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ABSTRACT

Lymphocytes from human peripheral blood incubated with interleukin-
2 (IL2) develop lymphokine-activated killer (LAK) activity with the
ability to kill a wide variety of tumor cells in a non-major histocompati-
bility complex-restricted manner. Adoptive immunotherapy with LAK

cells and IL2 has been reported to lead to a regression of solid tumors in
some patients with advanced malignancies. Aiming to improve the effec
tiveness of clinical adoptive immunotherapy, we developed a procedure
for selective enrichment from human blood mononuclear cells (MNC) of
IL2-activated antitumor effector cells. These cells, termed adherent LAK
(A-LAK) cells because of their characteristic property of adherence to

plastic, demonstrated both higher proliferative potential and greater
antitumor cytotoxicity than unseparated MNC. Human A-LAK cells
represented only 1 to 4% of IL2-activated MNC at 24 h but expanded
from 130- to 1100-fold in 20 days. They comprised a population highly
enriched in CD3-Leul9+ effector cells with antitumor activity against
fresh human solid tumor cells and established cell lines. A-LAK cells

retained antitumor activity for up to 14 days when cultured in the presence
of IL2. They also mediated antibody-dependent cytotoxicity. Large-scale
generation of A-LAK cells from the blood of patients with cancer proved

feasible and should yield populations that are effective in vivo at lower
doses than those required with unseparated LAK cells. This offers the
potential for improving the antitumor effects, reducing the toxicity, and
facilitating the administration of adoptive immunotherapy in humans. A
Phase I/II clinical trial utilizing A-LAK cells and IL2 in patients with

melanoma and renal cell carcinoma is now in progress.

INTRODUCTION

Human MNC3 incubated in the presence of rIL2 develop

broad cytotoxic reactivity against autologous and allogeneic
fresh tumor cell targets and tumor cell lines (1-4). These
interleukin-2 activated lymphoid cells with antitumor reactivity
have been named LAK cells (1-4). Rosenberg and his colleagues
demonstrated that the adoptive transfer of LAK cells plus rIL2
to mice bearing experimental tumors resulted in the regression
of established micrometastases in the liver and lungs (5-10).
Adoptive therapy with LAK cells and high doses of r!L2 has
also produced some impressive regressions of tumors in patients
with advanced metastatic disease, who failed conventional ther
apy or for whom no other effective therapy was available (11-
13). However, two recent reports of these adoptive immuno
therapy trials indicated that clinical responses have been infre
quent and transient and that severe toxicity was associated with
the administration of high doses of rIL2 (11-13). Furthermore,
an apparent need for large numbers of LAK cells (i.e., greater
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than 10"' cells) has been one reason for the high cost and

demanding nature of the adoptive immunotherapy as practiced
today (14).

Presently, our understanding of the in vivo effects of adop
tively transferred LAK cells and of exogenous IL2 is limited.
Nevertheless, the therapeutic effects seen in some patients with
metastatic disease have been encouraging and its seems reason
able to predict that more effective adoptive immunotherapy
could be achieved. For example, one approach to improving
the efficiency of therapy may be the administration of purified,
highly cytotoxic effector cells. Such purified effectors could be
administered to patients in lower numbers or might require
lower doses of exogenous r!L2 for optimal in vivo effects. The
generation of such purified effector cells in vitro requires a
substantial initial enrichment in cells mediating antitumor ac
tivity and their subsequent expansion. In this manuscript, we
describe a procedure for the preparation and expansion in rl 1,2
of one such population of selected human effector cells, which
we have termed A-LAK cells.

NK-cells are known to proliferate in response to r!L2, with
out a need for an initial activating signal (15,16). 11,2 activated
NK-cells are highly efficient in killing most fresh and cultured
solid and leukemic tumor targets (17-20). In animal studies,
these cells eliminate tumor cells from the circulation and also
prevent the development of mÃ©tastasesin the lungs and other
organs (21). Recent evidence from many laboratories indicates
that NK-cells account for most, if not all, of the LAK activity
in cultures with IL2 of blood or splenic MNC in humans and
rodents (22, 23). Therefore, for immunotherapy, it might be
advantageous to isolate or enrich MNC in NK-cells prior to
expansion in rIL2. Recently, Vujanovic and colleagues de
scribed a procedure that is simple and highly effective in select
ing antitumor effector cells in cultures of rat splenocytes in IL2
(24). We demonstrate here that by applying this same technique
to human MNC from the circulation of normal individuals and
patients with cancer, it is possible to recover and expand a
population of A-LAK cells that are more potent mediators of
antitumor effector functions in vitro than LAK cells prepared
in a conventional manner.

