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Background and Objectives. T-cell lymphoblastic
leukemia (T-ALL) cells originate within the thymus from
the clonal expansion of T cell precursors. Among thymic
stromal elements, epithelial cells (TEC) are known to exert
a dominant inductive role in survival and maturation of
normal, immature T-cells. In this study we explored the
possible effect of TEC on T-ALL cell survival and analyzed
the role of interleukin-7 (IL-7) within the microenviron-
ment generated by T-ALL-TEC interactions.

Design and Methods. T-ALL blasts derived from 10
adult patients were cultured with TEC obtained from
human normal thymuses. The level of blast apoptosis was
measured by annexin V-propidium iodide co-staining and
flow cytometry. The proliferative response of leukemic cells
to interaction with TEC was evaluated by thymidine incor-
poration at various time intervals of culture. To assess the
role of IL-7, lympho-epithelial co-cultures were carried
out in the presence of anti-IL-7 or anti IL-7R blocking
antibodies and the level of apoptosis of T-ALL blasts was
analyzed.

Results. When T-ALL cells were cultured in the pres-
ence of TEC monolayers, the percentage of viable cells
increased significantly and this survival was sustained
with time in culture. In addition, the interaction with TEC
induced a considerable proliferative response in T-ALL
cells (15-fold greater than that of the control cells after
7 days of culture). The presence of IL-7 or IL-7R blocking
antibodies in lympho-epithelial co-cultures consistently
reduced the TEC-mediated apoptosis inhibition in T-ALL
blasts (70% decrease).

Interpretation and Conclusions. These results point
to the role of thymic epithelium in the regulation of T blast
survival. In addition, they show that interaction between
IL-7 and its receptor has the major role in modulating T-
ALL survival within the microenvironment generated by
the T-ALL/TEC interaction.
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T-cell acute lymphoblastic leukemia (T-ALL) is a
malignant disease resulting from the clonal prolif-
eration of T lymphoid precursors. It accounts for

about 15% of all ALL cases in children and 20-25% in
adults.1,2 T-ALL is thought to originate inside the thy-
mus and leukemic cells express phenotypic features cor-
responding to distinct maturational stages of thymo-
cyte development: early (stage I), intermediate (stage II),
or late (stage III).2,3 

The thymus is the main site where bone marrow
(BM)-derived stem cells differentiate into mature,
immunocompetent T lymphocytes.4,5 The internal stro-
mal framework of the thymus is composed of epithelial
cells, interspersed with BM-derived macrophages and
dendritic cells, surrounded by extracellular matrix to
form an intralobular meshwork filled with developing T
lymphocytes.6-8 The thymic epithelium is composed of
multiple, distinct cellular subsets, characterized by
tonofilaments and interconnected by desmosomes.
Three broad classes of epithelium have been identified
by using monoclonal antibodies to antigen determi-
nants: subcapsulae/subtrabeculae/perivascular, cortex,
and medulla.6 Although distinct functions of the differ-
ent subsets have not been fully elucidated, it is known
that thymic epithelial cells (TEC) exert a pivotal role in
the homing, intrathymic migration, and differentiation of
thymocytes through the release of cytokines, the secre-
tion of extracellular matrix components, and the estab-
lishment of adhesive interactions.9-13 Furthermore, in vit-
ro experiments using co-cultures between thymocytes
and TEC or mouse fetal thymic organ culture (FTOC),
indicate that adhesive interactions with TEC or with
factors secreted by TEC can protect thymocytes from
apoptosis.14,15 A recent report indicates that mouse FTOC
can induce the proliferation of blasts from T-ALL
patients, thus suggesting that thymic stromal elements
may also have a role in regulating the growth of malig-
nant thymocytes.16

