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ABSTRACT

Cell separation studies were undertaken in an attempt to purify the
lymphokine-activated killer (LAK) precursor cell. Null cells, prepared
by the sequential depletion of monocytes, T- and B-lymphocytes from
human peripheral blood mononuclear cells, were found to be potent
mediators of LAK activity. Such preparations were Leu-11* but Leu-4"

and displayed high levels of natural killer activity. Incubation of these
cells with recombinant interleukin 2 (11-2) for periods in excess of 24 h
induced LAK lysis of fresh tumor targets which were resistant to lysis
by unstimulated null effectors. In contrast, lymphocytes which formed
high affinity rosettes with sheep RBC (I- * lymphocytes) were poor

mediators of both natural killer and LAK activity. Interleukin 2 stimu
lated null cells, retained a Leu-ll*, I.t-u-4 phenotype, and expressed
only low levels of receptors for II,-2 and transferrin. An increase in the
number of binding sites, on null cells but not on T-cells, for Vicia villosa
lectin with 11-2 stimulation was noted. Following II -2 stimulation, null
and T-cells were able to conjugate to K562 and fresh tumor but not to
autologous lymphoblast targets.

INTRODUCTION

The LAK2 phenomenon represents a novel cytotoxic function

which is induced following stimulation of PBL with 112 (1).
The LAK effector cell is capable of lysing a wide selection of
fresh tumor targets (1,2), and has been applied in the adoptive
immunotherapy of neoplastic disease (3). Highly purified 112
has been demonstrated to be sufficient to induce LAK cytotox-
icity from normal donor peripheral blood mononuclear cells
(4), and there appears to be no requirement for any other
lymphokines or accessory cells. Furthermore, LAK cytotoxicity
appears not to be restricted by MHC determinants since cell
lines failing to express MHC antigens and virtually all alloge-
neic tumors (i.e.. MHC class I disparate) are susceptible to lysis
(2, 5). This raises the possibility that these cells could be used
in therapeutic protocols where the tumor fails to express class
I MHC gene products (6), a prerequisite for recognition by
cytotoxic T-cells.

The cell responsible for LAK activity appears distinct from
monocytes and mature T-lymphocytes insofar as the precursor
is nonadherent, T3~, and does not readily form E-rosettes (5).

Although capable of lysing tumor cells not normally sensitive
to NK lysis, LAK precursors do have characteristics in common
with NK cells. We have observed only low levels of lysis (and
usually no lysis) of fresh tumors by highly enriched populations
of LAK precursors prior to IL-2 stimulation. Most significantly,
both activities are associated with cells which express receptors
for the Fc portion of IgG of the type found on neutrophils (7,
8). Despite such close associations the exact relationship be
tween the two activities and the cells mediating them remains
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undefined. The purification of cells responsible for LAK activity
was desirable to further assess their morphology, phenotype,
and target cell binding properties prior to and following IL-2
stimulation.

MATERIALS AND METHODS

Media. All cell lines were maintained in suspension culture using
RPMI 1640 supplemented with 10% FBS, 100 ng/m\ penicillin, 100
Mg/ml streptomycin, and 1% glutamine. CM consisted of RPMI 1640
supplemented with 10% human AB serum, antibiotics, and glutamine.
Conjugation buffer, at pH 7.3, was prepared by adding 683 mg of NaCl,
142 mg of MgCl2 6H2O, and 66 mg of CaCl2-6H2O to 450 ml of PBS
supplemented with 50 ml of FBS, antibiotics, and 10 HIM4-(2-hydrox-
yethyl)-1 -piperazineethanesulfonic acid.

Preparation of Lymphocyte Populations. PBMC were prepared from
leukopheresis samples, obtained from healthy volunteer donors, by
flotation on LSM (Litton Bionetics, Kensington, MD). Nonadherent
PBL were subsequently isolated by sequential adherance of PBMC to
plastic and nylon wool as described previously (9).

PBL was resetted by mixing 4 x 10* PBL with 4 x 10'Â°sheep RBC
suspended in 10 ml of 90% FBS-10% RPMI. The suspension was
centrifuged (150 x g for 7 min) and incubated on ice for 60 min. The
pellet was subsequently gently resuspended by adding 30 ml of ice cold
RPMI and separating rosetting (E+) from nonrosetting (E~) cells by

flotation on LSM. Briefly, 20 ml of suspended rosettes were layered
over 20 ml of LSM. The gradient was centrifuged at 150 x g for 5 min
and then at 600 x g for 20 min to ensure a good separation. After
washing both fractions (450 x g for 10 min) contaminant sheep RBC
were removed by hypotonie lysis with the use of sterile distilled water.