MATERIALS AND METHODS

Peripheral Blood Lymphocytes. PBMNC were isolated from heparin-
ized venous blood of normal volunteers and patients with cancer by
centrifugation on Ficoll-Hypaque gradients. Buffy coat preparations
and leukapheresed blood were obtained from the Central Blood Bank
(Pittsburgh, PA) and PBMNC isolated on Ficoll-Hypaque gradients.
The cells were collected from the gradient interface, washed twice with
RPMI 1640 medium (GIBCO, Grand Island, NY) and counted in a
hemocytometer in a trypan blue dye. The cell concentration was ad
justed to 1 x 107/ml in a complete TCM consisting of RPMI 1640
supplemented with 2 HIML-glutamine, 100 U/ml of penicillin, 100 Mg/
ml of streptomycin (all from GIBCO) and with 10% (v/v) heat-inacti
vated pooled AB human serum (Central Blood Bank).

Preparation of A-LAK Cells. Fig. 1 is a schematic outline of a
procedure for the preparation of A-LAK cells. PBMNC resuspended
in TCM were loaded onto prewarmed nylon wool columns and incu-
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bated for 1 h at 37Â°Cin the atmosphere of 5% COz in air. The cells

were washed out with warm medium, concentrated by centrifugation
and adjusted to the concentration of 2 x 106/ml. An aliquot of cells

was stained with LeuM 1 monoclonal antibodies to confirm the removal
of monocytes. The monocyte-depleted PBMNC were incubated in TCM
containing 1000 U/ml of rIL2 (a generous gift of Cetus, Emeryville,
CA) in a plastic flask (T25 to T75 depending on the number of cells
available; Falcon Plastics) positioned on its flat side for 24 h. Following
24 h of activation in rIL2, supernatants containing cells that did not
adhere to plastic were decanted from the flasks, collected, and centri-
fuged. The cells adherent to plastic were washed several times with
prewarmed TCM to remove cells that were not firmly attached to
plastic. The recovered nonadherent cells were resuspended in fresh
TCM plus 1000 U/ml of rIL2 and cultured for 8-12 days. The plastic-
adherent (A-LAK) cells were supplemented with TCM containing 50%
(v/v) of autologous conditioned medium (i.e., supernatant recovered by
centrifugation of nonadherent cells) and 1000 U/ml of rIL2. These A-
LAK cells were also cultured for 8-12 days. PBMNC were also estab
lished in cultures with 1000 U/ml and cultured for 4 days as standard,
unseparated LAK cells (1).

Culture Conditions. Once the cultures of LAK, A-LAK or non-
adherent cells were established, they were observed and monitored for
cell numbers by hemocytometer cell counts in trypan blue every day.
The cell concentrations were maintained at 1.5-2.0 x 106/ml by sup

plying fresh TCM containing 1000 U/ml of rIL2 as needed. All incu
bations were at 37*C in 5% CO2 in air. To enumerate A-LAK cells at

24 h of activation, five fields of A-LAK cells were counted per flask
using a 40x objective, and the mean number of cells determined. The
number of A-LAK cells per flask was estimated by dividing the mean
cells per field by the area of one field in cm and then multiplying by
the area of the flask in cm2. Fold expansion of A-LAK cells was

determined on the basis of cell counts performed in trypan blue every
other day; the total cell number in culture was divided by the number
of adherent cells after 24 h of activation in r!L2.

Immunoperoxidase Staining. A-LAK cells were detached from plastic
immediately after 24-h activation with rIL2. A-LAK cells were detached
by the incubation with cold serum-free medium and scraping with a
rubber policeman. The cytocentrifuge smears were air-dried overnight,
fixed in cold acetone for 10 min, and stained with monoclonal antibod
ies to surface antigens on human MNC: Leu4, Leu 19, Leu 11, Leu7,
LeuM 1 (Becton-Dickinson, Mountain View, CA) by indirect immuno-
peroxidase technique as described by us earlier (25).

Flow Cytometry. Cultured cells were adjusted to the concentration
of 0.5 x 106/ml in phosphate buffered saline-0.1% (v/v) sodium azide
buffer and stained with fluorescein- or phycoerythrin-labeled mono
clonal antibodies specific for the NK-associated (Leu 19, Leul 1, Leu7),
T-cell associated (Leu4), activation (anti-IL2R and HLA-DR) and
monocyte-associated (LeuMl) cell surface markers. All monoclonal
antibodies were purchased from Becton Dickinson. Staining and two-
color flow cytometry on FACStar were performed as described by us
earlier (26).

Cytotoxicity Assays. To be used as effectors in cytotoxicity assays,
the adherent A-LAK cells were detached from plastic by washing with
cold serum-free medium and dislodging cells with a rubber policeman.
The recovered A-LAK cells, LAK cells, or nonadherent MNC were
tested for cytotoxic activities against fresh or cultured tumor cell targets
in "Cr-release assays. Four-h "Cr-release assays were performed using
5 x IO3 tumor cell-targets labeled with 150 MCiof [5lCr]sodium chro-
mate (NEN; specific activity, 5 mCi/ml) for 1 to 2 h at 37Â°C.Washed

target cells were added to wells of 96-well U-bottom plates (Costar)
and incubated with effector cells at effectontarget (E:T) ratios ranging
from 50:1 to 6:1. In some experiments, E:T ratios were from 12:1 to
0.4:1. Plates were centrifuged at 65 g for 5 min and incubated in 5%
CO2 in air at 37"C. Supernatants were harvested using Skatron har

vester. All determinations were done in triplicates. Radioactivity was
counted in a gamma counter, and percentage of specific lysis determined
according to the formula:

Experimental mean cpm â€”spontaneous release mean cpm
Maximal mean cpm - spontaneous release mean cpm x 100

Lytic units were calculated according to the equation of Pross et al.
(27). One lytic unit was defined as the number of effector cells needed
to lyse 20% of the targets under the experimental conditions described
above and calculated per 10' effector cells. Spontaneous release was

always less than 10%.
Tumor Cells. Tumor lines K562 and Raji were maintained in culture

in RPMI 1640 with 10% fetal bovine serum (GIBCO). Cells were
subcultured as needed, and cells in the log phase were used for cytotox
icity assays. Fresh human tumor biopsies (glioblastoma and renal cell
carcinoma) were obtained from surgery and dissociated by enzymatic
treatment as described by us earlier (28). Following the separation on
differential Ficoll-Hypaque gradients, tumor cells were recovered from
the upper interface, washed, checked for viability and counted in Trypan
blue dye. Tumor cells were cryopreserved in 90% human serum and
10% dimethyl sulfoxide by controlled-rate freezing (CryoMed, Mount
Clemens, MI). Immediately prior to cytotoxicity assays, tumor cells
were thawed, washed in TCM, checked for viability, and labeled with
"Cr to serve as targets. Only tumor cells that gave spontaneous release

<20% were used as targets.
Antibody-dependent Cytotoxicity. Antibody-dependent cellular cyto

toxicity was performed with A-LAK cells as effectors and cultured
colon line (LS 174; obtained from Dr. A. Charles Morgan, Neo Rx,
Seattle, WA) in the presence of anticolon antibody. The colon tumor
cells maintained in RPMI 1640 supplemented with 10% fetal calf
serum were washed and labeled with [51Cr]sodium enrÃ³mate. The target
cells were pretreated with the anticolon monoclonal antibody NR-CO-
Ol-seed 01 (Neo Rx Corp., Seattle, WA) at a 1:1600 dilution for 1 h.
The target cells (500/well) were plated in triplicate wells and the effector
cells were then added at the 10:1, 5:1, 2.5:1, and 1.25:1 E:T ratios. The
plates were centrifuged and 100 ^ I aliquots of supernatants were
counted in a Beckman liquid scintillation counter.

Morphology. Cultured cells were washed once and resuspended in
complete medium at the concentration of 1 x IO6cells/ml. Cytocentri-

fuged cell preparations (Shandon, Sewickley, PA) were allowed to air
dry and were fixed in methanol for 5 min prior to staining with May-
Grunwald-Giemsa stain. Cells were viewed in a Leitz light microscope.

RESULTS

Generation and Expansion of A-LAK Cells. A-LAK cells were
obtained by adherence to plastic of 24-h rIL2-activated, mon
ocyte-depleted MNC from normal volunteers (see Fig. 1) and
then expanded in long-term cultures in the presence of rii,2.
The critical parameters for a successful generation of A-LAK
cells were: (a) removal of monocytes by adherence to nylon
wool; (b) length of activation in the presence of rIL2; (c) surface
area available for the adherence of rIL2-activated A-LAK cells;
(d) initial concentration of A-LAK cells; (e) use of autologous
conditioned medium at the start of A-LAK cultures; (/) con
centration of A-LAK cells in expanding cultures.

A-LAK cells, which generally represented from 1 to 4% of
the initial rIL2-activated MNC, expanded better and faster than
autologous nonadherent cells or unseparated MNC under the
same growth conditions (Fig. 2; Table 1). For normal individ
uals, the expansion of A-LAK cells varied from 130- to 800-
fold by 12 days in culture.

It should be pointed out that to achieve optimal expansion
in rIL2, A-LAK cells had to be supplemented with conditioned
supernatants (50% v/v) from unfractionated autologous MNC
cultures in rl 1,2. It is likely that in addition to IL2, other growth
factors produced by IL2-activated MNC are necessary for op
timal expansion of A-LAK cells. Also, it was essential to
maintain the cell concentration of A-LAK cells at less than 2
x 10* cells/ml to achieve optimal expansion.

Characteristics of rIL2-activated Plastic-Adherent Cells. To
determine the nature of the adherent cells in 24-h cultures in
rIL2, their surface characteristics and cytotoxic activity were
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BLOOD, BUFFY COAT or LEUKAPHERESIS

I Ficoll-Hypaque gradient

MONONUCLEAR CELLS (MNC)

j Nylon-wool column

MNC-DEPLETED OF MONOCYTES

Suspend in RPMI 1640 with rIL2 (1000U/ml),
10% AB human serum, 2mM glutaraine, antibiotics

Fig. 1. A schematic representation of hu
man A-LAK cell activation, preparation, and
culture.

Incubate in a plastic flask
positioned on its flat side for 24 hrs
(2xl06 cells/ml)

UNSEPARATED
LAK CULTURE
(2X106 cells/ml!

