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IN VIVO EFFECTS OF RECOMBINANT IL-2
I. Isolation of Circulating Leu-19 Lymphokine-Activated Killer Effector Cells from
Cancer Patients Receiving Recombinant IL-2
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This study was designed to isolate and phenotypically characterize lymphokine-activated killer (LAK)
cells generated in vivo during administration of high
dose rIL-2 to cancer patients. The development of circulating LAK effector cells in these patients was demonstrated by the ability of fresh PBL to exhibit lytic
activity against the NK-resistant Daudi cell line and
fresh tumor cells without prior in vitro culture with
rIL-2. Kinetic studies demonstrated that circulating
LAK effector cells are detectable 4 to 6 wk after the
initiation of rIL-2 therapy. Cells isolated by FACS revealed that circulating LAK cells are Leu- 19+,Leu17+but CD5-. We have previously reported that circulating Leu- 19 cells are heterogeneous with regard
to the expression of CD 16 and CD8. Since sorting of
cells expressing Leu- 19 and either low quantities of
CD8 or CD 16 resulted in cytolytic activity in both the
positive and negative fractions, these latter
two markers do not identify subpopulations of Leu-19 cells
with or without LAK cytolytic activity. Although all
LAK cells generated in vivo were Leu-19 * we generated LAK cells from the Leu-19- subpopulation after
in vitro culture with rIL-2, suggesting that at least
some of in vitro generated LAK cells are derived from
Leu-19- precursor cells. These LAK cells did not,
however, express the Leu-19 surface marker. Based
on the functional data reported in thispaper, we conclude that circulating LAK effector cells are a phenotypically heterogeneous population that express
surface Ag in association with NK cells and not T lymphocytes.
+

+

+

may play an importantrole in immunesurveillance against
malignant cells. In fact, Rosenberg and others recently reported that infusion of LAK cells in vivo along with rIL-2
resulted in a greater than 50% reduction in tumor size of
patients witha variety of otherwise refractory malignancies
(5-9).
Historically, LAK cells have been defined functionally by
their ability to lyse fresh tumor andNK-resistant cell lines.
Previous experiments attempting to phenotypically characterize these cells have been controversial. These studies
have suggested a role for both T lymphocytes and/or NK
cells at both the precursor and LAK effector cell stage of
differentiation (2, 3, 10-16). Many of these studies have
utilized negative selection of a population of cells (antibody
and C pretreatment or panning) to characterize the phenotype of LAK cells ( 2 , 3 , 13, 16).At the precursorlevel, these
experiments have been difficult to interpret since a failure
to generate LAK cells could be due to removal of a cell indirectly involved in differentiation rather than the depletion of the LAK precursor cell. At the effector cell level,data
have suggested that LAK effector cells are a heterogeneous
population ( 16).Therefore, the removal of one effector cell
population by negative selection may not eliminate all cytolytic activity.
In our previous studies we demonstrated that cancer patients treated with high dose rIL-2 have significant alterations in the phenotypic composition of circulating PBL
(1 7)
(T. M. Ellis, S. P. Creekmore, D. P. Braun, J. E. Harris,
and R. I. Fisher, manuscript in preparation).
These changes
include: 1 ) increased percentages of Leu- 19 and CD 16
cells, 2) variable decreases in percentages of CD3+ cells, 3)
increased percentages of Leu-17+ cells, and 4) decreased
percentages of CD8' (bright) cells with concomitant increase in percentages of CD8' dull (CD8d') cells.
In this report, we present data on the phenotypic identification of LAK effector cells generated in vivo. After approximately 4 to 6 wk of high dose rIL-2 therapy, freshPBL
are able to lyse the NK-resistant Daudi cell line and fresh
tumor cells in a 4-h 51Cr-release assay. Our results demonstrate that LAK effector cells isolated from fresh PBL by
FACS are Leu-19 and Leu-17 but CD5 . Furthermore,
Leu- 19' LAK effector cells activated in vivo are a phenotypically heterogeneous population with regard to the expression of the CD8 and CD16 antigens.
+

LAK2 cells are generated after culture ofPBL with IL-2
(1-4). LAK cells are distinguished from NK cells and cytolytic T cells by their ability to lyse NK-resistant cell lines
and fresh tumor cells in a non-MHC restricted fashion (2).
Because of their ability to lyse fresh tumor cells, LAK cells
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MATERIALS AND METHODS