The T- and B cells in the E~ lymphocyte preparations were removed

by treatment with monoclonal antibodies OKT3 (reactive with mature
T-cells), HB104 (reactive with a monomorphic portion of the DR
antigen), and complement. E-lymphocytes were suspended at 20 x IO6/

ml in ice cold RPMI, both antibodies were added to the suspension
(antibodies were used as ascitic fluids at a final dilution of 1:100), and
incubated for 30 min at 4 ('. After a single wash, the cells were

resuspended in complement (Cedarlane, Hornby, Ontario, Canada),
diluted 1:5 with the RPMI to their original volume, and incubated for
60 min at 37Â°C.After washing, the cells were retreated with antibody

as above prior to a final wash and suspension with complement.
Following a 30-min incubation at room temperature the cells were
washed and viable cells were isolated by flotation on LSM.

LAK activity was generated from separated lymphocyte populations
by incubating cells at llC'/ml in complete medium supplemented with

1000 units/ml RIL-2 (Cetus Corp., Emeryville, CA). Incubations were
performed in 24-well cluster plates for 3 days.

Cytotoxicity Assays. Cytolytic activity of separated lymphocytes was
evaluated against fresh tumor [prepared as detailed previously (2)], and
cultured targets by 4-h 5lCr release assays over a range of effectontarget
ratios. Labeled target cells (5 x IO3)were mixed with a variable number
of effector cells (final volume, 200 i<I) in round bottom 96-well micro-
liter plates (Dynatech Laboratories, Alexandria, VA). Following cen-
trifugation (80 x g for 5 min) the plates were incubated for 4 h at 37*C

prior to harvesting supernates by using the Skatron harvesting system
(Flow Laboratories, Rockville, MD). Spontaneous and maximum 5lCr

releases were determined by incubating targets in medium or 1% sodium
dodecyl sulfate, respectively. Each assay was set up in triplicate, and
cytotoxicity values were calculated by using the formula:

Test 51Cr release - spontaneous s'Cr release
Maximum "Cr release - spontaneous 5lCr release

from which means and standard deviations were derived.
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Membrane Antigen Phenotype. Lymphocytes were phenotyped by
direct immunofluorescence with the use of a variety of fluorescein-
labeled monoclonal antibodies (Becton Dickinson, Mountain View,
CA). Lymphocytes which had been treated with monoclonal antibodies
and complement were cultured for 18 h in CM prior to phenotypie-

analysis. Such preparations were shown not to have identifiable murine
immunoglobulin on their plasma membranes by staining with a flu-
oresceinated goat anti-mouse IgG and IgM (Boehringer Mannheim
Biochemicals, Indianapolis, IN). Cells (10*) were incubated first with

heat-inactivated human AB serum at room temperature for 10 min,
and following a single wash, were stained at 4'C with the appropriate

amount of antibody for 30 min prior to 3 washes and subsequent
analysis. Fluoresceinated lectins used to stain lymphocytes (Sigma
Chemical Co., St. Louis, MO) were used at saturating concentrations.
Cytofluorographic analysis was performed by analysis of IO4cells by
using a fluorescence-activated cell sorter 440 (Becton Dickinson) as
previously described (10).

Conjugation Assay. The extent of effectontarget conjugation was
evaluated by two color flow cytometry by using a technique previously
described (11). Targets were suspended (2 x I0"/ml) in a 254 Â¿tM

solution of HE (Polysciences, Inc., Warrington, PA). The latter was
prepared by transferring 5 /Â¿Iof HE stock solution (2 mg of HE dissolved
in 25 fi\ of dimethylacetimide) into 10 ml of conjugation buffer and
vigorously vortexing. The solution was subsequently filtered through a
0.22-nm filter.

Effectors were stained by suspending cells (2 x 10"/ml) in 200 uM

5- (and 6-) SFDA. The stock solution of SFDA was prepared by
dissolving 2.5 mg of SFDA (Molecular Probes, Inc. Eugene, OR) in
500 jjl of dimethyl sulfoxide which was subsequently diluted 1:50 in
PBS and filtered through a 0.22-/im filter prior to use.

