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ABSTRACT

The effect of treatment with interleukin 2 (112) on the phenotypic and
functional immune system of acute leukemia patients was investigated.
Fifteen acute myeloid leukemia and acute lymphoid leukemia patients
with evidence of persistent disease were further subdivided into two
groups according to the percentage of bone marrow (BM) blasts: group
a had 6-15% blasts and group b had 30-65%. Following two cycles of
112 (Glaxo Imi). Geneva, Switzerland) given i.v. by continuous infusion
at escalating doses, no major changes in the proportion of CD3-, CD4-,
and CDS-positive cells were encountered in the blood or in the marrow
of either group of patients. When these could be retested after four cycles
of 112. a significant increase of CD3+ and (1)4+ cells was documented
in the peripheral blood (PB), as well as a significant increase of CD3+
cells in the BM. Irrespective of the number of cycles administered, the
proportion of CD16+ cells increased significantly in the blood in both
groups of patients and in the marrow of group a patients only. The
expression of CD25 was significantly enhanced in all samples tested.

Following 112 administration, an enhancement of the natural killer
compartment was documented. This was consistently more evident in
patients with more limited disease. A significant amplification of the in
v/rro-induced lymphokine-activated killer function was noted in the BM
of the treated patients. Furthermore, we documented the presence both
in the PB and in the BM of "spontaneous" lymphokine-activated killer

cells generated in vivo following 112 administration.
These results demonstrate that in acute leukemia of both myeloid and

lymphoid origin, treatment with IL2 is capable of inducing profound
immunophenotypic and functional modifications in PB and in BM lym
phocytes, particularly in patients with more limited disease. The evidence
of the in vivo activation of cytotoxic cells, particularly in the BM, may
help to explain the clinical responses preliminarily observed in individual
acute leukemia patients.

INTRODUCTION
Following a 2-7 day preincubation with IL2,3 mouse and

human lymphocytes are capable of lysing both allogeneic and
autologous tumoral cells (1, 2). This cytotoxic activity is me
diated by the so-called LAK cells. These findings and the
evidence that LAK effectors may display an antitumoral activity
in animal models (3, 4) have represented the prerequisite base-
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line for the exploitation of a new and more rational immuno-
therapeutic approach to the management of cancer patients.
Over the last few years, different authors have reported prom
ising results in the treatment of resistant solid tumors with
recombinant IL2 with or without ex v/Vo-generated autologous
LAK cells (5-7).

Several groups, including our own, have documented that
human leukemic blasts are susceptible to the lytic action of
LAK effectors, while being resistant to NK cells (8-12). Prelim
inary clinical data also support the concept that IL2 may be
administered to acute leukemia patients, in terms of both tox-
icity and potential antileukemic effect (13-17). Based on these
early data, several acute leukemia patients have been enrolled
in our IL2-based therapeutic protocols. The clinical results so
far obtained have been reported elsewhere (13, 15-17) or are in
progress.

In an attempt to elucidate the mode of action of IL2 in this
category of patients and to assess the inducibility of the immune
system in patients who are often considered immunodepressed,
we assessed the phenotypic and functional immunological mod
ifications of PB lymphocytes following in vivo administration
of recombinant IL2. These analyses were also carried out on
BM cells to assess whether IL2 was capable of inducing an
immunological response at the site of disease onset and at the
primary site of recurrence of disease.

MATERIALS AND METHODS

Patients. Fifteen patients affected by acute leukemia were evaluated:
12 male and 3 female, ages between 9 and 52 years. Six patients were
affected by common acute lymphoid leukemia and 9 by acute myeloid
leukemia. All patients were in second or subsequent resistant relapse.
One group of 8 patients (group a) at the time of starting IL2 treatment
had a smaller disease mass with a percentage of BM leukemic cells that
ranged between 6 and 15%, whereas a second group of 7 patients (group
b) had 30 to 65% blasts in the BM. Following informed consent, the
patients were treated with recombinant IL2 (Glaxo Imb, Geneva, Swit
zerland) given by continuous i.v. infusion at daily escalating doses
starting from 100 /Â¿g/m2/dayto a maximum of 1000 ^g/m2/day. The
protocol, described in detail elsewhere (15-17), was aimed according
to toxicity and to the clinico-hematological situation, at repeated 5-day
cycles separated by 2 days off.