Reagents and cell lines. The MAb anti-Leu-1 (CD5). anti-Leu-2 (CD8).
anti-Leu-1 IC
(CD16). anti-Leu-17, and anti-Leu-19 were purchasedfrom
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Becton Dickinson (MountainView, CAI. These antibodieswere directly
conjugated with either FITC (Leu-1 and Leu-21 or PE (Leu-llc. Leu17. and Leu-19). TheNK-sensitive K562 cell line and the NK-resistant
wi ceil generation in vivo. PBL from patients receiving
Daudi cell line were obtained from the American Type Culture CollecU/m2 were
tion (Rockville. MD) and were maintained in RPMI 1640 with 10%
FCS doses of rIL-2 greater than or equal to 1 x
assayed at various times during the courseof therapy for
lK562) or 20%FCS (Daudil plusL-glutamine.
Patient population. In the first protocol (A), five patients with inNK and/or LAK effector cell activity. LAK activity was meascurable malignant melanoma or colon carcinoma were selected for study
ured
by the ability of fresh PBL without further in vitro
and had received no prior chemotherapy or radiotherapy. Patientsrestimulation with rIL-2 to lyse the NK-resistant Daudi cell
ceived 3 x lo7 U/m2 rIL-2 via 24-h i.v. infusion. once weekly the first
4 wk and then twice weekly the next 4 wk. Some patients received a
line or fresh tumor cells in a 4-h "'Cr-release assay. Seven
maintenance course of rIL-2 ( 3 X 10 U1m2) for an additional 8 wk.
patients undergoing rIL-2 therapy were examined for cirSurgically resectedcolon carcinoma patients with
poor prognosis stage
culating LAK effector cells. PBL from these patients were
C disease were entered onto a second protocol (B). These patientsreceived 1 X 10" U/mZrIL-2 twice weekly delivered i.v. via a n indwelling
incapable of lysing Daudi cell line before therapy (Table I).
infusion pump. The patients on the second
protocol received multiple
LAK cytolytic activity was observed, however, in all patients
rIL-2 infusions for up to 7 mo.
after multiple infusions of rIL-2. The cytolytic capacity of
Flow cytometry a n d cell sorting. Fresh PBL were obtained from
patients at various times during therapyalways
but beforethe infusion PBL to lyse the NK-sensitive cell line, K562, was also augof rIL-2. Blood was diluted112with HBSS and then 40
ml were overlayed
mented after rIL-2 therapy. The augmentation in NK aconto 10 ml of lymphocyte separation medium (Organon TeknikaCortivity ranged between 2.9- and 43.6-fold.
poration, Durham, NCI in 50-ml Falcon tubes (Falcon Labware. OxRepresentative cytolytic dataononepatientare
prenard. CAI. After centrifugation (500 X g ) for 20 min, the lymphocyteenriched interface wascollected and washedextensively in HBSS with
sented in Figure 1. Although the patient was incapable of
5%FCS. PBL (2.5 to 3.0 x 10'1 were stained with saturating amounts lysing Daudi cells before therapy, after 5 wk of rIL-2 infuofmAb for 30 min a t 4°C. Cells were then washed three times with
sion (six treatment courses) fresh PBL lysed Daudi cells
HBSS/5% FCS before analysis. Cell populations were purified by cell
and fresh tumor cells to a similar extent.
sorting with a FACS 420 (Becton Dickinson). Cells were sorted at a
rate of 1000 cells/s with the abort circuitry activated. Purity was mon- Three patients were studied to determine thetime course
itored after each sort by flow cytometry. Positive fractions were rouof LAK effector cell development in peripheral blood. The
tinely greater than 90% pure and
negative fractions were greater than
results of these kinetic studies are presented inFigure 2.
95% pure.
In vitro generation of LAK cells. Unseparated PBL or sorted cell Although PBL were incapable of lysing the Daudi cell line
populations were cultured a t 5.0 X lo5cells/ml in 24-well flat-bottomed
at wk 1 to 3, one patient had significant cytolytic activity
plates (Costar Laboratories, Cambridge, M A ) containing RPMI 1640
at wk 4 (Fig. 2C). Bywk 6, PBL from a l l three patients
supplemented with 2% human
AB serum. 2 mM L-glutamine. 50 U/ml
penicillin G . 50 pglml streptomycin sulfate, 50 pg/ml gentamycin sul- demonstrated LAK activity in a cytotoxicity assay. We confate, and 1500 U/ml rIL-2 (Cetus Corp., Emeryville. CAI. The plates
clude that circulatingLAK cells were detectable in patients
were incubated at 37°C for 4 days a t which time cells were harvested
U/m2 rIL-2 per infusion 4 to 6 wk after
and assayedfor cytolytic activity in a 51Cr-releaseassay or stained with receiving 3 x
the initiation of therapy.
mAb and analyzed for cell surface determinants.
Preparation offresh tumor cell targets. Fresh tumor cells were obwi eflector celisgenerated invivo are Leu-19'. We have
tained by slight modification of the methods of Grimm et a1 (2).After
observed that patients receiving rIL-2 have significant inremoval of necrotic and fatty tissue, tumor was cut into
1 cm3 fragcreases in circulating Leu-19+ cells ( 17). Recently, it was
ments and incubated for 30 min in RPMI 1640 containing 0.01%hyaluronidase, 0.1 collagenase, and 0.002% DNase with constant stirreported that LAK effector cells generated in vitro express
ring. Supernates were removed and the remaining tumor fragments
the cell surface Ag Leu-19 (12, 13, 18). We determined,
were incubated with the enzymesan additional two times. The supertherefore,
if LAK effector cells developing in vivo express
nates from each enzyme treatment were pooled and thecells were washed
three times with
HBSS. If necessary. cells were centrifuged over a Ficoll- the Leu-19 Ag.
Hypaque gradient toremove dead cells and RBC. The tumorcells were
Leu- 19 cell sorts have been performed on a total of four
resuspended in 90% human AB- serum/lO% DMSO and frozen in
patients receiving rIL-2 therapy. In all cases, LAK effector
liquid nitrogen. On the day of assay. cells were thawed. washed three
cells isolated from peripheral blood were contained within
times, and labeled with 200 pCi sodium chromate.
Assessment ofLAK eJector cell actiuity. K562 cells, Daudi cells, or
the Leu-19' cell population (Table 11). Although Leu-19fresh tumorcells were labeled with 200pCi 51Cr
(NewEngland Nuclear,
cells were capable of lysing the K562 cell line in some exBoston, M A ) for 1 h at 37°C and then washed three times
in RPMI 1640
periments
(data not shown), these
cells have not lysed the
containing 2% human AB serum. Target cells were subsequently incubated for 30 min at 37°C and washed once before resuspension in
NK-resistant Daudi cell line. In other experiments, the
Leucomplete medium andwere plated at 5000cellsiwell in a 96-well round19 cells failed to demonstrate significant anti-Daudi efbottom plate (Falcon Labware). Effector cells were added at various
fector activity even after 18 h of incubation with 51Cr-labeled
numbers to achieve a range of Em ratios. The plateswere centrifuged
target cells (data not shown).
(40 x g . 5 min) and then incubated at 37°C in a 5%CO, incubator.
After 4 h, supernates were collected with the use of the Skatron SuLeu- 19 and Leu- 19 cells were isolated from a normal
pernatant Collection System (Skatron Inc., Sterling, VAI and assayed
donor and then assayed for cytolytic activity against the
for radioactivity by gamma scintillation counting. Data are presented
as percent specific 51Cr-release or as LU. Percent specific 51Cr-release NK-sensitive K562 cellline and NK-resistant Daudicell line.
was determined as follows:
As reported by others (18. 19). the
Leu-19' cell population