Both effectors and targets were aliquoted into 24-well cluster plates
(1.0 ml/well) and incubated at 37'C for 60 min. The cells were washed
3 times in PBS and suspended in conjugation buffer (5 x 10'v'nil).

Effectors and targets (25 ml) were transferred to ice cold micro test
tubes, the cells were pelleted by a 1-s spin in a Beckman Microfuge
type B and returned to ice. Conjugation was initiated by incubating the
tubes for 0 to 18 min at 37'C. The pellet was subsequently gently

resuspended by using a Pasteur pipet and then transferred to a tube
containing 2 ml of ice cold conjugation buffer which was vortexed and
analyzed on a fluorescence-activated cell sorter analyzer. Effects could
be readily distinguished from targets as a consequence of differing
fluorescence spectra (targets and effectors fluoresced at 575 and 620
nm, respectively). In each assay, the fluorescence of 10,000 "events"

was determined and the extent of conjugation was evaluated. The
percentage of conjugation was defined as:

No. of red and green particles
No. of green particles + number of red and green particles

RESULTS

Purification of the LAK Precursor. The purification of LAK
precursors was required to evaluate their binding characteristics
and to monitor morphological or phenotypical changes which
accompany the development of this activity following IL-2
stimulation. The LAK precursor was enriched from normal
human PBMC by the sequential removal of cells known not to
mediate LAK activity (11) (i.e., monocytes, T-, and B-lympho-
cytes). First, the removal of cells adherent to plastic and nylon
served to deplete the preparation of monocytes and nylon-
adherent B-cells (12), and was associated with a 2- to 3-fold
enrichment in LAK activity (Table 1). The nonadherent PBL
were depleted of E+ cells rosetting at 4Â°Cto remove T-lympho-

cytes. The total cell yield of this separation ranged from 44
87% with a 27-70% yield of LAK activity in both E+ and E~

fractions (as defined by the lysis of fresh Tu366A melanoma
cells). Following rosetting, 76-97% of the total lytic units
expressed by the cells resided in the E-fraction. In contrast, the

E+ fraction, which formed 81-92% of the cells, displayed only
low levels of LAK activity. Consequently, the depletion of E+
cells rosetting at 4Â°Cformed a simple and efficient means of

enriching for the LAK precursor.
Phenotypic analysis of the E~ fractions revealed a high level

of contamination since both DR-positive cells (presumably B-
lymphocytes and contaminant monocytes and Leu-4-positive
cells (T-lymphocytes) were demonstrated (30-60%). Contami
nant cells were removed from E-lymphocytes by using specific
antibodies (OKT3 and HB104) and complement. The remain
ing cells, designated null cells, mediated 2 to 7 times the LAK
activity of the E-lymphocytes (Table 1) and contained little T-
or B cell contamination.

Prior to IL-2 incubation, E~ and null cells mediated higher

levels of NK activity (i.e., lysis of K562 targets) than the PBL
from which they were derived (Fig. 1). In contrast, E+ lympho

cytes were depleted of this activity. None of the fractionated
lymphocytes could lyse the uncultured 366A melanoma target
at this stage. Following a 3-day incubation in IL-2 the I
fraction cells were capable of only low levels of Tu366A target
lysis. As in previous experiments, E" and null lymphocytes were

particularly efficient at lysing Tu366A. A direct correlation
existed between the NK activity mediated by a particular frac
tion and the level of LAK activity it subsequently developed.

The induction of tumor cell lysis by null cells required a
minimum of a 24-h incubation in IL-2 (Table 2). The IL-2-
induced augmentation of KS62 lysis was rapid, requiring only
a 1-h incubation to promote a 2-fold increase, and by 24 h
K562 lysis had increased 15-fold. Lysis of the fresh sarcoma
tumor target, Tu438, was observed only after 24 h of incubation
in IL-2. After 96 h, K562 and Tu438 lysis had increased by a
further 6- and 12-fold, respectively. Consequently, stimulation
of null cells with IL-2 promoted a rapid increase in KS62 lysis
which peaked within 3 days. Optimum lysis of Tu438 by these
effectors required a more protracted incubation in RII,-2 and

appeared highest after 4 days of culture. This was in contrast
to E+ lymphocytes which displayed only a low level of lysis

