
Interleukin 7 requirement for survival of T-cell
acute lymphoblastic leukemia and human
thymocytes on bone marrow stroma 

We explored the role of interleukin-7 (IL-7) in the
bone marrow (BM) stroma-mediated survival of
primary T-cell acute lymphoblastic leukemia (T-
ALL) cells and normal thymocytes. We present evi-
dence that IL-7 has a major role in the enhanced
survival mediated by BM stroma both in T-ALL
cells and thymocytes. 
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T-cell acute lymphoblastic leukemia (T-ALL) cells and
thymocytes, their normal counterpart, undergo sponta-
neous apoptosis when cultured in vitro. Co-cultures with
bone marrow (BM)1,2 or thymic stroma3 can induce T-ALL
survival and proliferation. However, the molecular mech-
anisms promoting these effects in the microenvironments
remain poorly elucidated. Interleukin-7 (IL-7), produced
by BM and thymic stroma, plays a crucial role in the
development of normal T cells4 and contributes to the
pathogenesis of T-cell leukemia.5 IL-7 induces survival6
and proliferation of early thymocytes7 and regulates sur-
vival, cell cycle, and growth of primary T-ALL cells.5
To explore the mechanisms involved in the enhanced

survival mediated by BM stroma, we cultured primary T-
ALL cells or normal human thymocytes in vitrowith either
human BM stromal cells obtained from seven healthy
donors, as previously described,8 or the murine M2-10B4
fibroblast-like cell line of BM stromal origin (kindly pro-
vided by Dr Connie J Eaves, Terry Fox Laboratories,
Vancouver, Canada). T-ALL cells were derived from
enriched leukemic cells isolated from adult patients and
classified according to their maturation stage by
immunophenotypic analysis (Table 1), as previously
described.9 T-ALL cells were considered positive for a
defined antigen if at least 30% of cells were positive com-
pared to the isotype-matched control. Thymocytes were

derived from normal thymuses of children (<5 years of
age) undergoing cardiac surgery. BM stroma induced a sig-
nificant increase of survival in both T-ALL cells and thy-
mocytes (Figure 1A and 1B), as measured by annexin V-
fluoroscein isothiocyanate/propidium iodide staining
(Bender Med System, Vienna, Austria) and flow cytome-
try (FACSCalibur, Becton Dickinson, Palo Alto, CA, USA).
The enhanced survival was maintained throughout the
period of observation (Figure 1C and D). BM stroma also
induced proliferation in all T-ALL cases, but not in thymo-
cytes, as assessed by thymidine-incorporation microassay
after culture with 4000-rad irradiated stromal cells (Figure
1E). The proliferative response of T-ALL was maintained

Table 1. Immunophenotype and classification of T-ALL patients.

Immunophenotype*º

T-ALL CD1a CD2 CD3 CD4 CD5 CD7 CD8 Maturation 
(case) stage^

1 + + − + + + + III
2 + + + + + + + III
3 + + + + + + + III
4 − + − − + + − II
5 + + − + + + + III

*T-ALL samples from patients were considered positive for a defined antigen if
at least 30% of the  leukemic cells were positive compared to an isotype matched
control. ºIn all cases, greater  than 90% of blasts were positive for TdT, and
cytoplasmic CD3. ^T-ALL maturation stages of primary samples were defined
as previously described.9 Stage II: pre-T-ALL; stage III: cortical T-ALL; stage IV:
mature T-ALL.

Figure 1 (right). BM stromal cells enhance T-ALL-cell and thymocyte
survival and promote proliferation of T-ALL cells. T-ALL cells or thy-
mocytes were cultured in medium alone, or in the presence of nor-
mal BM cells or M2.10B4 stromal cells. Cell apoptosis was meas-
ured by annexin V/PI staining and flow cytometry and proliferation
was examined by thymidine incorporation. (A) Percentage of annex-
in V/PI-negative cells after 2 days of co-culture with stromal cells.
Values represent the mean±SD of three independent experiments
for T-ALL cases or the mean±SD of four independent experiments
performed with thymocytes from different donors (thy). (B) Flow
cytometry analysis of annexin V/PI-stained cells from the represen-
tative T-ALL case n. 1 (left panel) and one representative thymocyte
preparation (right panel), after 2 days of co-culture with stromal
cells. (C) Time course analysis of annexin V/PI-negative T-ALL-cells
cultured with BM stromal cells. Values represent the mean±SD of
three independent experiments with cells from the representative T-
ALL n. 3. (D) Time course analysis of annexin V/PI-negative thymo-
cytes cultured with BM stromal cells. Values represent the
mean±SD of four independent experiments performed with thymo-
cytes from different donors. (E) BM stromal cells, T-ALL cells or nor-
mal thymocytes were cultured for 8 days in medium alone, in the
presence of BM stromal cells or M2.10B4 cells. Results are
expressed as cpm. Values represent the mean±SD of three inde-
pendent experiments for T-ALL cases and the mean±SD of four
independent experiments performed with thymocytes from different
donors (thy). (F) Time course analysis of thymidine incorporation of
T-ALL cultured with BM stromal cells. Results are expressed as cpm.
Values represent the mean±SD of three independent experiments
with cells from the representative T-ALL case n. 3.   
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throughout the period of observation (Figure 1F). In con-
trast, neither BM stroma nor M2-10B4 induced significant
proliferation in normal thymocytes at any time point con-
sidered (days 2, 3, and 8; data not shown) and at different
thymocyte:stromal cell ratios (ranging from 0.1:1 to 10:1).
Comparable levels of survival and proliferation were
observed when cells from the same patient were cultured
with BM stromal cells from different donors (data not
shown). 
We next investigated the functional role of the interac-

