/ml of indomethacin
died by Day 7 due to gastrointestinal toxicity of the indomethacin preparation (data
not shown). Whole splenocyte suspensions were pooled from each treatment group
and cultured with 1000 Uyrnl of rIL-2 for 5 days. LAK cell and IL-2-induced NK
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FIG. 6. LAK cell activity ofwhole splenocytes cultured with 1000 Vim I ofrIL-2 in the presence ofPGE2

(_), ethanol (0), or medium (~). E:T ratio = 100: I. Differences in LAK cell activity for PGErcultured
splenocytes and ethanol- or medium-cultured splenocytes were not significant.
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FIG. 7. LAK cell activity of whole splenocytes from indomethacin- and ethanol-treated mice cultured
with 1000 V /rnl of rIL-2 and assayed at E:T ratios of 100:I (_), 50:1 (fJEl), and 25: 1 (0). Pooled splenocyte
cultures, six animals per group, P < 0.001 for differences in LAK cell activity of indomethacin-treated
mice compared to ethanol-water- or water-treated mice. Mean LAK cell cytotoxicity, ± standard error of
the mean.

cell cytotoxicity was determined. Both LAK cell cytotoxicity (Fig. 7) and NK cell
cytotoxicity (Fig. 8) were significantly greater (P < 0.001) in mice treated with 14 and
7 JIg/ml of indomethacin at all effector:target ratios tested than in controls treated
with ethanol-water or water-only. These results indicate that in vivo treatment of
mice with indomethacin results in an increased ability of whole splenocyte popula
tions to generate LAK and NK cytotoxic effector cells in vitro.

Effect of in vivo and additional in vitro treatment ofmice with indomethacin on
LAK cell activity. Mice were provided with 14 JIg/ml of indomethacin dissolved in
ethanol-water for 21 days. Controls received an equivalent amount ofethanol-water

CONTROL ALC.CONTROL INDO: 14 JIg

TREATMENT

INDO: 7 p.g

FIG. 8. NK cell activity of whole splenocytes from indomethacin-treated mice cultured with 1000 Vim I
ofrlL-2 for 5 days and assayed at E:T ratios of 100:1 (_),50: 1 (fJEl), and 25: 1(0). Pooled splenocyte cultures,
six animals per group, P < 0.001 for differences in NK cell activity of indomethacin-treated mice compared
to ethanol-water- or water-treated mice. Mean NK cell cytotoxicity, ± standard error of the mean.
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FIG.9. LAK cell activity ofwhole splenocytes from indomethacin-treated mice (I 4 ~g/mI) (_) or ethanol
treated mice (0) cultured with 1000 Uyml of r1L-2 for 5 days in the presence or absence of additional
indomethacin. Pooled splenocyte cultures, six animals per group. E:T ratio = 100: I.

only. Whole splenocyte suspensions were pooled from each treatment group and cul
tured with 1000 U/rnl of rIL-2 for 5 days. Indomethacin was added to some spleno
cyte cultures from both treatment groups. Figure 9 demonstrates that indomethacin
treatment of mice increased their ability to generate LAK cell activity compared to
that of alcohol-treated controls. However, the greatest amount of LAK cell activity
was generated by indomethacin-treated mice whose splenocytes were additionally
cultured with indomethacin. These results indicate that a combination of in vivo in
domethacin treatment of mice followed by in vitro culture of their splenocytes with
rIL-2 and indomethacin generates LAK cells with maximum cytotoxic activity to
ward P-815 tumor cell targets.

DISCUSSION

The present study demonstrates a significant enhancement of murine LAK cell
cytotoxicity if adherent cells are depleted either before or after culture with rIL-2.
LAK cell precursors have been reported to be nonadherent (19-21); however, routine
depletion of adherent cells prior to murine LAK cell assay is usually not indicated
(22-26). While methods for the isolation of highly active LAK cells based on IL-2
induced adherence (A-LAK cells) have recently been reported for mice (27), rats (28),
and humans (29), our study emphasizes the importance of adherent cell depletion
prior to the exposure ofpotential LAK cell precursors to rIL-2 culture as an additional
procedure to maximize LAK cell cytotoxicity for in vitro studies or immunotherapy.
Our findings are consistent with several reports of a similar suppressive action of
adherent cellsjmonocytes on human LAK cell generation (30-32). The identity of
the adherent cell which was responsible for LAK cell suppression when removed prior
to IL-2 culture is probably the macrophage. This is based on our repeated observa
tions of large, tightly adherent cells which withstand repeated washings with warm
(3rC) but not cold (4°C) medium, and the typical morphological staining criteria
(nonspecific esterase positive) for the splenic macrophage. Further studies, including
the direct addition ofgraded numbers of purified macrophages to nonadherent sple
nocyte cultures prior to IL-2 culture, will have to be undertaken in order to confirm
identity of this adherent cell.
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Adherent cell-depleted cultures, which show maximum LAK cell cytotoxicity after
rIL-2 culture, could possibly be enriched for nonadherent LAK effector cells com
pared to cultures ofwhole splenocytes. However, this higher proportion ofLAK cells
could not fully account for the enhancement of their activity reported here. Even at
the lowest E:T ratio tested (25: I), adherent cell-depleted splenocytes demonstrated
significantly greater cytotoxicity than that demonstrated by the highest E:T ratios
(100: I) of whole splenocytes. Even when the number of whole splenocyte effector
cells is increased four-fold (from 25: I to 100:I E:T ratios), adherent cell-depleted
cultures continue to express levels of cytotoxicity substantially higher than those of
whole splenocyte-target cell combinations. These results therefore indicate that the
increases in LAK cell activity that we observed for adherent cell-depleted, rIL-2 cul
tures cannot be due solely to simple enrichment of numbers of nonadherent LAK
effector cells.