against either target only after 96 h of culture. When comparing
the cytolytic activity of E+ with null lymphocytes, it would seem

likely that these differences in kinetics reflect different activities
of these cells. Throughout this series of experiments the time
required for development of peak cytolytic activity was found
to be consistent (i.e., 3-5 days). E+ lymphocytes displayed only

low levels of lysis against either target.
Phenotype Analysis of Null and 1 + Fractions. As illustrated

in Fig. 2, few residual Leu-4+ lymphocytes were present in the

purified null cell fraction. The level of T-cell contamination
throughout this series of experiments was carefully monitored
with this reagent and found to be <10%. Most cells in the null
cell fraction were Leu-11+. This antibody defines the Fc recep

tor for IgG previously identified on NK cells and neutrophils
(13). The intensity of Leu-11 staining for different null cell
preparations was variable but was always evident on a high
number of cells in this fraction both before and after IL-2
induction. This apparent variation in antigen density could
reflect donor variation or could be a consequence of Fc receptor
blocking due to the presence of aggregated IgG in the comple
ment source used.

The null cell fraction consisted of a distinct population of
Leu-5* cells which identifies the E receptor. This suggests that

at least a portion of these cells express an E receptor but that
it may be of low affinity (i.e., not allowing stable E-rosette
formation) and may be present in the absence of T3 as previ
ously noted for NK cells (14, 15).
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Table 1 Lytic activity of fractionated lymphocytes following IL-2 incubation

Cytotoxicity

Fresh Tu366AExperiment

Cellfraction1

PBMCPBLE+E-E~

+complementE-
+MoAbE"
+ MoAb +complement2

PBLE*E-E~

+ MoAb +complement3

PBLE*E-E"

+ MoAb + complementCell

yield x10-"(%)120.066.0

(100)37.0
(56.1)3.0
(45)NDND0.13

(<0.1)41.0

(100)29.0
(70.7)6.5
(15.8)1.2

(2.9)46.6

(100)17.2
(36.9)3.5
(7.5)0.8

(1.7)LU"/

10Â«cells3.18.01.036.435.718.2250.021.05.072.0233.047.6<1.0167.0333.0TotalLU/ IO6cells%372520(100)37(7.1)116(22.3)NDND55(10.6)869(100)145(16.7)468

(53.9)280
(32.2)2218(100)<17(<0.8)584

(26.3)280(12.6)K562LU/106

cells23.540.012.5143.0153.866.6ND36.017.0167.0323.0182.027.0625.0>

1000.0Total

LU/106 cells%28202640(100)462(17.5)429

(16.2)NDNDND1490(100)493(33.1)1085

(72.8)388
(26.0)8481

(100)464
(5.5)2187(25.8)ND

" LU, number of cells required for the 30% target lysis; expressed as number of lytic units/10' cells; MoAb, HB10H (anti-DR) and OKT3-3 (anti-CD3) monoclonal

antibodies; ND, not determined.

PRE IL-2 INCUBATION

Tu366a

0.5 1.0 5.010.0
POST IL-2 INCUBATION

50.0 0.5 1.0 5.0 10.0 50.0

100

> &

R 60

P
Q 40

u
20

K562 Tu366a

0.51.0 5.010.0 50.00.51.0 5.010.0

EFFECTOR: TARGET RATIO

50.0

Fig. 1. Cytotoxicity against K562 and Tu366A targets mediated by fraction
ated lymphocytes prÃ©-and post-IL-2 incubation. Effector cells used in cytotoxicity
assays were PBL (â€¢);E* (â€¢);E" (A);. E~ plus complement (A); and E~ plus
monoclonal antibody plus complement ('. '.].

A more detailed analysis of the null cells (Table 3) confirmed
that this population had few contaminating monocytes or ma
ture T- or B-lymphocytes. In addition, 25.0% of the null cell
fraction were Leu-2+ but only 2.2% were Leu-3+. This pheno-

type is similar to that reported for LGL (14) and substantiates
the claim that the preparations are almost devoid of mature T-
cells. Preparations were routinely stained with fluorescein iso-
thiocyanate-labeled anti-murine immunoglobulin antibodies to
detect any residual antibody which might remain after the
purification. The possibility that Leu-4 and DR determinants
were being masked by monoclonal antibody still remaining after
an 18-h incubation was considered unlikely because of the
absence of staining with anti-murine immunoglobulin.