lo6

lo7

~

+

-

was capable of lysing the K562 cell line. Neither the unsorted, Leu- 19 ' , nor Leu-19- cells were capable of lysing
"'Cr-labeled Daudi cells (Table 11). Therefore, isolation of
Percent specific 51Cr-release
experimental cpm - spontaneous cpm
x 100. Leu-19 cells by cell sorting is not inducing LAK activity
total
cpm
spontaneouscpm
but rather rIL-2 administration in vivo results in the generation of Leu-19' cells with LAK cytolytic activity.
Data from a representative Leu- 19 sortingexperiment on
Spontaneous cpm were determined by measuring the amount of "Cr
released from 5000 targets (six wells) incubated in complete medium
one patient are presented Figure
in
3. Fresh PBL were stained
for 4 h. Total cpm were determined by measuring the amount of 51Cr with PE-conjugated anti-Leu19 and separated into
positive
released from 5000 target cells (six wells) incubated with 0.5%TritonX detergent. One LU is defined as the numberof effector cells required and negative populations by cell sorting. These cell populations were then assayed for cytolytic activity in a 4-h "'Crto lyse 30%of the target cells.
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)

~
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TABLE I
Summary of in uiuo generated LAK cells
LU/1 O6 Cells

Patlent

activity

Protocol
Anti-K562

activlty

Anti-Daudl
Pre

2
3
4
5

A03
A
A
A
A 5.4

6
7

B'
B

1

post

13.8 0
2.7 0
0
0

25.6
5.9
5.1
13.1
3.6

0
0

14.5'

0

Pre

Post

80.0

117.6

8.0*

4.1
7.1

x30.0
20.8
x30.0

10.0
2.4

>80.0

29.1

rIL-2 ( 3 x 10') U r n 2 : 1 x/wk (wk 1 to 4 ) . 2 x/wk (wk 5 to 8).
* Cytolytic activity of fresh PBL was measured at wk 0 and wk 8
rIL-2 ( 1 X lo6) U r n 2 : 2 X /wk.
Cytolytic activity of fresh PBL was measured at 6 ma.
Cytolytic activity of fresh PBL was measured a t 3 ma.

