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ABSTRACT

The effects of recombinant interleukin 2 (rIL-2) therapy on peripheral
blood mononuclear cells expressing the Leu 19 surface marker were
evaluated in 20 cancer patients. Leu 19 is a protein with a molecular
weight of 220,000 expressed on 15% of normal peripheral blood mono-
nuclear cells and is found on a majority of cells that mediate non-major
histocompatibility complex-restricted cytotoxicity. Increased relative and
absolute numbers of circulating Leu 19+ cells were observed in all
patients receiving rIL-2. Increases in Leu 19+ cells were due in part to
the development of a subpopulation of "bright" Leu 19+ cells (Leu 19b+)

that possessed a higher density of membrane Leu 19 antigen than Leu
19+ cells assayed prior to therapy. Further characterization of rIL-2
induced Leu 19+ cells by dual immunofluorescence revealed considerable
phenotypic heterogeneity within this population based on the coexpres-
sion of "dim" CDS (CD8d+), CD16, and CD2 markers. The percentage

of Leu 19+ CD8d+ cells was increased during rIL-2 therapy and com
prised up to 60% of all circulating Leu 19+ cells. CD16+ and CD16-
subsets of Leu 19+ cells were also increased by rIL-2. The density of
CD16 antigen coexpression varied inversely with the density of Leu 19.
Conversely, whereas the percentage of Leu 19 cells coexpressing CD2
was also increased by rIL-2 administration, the density of CD2 antigen
expression was higher on the Leu 19b+ subset of cells. The development
of circulating lymphokine-activated killer activity in three patients was
temporally associated with the development of increased levels of circu
lating Leu 19+ cells. These studies demonstrate that rIL-2 administration
induces preferential increases in cells expressing the natural killer and
lymphokine-activated killer cell-associated marker Leu 19 and that these
increases are associated with the development of circulating lymphokine-
activated killer activity. Furthermore, Leu 19+ cells are comprised of
phenotypically heterogeneous subsets which undergo characteristic
changes during rIL-2 administration.

INTRODUCTION

The effects of IL-23 on cells capable of mediating non-MHC-

restricted cytotoxicity are well documented using in vitro sys
tems. These effects include the activation of LAK cells (1, 2),
elevated NK cell function (3), and proliferation (4). The ability
of IL-2 to induce and expand LAK cells in vitro has led to the
development of clinical trials based on adoptive immunotherapy
with LAK cells generated in vitro. The effects of in vivo admin
istration of IL-2 on immune cells are less well characterized.
Early studies using moderate doses (2 x IO6 U) of highly
purified IL-2 revealed no significant changes in mononuclear
cell phenotype when measured more than 48 h following IL-2
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infusion (5). No significant alterations in functional immune
assessments were observed.

We have recently reported that patients receiving acute high
dose rIL-2 (>1 x IO7U/m2) or chronic moderate dose rIL-2 (1
x IO6U/m2) develop circulating LAK cell activity (6,7). Sorting

experiments revealed that LAK cells generated in vivo were
confined to cells that expressed the surface marker Leu 19
(NKH-1), a glycoprotein with a molecular weight of 220,000
expressed by a majority of cells capable of mediating non-
MHC-restricted cytotoxicity (7-9). Previous studies of Leu 19+
cells in peripheral blood of normal individuals has revealed this
population to be phenotypically heterogeneous with regard to
the coexpression of CD3 and CD 16 surface markers (10). The
functional significance of cell populations expressing the Leu
19 surface marker has been documented primarily through in
vitro studies. These studies have revealed that the most abun
dant and efficient NK effector cells display the CD3-CD16+Leu
19+ phenotype (9, 10). In addition, Leu 19+ cells comprise a
majority of those cells capable of differentiating in vitro into
LAK effector cells following rIL-2 stimulation (9, 11).