The apparent absence of IL-2 receptors from both null and
E+ lymphocytes prior to culture (as defined by the anti-IL-2

Table 2 Time course of LAK cytotoxicity induced in separated lymphocytes
cultured in 1000 units/ml RIL-2

EarlyIncubation

time(h)0Ie

4C824487296K562-target

(LUÂ°)Null*11.127.8

24.448.8160.0333.3>

1000.0>1000.0E*<0.1<0.1

<0.1<0.15.019.430.831.7Fresh

Tu438-tar-
get(LU)Null

E*<0.

1<0<0.
1 <0.

<0. 1<0.<0.1
<0.1

7.4<0.34.5
<0.40.0

<0.210.5
9.

' LU, lytic units.
* Effectors used in cytotoxicity assays were purified null (E~DR"T3~) and E*

lymphocytes incubated in RIL-2 for various lengths of time.
c A single assay was performed for cytotoxicity determinations over 0-8 h of

incubation in 1000 Units/ml RIL-2 and separate cytotoxicity assays were used
for more prolonged IL-2 incubations (24-96 h).

receptor monoclonal antibody) was highly reproducible. Fol
lowing the 3-day incubation in IL-2 no obvious change in
phenotype was apparent. The significance of the small propor
tion of Leu-11~ cells found in the null cell fractions is unknown.

During culture the intensity of staining with this antibody
decreased, possibly because of receptor blocking. Whether such
cells mediate LAK activity is unknown. The IL-2R was apparent
after 3 days at low levels on a small number of null cells and
cultured E+ lymphocytes. The low proportion of cells bearing
serological detectable IL-2R made it difficult to characterize
them further. Treatment of E+ lymphocytes with phytohemag-
glutinin and IL-2 resulted in the high level of IL-2R by 86.2%
of the population (data not shown).

Transferrin receptor levels paralleled the IL-2R expression,
with low levels being observed on a small number of cells in the
null fraction, fewer among the E+ fraction, and high levels of
expression by phytohemagglutinin activated T-cells. Conse
quently, LAK activity (the levels of cytotoxicity of both fractions
are illustrated in Table 2) was associated with a null effector
population of which only a minority appeared to bear markers
normally associated with activated T-cells.

A number of recent reports have suggested that cell activation
is associated with an alteration in the lectin-binding character
istics of both thymocytes and T-lymphocytes (16-19). The
lectin-binding profiles of both null and E+ fractions were ana
lyzed by using peanut, Lens culinarii, and Vicia villosa agglu-
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NULL
LYMPHOCYTES

Fig. 2. Phenotypic analysis of fractionated
lymphocytes prior to 1L-2 stimulation. Null
and E* lymphocytes were phenotyped by using

fluoresceinated monoclonal antibodies.

A ..A

LYMPHOCYTES A.

500 1000 0 500 1000 0 500 1000 0 500 1000 "O 500 1000

A"Â¡000"O 500 1000 "O " 500 1000"O 500 1000 "O 500

FLUORESCENCE CHANNEL NUMBER

Table 3 Surface membrane phenotype of fractionated lymphocytes, pre- and post-
1L-2R incubation

Null E*

Table 4 Cytotoxicity and conjugation observed by using fractionated lymphocytes
incubated in 1L-2R

MonoclonalantibodyThy-

1.2Leu-4Leu-

11Leu-3Leu-2Leu-5Leu-M3Anli-Mulg*Ami

ii.:KAnti-HLA-DRAntitransferrin

receptor0"day2.56.381.02.225.025.32.53.34.24.22.23

day3.29.876.49.234.129.44.511.810.37.79.1Oday3.991.413.066.227.096.94.03.05.69.34.53day6.794.419.464.526.492.25.45.48.66.06.7

" Percentage of cells stained as enumerated by flow cytometry on days 0 and 3

in culture.
* Mulg, murine immunoglobulin.