."m

60 -

0-0

A-A

Wk 1, Daudi
Wk 6, Daudi
Wk 6, Tumor

V

Z

30-

sayed at fourfold higher concentrations than the Leu-19'
cells (80:1 E/T ratio for Leu-19- cells vs 20: 1for Leu-1 9 '
cells). Comparison of LAK activity in terms of LU demonstrated that the isolation of Leu-19' cells resulted in a
ninefold enrichment in cytolytic activity (5.8 LU for unsorted cells vs 5 1.3 LU for Leu-19 cells).
Phenotypic studies performed in ourlaboratory also demonstrated anincrease in thepercentage of Leu- 17 PBL in
patients undergoingrIL-2 therapy ( 17). Sincea majority of
Leu-19' PBL were also Leu-17 , experiments were performed to determine if circulating LAK effector cells were
restricted to the Leu-l7+subpopulation. Leu-17 cell sorts
were performed on three different patients receiving rIL-2
therapy. A summary of the cytolytic data of two of these
patients is presented in Table 11. LAK effector cell activity
was associated entirely with the Leu-17+ cell population
with no detectable activity in the Leu-17- cell population.
The Leu- 17 sort on the third patient
is presented in Figure
4. LAK activity was not evident in PBLof this patient yet
was detectable in the Leu-17' sorted population. This is
probably due to the fact that this patient had not
received
rIL-2 for2 wk and circulating LAK activity had diminished.
There was no cytolytic activity against Daudi cells in the
Leu-17- enriched cell population. Cell populations from
this patient were also assayed for cytolytic activity against
fresh tumor cells. Although the Leu-17' cells were able to
lyse fresh sarcoma cells, the Leu-17- cells were incapable
of lysing these tumor cells (Fig. 4B).
Leu-19- cells contain LAK precursors. Previous reports
demonstrated that LAK precursors were contained within
the Leu-19 population of Percoll-enriched LGL ( 12). To
evaluate the distributionof LAK precursor cells in patients
receiving rIL-2, unsorted, Leu- 19 ' and Leu- 19 cell populations were cultured 4 days with rIL-2 and then assayed
for cytolytic activity. Although the Leu-19- cells did not
+

+
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40: 1
1O:l
Effector Target Ratio

160: 1

+
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Figure 1 . Effect of rIL-2 infusion on circulating LAK effector cell cytotoxicity. PBL from patient3 on protocol A were obtained before therapy and
assayed for cytolytic activity against Daudicells ( W ) or after wk 5 of therapy
and assayed for cytolytic activity against Daudicells ( 0 )or fresh tumorcells
(A]in a 4-h 5'Cr-release assay.
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Figure 2. Kinetics of development of circulating LAK effector cells. PBL
from patient 4 (AI, patient 3 (B).
and patient 5 (C) were obtained a t weekly
intervals and assayed for LAK activity against Daudi cells in a 4-h 51Crrelease assay.

+

release assay. LAK effector cells defined by their ability to
lyse the NK-resistant Daudi cell line were contained exclusively within theLeu- 19 population (Fig.3). Leu- 19 cells
were incapable of lysing the Daudi cell line even when as-

+

~

TABLE I1
Summary ofLeu-19 and Leu-17cell sorts
Patlent

0

13.7

>40.0
9.1

Cells Sorted

Daudi
4
5
6
7
7
Normal 15
Daudi
6
28 7

22

Leu- 19
Leu-19
Leu-19
Leu-19
Leu- 19

Percent
Positivea

31
25
23
14.3

Leu- 17
Leu- 17

Percent of total PBL which stained with antibody.