Decant supernatant

ADHERENT CELLS (A-LAK)

Add 50% autologous
conditioned medium

NON-ADHERENT CELLS

Centrifuge, recover
conditioned medium

Culture for 8-12 days

EXPANDED ADHERENT
(A-LAK) CELLS

Add 50% autologous
conditioned medium

EXPANDED NON-ADHERENT
CELLS

ADH (1)

LU
â€¢o

8 10 121416

Days in Culture

Fig. 2. Expansion of human A-LAK cells (ADH) obtained by IL2-induced
adherence from two normal donors ( / and 2) and of autologous nonadherent cells
(NADH). The cells were incubated in the presence of 1000 U/ml of rIL2, and cell
numbers were determined on different days of culture. Expansion fold of A-LAK
cells is plotted on a log scale (ordinate) and related to days in culture (abscissa).
Normal donor 1 gave the best fold expansion observed in a series of 30 donors
studied. Donor 2 is representative of proliferative responses in r!L2 of A-LAK
cells.

studied. Following a 24-h period of incubation of MNC in the
presence of rIL2, nonadherent cells were removed, and A-LAK
cells were detached from plastic surfaces using cold serum-free
medium and a rubber policeman. Because A-LAK cells repre
sent less than 1% of total MNC initially activated with r!L2,
only a limited number of cells could be recovered from plastic
prior to their expansion. Nevertheless, we were able to recover
sufficient number of cells to perform cytotoxicity assays and to
determine the phenotypic characteristics of 24-h A-LAK cells
by immunoperoxidase staining of cytospin preparations or two-
color analyses by flow cytometry (Table 2). A-LAK cells were

Table 1 Expansion of A-LAK, nonadherent lymphocytes and unseparated MNC
obtained from normal human peripheral blood

Peripheral blood MNC were separated into A-LAK and nonadherent cells as
described in "Materials and Methods" and cultured in the presence of 1000 U/

ml of rIL2. Unseparated autologous MNC were also cultured. Cell numbers were
determined by counting cells suspended in a solution of trypan blue in a hema-
cytometer on successive days of culture. Fold expansion was calculated for every
culture. Data are ranges of the magnitude of expansion obtained with cultures
from six normal individuals.

Day of culture2

4
8

12
14A-LAK3-50

8-80
45-200

130-800
190-800Fold

expansionNonadherent0.5-0.9

1.2-3.0
0.7-7.0
0.7-2.0
0.8-2.0Unseparated0.75-1.0

1.0-1.5
1.0-3.0
1.0-3.0
1.0-3.0

highly enriched in NK-cell activity and also had higher cytotoxic
activity against NK-cell-resistant targets such as Raji as com
pared with nonadherent cells. A-LAK cells were enriched in
cells expressing NK-cell-associated markers such as Leu 19
(NKH1), Leul 1 (CD 16), and Leu7, as indicated by flow cytom
etry studies. In contrast, cells with a T-cell phenotype (CD3+)
represented less than 26% of 24-h A-LAK cells (Table 2).
Immunoperoxidase staining of two other 24-h A-LAK cell
preparations followed by cell counts confirmed an enrichment
in Leu 19+ cells. Enrichment in cells expressing the NK phe
notype at 24 h of activation with rIL2 was variable among
normal donors. This may, in part, be explained by the tendency
of some of the cells to only weakly express NK-associated
antigens such as Leu 19 (Fig. 3, A and B). These characteristics
might contribute to low estimates of the enrichment when
evaluated by flow cytometry. It is of note that a high proportion
of 24-h A-LAK cells expressed the receptor for IL2, in contrast
to the low frequency of IL2R+ cells in 24-h unseparated cul
tures (Table 2). The adherent cells were not positive for the M l
antigen (Fig. 3D) associated with circulating monocytes and
granulocytes, and thus contamination of the A-LAK cell frac
tion by monocytes could be ruled out.

To determine if the recovery of A-LAK cells could be im-
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Table 2 Enrichment in cells with NK phenolype and with NK-cell activity in
human A-LAK cell fractions recovered from plastic surfaces after initial 24-h

activation with rlL2
Normal human MNC were activated for 24 h with rIL2 as described in

"Materials and Methods." Immunoperoxidase staining was performed on de
tached A-LAK cells as specified in "Materials and Methods." The recovered A-

LAK cells represented 1-2% of the cells in the initial culture, so that simultaneous
cytotoxicity and marker analyses could not be performed due to the paucity of
these cells. Data from representative experiments are shown. Experiments de
noted by numbers in this and all other tables are unrelated to each other.

Lytic units/IO7CytotoxicityExp.

1
A-LAK

NonadherentExp.

2A-LAK

NonadherentK562658

85654

70RajiNDÂ«

ND230

63%

positivecellsLeul9

Flow cytometry (NKH 1)Exp.

3
A-LAK 42
Unseparated2Exp.

4
A-LAK NDLeu4

Leu 11
(CD3)* (CD16)25

59
86620

46Leu?47

4431L2-R58631%

positivecellsLeul9

Immunoperoxidase(NKH1)Exp.