The nature of the effects of in vivo rIL-2 administration on
mononuclear cell populations remains poorly defined. The
functional significance of Leu 19+ cells and their demonstrated
ability to be activated by rIL-2 in vitro suggests that these cells
may also be affected by in vivo administration of rIL-2. In this
study we have examined quantitative and qualitative changes in
circulating Leu 19+ cells in cancer patients receiving rIL-2.
The results indicate a preferential augmentation of circulating
numbers of Leu 19+ cells during rIL-2 therapy accompanied
by characteristic phenotypic changes in the composition of Leu
19+ cell subsets.

MATERIALS AND METHODS

Patient Population. 20 patients with incurable cancer were treated
with rIL-2 according to one of four protocols. Protocol Al included
three patients with malignant melanoma or colon carcinoma who
received rIL-2 (Hoffmann LaRoche Inc., Nutley, NJ) at a dose of 1 x
IO7Biological Response Modifiers Program U/m2 and administered by
24-h continuous infusion over an 8-week course. Doses were adminis
tered once weekly for the first 4 weeks and twice weekly for the final 4
wks. Protocol A2 included three patients and was identical to Protocol
Al, except that patients were treated with 3 x 10' U/m2 and treatment
for two patients was extended for an additional 8-week period of once
weekly doses. Protocol B represented the priming phase of rIL-2/LAK
therapy and included 10 patients (six melanoma, two renal carcinoma,
and two lymphoma) who received 1x10* U/kg rIL-2 (Cetus Corpo

ration, Emeryville, CA) administered every 8 h for 3 days. Protocol C
included 4 patients who received 1 x IO6 U/m2 rlL-2 twice weekly for

1 year following surgical resection of Stage C colon carcinoma. At no
time during therapy were patients treated with corticosteroids, although
anti-inflammatory agents, including acetaminophen (650 mg orally
every 4 h) and indomethacin (25 mg orally every 4 h), were administered
to patients receiving rIL-2 by Protocol B.

Collection and Separation of Blood. Heparinized peripheral blood
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from patients on each protocol was collected at prior to and at desig
nated intervals during therapy at time points designed to maximize the
length of time from the previous rIL-2 dose. Cells from patients in
treatment groups Al and A2 were evaluated prior to treatment and at
weekly intervals on Day 4 or 7 following the rIL-2 administration. Cells
from patients in treatment group B were evaluated prior to therapy and
on Day 6 following the initiation of rIL-2 administration, i.e., 3 days
after the last rIL-2 dose. Cells from patients in treatment group C were
collected prior to therapy and at monthly intervals following the initi
ation of rIL-2 administration, 4 days following the previous dose.
PBMC were isolated by centrifugation over ficoll-hypaque and were
washed three times at 4Â°Cin 5% HBSS and assayed fresh. PBMC from

patients on Protocol Al were frozen in liquid nitrogen prior to pheno-
typic analysis. Results obtained using frozen cells have been shown in
our laboratory to be comparable to those obtained using fresh samples
(data not shown).

Monoclonal Antibodies and Flow Cytometry. Monoclonal antibodies
used for cell surface phenotyping were conjugated with either fluores-
cein isothiocyanate or phycoerythrin and were purchased commercially
(Becton-Dickinson, Mountain View, CA). Specificities included CD3
(anti-Leu 4), CD2 (anti-Leu 5), CD8 (anti-Leu 2a), CD 16 (anti-Leu
1la or 1le), and anti-Leu 19 (NK.H-1). Simultaneous dual immunoflu-
orescence was performed by incubating 5 x 10s cells in 5% fetal calf
serum-HBSS for 30 min on ice with saturating amounts of antibody.
Cells were washed twice and resuspended in ice-cold 5% fetal calf
serum-HBSS without phenol red and analyzed by flow cytometry on
an FACS Analyzer (Becton-Dickinson). The noise threshold was set to
exclude volume signals below those of lymphocytes. All analyses were
performed using photomultiplier voltages and gain settings that were
standardized using fluorescent calibration beads, and all signals were
processed using logarithmic amplification. Fluorochrome-conjugated
mouse IgG2Â»monoclonal antibody controls were used to assess the
degree of nonspecific antibody binding to each cell preparation and to
allow for the establishment of markers for distinguishing positive and
negative cell populations.