tion between IL-7 and its receptor (IL-7R) in the BM-
induced survival of T-ALL cells or thymocytes. BM stroma
produced IL-7, as evaluated by analyzing supernatants
from four independent cultures by an enzyme-linked
immunosorbent assay (ELISA) kit (R&D Systems,
Minneapolis, MN, USA) (0.8±0.3, 1.4±0.8, 2.1±0.8,
3.3±1.2 pg/mL±SD at days 1, 3, 5, and 7, respectively). All
T-ALL cells and thymocytes expressed the IL-7Rα chain
(CD127) (Figure 2A) and showed a significant response to
recombinant human IL-7 (10 ng/mL, Calbiochem, Merck
Biosciences, Darmstadt, Germany), as determined by
increased survival revealed by annexin V/propidium
iodide analysis (Figure 2B and 2C). Functional blockage of
IL-7 or IL-7Rα with antibodies (10 µg/mL, rabbit poly-
clonal, Biosource International, Camarillo, CA, USA; and
monoclonal R34.34, Immunotech, Marseille, France,
respectively) during co-cultures significantly decreased
the BM-induced survival in both T-ALL cells and thymo-
cytes with respect to control isotype-matched antibodies
(Figure 2D). Time course analysis revealed that maximum
inhibition of survival occurred after 1 day of co-culture
and the effects decreased with time (data not shown).
Furthermore, IL-7 or IL-7Rα blockage reduced BM-
induced T-ALL proliferation (30% reduction, data not

shown). However, as proliferation also depends on cell via-
bility, it is difficult to dissect out the direct effects of IL-
7/IL7R blockage from the consequences of reduced cell
viability. 
In summary our data indicate that (i) BM stromal cells

inhibited apoptosis in both human T-ALL and thymo-
cytes, thus extending previous data;1,2,10 (ii) BM stromal
cells induced proliferation in T-ALL cells but not in nor-
mal thymocytes; (iii) the enhanced survival mediated by
BM stroma in both T-ALL cells and thymocytes required
the IL-7/IL-7R interaction. However, IL-7/IL-7R blockade
only partially inhibited survival, thus suggesting the exis-
tence of other mechanisms acting in co-operation with IL-
7. Interestingly, it has been reported that LFA-1 and E-
selectin are required, although not alone sufficient, for
BM-mediated T-ALL survival.2 Furthermore, the effects of
anti-IL-7/IL-7R antibodies on T-ALL and thymocyte sur-
vival decreased with time, which could suggest that other
cellular events, triggered by IL-7 but acting later on inde-
pendently of it, could be involved. Taken together, these
findings suggest that a complex signaling pathway involv-
ing IL-7 activity mediates BM-induced enhanced survival
of T-ALL and thymocytes. 
In conclusion, our findings support the notion that IL-7

can contribute to the expansion of T-ALL within the BM
microenvironment. Furthermore, they highlight a proper-
ty of BM stromal cells that could be relevant during early
human T-cell lymphopoiesis. 
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Figure 2. The IL-7/IL-7R interaction is required for BM stroma-mediated increased survival. (A) Surface expression of IL-7R (CD127) in T-
ALL cells and thymocytes. The filled histogram curve corresponds to the CD127 profile and is superimposed over an open histogram curve
corresponding to the control isotype-matched monoclonal antbody. The percentage of CD127-positive cells is indicated for each histogram.
(B-C) IL-7 enhances T-ALL and thymocyte survival. Primary T-ALL cells (B) or thymocytes (C) were cultured in medium containing IL-7 (10
ng/mL). At the indicated time, T-ALL or thymocyte apoptosis was measured by annexin V/PI staining and flow cytometry. Results are
expressed as percentage of annexin V/PI negative cells. Values represent the mean ± SD of three independent experiments with cells from
the representative T-ALL case n. 3 (B) and four independent experiments performed with thymocytes from different donors (C). (D) Co-cul-
tures between T-ALL or thymocytes and BM stromal cells were performed in the presence of anti-IL-7 (BMS/IL-7) or anti-IL-7R (BMS/IL-7R)
antibodies. Rabbit polyclonal (BMS/pAb) or mouse isotype-matched monoclonal antibodies (BMS/mAb) were used as controls for anti-IL-7
or anti-IL-7R antibodies, respectively. After 1 day of culture, T-ALL or thymocyte apoptosis was measured by annexin V/PI staining and flow
cytometry analysis. Cells from T-ALL cases n. 3 and 5, which had a higher number of cells, were used in this experiment. Results are
expressed as percentage of annexin V/PI negative cells. Values represent the mean ± SD of three independent experiments for T-ALL cases
and the mean±SD of three independent experiments performed with thymocytes from different donors (thy).