5
A-LAK63Exp.

6
A-LAKNDNonadherent

5OKT3(Leu4,CD3)25295Leu

11
(CD16)7869

6Leu75439ND
" ND, not done.
* The antigen cluster designations (CD) are given in parentheses when avail

able. NKH1 is an alternative designation for Leu 19 antibody which reacts with
M, 220,000 antigen present on human NK-cells.

proved by the incubation of MNC in rIL2 for a period longer
than 24 h, we performed such incubations for 24, 48, 72, and
96 h prior to separating the adherent and nonadherent cells
(Table 3). While the cytotoxic activity of the adherent cells, as
measured immediately after their recovery from plastic, in
creased appreciably with prolonged activation time, that of
nonadherent and control unseparated cultures was augmented
much less. Importantly, however, following expansion with
rIL2 for 8 days, cytotoxicity of adherent cells was highest in
the cultures of 24-h adherent cells (Table 3). This can be
explained by the observation that the initial incubation for more
than 24 h resulted in the adherence of increasing numbers of
cells which exhibited the T-cell phenotype (CD3+). Following
expansion in rIL2 of cells adherent between 48 and 96 h, the
frequency of CD3+ phenotype was equal in the adherent and
nonadherent fractions (Table 4). Thus the advantage of the
enrichment in cells with NK-cell characteristics was lost, if the
initial adherent step exceeded 24 h.

Characteristics of A-LAK Cells Expanded in rIL2. The phe-
notypic analysis of A-LAK cells obtained by a 24-h adherence
and expanded for 7 to 12 days in cultures with rIL2 indicated
that a great majority of these cells expressed the Leu 19 marker
(Table 5) that is generally associated with human NK-cells (29,
30). A substantial proportion of Leu 19+ cells also expressed
the CD 16 antigen. Cells with the CD3-Leul9+ phenotype
represented from 57 to 94% of the total cells in these cultures.
CD3+Leul9+ cells were 2 to 22% and CD3+Leul9- cells,

only 2 to 21%. LeuM3+ cells were rare. This high degree of
enrichment in the CD3-Leul9+ cells after expansion in rIL2
was seen consistently and was considerably more than that
observed at the time of adherence (see data in Table 2 versus
Table 5). These observations imply a selective outgrowth of the
CD3-Leul9+ cells, rather than CD3+ T-cells, under the culture
conditions used.

The antitumor effector function of expanded A-LAK cells
was measured against cultured (K562, Raji) and fresh cryopre-
served tumor cell targets. A-LAK and nonadherent cells, as
well as unseparated MNC, were cultured under the same growth
conditions in the presence of 1000 U/ml of rIL2 for 8 to 14
days and then assayed for their cytotoxic activities (Table 6).
On a per cell basis, A-LAK cells expanded in IL2 had more
cytotoxicity against cultured and fresh tumor cell targets than
unseparated MNC. In spite of a considerable variation from
donor to donor in the level of cytotoxic activity, A-LAK cells
showed a consistent advantage over unseparated MNC in killing
of fresh tumor-cell targets (Table 6). Although A-LAK cells
achieved a many-fold greater proliferation in cultures than did
unseparated MNC, the total lytic units of cytotoxicity calcu
lated on the 10th or 12th day of growth were often higher in
unseparated cell cultures (Table 7). That occurred because the
initial cell number was much higher in the unseparated MNC
cultures and because the latter probably contained A-LAK-cell
precursors that remained in suspension after the separation of
adherent cells. When, however, cytotoxicity in lytic units per
IO7cells was compared, A-LAK cells were more cytotoxic than

unseparated cultures (Table 7). These experiments showed that
selection of rIL2-activated A-LAK cell population resulted in
enhanced in vitro cytotoxicity. In our hands, both expansion
and cytotoxicity were generally lower in unseparated MNC
than either adherent or nonadherent cell cultures.

Additional functional characterization of A-LAK cells indi
cated that they were capable of mediating antibody-dependent
cellular cytotoxicity, both after the 24-h adhesion/activation
step and after expansion in rIL2 (Table 8). In fact, the augmen
tation of antitumor cytotoxicity by the monoclonal antibody
used was substantially more evident with "fresh" A-LAK than
with A-LAK cells expanded in r!L2, which already show very
high antitumor activity in the absence of added antibody.

In order to determine whether A-LAK cells had effector-cell
activity against normal human blood and tissue cells, 51Cr-

release cytotoxicity assays were performed in which autologous
cultured monocytes, autologous phytohemagglutinin-induced
lymphocyte blasts and allogeneic cultured normal human der
mal fibroblasts served as targets. A-LAK cells as well as unsep
arated MNC from 8-day cultures with rIL2 had no detectable
cytotoxicity on normal T-cell blasts and showed variable but
comparable cytotoxicity on cultured monocytes and fibroblasts
(data not shown).