The enhancement of LAK cell activity following culture with indomethacin, an
inhibitor ofprostaglandin synthesis, is indirect evidence that products ofthe cycloox
ygenase pathway serve to modulate LAK cell activity. Darrow and Tomar (8) re
ported that indomethacin enhanced the proliferation and induction of cytotoxicity
of cytotoxic T-lymphocytes generated from mixed lymphocyte cultures. Further
more, they showed that indomethacin had no effect if added just prior to the chro
mium release assay. Our results parallel their observations in that indomethacin is
effective only when present during the period of LAK cell culture and not if added
just prior to the LAK cell assay.

Prostaglandins of the E series suppress cytotoxic activity ofNK cells and CTLs in
vitro at concentrations greater than 10-7 M (6, 8, 10, 33). Suppression of murine
LAK cell cytotoxicity by PGE 2 has not been reported to date. Our study describes
inhibition of LAK cell cytotoxicity when PGE2 is added to adherent cell-depleted
cultures at similar concentrations. The low cytotoxic response observed at the highest
concentration of PGE 2 tested (10-5 M) may be due to the direct toxic effects of this
compound on the LAK cell effectors themselves. Prostaglandin E2 was less effective
on the inhibition of LAK cell cytotoxicity of whole splenocytes. This may indicate
that endogenous levels ofprostaglandins necessitate the addition of much higher lev
els of exogenous PGE 2 to mediate the same degree ofinhibition.

Parha and Lala (34) have recently described regression ofexperimental metastases
after in vivo treatment ofmice with indomethacin and rIL-2. This combination ther
apy also increased in vitro cytotoxic responses directed against various tumor targets.
Our studies described herein show that in vivo treatment of mice with indomethacin
alone was sufficient to increase subsequent in vitro cytotoxicity against LAK cell sen
sitive targets (P-815) and the NK and LAK sensitive YAC- I target. Cytotoxic activity
ofLAK cells could be further increased by culturing splenocytes from indomethacin
treated animals with additional indomethacin. This represents a novel method for
maximizing LAK cell cytotoxicity by a combination ofboth in vivo and in vitro treat
ment with indomethacin. Further studies utilizing our method ofLAK cell potentia
tion and an appropriate immunotherapeutic tumor model would be a good test for
the effectiveness ofsuch treatment.

The standard clinical protocol for human adoptive immunotherapy with LAK cells
includes the in vitro generation of autologous LAK cells and infusion of these cells
along with relatively high doses of rIL-2 (26). This approach has been somewhat lim
ited due to the toxicity associated with high-dose rIL-2, but not the LAK cells them-
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selves (4,26). Consequently, patients have been treated with indomethacin in order
to reduce these side effects (35, 36). Our studies reported here for the mouse coupled
with the in vitro studies ofIbayashi et al. (32) for the human indicate that the effects
of indomethacin treatment on subsequent in vitro generation and/or activity of hu
man LAK cells, or the potentiation of such LAK cell activity, should be further ex
plored.

Higher doses of indomethacin have been associated with a variety of adverse side
effects in humans, including gastrointestinal complications and bone marrow depres
sion, resulting in anemia and leukopenia (37). In our study, indomethacin was toxic
only at the highest dose tested (21 llg/ml in drinking water). Mice which were treated
with the two lower doses were examined daily and were found to be healthy with no
evidence of gastrointestinal complications, hair loss, or weight loss. Hematological
depression was not observed in this study.

Our studies presented here identify important parameters concerning the optimi
zation and regulation of LAK cell activity in mice. The data support the hypothesis
that adherent cells inhibit LAK cell activity and that LAK cell activity can be potenti
ated by removal of these adherent cells and by treatment with indomethacin. In addi
tion, we present evidence that PGEz may be responsible, in part, for the suppression
of LAK cell activity. However, direct measurements of the production of PGEz by
adherent cells were not done. Our studies have important implications for application
of our procedures in human LAK cell immunotherapy protocols. However, further
studies will have to be undertaken to determine if sufficient levels of indomethacin
which would potentiate LAK cell cytotoxicity could be safely achieved in humans,
before such treatment is contemplated.

Future studies from our laboratory will be aimed at further investigation of the
kinetics of suppression of LAK cell activity by adherent cells. In addition, we will
determine if in vivo treatment of mice with a combination of indomethacin and rIL
2 will serve to increase LAK cell cytotoxicity with a concurrent .reduction in IL-2
associated toxicity.
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