BA

C

D



Funding: this work was supported by grants from Ministero
dell’Istruzione, dell’Università e della Ricerca (MIUR),
Consiglio Nazionale delle Ricerche (CNR) and Fondazione
Cariverona, Verona, Italy.  
Key words: T-ALL, thymocytes, BM stroma, IL-7, survival,
proliferation.
Correspondence: Maria Teresa Scupoli, PhD, Laboratorio
Universitario di Ricerca Medica (LURM), Università di Verona,
Policlinico GB Rossi, Ple. L.Scuro, 10 37134 Verona, Italy.
Phone: international +39.045.8074261. Fax:  international
+39.045.8027403. E-mail: mariateresa.scupoli@univr.it

References

1. Manabe A, Yi T, Kumagai M, Campana D. Use of stroma-
supported cultures of leukemic cells to assess antileukemic
drugs. I. Cytotoxicity of interferon α in acute lymphoblastic
leukemia. Leukemia 1993;7:1990-5.

2. Winter SS, Sweatman JJ, Lawrence MB, Rhoades TH, Hart
AL, Larson RS. Enhanced T-lineage acute lymphoblastic
leukaemia cell survival on bone marrow stroma requires
involvement of LFA-1 and ICAM-1. Br J Haematol 2001;
115:862-71.

3. Scupoli MT, Vinante F, Krampera M, Vincenzi C, Nadali G,
Zampieri F, et al. Thymic epithelial cells promote survival of
human T-cell acute lymphoblastic leukemia blasts: the role of

interleukin-7. Haematologica 2003;88:1229-37.
4. Plum J, De Smedt M, Leclercq G, Verhasselt B,
Vandekerckhove B. Interleukin-7 is a critical growth factor in
early human T-cell development. Blood 1996;88:4239-45. 

5. Barata JT, Cardoso AA, Boussiotis VA. Interleukin-7 in T-cell
acute lymphoblastic leukemia: an extrinsic factor supporting
leukemogenesis? Leuk Lymphoma 2005;46:483-95.

6. Watson JD, Morrissey PJ, Namen AE, Conlon PJ, Widmer
MB. Effect of IL-7 on the growth of fetal thymocytes in cul-
ture. J Immunol 1989;143:1215-22.

7. Schmitt C, Ktorza S, Sarun S, Blanc C, De Jong R, Debre P.
CD34-expressing human thymocyte precursors proliferate in
response to interleukin-7 but have lost myeloid differentia-
tion potential. Blood 1993;82:3675-85.  

8. Coutinho LH, Gilleece MH, de Wynter EA, Will A, Testa NG.
Clonal and long-term cultures using human bone marrow. In:
Testa NG, Molineaux G, editors. Haemopoiesis, a practical
approach. Oxford University Press; 1993. p. 75-106.

9. Bené MC, Castoldi G, Knapp W, Ludwig WD, Matutes E,
Orfao A, et al. Proposals for the immunological classification
of acute leukemias. European Group for the Immunological
Characterization of Leukemias (EGIL). Leukemia 1995;
9:1783–6.

10. Tamir M, Harris N, Trainin N, Toledo J, Zipori D.
Multilineage hemopoiesis induced by cloned stromal cells.
Int J Cell Cloning 1989;7:373-84.

| 266 | haematologica/the hematology journal | 2007; 92(02)

Letters to the Editor

Job offer

Our Hematology department at Hopital Avicenne/Paris 13 University will have
an Assistant Professor position available during 1, 2, 3 or 4 years starting in
November this year (2007), which is accessible to all MDs who have graduated in
Hematology, Oncology, Internal medicine or pediatrics (for the last two, some
experience in hematology would be required), and are EU citizens. The job
includes clinical work in our department, and clinical and possibly lab research on
our favorite subjects: MDS, AML, MPD other than CML, and CLL. However, we
have also a large recruitment of myelomas and lymphomas, especially T lym-
phomas and, because there is a large African population in this Paris area, a lot of
patients with sickle cell anemia are also followed. The monthly net wages are
about 2700 euros. The idea is obviously to help the candidate publish as many
papers as possible in peer-reviewed journals. A permanent, tenured position may
be available at the end of the 4 years, but this is still being negotiated.
Our hospital is very close to Charles de Gaulle airport, and about 30 mn by sub-

way from the center of Paris (Gare du Nord, etc…). If you have a candidate, please
contact me at the address below, preferably by e-mail. 
May I thank you in advance. 

Yours
Pierre Fenaux 

Pr Pierre FENAUX
Service d’hématologie clinique
Hopital Avicenne (AP-HP)/Université Paris 13
125 rue de Stalingrad
93009 Bobigny, FRANCE
tel: 33(1)48957050/7051
fax: 33(1)48957058/7059
pierre.fenaux@avc.aphp.fr