Morphological analysis of May-Grunwald-Giemsa-stained
smears indicated that A-LAK cells expanded in IL-2 for 10
days had the morphology of LGL with abundant cytoplasm and
prominent cytoplasmic granules (Fig. 4.4). In unseparated cul
tures, grown in parallel under the same conditions, such cells
represented a minority of the expanding population (see Fig.
45), and these cultures contained a mixture of small and large
cells. Immunoperoxidase stains of cytospin preparations of A-
LAK cultures showed that the cells with LGL morphology
expressed the Leu 19 marker, while the CD3 antigen was ex
pressed mainly on smaller cells.

Observations under phase contrast illumination of A-LAK
cultures growing in rIL2 showed large numbers of granular
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Fig. 3. Immunoperoxidase staining of A-LAK cells detached front plastic after 24-h activation with rIL2. The 24-h A-LAK cells were stained with anti-Leu 19 in
(A) and (fi); anti-Leu 11 in (C); and anti-LeuMl in (D) (x 1300).

Table 3 NK and LAK activities of adherent and nonadherent LAK cells collected
at different times of adherence to plastic and following 8 days of culture in rlL2

MNC obtained by leukaphoresis of a normal volunteer and purified by centri-
fugation on Ficoll-Hypaque gradients were processed and cultured as described
in "Materials and Methods." After incubation periods ranging 24-96 h, the

nonadherent cells were decanted, sampled for cytotoxicity assays, and expanded
in fresh medium for a total of 8 days in culture. A-LAK cells were either recovered
for assays (flask 1) or supplied with autologous conditioned medium and cultured
to expand A-LAK for up to 8 days (flask 2). Cells in flask 3 were unseparated,
and they were also grown in rIL2 for 8 days. All 8-day cultures were tested for
antitumor cytotoxicity. Data shown are from a representative experiment.

Cytotoxic activity (LU/107cells)After

separa
tionTime

of col
lection(h)2424484848727272969696Cell

popula
tionAdherentNonadherentAdherentNonadherentUnseparatedAdherentNonadherentUnseparatedAdherentNonadherentUnseparatedK562658853103586522386657677330741493694RajiNDÂ°24NDNDND14333603631188926505After

8 days in
cultureK5625001258537501698ND25591605ND3279107540Raji266414841625808ND1624784ND127490117

' ND, not done.

cells which were tightly adherent to the surface of the plastic
flask. Variable numbers of detached cells floated in the culture
medium, and they uniformly exhibited blast-like morphology
(Fig. 4C). In contrast, unseparated cultures of MNC contained

Table 4 Surface markers of A-LAK and nonadherent lymphocytes obtained by
differently timed adherence and after expansion in rIL2

A-LAK and nonadherent cells, which were separated by adherence lasting 24-
96 h, were cultured in rIL2 for 8 days. Following expansion in rIL2, the cells
were recovered, washed, and stained with fluorescein- and phycoerythrin-labeled
monoclonal antibodies to surface antigens on MNC. Two-color flow cytometry
was performed on FACStar. Data shown are from a representative experiment.

% positive cells

Cellpopulation24-h

adherent24-h
nonadherent48-h
adherent48-h
nonadherent72-h
adherent72-h
nonadherent96-h
adherent96-h
nonadherentUnseparatedLeul9793148273923431234Leu4

(CD3)437873877890779582HLA-DRSO5870528159763353

relatively few of the adherent and granular cells and many more
smaller and free-floating nonblastic cells (Fig. 4D). A transfer
of floating cells from A-LAK cell suspensions to new plastic
flasks resulted in the appearance of adherent cells within 2 h,
suggesting that the A-LAK cells may alternate between adher
ent and nonadherent growth phases.

Generation of A-LAK Cells in Patients with Cancer. Although
A-LAK cells could be successfully generated from MNC of
most normal donors, it remained to be confirmed that A-LAK
cells and activity could be also obtained from the blood of
patients with cancer. When circulating MNC from patients
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Table 5 Surface markers of Human A-LAK cells after expansion in rIL2

Data represent 12 experiments performed with fresh normal bloods obtained
from normal volunteers. Cells were expanded in 1000 U/ml of IL2, for 8-12
days, washed, stained with monoclonal antibodies, and examined by flow cytom-
etry to determine percentages of stained cells.

% positivecellsExp.1

2
3
4
5
6
7CD3-Leul9+77

88
75
90
68
57
80CD3+Leul9-2

6
1121821

14CD3+Leul9+ND

5
10
6

11
22

6LeuM31

1
02

1
00%

positivecellsExp.8

9
10
1112CD3-Leul9+94

768773

88CD3+Leul9-3

16
3
43CD3+LÂ«ul9+2

7
2
3
4CD16+38

12
39
22
43

Table 6 Cylotoxicity of A-LAK cells and unseparated cells after culture for S or
14 days in rIL2

Data expressed in lytic units/IO7 cells are from representative experiments

performed with fresh human peripheral bloods obtained from different normal
volunteers.

Fresh tumortargetsExp.

1"
A-LAK

UnseparatedExp.