Interleukin-7 (IL-7) has a critical, non-redundant role
in normal T-cell development. IL-7 is secreted by thy-
mus and BM stromal cells and exerts its activity by sig-
naling through a receptor complex consisting of the IL-
7Rα chain and γc. Mice deficient in IL-7 have a drasti-
cally reduced number of thymocytes and a defect in
the developmental transition from immature to T-cell
committed thymocytes.17 Similarly, mice deficient in IL-
7R show an early defect in lymphopoiesis, and the few
mature T cells which do develop are functionally
impaired.18 The critical role of IL-7 for early T-cell devel-
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opment was also demonstrated in chimeric
human-mouse thymus organ culture models in
which antibodies blocking IL-7 and IL-7R were
used.19 Furthermore, IL-7 is involved in leukemo-
genesis as IL-7 transgenic mice develop lymphoid
tumors.20 Different studies have indicated a role
for IL-7 in regulating survival and cell cycling of
blasts in T-ALL patients, thus suggesting that IL-7
may regulate the expansion of malignant cells.21-27

However, in FTOC systems the growth of T-ALL cells
appears to be independent from IL-7.16 Thus, the
putative role of IL-7 as a survival factor for T-ALL
blasts in the thymus has not yet been fully eluci-
dated.  

In this report, we show that TEC reduce sponta-
neous apoptosis and induce proliferation in cells
from T-ALL patients. Furthermore, the functional
blockage of IL-7 or IL-7R reduces TEC-mediated
apoptosis inhibition in T-ALL. We propose that TEC
have a functional role in modulating the survival of
T-ALL blasts by a mechanism mainly dependent on
the interaction between IL-7 and its receptor.

Design and Methods

Cells
Peripheral blood samples were collected, after

informed consent, from 10 adult patients with
newly diagnosed T-ALL. Mononuclear cells were
isolated by Lymphoprep density gradient centrifu-
gation (Nicomed, Oslo, Norway). In two co-culture
experiments (cases 1 and 3), cells were used imme-
diately after preparation whereas cryopreserved
samples were employed, immediately after thaw-
ing, in the other cultures. Comparative experiments
showed no significant differences between results
obtained from fresh or thawed samples (data not
shown). Before use, the cells’ viability consistently
exceeded 90% in each sample, as assessed by pro-
pidium-iodide (PI) dye exclusion.

Thymic epithelial cell cultures were derived, after
informed consent, from normal thymuses of chil-
dren (< 5 years of age) undergoing cardiac surgery,
as previously described.28,29 Briefly, thymus speci-
mens were minced and treated with a 0.05%
trypsin-0.01% EDTA solution at 37°C for 3 hours.
Cells were collected every 30 minutes, pooled, plat-
ed onto lethally irradiated 3T3-J2 cells30 (kindly
provided by Dr H Green, Harvard Medical School,
Boston, MA, USA) at 2.5×104/cm2, and cultured in
a humidified atmosphere of 5% CO2, in growth
medium composed of the following: DMEM (Dul-
becco’s modified Eagle’s medium) and Ham’s F12
medium (3:1 mixture), 10% FCS (fetal calf serum),
5 µg/mL insulin, 5 µg/mL transferrin, 0.18 µM ade-
nine, 0.4 µg/mL hydrocortisone, 0.1 nM cholera
toxin, 2 nM triiodothyronine, 10 ng/mL epithelial
growth factor (EGF), 4 mM glutamine, and 50
IU/mL penicillin-streptomycin. Confluent TEC pri-

mary cultures were detached by trypsin-EDTA
treatment, plated on a 3T3-J2 feeder layer and
expanded to confluent secondary cultures in
growth medium. TEC destined to co-culture exper-
iments were derived from secondary cultures,
already devoid of 3T3-J2 cells, and grown to con-
fluence. Media were purchased from Seromed
(Berlin, Germany), EGF from Austral Biological (San
Ramon, CA, USA), and supplements from Sigma-
Aldrich (Milan, Italy).

The HeLa human epithelial-like cell line was cul-
tured in DMEM (GIBCO), 10% FCS, L-glutamine,
and antibiotics.