Assessment of LAK Cell Activity. The NK-resistant Daudi cell line
was labeled with 200 ^Ci "Cr (New England Nuclear, Boston, MA) for
l h at 37Â°Cand washed three times in RPMI 1640 containing 2%
human AB serum. Target cells were incubated at 37Â°Cfor 30 min,

washed, resuspended in the above medium and plated at 5000 cells/
well in a 96-well round bottomed plate (Falcon Laboratories, Oxnard,
CA). Patient PBMC were added at various numbers to achieve a range
of effectortarget cell ratios. The plates were centrifuged (40 x g, 5 min)
and incubated at 37Â°Cfor 4 h in a 5% COi incubator. Supernates were

collected using the Skatron Collection System (Skatron, Inc., Sterling,
VA) and assayed for radioactivity by gamma scintillation counting.
Percentage of specific "Cr release was determined according to the

formula:

Exp cpm â€”¿�spontaneous com% Specific 5lCr release = â€”¿� â€”¿�x 100%
Total cpm â€”¿�spontaneous cpm

Spontaneous cpm were determined by measuring the amount of 51Cr

released from 5000 target cells incubated in the absence of effector
cells. Total cpm were determined by treating 5000 target cells with
0.5% Triton X detergent. Data are presented in lytic units (LU) per IO6

effector cells; 1 LU is defined as the number of effector cells required
to lyse 30% of the target cells.

RESULTS

Alterations in Circulating PBMC during rIL-2 Administration.
20 cancer patients who received rIL-2 according to one of four
different treatment protocols were evaluated at time points
during therapy for rIL-2-induced changes in circulating mono-
nuclear cells (Table 1). The most dramatic changes relative to
pretreatment values occurred in cells expressing the Leu 19+
and CD8d+ surface antigens. There was a significant increase
in the relative numbers of Leu 19+ and CD8d+ cells in each
treatment group. Moderate increases in the percentage of

Table 1 Percentages of circulating mononuclear cells in cancer patients receiving
rlL-2

Treatment
group CD3+ CD8d+ CD16+ Leu 19+

Al (W=3)
PrÃ©
4 week
8weekA2(JV=3)

Pre
4 week
8weekB(N

= 10)
Pre

PostC

(N = 4)
Pre
6 month63.9

Â±4.5Â°

60.1 Â±4.1
36.6 Â±5.362.5

Â±3.0
65.2 Â±2.9
37.2 Â±7.643.1

Â±5.5
56.3 Â±1.955.8

Â±4.9
52.0 Â±8.03.3

Â±0.3
6.3 Â±0.8

22.0 Â±2.52.9

Â±0.8
10.0 Â±1.0
20.6Â±6.12.9

Â±0.8
6.0 Â±1.43.5

Â±0.312.7
Â±4.317.2

Â±3.3
15.6 Â±2.2
22.2 Â±4.216.4

Â±4.3
22.3 Â±0.9
25.4 Â±5.226.8

Â±5.3
23.7 Â±2.512.8

Â±2.2
24.0 Â±6.714.3

Â±2.2
16.0 Â±1.8
31.3 Â±5.213.0

Â±1.2
16.6 Â±0.7
45.7 Â±9.518.0

+ 3.3
30.0 Â±3.98.3

Â±3.2
25.3 Â±6.3â€¢

Mean Â±SEM.

CD 16+ cells were also observed in a majority of patients.
Conversely, the percentages of CD3+ T-cells were steady or
decreased during rIL-2 therapy. In treatment groups Al and
A2, these changes were most evident during the biweekly phase
of IL-2 administration of Weeks 5-8. In addition to relative
population shifts, all treatment groups demonstrated an rIL-2-
induced lymphocytosis with associated increases in the absolute
numbers of CD8d+, CD 16+, and Leu 19+ cells (data not
shown). Despite the relative decrease in the CD3+ population,
the absolute number of CD3+ cells was marginally increased.