2"
A-LAKUnseparatedExp.

3*
A-LAK

UnseparatedExp.

4*
A-LAK

UnseparatedExp.

5'
A-LAKUnseparatedExp.

6C
A-LAKUnseparatedK5622,04924274461314,789

7024,876

2,197K5625,580

3,49110,552

8,528Raji

Renal cell CA EndometrialCA5817549

327,066

6096,028

3,290Raji

Daudi1,741

867
970706,033

1,332
768 431634267

387313153,366

681Renal

cellCA124

0584

031

14317NDNDOvarian

CA967

2654,317

505
Â°Expanded A-LAK or unseparated cells were tested on Day 8 of culture.
* Cells tested on Day 12 of culture.
' Cells tested on Day 14 of culture.

with different types of malignancies were used as a source of
A-LAK cells, their adherence to plastic and expansion in rIL2
differed sometimes from those found with normal donors.
Although A-LAK cells could be obtained from these patients'

blood as a result of 24-h activation and subsequent expansion
in rIL2 for 10 days, these cells did not always expand as quickly
or to the same degree as cells from normal donors (Table 9).
The typical LGL morphology observed with the patients' A-

LAK cells and the enhanced killing of both NK-cell-sensitive
and NK-cell-resistant cultured targets and, especially, fresh
tumor targets were consistent with the findings in A-LAK
cultures of normal donors. Preliminary experiments indicate
that with patients' MNC, an activation period longer than 24

h facilitates generation of A-LAK cells and their subsequent
proliferation.

DISCUSSION

Using a simple adherence technique for the enrichment of
IL2-activated human NK-cells, it was possible to obtain upon
further expansion in rIL2 antitumor effector cells with consid
erably higher lytic units of activity than those demonstrated by
the standard 4-day LAK cell cultures or long-term unseparated
MNC cultures. The adherence technique we describe is not a
purification method for NK-cells, however. It allows for enrich
ment of non-major histocompatibility complex restricted effec
tor cells that in normal individuals and many patients with
cancer express NK-cell-like phenotypic determinants (CD3-
Leul9+). The IL2-activated adherent cells represent a homo
geneous and highly effective population of killer cells.

The mechanism by which A-LAK cells become adherent to
plastic is not yet known. However, the time of activation in
rIL2 appears to be critical for the successful enrichment by
adherence in A-LAK cells. This may relate to different in vitro
kinetics of activation and of proliferation exhibited by NK-
versus T-cells in our experiments. Also, the optimal adherence
time varies for each individual, and in patients with cancer, it
may have to be extended up to 48 h for successful generation
of A-LAK cells. The method facilitates a selection of those
MNC in the population that are most responsive to IL2 and
capable of very rapid proliferation to yield an impressive num
ber of effector cells in 2 weeks of culture. Although the plastic-
adherent cells represent only a minority of MNC cells with
therapeutic potential, they appear to be the most efficient killer
cells. This higher cytotoxicity of A-LAK cells may be further
enhanced by a removal of suppressor cells, either monocytes or
T-cells or both, which in unseparated LAK cell cultures might
suppress the activation, proliferation, or cytotoxic activity of
the effector cells. In addition, removal of monocytes is a pre-

Table 7 Numbers of cells and total lytic units of cytotoxicity in A-LAK
unseparated-cell cultures after expansion in rIL2

All cultures were grown under the same conditions in the presence of 1000 U/
ml of rIL2 for 7 days and for 12 days in Exp. 3. Data from three representative
experiments with fresh normal human MNC. The adherent cells initially repre
sented less than 1% of the total cells in culture. Cultures were initiated with MNC
obtained from 20 ml of fresh human blood.

Cell number(xlO-7)InitialExp.

1
A-LAKUnseparated

1.0Exp.

2
A-LAKUnseparated

1.0Exp.

3
A-LAK
Unseparated 1.07

days0.25

0.920.2

1.80.21

1.3LUV

IO7cellsK5624,584

1,7924,400

3,40314,789

702Raji6,008

3,6191,740

1,3487,066

609Total

LUK5621,146

1,649893

6,1283,106

913Raji1,502

3,330348

2,4261,484

792*
LU, lytic units.

Table 8 Antibody-dependent cellular cytotoxicity activity of fresh and IL2-
expanded A -LAK cells from normal peripheral blood

Antibody-dependent cellular cytotoxicity was performed with 24-h and 8-day-
old A-LAK cultures from the same donor.

E:T ratio (% specificlysis)Time

inculture24-h
-MoAb

24-h +MoAb
8-day -MoAb
8-day +MoAb10:110.319.7

57.3
69.95:17.1

8.843.2

57.02.5:13.7

9.4
32.0
37.01.25:12.2

4.8
20.4
23.9LU/107

cells99.8

198.2
1707
2232
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Fig. 4. Morphology of A-LAK (A) and LAK (B) cells in 8-day cultures with rIL2. May-Grunwald Giemsa stain (x 1250). The insert in (A) shows a typical A-LAK
cell under higher magnification (x 2500). 12-day cultures of A-LAK (C) and unseparated MNC (D) cells are shown in lower panels. Phase contrast (x 500). Note
that A-LAK cells have cell morphology consistent with that of activated blasts while unseparated MNC grown in parallel under identical conditions contain few
blasts.

requisite for successful enrichment in IL2-activated effectors by
adherence to plastic.