THY 1 â€¢2 LEU 11
100

LEU 4

500 1000

500 1000 0
A,,

500 1000

100

NULL

500 1000 "0 500 1000 "0 500 1000

FLUORESCENCE CHANNEL NUMBER

O PRIOR TO IL-2 INDUCTION â€¢POST IL-2 INDUCTION(4 DAYS)
Fig. 3. Phenotype and lectin-binding characteristics of fractionated lympho

cytes, pre- and post-IL-2 stimulation; null and E* lymphocytes were phenotyped
prior to and 4 days following IL-2 stimulation by using fluoresceinated monoclo
nal antibodies and lectins.

tinins, prior to and following IL-2 stimulation (Fig. 3). As
previously demonstrated (20), the null cell fraction (LGL) ex
pressed more binding sites for /.. culinaris agglutinin when
compared with quiescent E+ lymphocytes. Unstimulated null

cells displayed few binding sites for V. villosa agglutinin but
stimulated cells bound more of this lectin. This was in contrast
to E+ lymphocytes which failed to bind this lectin prior to and
following IL-2 incubation. IL-2 failed to increase the number
of peanut agglutinin-binding sites available on either lympho
cyte fraction, and the number of /.. cu/inaris-binding sites on
null cells remained high during the course of the incubation. V.
villosa agglutinin has an affinity for JV-acetylgalactosamine (21).
Conceivably these residues could have been synthesized de novo

Experiment1EffectorNullE*Target

Conjugation"K562

Tu366
Aut.BI.*K562

Tu366
Aut.BI.21.627.8

10.420.7

10.9
5.4Cytotoxicity1000

333127

14
1Experiment

2Conjugation13.7

15.9
ND<11.4

16.5
3.1Cytotoxicity210

160
110

8.7
1

" Conjugation, percentage; Cytotoxicity, lytic units (LU)/10* cells.
"Aut.BI, autologous lymphoblasts derived from a 6-day mixed lymphocyte

reaction. Conjugation (%) to tumor targets and lysis (LU/106 cells) were measured
following incubation in 11.2. Though significant (and lower) conjugation to fresh
tumor targets was noted prior to IL-2 stimulation, no lysis of the fresh tumor
(TU366) was found.

' N.D., not determined.

by null cells or became more accessible following IL-2 stimu
lation.

Enumeration of Conjugation Frequency among E* and Null

Lymphocytes. A flow cytometric technique was used to enu
merate the frequency of cell conjugates formed between E+ and

null effectors with K562 or uncultured tumor targets. The
experiment presented in Table 4 demonstrates that both E+ and
null cell fractions, following stimulation with IL-2, were able
to conjugate the 366A fresh melanoma and K562 targets.
However, only a small proportion of either effector population
conjugated to autologous lymphoblasts. Furthermore, the abil
ity to conjugate to fresh tumor and K562 targets was not unique
to null cells, since T-cells bound equally well. Consequently, no
correlation existed between the frequency of conjugation with
these targets and the level of Cytotoxicity observed. Similar
results were obtained in several subsequent experiments with
this and other fresh tumor targets.

DISCUSSION

To accurately characterize and study cells mediating LAK
activity, we needed to prepare highly enriched populations of
these cells. The experiments described here demonstrate that
most of the cells mediating LAK activity are lymphocytes within
the null cell population. These cells were found to be predom
inantly Leu-11* (CD 16) and were a potent source of NK activ

ity. By isolating null cells we were able to purify the LAK
precursor 7- to 30-fold. In contrast, E+ lymphocytes mediated

little cytolytic activity. Several laboratories have shown that
NK activity is mediated almost exclusively by Leu-11-bearing
cells (13), and more recently that Leu-11 cells can be induced
to express LAK activity (7, 22, 23).

A small proportion of CD3+ lymphocytes have also been

shown to mediate LAK activity (22, 23). Throughout this series
of experiments E+ lymphocytes had weak or no LAK activity.

Whether this lysis was a consequence of a small proportion of
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contaminating CD16+ lymphocytes or was mediated by CD3+
T-cells is unclear. The exact relationship between NK and LAK

activities remains controversial. In part this is because both are
functional definitions which, at least in part, overlap. LAK
activity appears to be a property of null cells, but in the absence
of a specific marker for the precursor or effector the proportion
of these cells which actually mediates this activity remains
unknown. This obviously makes it difficult to attribute func
tional activity to a specific cell population. Previous experi
ments by this laboratory have shown that lymphocyte prolifer
ation forms a prerequisite for the induction of LAK cytotoxicity
(2). However, only a small proportion of LGL (5%) appear to
be capable of sustained proliferation in response to IL-2 alone,

as evaluated by the limiting dilution technique (24, 25). Never
theless, such determinations are difficult to interpret and prob
ably underestimate the frequency of IL-2-responsive cells, since
a proportion of clones may be only capable of limited cell
proliferation and thus not subject to analysis. Null cells are
phenotypically heterogeneous with respect to both CDS and
CD2 expression. Whether the LAK precursor resides predom
inantly in any of these subsets is still unknown.