Our monitoring schedule takes into consideration the assessment of
the immunological status in all patients before and after each cycle of
IL2 therapy. Since all patients reported underwent at least 2 cycles of
IL2, the data will refer to the findings observed at that time. In a series
of cases, we will also describe the phenotypic modifications that oc
curred following 4 cycles of IL2 administration. The immunological
survey included the assessment of the expression of the CD3, CD4,
CDS, CD 16, and CD25 antigens, as well as the NK function and the
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"spontaneous" and II.2-itulua.-cl LAK activity on both PB and BM

cells.
Cell Separation. Mononuclear PB and BM cells were obtained after

fractionation on a Lymphoprep (Nycomed AS, Oslo, Norway) gradient.
The cells recovered from the interface were washed twice and resus-
pended in RPMI 1640 (Flow Laboratories, Opera, Italy) supplemented
with 10% heat-inactivated fetal bovine serum (Flow).

Immunophenotyping. On PB and BM mononuclear cells, the expres
sion of the following antigens was monitored: Leu4 (CD3), Leu3 (CD4),
Leu2 (CD8), Leu 11 (CD 16), and IL2-receptor (CD25; Becton Dickin
son, Mountain View, CA). All reagents used were directly labeled and
the percentage of positive cells was analyzed using a FACScan flow
cytometer (Becton Dickinson) or under a fluorescence microscope.

Generation of LAK Cells. LAK cells were generated by incubating
mononuclear cells at the concentration of 1.5 x 106/ml in RPMI 1640
(Flow) supplemented with 10% heat-inactivated fetal bovine serum
(Flow), in the presence of 100 units/ml of recombinant IL2 (Glaxo
Imb) for 7 days at 37Â°Cwith 5% CO2 in humidified air. In a previous

study (10), we reported that under our experimental conditions the
presence of 1000 units/ml of IL2 did not modify significantly the
generation of LAK cells. The preincubation time was prolonged to 7
days to allow an optimal generation of LAK effectors also from samples
containing variable proportions of blasts (11, 18). LAK cell activity was
based on the percentage of 51Crrelease (see below) by the NK-resistant
B-lymphoid cell line Raji.

"Spontaneous" LAK Cells. To assess whether the administration of

IL2 was capable of inducing in vivo the generation of LAK cells, the
"spontaneous" lytic activity against Raji cells was also tested on PB

and BM lymphocytes before and after treatment in the absence of any
further in vitro preincubation with IL2.

NK Activity. The NK activity of PB and BM mononuclear cells was
measured using the classic "Cr release assay against the KS62 cell line

(see below).
Cytotoxic Assay. A standard 51Crrelease assay was used. Target cells

(5 x 10*) were incubated with 100 /Â¿Ciof 51Cr (Na 5lCrO2; Dupont,

New England Nuclear Products Division, Florence, Italy) for l h at
37Â°Cand then washed twice with complete medium. A total volume of
150 p\ of complete medium containing 2 x IO3target cells and various

numbers of effector cells at final effectortarget ratios of 100:1, 50:1,
25:1, and 12:1 were placed into round-bottomed microtiter plates
(Flow). The plates were incubated at 37Â°Cfor 4 h and then centrifuged

at 1200 x g for 10 min. An aliquot (100 M') of the supernatant was
collected and counted in a gamma scintillation counter. All experiments
were performed in triplicate, and the percentage of 5'Cr release was

calculated according to the following formula:

(Â£- S)/(M - S) x 100

where E is the mean cpm release in the presence of effector cells, S is
the mean cpm spontaneously released by the target cells incubated with
medium alone, and M is the mean cpm release of 100 ^1 of resuspended
target cells.