Co-cultures and antibody treatment
TEC or HeLa cells destined to co-cultures were

grown to a confluent state. For proliferation assays,
epithelial monolayers were sublethally irradiated
24 hours before use whereas non-irradiated TEC
were used for apoptosis analysis of blasts. Imme-
diately before experiments, the medium from
epithelial monolayers was removed and the cells
washed extensively. T-ALL blasts were added to
epithelial monolayers at a 10:1 blast:epithelial-cell
ratio and cultured in a humidified atmosphere of
5% CO2, in medium composed of DMEM and Ham’s
F12 medium (3:1 mixture), 10% FCS, 5 µg/mL
insulin, 5 µg/mL transferrin, 0.18 µM adenine, 4
mM L- glutamine, and 50 IU/mL penicillin-strep-
tomycin. Control T-ALL blasts were cultured in the
same conditions but in the absence of epithelial
monolayers. At the end of co-culture, cells were
harvested by vigorous pipetting. The lack of resid-
ual cells in the wells was assessed by phase con-
trast microscopy. The T-cell nature of the cells har-
vested from co-cultures was assessed by immuno-
fluorescence with anti-CD5 monoclonal antibody
and flow cytometry (data not shown).

For blocking experiments, neutralizing concen-
trations (10 µg/mL) of antibodies recognizing func-
tional epitopes of IL-7 (rabbit polyclonal, Biosource
International, Camarillo, CA, USA) or IL-7R (clone
R34.34, Instrumentation Laboratory, Milan, Italy)
were added to the T-ALL/TEC co-cultures at the
start of the assay.

Immunophenotype analysis 
Immunophenotype analysis of T-ALL blasts and

TEC was performed by direct immunofluorescence
and flow cytometry with a FACScalibur instrument
(Becton-Dickinson, San José, CA, USA). For intra-
cellular CD3 and terminal deoxynucleotidyl trans-
ferase (TdT) analysis, cells were permeabilized with
Fix&Perm reagents (Caltag Laboratories, Burling-
ame, CA, USA) and treated according to the man-
ufacturer’s instructions. The following monoclonal
antibodies were used for surface or intracellular
analysis: FITC-conjugated anti-CD2 (clone S5.2),
anti-CD5 (clone L17F12), anti-CD7 (clone 4H9),
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anti-CD8 (clone SK1); PE-conjugated anti-CD1a
(clone SK9), anti-CD3 (clone SK7), anti-CD4 (clone
SK3), all from BD Pharmingen (San Diego, CA, USA);
FITC-conjugated anti-TdT (clone HT-6) and cy5-
conjugated anti-CD3 (clone UCHT-1) from DAKO
(Glostrup, Denmark); and PE-conjugated anti-
CDw127 (IL-7Rα, clone R34.34) from Instrumen-
tation Laboratory. Conjugated isotype-matched,
non-reactive monoclonal antibodies  were used as
controls.

Annexin staining
The exposure of phospholipid phosphatidylserine

on the plasma membrane of apoptotic cells was
assessed by the binding of FITC-conjugated annex-
in V on the membrane surface. Cells were collect-
ed at the indicated time of culture and stained with
annexin-FITC in conjunction with propidium iodide,
according to the recommended protocol of the
manufacturer (Bender Med System, Vienna, Aus-
tria). Stained cells were analyzed with a FACScal-
ibur flow cytometer (Becton Dickinson). 

Proliferation assay
Cell proliferation assays were performed in trip-

licate in 96-well culture plates (Costar, Cambridge,
MA, USA). T-ALL blasts were co-cultured with irra-
diated epithelial layers for 7 days. Cells were pulsed
with 1 µCi/well of (methyl-3H) thymidine for 18
hours at the indicated time points of culture, and
harvested onto a paper filter. Radioactivity was
measured by a liquid scintillation counter (Beck-
man Instruments Inc). Results were expressed
either as absolute cpm or proliferation index. This
latter index is calculated as cpm of stimulated
cells/cpm of untreated cells.

IL-7 production 
Cell supernatants were assayed for IL-7 produc-

tion using a high sensitivity ELISA kit, according to
the manufacturer’s instructions (R&D Systems,
Minneapolis, MN, USA). Optical density values were
plotted on the standard curve and expressed as
picograms/mL per 106 cells.