The induction of LAK activity appeared not to require acces
sory cells since enriched populations depleted of monocytes
generated high levels of cytotoxicity. Induction of LAK activity
occurred even in the absence of serologically detectable expres
sion of IL-2R. Following IL-2 stimulation only a small propor
tion of null cells expressed IL-2R, transferrin receptor, or HLA-
DR, and when found were present at relatively low levels.
Consequently, the null cell fraction following IL-2 stimulation
showed little evidence of "activation" by markers normally

found on activated T-cells. The ability of null cells to respond
to IL-2 in the apparent absence of IL-2 receptors is intriguing.
This may be a consequence of either low level expression of a
conventional receptor, or the presence of a novel IL-2 receptor.
These possibilities are currently being investigated.

Throughout the course of the incubation null lymphocytes
retained a predominantly Leu-ll+, Leu-4~ phenotype. This is

in contrast to previous reports from our laboratory using crude
IL-2-containing preparations which claimed that LAK precur
sors were T3~, while effectors were T3+ (11). A similar phenom

enon has been reported by several laboratories which had cul
tured and cloned human NK cells (25,26). The reason for these
apparently contradictory observations remains unresolved, but
could result from the use of crude IL-2 containing conditioned
medium in these earlier investigations. Such sources of IL-2
undoubtedly contain other lymphokines, and possibly lectins,
which may have additional maturational effects on various cell
populations.

The mechanism by which IL-2 induces fresh tumor lytic
activity by LAK precursors remains unknown. Evaluation of
cell-cell conjugates indicates that the ability to conjugate with
these targets was not a unique attribute of null cells, since
separated T-cells, following IL-2 stimulation, also formed what
appeared to be nonlytic conjugates. This suggests that conjugate
formation, albeit a prerequisite to lysis, in itself is not sufficient.
Whether the increased cytolysis mediated by these cells is the
result of increasing the frequency of conjugation by null cells
or, alternatively, augmenting low levels of cytotoxicity ex
pressed by these cells is currently under investigation. In this
context, the K562 lysis by these cells has been shown to increase
by up to 2 orders of magnitude with IL-2 incubation. The
cytolytic activity could be a manifestation of a number of
independent phenomena, including increased kinetics of the

lytic stage, enhanced recycling of the effectors, or facilitating
conjugate formation.

The significance of changes in membrane-associated carbo
hydrate during cell activation or cell-mediated cytolysis remains
unresolved. T-cell activation has been associated with the in
duction of peanut agglutinin-binding sites (15), and more re
cently IL-2 has been shown capable of promoting V. villosa
binding sites on a T-cell clone (18,19). A modest but reproduc
ible increase in V. villosa-binding sites on null cells, but not T-
cell fractions was noted, following incubation with IL-2. This
could be a consequence of IL-2 preferentially activating a pro
portion of null cells which subsequently enter the cell cycle,
while quiescent T-cells are refractory to this lymphokine. V.
villosa lectin interacts with A'-acetylgalactosamine residues
which are,Â»-linked to serine and threonine in plasma membrane
glycoproteins (21). It is possible that these carbohydrates are
present on protein structures involved in LAK cytolysis. The
expression of A'-acetylgalactosamine by these cells may afford

a technique for the selection of cells mediating LAK activity
from IL-2 stimulated PBL. Techniques have previously been
reported using V. villosa to isolate murine cytotoxic T-lympho-
cytes (27) and contrasuppressor T-cells (28, 29).

Given the apparent in vivo efficacy of LAK cells in tumor-
bearing rodents and humans (3, 30), further investigation into
their properties and capacity to proliferate is justified. The
purification of cells mediating LAK activity will allow the
evaluation of the requirements for tumor target recognition and
subsequent lysis. The elucidation of the attribute which bestows
target susceptibility to this form of cytotoxicity will aid the
determination of the biological significance of this phenome
non. This is currently being investigated by using a cell conju
gate assay.
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