Serial changes in the relative and absolute numbers of these
cell populations are depicted in Fig. 1, A and H, for a patient in
treatment group A2. It is also noteworthy that absolute numbers
of CD3+ cells increased moderately during rIL-2 therapy de
spite their decrease in percentage composition of total circulat
ing mononuclear cells. These results demonstrate that rIL-2
administration preferentially induces increases in cell popula
tions bearing the NK and LAK cell-associated markers Leu 19
and CD8d.

Development of "Bright" Leu 19+ (Leul9b+) Cells in Patients

Receiving rIL-2. Examination of circulating Leu 19+ cells that
develop during rIL-2 therapy revealed that these cells were
phenotypically distinguishable from Leu 19+ cells present prior
to therapy, based on the expression of increased density of Leu
19 surface antigen. A typical flow cytometric histogram depict
ing the development of "bright" Leu 19+ cells (Leu 19b+)
during rIL-2 therapy in a patient in treatment group A2 is
shown in Fig. 2, and is summarized for all patient groups in
Table 2. Prior to rIL-2 therapy, a substantial majority of Leu
19+ cells express a "dim" phenotype (Leu 19d+). Only a small

percentage of Leu 19b+ cells were detectable in some patients,
consistent with similar observations in normal individuals (10).
With rIL-2 administration, all treatment groups exhibited a
selective increase in the percentage of Leu 19b+ cells, with Leu
19b+ cells becoming the predominant subpopulation of Leu
19+ cells in three of four treatment groups. The increased
intensity of Leu 19 staining resulted from an increase in Leu
19 membrane density, rather than a blast-like increase in Leu
19 cell size, as determined by simultaneous cell volume analysis
(data not shown). Although a small percentage of Leu 19+ cells
have been shown previously to coexpress the T-cell receptor
associated CD3 molecule, CD3 was never detected on the Leu
19b+ subset (data not shown).{".'(â€¢expressionof CD16, CD8d, and CD2 by rIL-2 induced Leu

19+ cells. Characterization of the effects of rIL-2 administra
tion on subsets of Leu 19+ cells was accomplished by simulta-
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Table 2 Development of cells expressing high density Leu 19 (Leu 19b+) during
rIL-2 therapy

Treatment
group

Al (N =3)
PrÃ©
4 week
8 week

A2 (N = 3)
PrÃ©
4 week
Â«week

B(Af= 10)
Pre
Post

C (N = 4)
Pre
6 month

Leu 19d+

12.1 Â±1.2Â°

9.2 Â±3.1
8.1 Â±2.3

13.3 Â±1.5
13.3 Â±0.7
13.0 Â±1.9

15.8 Â±3.5
20.6 Â±2.8

8.3 Â±3.2
5.3 Â±1.3

Leu 19b+

1.7 + 0.9
7.0 Â±0.6

24.3 Â±3.7

0.3 Â±0.3
3.7 Â±0.9

33.0 Â±10.8

2.9 Â±2.2
10.5 + 2.5

0.7 Â±0.7
19.3 Â±6.4

" Mean Â±SEM.