LU/106 Cells

Target
PositweUnseparated

Negative

0

Daudi
Daudi
29.0
Daudi
K562
Daudi
Daudi

8.3
7.1
8.0
0

4.9

0

0

39.2
13.3

0

0

0
0

8.1

0

0
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0-0
0-0

Unsorted
Leu 19+
Leu 19-

19 cell surface determinant.A second LAK effector cell which
is Leu-19- can be generated in vitro from PBL of patients
z 50 I
who have received rIL-2.
U
Circulating LAK effector cells are CD5-.
Patients onlong
$ 40
T\ *
0
term
rIL-2
therapy
have
moderate
increases
in the absolute
w
.
1 1 0
number
of
CD3+
cells
(17).
Previous
reports
indicated
that
2 30- 7 1 0
I\
,
.-u
0
LAK effector cells generated in vitro can express the cellT
.0
20associated
surface
markers
CD3
and
CD8
(2,
3,
1
1,
16).
a
.
"0"
We therefore examined the contribution of T lymphocytes
0 . Y
10; A/-A\
to circulating LAK effector cell activity. Inasmuch as antiA". ---"i
"-.A
CD3 antibodies have been shown to be inhibitory in cy40.1
8O:l
20.1
1O:l
5:l
2.51
tolytic assays (20).we isolated T lymphocytes by using an
Effector Target Ratio
anti-CD5 (FITC-Leu-1) antibody. Stained and unstainedPBL
Figure 3.. Role of Leu-19+ PBL in circulating LAK effector cell activity.
were assayed for cytotoxicity against Daudi cells to deterPBL were isolated from patient 6 on protocol B after 6 mo of therapy. The
mine whether anti-CD5 had any inhibitory
effects on funccells were stained with Leu-19 and sorted into positive and negative fractions. The Leu-19+ population represented 17% of the total PBL. Either tional activity. The cytolytic capacity of these two groups
unsorted (01,Leu 19* (a)or Leu-19- (AIcells were assayed for LAK cytolytic
were superimposable. Therefore, the control
cells in Figure
actlvity in a 4-h 51Cr-release assay.
6 represent PBL that have been stained with CD5 but not
50 1 A. Anti-Daudi
1 E. Anti-Tumor
sorted. Purified CD5+ cells were not able to lyse the Daudi
cell line. LAK effector cells were detectable, however, in the
0-0 Unsorted
CD5- cell population (Fig. 6B). Taken together with the
0-0 Leu 17+
A-A
Leu 17Leu-19 cell sorts, these data demonstrate that
LAK effector
cells generated in vivo express surface markersassociated
with NK cells, with no detectable activity in theT cell population.
LAK eflector cells are phenotypically heterogeneous. Our
laboratory has previously reported that the Leu-19+ cells
developing in rlL-2-treated patients were heterogeneous with
respect to other surface markers including
CD8 and CD16
20:l
1O:T
5.1
2.5:l
20:1
1 0 : ~ 5:1
2.5:1
(17).
Experiments
were
therefore
performed
to determine
Effector Target Ratio
if
circulating
LAK
effector
cell
activity
were
restricted
to or
Figure 4. Contribution of Leu-17+ cells to circulating LAK effector cell
enriched in either of these Leu-19+ subpopulations.
activity. PBL from patient 4 (wk 14)were isolated. stained with Leu-17. and
then sorted into Leu-17+ and Leu-17- fractions. Forty-eight percent
of the
In the first experiment, PBL were isolated, stained with
Leu-17+ ( 0 )or
. Leu-17- (A)cells were
PBL were Leu-17+. Unsorted (0).
anti-CD16
(PE anti-Leu-llc) and then sorted into CD16
in
assayed for LAK activity against Daudi cells (A1 or fresh tumor cells (8)
positive and negative fractions. Phenotypic analysis on cells
a 4-h 51Cr-release assay.
before sorting revealed that all CD 16 cells were Leu- 19 ,
whereas theCD 16- population was composed of both Leu0-OUnsorted
19' and Leu- 19- cells. Cytolytic activity against theDaudi
.".Leu
19+
A-ALeu
19cell line was present in both CD 16 and CD 16 - fractions
P
(Table 111, Expt. 1). Thus, further purification of Leu-19'
cells based on co-expression of CD16 antigen did not result
in the isolation of LAK effector cells.
Phenotypic studies of PBL from patients receiving rIL-2
therapy have demonstrated that with time there occurs a
marked decreased in the relative number of CD8' bright
cells with a n accompanying increase in CD8 dull (CD8d')
cells
( 17).All CD8d cells also expressedthe Leu- 19 marker.
1O:l
5:1
2.51
1.251
A-A

- 1

L

\6

r

"
"

+

+

+

+

Effector Torget Ratio
Figure 5. LAK activity after in vitro culturing of Leu-l9+ and Leu-19cells with rIL-2. PBL from patient 4 on protocol A (wk 8)were sorted into
Leu-l9+ and Leu-19- cell populations and then cultured with rIL-2. After
4 days. the unsorted IO), Leu-19+ la),or Leu-19- (A) cells were assayed
for LAK activity in a 4-h 51Cr-release assay.

lyse the NK-resistant Daudi cell line on day 0 (data not
shown),these cells had cytolytic activity comparable to either
the Leu-19' or unseparated cell populations after a 4-day
incubation with rIL-2 (Fig. 5).
Leu-19- cells that were in culture for 4 days with rIL-2
were also evaluated for the expression of Leu-19 on their
cell surface and were shown to maintain Leu- 19 phenotype after the culture period. These experiments were performed on three separate occasions with similar results.
Therefore, there exist at least two distinct LAK effector cell
populations. LAK cells generated invivo all express theLeu-

"--+L
l
$
-L
"
2O:l

1O:l
5: 1
Effector Target Ratio

2.5:l

Figure 6. Contribution of CD5' cells to circulating LAK effector cell activity. PBLs from patient 4 (wk 16) were sorted into CD5+ (Leu-]) or CD5cell population. The CD5+ population represents 55%of the total popula(0).
CD5+ (a)orCD5- [A)cells were assayed
tion. CD5 stained but unsorted
for LAK activity in a 4-h Wr-release assay.
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TABLE 111
Phenotypic heterogeneity O J L M cells
Em Ratlo
Targets

Effectors

Expt.

