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Introduction

Acute lymphoblastic leukemia (ALL)isa
clonal disorder characterized by derange-
ments of self-renewal and differentation
of lymphoid precursor cells in the bone
marrow. Corresponding to the inconsis-
tent stimulatory effects of the recom-
binant hematopoietic growth factors
studied to date on B-lineage ALL blasts
in vitro [1], a reproducible culture assay
that supports proliferation and matura-
tion of ALL blasts has not yet been re-
ported.

Recently, a new cytokine has been
defined by its stimulatory effects on DNA
synthesis in murine pre-B cells from
Whitlock-Witte culture [2]. This stromal
cell-derived cytokine, termed interleukin-
7 (IL-~7), has been purified and molecular-
ly cloned, and the recombinant murine
and human proteins are now available [3,
4). Since IL-7 also stimulates murine pre-
B cells from bone marrow [5], murine
thymocytes, and, as comitogen, mature T
cells [6] and induces proliferation of
human T cells [7], we investigated
whether IL-7 could stimulate DNA syn-
thesis in B-lineage ALL blasts in suspen-
sion culture and also the capacity of IL-7
to induce blast cell maturation in vitro.
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Methods

Low-density peripheral blood (n = 10) or
bone marrow (n = 4) cells were separated
by Ficoll-Hypaque density centrifugation
and were classified as common ALL
(cALL; including pre-pre-B-lineage all
and pre-B-lineage ALL; n=10; HLA-
DR+/CD 10+/CD 19+ /slg—) or B-
lineage ALL (n=4; HLA-DR+/CD
10— or +/CD 19+ /sIg+) [8]. All sam-
ples were depleted of adherent cells and
then incubated with OKT4, OKTZ8, and
OKM 1 and rabbit complement in order
to eliminate mature myeloid and T-
lymphoid cells. Cells were cultured in
Iscove’s modified Dulbecco’s medium
(IMDM), 20% fetal calf serum (FCS),
1% L-glutamine and 1 % penicillin/strep-
tomycin supplemented by IL-7 (50 U/ml,
Immunex) or IL-3 (50 ng/ml, Behring)
and incubated in 96-well plates at 1-
2.5%x10° cells per well (quadruplicate
values). After 7 days of liquid culture,
samples were pulsed with [*H]thymidine
(1 pCi/well) for 4h and harvested on
nitrocellulose filters. Thymidine uptake
was defined by liquid scintillation count-
ing. Cells of responsive samples were
further characterized by four-parameter
flow cytometry using a panel of mono-
clonal antibodies (moAb) and by im-
munogenotyping in order to monitor
individual leukemic cell populations
prior to and after suspension culture. All
moAbs were from Becton and Dickinson
(anti-CALLA CD10, Leul2 CD19,
Leu16 CD 20, anti-k, anti-A, anti-HLA-
DR, LeuM9 CD33, anti-HPCA1
CD 34), Coulter Clone (My7 CD13) and
Medac (goat anti-mouse IgG for indirect
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immunofluorescence staining). After cul-
ture, one sample was incubated with
Leu12 and propidium iodide (PI) in order
to examine viability and CD19 ex-
pression in different cell populations
characterized by their light scatter pro-
perties. Southern blot analysis was per-
formed as previously described [9]. EcoRI
and HindIII digests were hybridized to a
2.4-kb Sau 3a JH probe and BamHI and
HindIII digests to a 1.3-kb EcoRI Cy, as
well as Ck probe to demonstrate Ig gene
rearrangements. To analyze configura-
tion of T-cell receptor genes EcoRI,
BamHi and HindIII digests were hy-
bridized to a TCRpS probe and to a TCRy
probe, and HindIII- and Bg/lI-digested
DNA was hybridized to TCRé probe
o516 -

Results and Discussion

The stimulation indices (SI), defined as
counts per minute (cpm) of the sam-
ple/cpm of control are given in Table 1.
With an arbitrary cut-off of a SI > 5,4 of
10 cALL samples (5, 7, 8, 9) and 1 of 4 B-
ALL samples (14) were stimulated by IL-
7. IL-3 stimulated DNA synthesis in 5 of
9cALL and 3 of 4 B-ALL samples. In two

of the cALL samples responsive to IL-7,
IL-7 was more potent than IL-3 (8, 9),
while IL-3 was more effective than IL-7 in
all B-ALL samples examined.