Fig. 1. Serial measurements of relative percentages (A) and absolute numbers
(B) of Leu 19+, CD3+, CD8+, and CD 16+ cells in Patient 1 who received 3 X
IO7U/m2 rIL-2 according to treatment protocol A2.

bright - + bright + bright_

*

prÃ© wk10
LEU 19

wk12

Fig. 2. Fluorescence histograms depicting the intensity of fluorescent staining
with PE anti-Leu 19 by PBMCs from Patient 1 on protocol A2, collected prior
to therapy and at Weeks 10 and 12 of rIL-2 therapy. Histograms are labeled to
indicate regions corresponding to Leu 19â€”cells (â€”),Leu 19+ cells (+), and
"bright" Leu 19+ cells (bright). Note the expansion of "bright" Leu 19+ cells,

which represent 74% of all Leu 19 positive cells at Week 10.

neous dual fluorescence analysis. Previous reports have shown
that the Leu 19+ population in normals is comprised of phe-
notypically heterogeneous subsets based on the coexpression of
the CD 16 antigen (9, 10). These subsets include Leu 19+
CD 16-, Leu 19+ CD 16+, and Leu 19b+ CD 16- populations.
During rIL-2 therapy, both the percentages of CD 16+ and
CD 16â€”subpopulations increase although this increase was

most marked in the Leu 19+CD16+ population (Table 3).
Examination of the correlated two-color staining profile dem-

Table 3 Coexpression ofCDlo by Leu 19+ cells during rIL-2 therapy

Treatment group Leu 19+CD16+ Leu 19+CD16- Leu 19-CD16+

Al (W =3)
Pre
4 week
8weekA2

(N = 3)
Pre
4 week
8weekB(N=

10)
Pre rIL-2
PostrIL-2Pre

rIL-2
6 month8.2

Â±3.2"

13.3 Â±3.4
20.7 Â±2.2ND*

ND25.3
Â±6.48.9

Â±1.6
16.3 Â±2.66.7

Â±2.6
17.3 + 4.76.0

+ 2.1
5.3 Â±0.3

12.0Â±2.4NDND15.0

Â±8.210.2

Â±3.3
13.3Â±2.02.0+

1.0
8.3 + 2.05.0

Â±2.1
8.3 Â±4.8
3.7 Â±1.9ND

ND4.3
Â±0.713.0

Â±4.8
5.6 Â±0.95.3

Â±0.3
6.0 Â±2.3"

Mean Â±SEM.
* ND, not determined.

onstrated an inverse relationship between the levels of expres
sion of CD 16 and Leu 19 antigen in all patients receiving rlL-
2, as depicted in Fig. 3A for a patient in treatment group C.
Thus, Leu 19b+ cells were either CD 16- or expressed low
levels of this antigen relative to Leu 19+ cells. rIL-2, therefore,
induces increased numbers of both circulating CD 16+ and
CD 16- subsets of Leu 19+ cells.

The relationship between increased numbers of circulating
Leu 19+ and CD8d+ cells was also determined. Previous
studies have shown the CD8d+ phenotype to be associated with
a minor population of LGLs possessing NK activity (12, 13).
CD8d+ cells comprise a minor population of circulating cells
in cancer patients prior to rIL-2 treatment (Table 4, Fig. 3B)
as well as in normal individuals (not shown). This CD8d+
population is distinguishable from bright CD8+ cells by the
lack of expression of CD3 on CD8d+ cells (data not shown).
All CD8d+ and a minor subpopulation of bright CD8+ cells
coexpress Leu 19. During rIL-2 therapy, CD8d+ cells are
increased in all patient groups to a greater extent than CD8d-
Leu 19+ cells and may, in some patients, comprise up to 70%
of all circulating Leu 19+ cells. Furthermore, CD8d+ cells are
distributed among both Leu 19+ and Leu 19b+ populations
(Fig. 3Ã„)and are predominantly CD 16+ (not shown). These
results demonstrate that the rIL-2-induced increase in circulat
ing Leu 19+ cells, including the development of Leu 19b+ cells,
results in part from increases in the CD8d+Leu 19+ subpopu
lation. Furthermore, rIL-2 administration results in increased
percentages of CD 16+ and CD8d+ subsets of Leu 19+ cells,
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Fig. 3. Contour plots depicting typical dual fluorescence staining profiles
correlating the expression of Leu 19 and A, CD16, on PBMCs collected from
Patient 1 on protocol A2; B, CDS, on PBMCs collected from Patient 1 on
protocol A2; and C, CD2, on PBMCs collected from patient 1 on protocol A2.
Data depict profiles generated prior to and at time points during rIL-2 therapy.
Note the negative association between Leu 19 and CD16 staining intensities (A),
the expanded population of "dull" CDS cells (B), and the positive association
between Leu 19 and CD2 staining intensities (Q during rIL-2 therapy.