The results reported always referred to a final effectortarget ratio of
100:1. Only results of experiments in which the value of S/M release
was less than 25% are included.

RESULTS

Immunophenotypic Characterization. The percentage of PB
CD3-, CD4-, and CDS-positive cells in patients with more
limited disease (6-15% BM blasts) did not change significantly
after 2 cycles of IL2 therapy: 58 Â±11.2% (post-IL2) versus 58.7
Â±12% (pre-IL2); 36.3 Â±16% versus 31.8 Â±6.5% and 24 Â±
8.6% versus 25.5 Â±8.6%, respectively (Fig. la). On the con
trary, the expression of the CD 16 and of the CD25 antigens
increased and were significantly higher (P < 0.001) compared
with the basal values: 25.3 Â±9.6% versus 7.7 Â±4.1% and 13.1
Â±6.8% versus 0, respectively (Fig. \a). BM cells showed,
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Fig. 1. PB immunophenotypic changes following IL2 administration.
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Fig. 2. BM immunophenotypic changesfollowing IL2 administration.

following IL2 administration, a small increase of CD3+ cells
(15.1 Â±5.2% versus 11.3 Â±7.9%), but a significant increase of
the CD16 antigen (14.7 Â±9.3% versus 6.0 Â±4%, P< 0.05) and
of CD25+ cells (2.8 Â±2.3% versus 0, P < 0.01) (Fig. 2a).

Also in the PB lymphocytes of patients with 30-65% blasts
in the BM we observed few changes in the expression of CD3,
CD4, and CDS after 2 cycles of IL2 therapy: 71.7 Â±9.4% versus
66.2 Â±11%; 48.5 Â±12.6% versus 43.7 Â±14.2%, and 21.8 Â±
3.7% versus 23 Â±3%, respectively (Fig. \b). CD 16- and CD25-
positive cells increased significantly (P < 0.02 and P < 0.005)
their expression after therapy: 26.7 Â±11.9% versus 11.5 Â±7.5%
and 22.1 Â±15.3% versus 2 Â±1.8%, respectively (Fig. \b). In
the BM, little or no variations were observed in the expression
of CD3 (12.8 Â±7.5% versus 12.5 Â±6%) and CD16-positive
cells (9.2 Â±5.2% versus 5 Â±5%), whereas the CD25 antigen
after IL2 administration was significantly (P < 0.02) higher
compared with the basal values: 5 Â±4.5% versus 0 (Fig. 2Â¿>).

In a series of 7 patients who underwent further treatment
with IL2, the analyses could be repeated after a total of 4 cycles.
Following prolonged exposure to IL2, a significant increase in
CD3+ (from 55 Â±15.9% to 76.8 Â±8.6%, P< 0.01) and CD4+
(from32.1 Â±14.8% to 50.4 Â±10.9%, P< 0.05) PB lymphocytes
was documented. This resulted also in a significant increase of
the CD4:CD8 ratio (from 1.5 Â±0.7% to 2.2 Â±1, P < 0.05). A
significant enhancement of the CD3+ cells was also docu
mented in the BM (from 9.0 Â±6.4% to 22.5 Â±11.6%, P <
0.05). The expression of the CD25 antigen, which was already
significantly enhanced after 2 cycles of 1L2, did not vary sub
stantially following additional treatment. Furthermore, no ma
jor differences in the expression of CD 16 were noted in either
PB or BM lymphocytes.

NK Activity. An enhancement of the NK cell activity was
consistently observed after IL2 treatment (Fig. 3). In both PB
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and BM lymphocytes of patients with 6-15% blasts, the NK
activity increased considerably compared with the pre-IL2 val
ues: 48.5 Â±25.2% versus 16.3 Â±9.4% (P < 0.005) and 18.9 Â±
16.6% versus 9.7 Â±9%, respectively (Fig. 3a). In patients with
a larger tumoral mass, the increment of NK activity was less
evident in both PB and BM cells: 23.4 Â±12.2% versus 17.3 Â±
24.8% and 7.1 Â±6.5% versus 4.4 Â±3.6%, respectively (Fig. 3b).