Statistical analysis
Values are expressed as mean ± SD. Differences

(p values) were evaluated using the 2-tailed Stu-
dent’s t-test. Differences were considered statisti-
cally significant for p values <0.05.

Results

Thymic epithelial cells protect T-ALL cells
from spontaneous apoptosis

The ability of TEC to regulate the spontaneous
apoptosis of leukemic cells was determined by co-
culturing T-ALL blasts in vitro with thymic epithe-
lial monolayers.

The blasts used in this study were derived from
enriched leukemic cells isolated from adult patients
with T-ALL. In each of the 10 cases analyzed, more
than 90% of blasts were positive for the pan-T-
cell markers CD7 and CD5 as well as the DNA poly-
merase TdT. Six patients were CD3-negative at the
surface level and expressed cytoplasmic CD3 in the
majority of blasts. One patient partially expressed
both surface and cytoplasmic CD3 and the other
three showed a more mature phenotype (surface
CD3+). On the basis of these features, patients were
classified according to maturational stages of T-
ALL,31 overall corresponding to a cortical thymo-
cyte-like phenotype for all cases except for n. 4, 7,
and 10, which corresponded to an early double
negative or immature single positive stage (Table
1).

The TEC used in co-culture experiments were
derived from 5 independent donors. All cultures
were performed with morphologically identical and
confluent epithelial cell layers. The epithelial origin
of thymic stromal cells obtained with our proce-
dure has been established by the presence of tight
junctions29 and positive staining with anti-cytok-
eratin 19 (data not shown). Furthermore, the
expression of an antigen determinant which char-
acterizes the medullary epithelium (namely MR6,
see ref. 6) and the contemporary absence of a
determinant expressed by cortical epithelium
(namely MR19, see ref. 6) suggest that the TEC used

Role of IL-7 in TEC-mediated survival of T-ALL

Table 1. Characteristics of the cases of T-lineage
ALL.

No. Age Immunophenotype
(yr) CD1a CD2 SCD3* CyCD3^CD4/CD8§ Stage

1 32 15% 96% Neg 95% 96% II

2 19 87% 96% 85% Neg 73% II

3 32 25% 96% 50% 34% 87% II

4 41 Neg 60% Neg 89% Neg I

5 33 14% 97% Neg 89% 95% II

6 17 54% 100% 97% Neg Neg II

7 25 Neg Neg Neg 93% Neg° I

8 33 10% 88% Neg 96% Neg II

9 38 83% 27% 88% 10% Neg II

10 24 Neg Neg Neg 99% Neg I

In all cases, more than 90% of blasts were positive for CD5, CD7
and TdT. *Surface CD3; ^Cytoplasmic CD3; §Co-expression of
CD4 and CD8; °thirty percent of blasts were single positive for
CD8.
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Figure 1. (A) Effect of interactions with
TEC or HeLa cells on T-ALL survival after
1 day of co-culture. (B) Annexin V/pro-
pidium iodide analysis of T-ALL blasts
from case 9 cultured with TEC or HeLa
cells for 1 day. The results are represen-
tative of experiments with blasts from
other cases. (C) Time course analysis of
the percentage of annexin V-negative T-
ALL cells cultured in the presence of TEC
or HeLa cells. Data represent the aver-
age results ± SD of three independent
experiments performed using cells from
case 5 and TEC obtained from different
donors. The results are representative of
blasts from other cases.
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in this study derived from the cortical area of the
thymic lobule (data not shown).

The survival of leukemic cells from all patients
cultured with TEC was significantly greater than
that of leukemic cells cultured in medium alone or
in the presence of HeLa epithelial cells (Figure 1A).
The mean ± SD of increased survival in TEC culture
with respect to HeLa cells was 1.99-fold±0.62
(range 1.39-2.94-fold, n=10, p<0.001) after 24
hours of co-culture. Comparable levels of cell via-
bility were attained when cells from the same
patient were cultured with TEC from different
donors (data not shown). Figure 1B shows the flow
cytometric analysis of cells from case #9. As shown
in Figure 1C for cells from case #5, the level of
increased cell viability was maintained with time in
culture.