Table 4 Coexpression of "dim" CDS (CD8d) by Leu 19+ cells during
rIL-2 therapy

Treatment
groupAl

(N =3)
Pre
4 week
8weekA2(/V=3)

Pre
4 week
8 weekLeu

19+CD8d+2.0

Â±1.0Â°

7.3 Â±1.2
24.2 +2.5ND*

ND22.1
+ 5.7Leu

19+CD8d-12.3

+ 0.7
10.7 Â±3.5
10.7 Â±2.3NDND24.0

Â±6.7

B(N= 10)
Pre
Post

C(N=4)
Pre
6 month

Â°Mean Â±SEM.
* ND, not determined.

3.9 Â±1.3
10.4 Â±2.3

3.0 Â±1.7
13.5 Â±7.5

15.8 Â±3.1
22.6 Â±2.8

6.7 Â±2.7
12.0 Â±2.0

and that the CD8d+ subset is particularly responsive to rIL-2

administration.
CD2 Expression Is Increased on Circulating Leu 19+ Cells

during rIL-2 Therapy. Leu 19+ cells have been previously
reported to coexpress the E-rosette receptor-associated CD2
molecule (10). Since this molecule has been demonstrated to
be functionally involved in a number of intracellular interac
tions (14, 15), the levels of CD2 coexpression by Leu 19+ cells
in patients receiving rIL-2 were evaluated. Fig. 3C and Table 5

demonstrate the relationship between CD2 and Leu 19 expres
sion during rIL-2 therapy. In all patients evaluated there was
observed a positive association between the levels of expression
of CD2 and Leu 19 antigens such that all Leu 19b+ cells also
expressed increased surface CD2 (CD2b). Moreover, the CD2
phenotype was restricted to Leu 19b+ cells. Thus, with in vivo
activation by rIL-2, the Leu 19 cell population undergoes
considerable alteration in phenotypic composition that includes
increased expression of Leu 19 and CD2, decreased expression
of CD 16, and the development of a major subset that coex-

presses CD8d.
rIL-2-induced Changes in Leu 19+ Cells Are Temporally

Associated with the Development of Circulating LAK Activity.
Previous studies from our laboratory have demonstrated that
patients receiving high dose rIL-2 (1 x IO6 U/m2) develop

circulating LAK cell activity (7) which is restricted to cells
expressing the Leu 19 surface marker. We evaluated the tem
poral association between rIL-2-induced changes in Leu 19+
cells with the generation of circulating LAK cell activity. Three
patients who received rIL-2 on Protocol A2 were evaluated at
serial time points for LAK activity and compared to changes in
percentages of Leu 19+ and Leu 19b+ cells (Fig. 4). The
kinetics of LAK cell development and level of LAK cell activity
measured in each patient closely corresponded to the develop
ment of Leu 19b+ cells and elevated Leu 19+ cells. Confirma
tion that Daudi cytolysis was LAK cell mediated was provided
by demonstrating in all assays the failure of fresh normal
PBMCs to lyse Daudi targets and, whenever possible, the use
of fresh tumor targets. Thus, rIL-2-induced phenotypic changes
in Leu 19+ cells are associated with the functional generation
of circulating LAK cell activity.