1"

1.1

10.4

40. I

Daudi
Unseparated
CD16'
CD16

20.6
2b

ND
Daudi
ND
Daudi
ND

Daudi
Unseparated
CD8d * Leu19
17.5
25.6 CD8d-Leu-19'
Daudi

+

14.4

27.3
a

22.7

ND
ND
ND

20: 1

12.0

10: 1

5: 1

2.5:l

1.25:l

30.5
38.9
41.3

1.5
8.3
6.8

4.3
8.1
0

0
3.5

0
ND
4.5
ND
5.9

ND
ND
ND

6.5

Daudi

ND

Patient on protocol A Iwk 8).
Patient on protocol A (wk 11).

pools. Hence, the relative contributions of subpopulations
to total LAK activity could be analyzed b y selecting for each
subpopulation. Finally, the functional cells isolated from
peripheral blood represent the cells responding to rIL-2 in
vivo, thereby eliminating in vitro induced artifacts.
The Leu- 19 cell population in normal individuals represents approximately 15% of PBL and is comprised predominantly of LGL that possess NK activity ( 19). Patients
DISCUSSION
on high dose rIL-2 therapy exhibit significant relative and
PBL ( 17). The
In 1982, Grimm et al. (2) reported that culturing PBL absolute increases in circulating Leu-19'
with lectin-free, IL-2-containingsupernates resulted in the experiments reported in this paper demonstrate that cirgeneration of LAK cells capable of lysing fresh solid tumor culating LAK effector cells obtained from these patients are
cells (2). Since then, there have been numerous attempts all Leu-19' cells. In fact, in four out of five Leu-19 sorting
to phenotypically define the LAK effector cells. Conflicting experiments, the isolation of Leu-19 cells resulted in an
data have suggested that LAK effector cells develop from enrichment in cytolytic activity. The increase in cytolytic
either T lymphocyte or NK cell populations. Initial studies activity is due to enrichment of functional cells rather than
effect inasmuch
with antibody and C pretreatment indicated that LAK ef- an antibody (Leu- 19)-mediated enhancing
fector cells in both the murine and human
system express as the anti-Daudi lytic activity of Leu-19-treated but unT lymphocyte cell surface determinants (2, 21-23). How- sorted PBL is comparable with untreated cells. Also, the
ever, more recent reportshave demonstrated that the bulk addition the Leu-19 antibody to the 4-h slCr-release assay
These
of LAK activity is mediated by cells expressing NK-associ- had noeffect on LAK activity of PBL (data not shown).
data are in agreement with recent reports that LAK cells
ated cell markers (12-15, 17, 24-27).
We have evaluated the phenotype of LAK cells developing generated in vitro express the Leu-19 Ag (12, 13, 18).We
in malignant melanomaand colon carcinoma patientswho have also fractionated freshPBL from a normal donor into
received high dose rIL-2 therapy. In all patients studied to Leu-19' and Leu-19- cells. Although Leu-19' cells were
able to lyse the K562 cell line, they did notlyse Daudi cells.
date, LAK effector cells have been detected in PBL.Low
levels of activity were detectable between 4 and 6 wk after Therefore, the cytolytic activity mediated by Leu-19 cells
from patients is a direct result of rIL-2 infusion.
initiation of therapy. At 6 wk there was a significant inLeu-19' cells developing in patients receiving rIL-2 have
crease in circulating LAK effector cells. This changereflects
been
shown to be comprised of two subpopulations (Leua true increase in circulating
cells and not due to
a change
in time points at whichactivity is measured (3 days post- 19 ' and "bright" Leu-19') based on the intensity of Leu19 staining (17). It should be noted that in the present
IL-2 infusion (wk 6 to 9) vs 7 days post-IL-2 (wk 2 to 5 and
12))since the greatestactivity was observed at wk 12 after studies Leu- 19 cells were isolated without regard for the
rIL-2 infusion returned to once a week. This suggests that intensity of staining. Therefore, the Leu-19+ cell populadetection of circulating LAK effector cells is primarily de- tions assayed for LAK activity consisted of both Leu-19'
and "bright" Leu-19 ' cells. Experiments are presently being
pendent on the quantity of rIL-2 infused or the duration
performed
to determine which of these Leu-19' cell popof rIL-2 treatment.
The development of circulating LAK effector cells pre- ulations is responsible for LAK cytolytic activity.
In the phenotypic studies on these patients, we demsented us with a n opportunity to phenotypically identify