To further define the nature of prolife-
rating cells and the maturation stage of
the leukemic blasts, samples 6, 8, 9, and
14 were analyzed by four-parameter flow
cytometry and Southern blot analysis
prior to and after liquid culture. Table 2
summarizes the results of immunophe-
notyping; Fig.1 presents the analysis of
sample 14. Analysis gates were fitted to
light scatter properties of PT-negative
cells in order to gate preferentially viable
cells after liquid culture. Sample 6, which
was Ph*, revealed a marked increase in
the percentage of CD33* and CD13%
cells at day 7, suggesting that non-
lymphoid cell populations preferentially
proliferated during suspension culture. In
sample 8, a decrease in CD 34 and CD 19
expression and in the percentage of
CD10/CD 19 double-positive cells were
detectable, while the percentage of
CD20* cells was unchanged. Sample 9
revealed a decrease in CD 347 cells, but
CD19 expression was unchanged and
CD10/CD 34 double-positive cells were
detectable after 7 days of liquid culture: A
net increase in CD19™" cells (data not

Table 1. Stimulation indices of ALL blasts stimulated by IL-7 and IL-3

Sample Diagnosis IL-7 (50 U/ml) IL-3 (50 ng/ml)
1 cALL 1.5 1.5
2 cALL 2.6 nd
3 cALL 33 0.6
4 cALL 1.3 1.8
5 cALL 51 6.7
6 cALL Ph 23 6.8
7 cALL 15.8 25.5
8 cALL 5.9 1.5
9 cALL 53.6 371

10 cALL 3.4 45.1

11 B-ALL 1.8 3.5

12 B-ALL 2.6 9.2

13 B-ALL 1.5 15.6

14 B-ALL 8.9 18.3

Mean SI of quadruplicate cultures (cpm sample/cpm control). Control cpm were <850 in all

cases examined.
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Table 2. Surface marker analysis prior to and after suspension culture of ALL samples

Sample® Antigen % positive cells
Day 0 Day 7
6 cALL CD 34 11 54
CD 33 3 43
CD 13 < 1 75
8 cALL CD 34 24 9
CD 19 69 45
CD 20 36 41
CD 10/CD 19 69 37
9 cALL CD 34 96 75
CD 19 68 64
CD 20 6 4
CD 10/CD 19 63 47
CD 10/CD 34 92 42
14 B-ALL CD 34 < 1 <1
CD 19 14 57
CD 20 72 82
slgx 36 <1

® Samples 8, 9, and 14 were stimulated by IL-7 (50 U/ml) and sample 6 by IL-7 (50 U/ml)

combined with IL-3 (50 ng/ml).

shown), combined with a lack of surface-
bound Ig x light chain, was found in
sample 14, suggesting proliferation of B-
lineage restricted cells during culture. The
lack of surface-bound Ig light chain and
the consistent pattern of Ig recombina-
tion prior to and after liquid culture (see
below) suggest that leukemic transforma-
tion occurred at a maturation level pre-
ceding B-cell stage. Maturation induc-
tion, e.g., expression of surface-bound Ig
after liquid culture, was not detectable in
any of the examined cases.

As indicated in Table 3, the immunoge-
notype corresponded to the immuno-

Table 3. Immunogenotype of ALL samples

phenotype in the cases examined. In
order to monitor individual leukemic cell
populations, defined by specific mole-
cular genetic markers, cells were analyzed
prior to and after liquid culture. In cases 9

-and 14, IL-7 and IL-3 induced almost

exclusively proliferation of the leukemic
cell clone as concluded from the consis-
tent pattern of Ig recombination prior to
and after liquid culture. In cases 6 and 8,
nonleukemic cell proliferation associated
with the generation of CD33* and
CD13* cells (case 6) and detection of
burst-forming unit-erythroid (BFU-E)
and colony-forming unit-granulocyte-

Sample Phenotype Rearrangement Proliferative population®
6 cALL Ph IgH, TCR 3 Nonleukemic
8 cALL IgH, TCRYy, TCR Nonleukemic
9 cALL IgH, TCRYy, TCR® Leukemic

14 B-ALL IgH, Igx Leukemic

* Proliferation of the leukemic cell clone was concluded from the consistent pattern of Ig
recombination observed prior to and after liquid culture.
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Fig. 1a—f. Four-parameter flow cytometry of
sample 14 prior to and after 7 days of liquid
culture. Cells were analyzed prior to (a—c) and
after 7 days of liquid culture (d—f). a, d Dot
plot diagrams of foreward (FSC) and sideward
scatter (SSC) properties. Viability of gated

macrophage (CFU-GM) after liquid cul-
ture (case 8; data not shown) was ob-
served when cultures were stimulated by
IL-7 or IL-3. The detection of non-
leukemic celis generated during suspen-
sion culture stimulated by IL-7 or IL-3
underlines the necessity to define exactly
the nature of proliferating cells in re-
sponsive samples.

We conclude that IL-7 and IL-3 stimu-
late proliferation of leukemic cells in a
subset of B-lineage restricted ALL with-
out evidence of concurrent maturation
induction. However, additional growth
‘factors may be required to improve the in
vitro culture of ALL blasts.
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cells was 93% (a) and 98% (d). b, c, e, f
Contour graphs from two-color FACS analy-
sis. Samples were stained as indicated. Quad-
rants were chosen corresponding to controls
stained by unspecific MsIgG-FITC and
MslgG-PE
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