Table 5 Coexpression ofCD2 antigens by Leu 19+ cells during rIL-2 therapy

Al (A1=3)Pre4

week8
weekA2

(N =3)Pre4

week8
weekB

(N =10)PrePostCD2-3.2

Â±2.3Â°4.1
+1.75.2
Â±2.67.3

Â±0.7ND*2.0

Â±0.011.4

Â±3.111.2Â±
1.7Leu

19+CD2d+15.1

Â±4.411.5
Â±2.24.4

Â±7.212.3

+4.2ND14.5

+0.56.9

Â±1.210.7
Â±1.6Leu

19-CD2b+2.0

Â±1.53.0
+3.125.0
Â±4.20.7

Â±0.3ND29.5

Â±18.50.8

+0.39.7
+ 2.7CD2d+51.2

Â±7.124.3
Â±2.523.7
Â±5.558.2

Â±6.6ND38.0

+14.028.2

Â±4.831.7
+ 3.9CD2b+2.1

Â±0.73.0
Â±0.47.4
Â±2.51.7

Â±0.9ND9.5

Â±3.52.4+

1.216.8
Â±3.7

Pre 6.5 Â±1.5 5.5 Â±2.5 0 45.0+10.0 1.5 Â±1.5
6 month 4.3 Â±1.9 5.0 Â±1.5 8.7 Â±3.2 30.7 Â±15.9 3.3 + 0.3

' Mean Â±SEM.
* ND, not determined.

Week of Therapy

Fig. 4. Serial assessments showing the association between LAK cytotoxicity
against the NK-resistant Daudi cell line (â€¢),and percentages of circulating Leu
19+ (O) and Leu 19b+ (+) PBMCs in three patients receiving rIL-2. Two patients
were treated according to protocol A2 (A and C) and one patient was treated
according to Protocol C (B).
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DISCUSSION

In this study we have investigated in detail the effects of rlL-
2 administration on phenotypically defined subpopulations of
circulating mononuclear cells. The most significant effects oc
curred within a population of cells expressing the Leu 19 surface
marker. In normal individuals, Leu 19+ cells represent a minor
component of circulating mononuclear cells, comprising ap
proximately 15% of mononuclear cells (8,9). In cancer patients
receiving rIL-2, however, the Leu 19 population is increased
and in some patients may reach levels as high as 72% of all
circulating mononuclear cells. Although rIL-2 administration
also induces increased absolute numbers of circulating CD3+
cells, its effects are considerably more selective for the Leu 19+
population.

The significance of these findings resides in previous obser
vations that the Leu 19 surface antigen is expressed by cells
capable of mediating non-MHC-restricted cytotoxicity, includ
ing IL-2-induced LAK activity (7, 9-11). Due in part to the
paucity of circulating Leu 19+ cells in normal individuals,
detailed in vitro examination of the nature of cells comprising
the Leu 19+ population and the effects of IL-2 on Leu 19+
cells has been difficult. In contrast to recent in vitro studies
examining the phenotypic heterogeneity of Leu 19 cells cultured
with IL-2 (9-11,16,17), the present studies examined Leu 19+
cells generated in vivo and isolated without the use of physical
enrichment steps.

Our results confirm and extend the reported phenotypic
heterogeneity of Leu 19+ cells (9, 10) and demonstrate that
components of this heterogeneity may be enhanced or induced
by rIL-2. Although these previous studies have emphasized
heterogeneity based on the coexpression of CD3 and CD 16
antigens by Leu 19+, the present studies demonstrate additional
heterogeneity based on the coexpression of CD2 and CDS
surface markers. The most notable change during rIL-2 therapy
was the development of a population expressing increased
surface density of the Leu 19 antigen (Leu 19b+). Whether Leu
19b+ cells are selectively expanded by rIL-2 or develop from
Leu 19d+ cells is not clear from the present studies.