those cells generated in vivo that have functional LAK ac- onstrated that the Leu-19' PBL are heterogeneous with
respect to other cell surface determinants. A majority of
tivity. There are numerous reasons why the isolation and
phenotypic characterization of in vivo generated LAK cells Leu- 19 cells also expressLeu- 17 . Subpopulations of Leuwould be advantageous to previous studies on in vitro gen- 19 cells express theCD8d and CD 16 cell surface markers.
Although the CD8 marker is primarily expressed on cytoerated LAK cells. First, our previous data demonstrating
T lymphocytes (281,NK cells have been
the increase in Leu-19 cells in rIL-2 treated patients and toxic and suppressor
shown to express low levels of CD8 (29). The cell sorting
recent reports ( 12, 13, 18) that
LAK cells generated in vitro
are Leu- 19 suggested that a largenumber of PBL in these data demonstrate thatall circulating LAK effector cells are
patients hadLAK effector cell activity. Therefore, thesecells Leu-17'. Similar to the Leu- 19 experiments, the increase
could easily be isolated by positive selection techniques.
in cytotoxicity was due to enrichment of the Leu-17 popSecond, if circulating LAK effector cells were Leu- 19 , then
ulation rather than an
antibody-mediated effect inasmuch
the phenotypicheterogeneityof
Leu-19' cells also sugas thelytic activity of Leu- 17-stained PBL was comparable
gested that thesecells were arising frommultiple precursor to unstained cells. However, when fresh PBL were sorted
However, a significant number of Leu- 19' cells do not express the CD8 antigen. We determined if LAK effector cells
co-express both Leu-19 and CD8d. Fresh PBL were sorted
into the CD8d+Leu-19* and CD8d-Leu-19' populations.
When assayed in a slCr-release assay, bothCD8d Leu-19
and CD8d-Leu-19 cell populations had comparable cytolytic activity (Table 111, Expt. 2).
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for CD8d or CD16 expression, LAK effector cells were preVetto, C. A. Seipp. C. Simpson, and C. M. Reichert. 1985. Observations on the systemic administration of autologous lymphokine-actisent in both thepositive and negative populations. Based
vated killer cells and recombinant interleukin-2 to patients with meton cytolytic units, the cytolytic activity is comparable in
astatic cancer. N. Engl. J. Med. 313:1485.
6. Rosenberg, S. A.. M. T. Lotze, L. M. Muul, A. E. Chang. F. P. Avis.
the positive and negative fractions of both the CD8d and
S. Leitman, W. M. Linehan. C. N. Robertson. R. E. Lee, J. T. Rubin,
CD 16 cell sorts. Hence, cell sorting based on co-expression
C. A. Seipp, C. G. Simpson, andD. E. White. 1987. A progress report
of Leu-19 and eitherCD8d or CD 16 didnot further enrich
on the treatment of 157 patients with advanced cancer using lymphokine-activated killer cells and interleukin-2 or high-dose interleufor LAK effector cells. Circulating LAK effector cells, therekin-2 alone. N. Engl. J. Med. 316:889.
fore, are homogeneous with respect to Leu-19 andLeu- 17
7. West, W. H., K. W. Tauer, J. R. Yannelli, G. D. Marshall. D. W. Om,
G. B. Thurman, and R. K. Oldham. 1987. Constant-infusion recomexpression but heterogeneous when further separated by
binant interleukin-2 in adoptive immunotherapy of advanced cancer.
co-expression of CD8 or CD16.
N. Engl. J. Med. 316~898.
There is a small populationof cells in normal individuals
8. Fisher. R. I., C. A. Coltman, J. H. Doroshow, A.A. Rayner, M. J.
Hawkins, J. W. Mier. and P. Wiernik. 1987. Phase II clinical trial of
that expresses both the Leu-19 and CD3 Ag. Our phenointerleukin I1 plus lymphokine activated killer cells (IL-P/LAK) in mettypic studies demonstrate that this population is not exastatic renal cancer. Proc. Am. SOC.Clin. Oncol. 6 9 4 4 .
panded significantly during rIL-2 infusion ( 17). This con- 9. Dutcher, J. P., S. Creekmore, G. R. Weiss. K. Margolin. A. B. Markowitz, M. A. Roper, and D. Parkinson. 1987. Phase I1 study of high
clusion was extended in this paperby demonstrating that
dose interleukin-2 (IL-21and lymphokine activated killer (LAKI cells in
CD5' cells, which include all CD3 cells, do not contribute
Clin. Oncol. 6:246.
patients (ptslwith melanoma. Proc. Am. SOC.
to circulating LAK effector cell activity.
10. Sondel. P. M.. J. A. Hank, P. C. Kohler. B. P. Chen. D. 2.Minkoff.