Both in rIL2 cultures and in patients treated with LAK/rIL2
therapy, NK-cells appear to be responsible for antitumor effects
(29, 30). Thus in a recent Phase II trial of combined autologous
LAK cells and rIL2 therapy, essentially all cytotoxicity in the
blood of patients undergoing therapy was mediated by activated
NK-cells and not by T-cells (30). We, therefore, reasoned that
it should be advantageous to isolate or enrich NK-cells by
technology easily adaptable to a large-scale process needed for
immunotherapy in humans. The procedure that we have devel
oped for enrichment of IL2-activated NK-cells, when combined
with centrifugal elutriation, lends itself well to processing of
large blood volumes and cell numbers required for adoptive
immunotherapy (e.g., 1 x IO9 effectors in 2-week cultures
starting with MNC from 4-h leukapheresis"). The technique is

easy, less labor intensive than almost any other cell enrichment
method and produces sufficient recoveries of effectors with
excellent antitumor activity.5

4 Manuscript submitted for publication.
5Manuscript in preparation.

The practical consequence of the approach described here
may be far-reaching, because it aims at immunotherapy with
small numbers of highly cytotoxic purified effectors. The opti
mal number of LAK cells necessary for effective therapy of
advanced human cancers has not been established and may vary
depending upon a patient's ability to generate LAK activity in

vitro. In murine models of established mÃ©tastases,the efficacy
of the therapy was related to the dose of LAK cells and IL2
administered (9). A recent report by Rosenberg et al. (12)
indicated that among patients with advanced metastatic dis
eases who received infusions of 7.9 x 10'Â°LAK cells per course

in five courses, those who achieved complete responses did so
following a single dose of treatment (12). This implies that in
a responsive individual, the success of the immunotherapy is
more dependent on the cytotoxic antitumor potential of the
infused effector cells than on their numbers. The A-LAK cells,
which represent the population selected for a potent antitumor
activity, should be required in substantially lower numbers than
LAK cells for successful therapy. We have indications that in
tumor-bearing rodents, A-LAK cells are much more effective
in eliminating established mÃ©tastasesand thus can be adminis-
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Table 9 Generation of A-LAK cells from the blood of patients with cancer REFERENCES

Patients1.

AML inremissionA-LAKUnseparated2.

GlioblastomaA-LAKUnseparated3.

Renal cellCAA-LAKUnseparated4.

Renal cellCAA-LAKUnseparated5.

MelanomaA-LAKUnseparated6.

Renal cellCAA-LAKUnseparated7.

GlioblastomaA-LAKUnseparatedFold

expansion o
Day 10-12 in

culture83290133*1.91.5'1.51.2e4.31251.64006.9Cytolytic

activity(LU/
IO7cells)

.nK562319626611334915525236322942220963755200435230291072254Solid
tumor

Rajitargets2825609523231125635595029327601433133313485351051ND"ND272*9054"1219"8NDND424a99241'74

Â°ND. not done.
* Tested on fresh cryopreserved glioblastoma cells.
c Patients 3, 4, and 5 were tested on the same day. The adherent cells did not

expand well after Day 5 in the adherent cell cultures. In spite of poor expansion,
the adherent cells had higher cytotoxicity than Unseparated cells.

Â¿Tested on a fresh cryopreserved allogeneic renal cell CA target.
' Tested on a fresh cryopreserved autologous glioblastoma cell target.

tered in lower doses than LAK cells.6 Additionally, we have

preliminary evidence that the doses of rIL2 administered with
A-LAK cells to tumor-bearing rodents and required for tumor
regression may also be lower than those used in the standard
LAK protocols. Furthermore, A-LAK cells may be better effec
tor cells not only by virtue of their direct cytotoxic antitumor
activity, but also because of their adherence characteristics,
which may influence binding of these cells to tumor and tissue
cells as well as their trafficking in vivo.

The rationale for the potential advantages and importance of
A-LAK cells for adoptive immunotherapy in humans is com
pelling: A-LAK cells represent a relatively homogenous popu
lation of effectors selected for antitumor activity against a wide
range of human solid tumors and with particularly potent
reactivity against fresh tumor cells; A-LAK cells may be effec
tive in lower doses, reducing the complexity of the therapy; A-
LAK cells may require lower doses of recombinant IL-2, thus
making treatment more tolerable to patients with cancer. Fi
nally, by focusing on cells with antitumor effects rather than
utilizing a complex mixture of lymphocytes, the mechanisms
involved in antitumor cellular therapy may be better investi
gated. Additional studies are in progress in our laboratory to
assess the in vivo activity of human A-LAK cells both in
experimental animal models and in a Phase I/II clinical trial
which has already commenced.
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