In F/fro-induced LAK Activity. Prior to starting treatment, a
satisfactory capacity of generating in vitro LAK activity was
present in PB cells of all patients. In patients with 6-15% blast,
the mean basal value was 37.1 Â±2.1%, whereas after IL2
therapy the LAK function increased to 46.6 Â±10.5% (Fig. 4a).
Also in the other group of patients we observed a high basal
LAK capacity (47.6 Â±29.6%), which did not increase further
following IL2 therapy (44.1 Â± 12.7% (Fig. 4b). After IL2
administration, a significant increase in LAK function was
observed in BM lymphocytes, particularly in patients with more
limited disease, in whom this rose from 12 Â±13.8% to 42.3 Â±
20.8% (P < 0.005) (Fig. 4a). This enhancement of the LAK
compartment was also documented in patients with more evi
dent disease (31.2 Â±23.9% versus 10.4 Â±9.2%, respectively, P
< 0.05) (Fig. 4b).

"Spontaneous" LAK Activity. Following in vivo administra

tion of IL2, acute leukemia patients were capable of generating
a "spontaneous" LAK activity. This was always absent before
IL2 administration. After IL2 therapy, a "spontaneous" in vivo

LAK function was found in the PB of all but one patient with
6-15% blasts (mean 11.7 Â±8.6%, P< 0.002) and of all patients
with 30-65% blasts (6.1 Â±3.6%, P< 0.0001) (Fig. 5, a and b).
Also in BM cells we could document the presence of "sponta-

neous" LAK activity in all but one patient with small disease

(5.6 Â±3.4%, P< 0.0001) and with more evident disease (5.2 Â±
3.4%, P < 0.002) (Fig. 5, a and b).

DISCUSSION

Treatment of cancer patients with IL2-mediated immuno-
therapy has allowed encouraging results, particularly in some
categories of solid tumors (5-7). Though the exact mecha
nism^) by which this new approach has proved effective still
needs to be fully clarified, the evidence of in v/vo-induced
modifications of the immune system (19-24), namely of the
cytotoxic compartment, as well as the release of different cy-
tokines (25, 26), suggests that these biological changes may
play a role in tumor regression. The recent evidence that the
administration of IL2 may also be successfully used in the
management of a proportion of acute leukemia cases (13, 15-
17) has opened the question of whether the immune machinery
in this category of patients, often considered impaired, is suf
ficiently preserved to allow a phenotypic and functional acti
vation following IL2 treatment, thus offering a clue to the
mechanism(s) of blast clearing.

The results of our study demonstrate that in acute leukemia
patients with evidence of disease, the administration of IL2 is
capable of an overall boosting of the NK and LAK systems.
This activation occurs in both myeloid and lymphoid leukemias,
suggesting, therefore, that in these patients a relatively effective
cytotoxic compartment is still present. In agreement with pre-
clinical data (11, 12), the activation of the cytotoxic machinery
could be documented also in patients who, at the time of the
study, displayed a high percentage of leukemic cells in the
marrow. Furthermore, this often occurred in the BM, as well
as in circulating lymphocytes.

When the distribution of the T-lymphocyte subsets was ana
lyzed, the expression of CD3, CD4, and CDS did not vary
significantly after two cycles of IL2. Only the CD25 (IL2
receptor) antigen increased significantly. These data are in
agreement with those reported by other authors in solid tumor
patients treated with IL2 (23). However, in patients in whom
the clinical situation allowed to continue treatment with IL2, a
significant increase in the percentage of circulating CD3+ and
CD4-I- lymphocytes was documented after 4 cycles, paralleled

by an increase and normalization of the CD4:CD8 ratio. The
prolonged treatment with IL2 also allowed a significant increase
in the percentage of CD3 cells infiltrating the BM. These
findings suggest that in acute leukemia patients, an amplifica
tion of the T-cell compartment requires a longer time period
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