and J. A. Molenda. 1986. Destruction of autologous human lymphoWe were able to generateLAK cells from the Leu- 19 cell
cytes by interleukin 2-activated cytotoxic cells. J . Jmmunol. 137~502.
population after 4 days in culture with rIL-2. These LAK 11. Ochoa. A. C., G. Gromo, B. J. Alter, P. M. Sondel, and F. H. Bach.
1987. Long-term growth of lymphokine-activated killer (LAKI cells: Role
effector cells, however. did not express theLeu-19 surface
anti-CD3, p-IL-1. interferon* and -p. J . Immunol. 138:2728.
Ag after culture. Preliminary data suggest theseLAK effec- 12. of
Phillips, J. H.. and L. L. Lanier. 1986. Dissection of the iymphokinetor cells may be CD3 . It is possible that this cytolytic cell
activated killer phenomenon. Relative contributions of peripheral blood
naturalkillercellsandTlymphocytestocytolysis. J . E x p . Med. 164~814.
may be the CD3 CD 16 effector cells described by others
3. Ortaldo. J. R..A. Mason, and R. Overton. 1986. Lymphokine-activated
(2, 10, 11, 13-16). These datawould support the work of
killer cells. Analysisof progenitors and effectors. J. Exp. Med. 164~1193.
Ortaldo and co-workers (13)who proposed that there were
4. Tilden, A. B.. K. Itoh. and C. M. Balch. 1987. Human lymphokineactivated killer (LAK) cells: identification of two types of effector cells.
at least two populations of LAK effector cells:a CD3-CDwl6'
J . Immunol. 138~1068.
population and a CD3 'CDwl6- population. However, the 15. Ferrini, S., S.Miescher, M. R. Zocchi, V. von Fliedner,and A. Moretta.
1987. Phenotypic and functional characterization of recombinant ingeneration of LAK cells from the Leu- 19- population is in
terleukin-2 (rlL-21-inducedactivated killer cells: analysis at the popucontrast with thework of Phillips and Lanier ( 12)who poslation and clonal levels. J . Imrnunol. 138:1297.
tulated that all LAK precursors are contained within the
16. Damle. N. K.,L. V. Doyle, and E.C. Bradley. 1986. Interleukin 2activated human killer cells are derived from phenotypically heterogeLeu-19+ subpopulation. In the present studies, PBL from
nous precursors. J . Immunol. 137:2814.
either 1-11-2-treated patients or untreated normal
volun- 17. Elli8,T.M..
D. P.Braun,S.P.Creekmore,N.Bhoopalam.
J.E.Harris,
teers were used for LAK generation, whereas their studies
and R. I. Fisher. 1987. Appearance and phenotypic characterization
cells
in
patients
receiving
recombinant
IL-2. Proc.
of
circulating
Leu
19
enriched for LGL before culturing. It is possible that the
Am. Assoc. Cancer Res. 28:373.
Leu- 19 precursor is contained within the
lymphocyte pop- 18. Lotzova. E.,C.A. Savary, and R. B. Herberman. 1987. Induction of
NK cell activity against fresh human leukemia in culture with interleuulation and not theLGL fraction.
kin 2. J. Immunol. 138:2718.
We conclude that, although both Leu- 19' and Leu-19 19. Lanier, L. L., A. My Le, C. I. Civin, M. R. Loken. and J. H. Phillips.
cells can mediate LAK effector cell cytotoxicity after in vitro
1986. The relationship of CD16 (Leu-11) andLeu-19 (NKH-1)antigen
expression on human peripheral blood NK cells and cytotoxic T lymgeneration, circulating LAK effector cells generated in vivo
phocytes. J . Jmrnunol. J36:4480.
are all Leu- 19 . Also, the data demonstrate that circulating20. Chang,T. W.. P. C. Kung, S.P. Gingras, andG. Goldstein. 1981. Does
monoclonal antibody react with an antigen-recognition structure on
LAK effector cells express cell surface markers incommon
human T cells? Proc. Natl. Acad. Sci. USA 78:1805.
with NK cells but not T lymphocytes. LAK effector cells are
21. Rosenstein, M.. I. Yron. Y. Kaufmann. and S.A. Rosenberg. 1984.
Leu- 19 , Leu- 17 but CD5 - . Some LAK effector cells are
Lymphokine-activated killer cells: lysis of fresh syngeneic natural killerresistant murine tumorcells by lymphocytes cultured in interleukin 2.
CD8d+ and CD16'. Whether these differences in CD8 and
Res. 44~1946.
CD16 expression represent multiple stages inLAK effector 22. Cancer
Shu. S.. andS. A. Rosenberg. 1985. Adoptive immunotherapyof newly
cell differentiation or rather separate effector cells arising
induced murine sarcomas. Cancer Res. 45:1657.
Yang. S. Shu, and S.A. Rosenberg. 1986. The anti23. Mule, J. J., J.
from distinct precursors is presently being examined.
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