Associated with the development of Leu 19b+ cells during
rIL-2 therapy are characteristic alterations in the subpopulation
composition of Leu 19+ cells. Prior to therapy and in normal
individuals, Leu 19+ cells are predominantly CD 16+ and
CD8-. Although a majority of Leu 19+ cells continue to
express the CD 16 determinant during rIL-2 administration, the
quantitative expression of this antigen is decreased and varies
inversely with the expression of Leu 19. Whether this finding
reflects the selective expansion of a minor population of Leu
19b+, CD16d+ cells or the development of such from Leu
19d+, CD16b+ precursors awaits further study. rIL-2 admin
istration had no detectable effect on CD 16+ cells that did not
coexpress Leu 19, although the relative number of CD 16â€”Leu
19+ cells was increased by rIL-2. This result indicates that only
those LGLs that express the Leu 19 antigen are selectively
affected by rIL-2.

The expression of low levels of CDS surface antigen (CDSd)
on LGLs capable of mediating NK cell activity has been re
ported previously (12, 13). Again, whether CDSd expression
following rIL-2 therapy occurs as a result of selective expansion
of preexisting CD8d+ subsets or as a result of de novo expres
sion of this antigen by activated cells cannot be determined.
The degree to which this population is increased during rIL-2
therapy indicates that this subset of Leu 19+ cells is particularly
responsive to the effects of rIL-2.

The phenotypic alterations induced in circulating mononu
clear cells during rIL-2 therapy indicate a significant degree of
selectivity of rIL-2 on cells associated with an NK cell pheno-
type. This is in sharp contrast to the effects of rIL-2 on
peripheral blood mononuclear cells stimulated in vitro; such
stimulation results in selective expansion of and culture over
growth by T-lymphocytes (data not shown; 9). At least two
possible explanations for the unique cellular effects of in vivo
activation with rIL-2 include (a) effects of rIL-2 on mature cells
or precursors not normally found in the circulation, and (h) the
induction by rIL-2 of secondary cytokines which are involved
in the selective expansion of circulating Leu 19+ cells. Never
theless, these findings indicate that rIL-2 administered /// vivo
is capable of expanding Leu 19+ cell subsets to an extent not
observed in vitro.

The phenotypic changes observed in our patient panel were
observed consistently in all individuals studied, although the
time course and extent of these alterations were highly individ
ualized. The observation that all patient groups showed similar
quantitative changes in circulating PBMC populations, despite
different sampling times, indicates that these changes were not
dependent solely on sampling schedules during rIL-2 therapy.
Although it is likely that the time at which cells are sampled
following rIL-2 administration is a factor in the accurate as
sessment of phenotypic alterations, the observation that the
phenotypic changes were stable in patients on protocol A2
following reversion from twice weekly to once weekly rIL-2
doses, with associated sampling change from 4 to 7 days
postinfusion, further indicates that such changes are more than
peri-infusion phenomena.

Some of the phenotypic changes observed in Leu 19+ cells
may be of direct functional significance to the development of
LAK cell activity. CD2 antigens have been demonstrated to
participate in a variety of cell-cell interactions, including those
involving cytolytic T-cells and their targets (14, 15). One may
speculate that the enhanced expression of CD2 antigens on Leu
19+ cells may contribute to the enhanced ability of LAK cells
to bind or lyse NK resistant target cells. Antibodies to epitopes
of the CD2 antigen have been shown previously to induce
increased adherence of NK cells to targets and to trigger the
cell's cytolytic machinery (18). A role for the CDS antigen in

NK and LAK cell functions has not been established, although
evidence for a recognition and triggering function for this
molecule in T-cell activities is well recognized (19, 20).

The temporal relationship between the development of ele
vated percentages of Leu 19+ and Leu 19b+ cells and the
appearance of circulating LAK cells indicates that increases in
circulating Leu 19+ cells are functionally relevant. This is
further supported by our previous cell-sorting experiments
showing that LAK cells that develop in patients receiving rlL-
2 are restricted to the Leu 19+ population and may coexpress
CD8d+ and CD 16 markers. Whether the time course and
induction of circulating LAK cells during rIL-2 therapy can be
accurately monitored using surface phenotypic analysis cannot
be determined in the small number of patients assessed in this
study, but is worthy of further evaluation.
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