TEC induce proliferation in T-ALL blasts
We next evaluated the proliferative response of

leukemic cells to stimuli deriving from TEC. To this
aim blasts derived from T-ALL patients (cases #1,
2, 3, 4, 5 and 6) were co-cultured with sublethally
irradiated TEC. DNA synthesis was then evaluated
by thymidine incorporation at various time inter-
vals of culture. As shown in Figure 2, in all analyzed
leukemic blasts the interaction with TEC resulted in
a clear-cut increased DNA synthesis compared
when the blasts were cultured with HeLa cells. The
mean values ±SD of the proliferation index after 7
days of culture on TEC or HeLa cells were 15.2±3.42
and 2.65±0.735, respectively (n=6). In contrast to
the response of primary T-ALL cells to TEC, no pro-
liferation was observed in thymocytes or purified T
lymphocytes derived from normal donors (data not

shown). After 7 days of co-culture with TEC, more
than 90% of cells from all cases expressed CD5
molecule, as determined by immunostaining and
flow cytometry (data not shown), thus confirming
the blast nature of the proliferating cells.

The IL-7/IL-7Rα system is required for the
TEC- mediated inhibition of apoptosis
in T-ALL

We investigated the possible role of IL-7 in the
TEC-mediated enhancement of T-ALL survival.
When T-ALL blasts were cultured in the presence of
IL-7, significantly increased cell viability was
detected by annexin V/propidium iodide staining
and flow cytometry analysis, a finding consistent
with previous results26,27 (data not shown).

The ability of TEC to produce soluble IL-7 was
evaluated by analyzing supernatants collected from
3 independent cultures at days 1, 3, and 7. TEC
monolayers secreted IL-7 into the medium and the
production increased with time in culture
(0.92±0.014 pg/mL at day 1, 1.50±0.007 pg/mL at
day 3, 6.58±0.021 pg/mL at day 7, for a represen-
tative TEC culture). Comparative experiments
showed no significant differences between the
amounts of IL-7 produced by irradiated or non-
irradiated TEC (data not shown). In contrast, T-ALL
cells did not secrete detectable amounts of IL-7
(data not shown). All analyzed blasts (cases n. 3, 6,
7, 8, 9, and 10) expressed high and variable levels
of IL7-Rα (CDw127) (data not shown).

The functional role of IL-7/IL-7R-mediated sig-
nals in the apoptosis inhibition induced by TEC was
then evaluated by co-culturing T-ALL and TEC in
the presence of either IL-7 or IL-7Rα blocking anti-
bodies. In all analyzed cases (case n. 3, 5, 6, 7, and
10) blockage of the IL-7/IL-7R interaction consis-
tently reduced the extent of apoptosis inhibition
observed in T-ALL blasts cultured with TEC, as
determined by annexin V/propidium iodide analy-
sis. The mean percent reduction of apoptosis inhi-
bition was 68%±4 (range 63-74%, n=5) in the
presence of IL-7 blocking antibody and 74%±9
(range 61-87%, n=5) when IL-7R was functional-
ly impaired. In contrast, the level of apoptosis inhi-
bition was unmodified when the T-ALL blasts were
co-cultured in the presence of either an irrelevant
rabbit polyclonal antibody or mouse monoclonal
IgG used as controls of anti-IL-7 or anti-IL-7R anti-
bodies, respectively (Figure 3).

Discussion

In this report, we show that epithelial cells
derived from human normal thymus are able to
increase survival and induce proliferation of blasts
from T-ALL patients. TEC obtained with our exper-
imental procedure form organized monolayers that
display a homogeneous morphology, retain their
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Figure 2. Time course analysis of HTdR-incorporation
microassay in T-ALL cultured in the presence of TEC
or HeLa monolayers. Data are expressed as mean val-
ues ± SD of 6 independent experiments (cases #1, 2,
3, 4, 5, and 6). 
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surface phenotype throughout the various culture
passages and produce their own matrix. We have
previously shown that signals delivered by integrin
recruitment after adhesion with thymocytes up-
regulate TEC interleukin-6 production and promote
cell survival.29,32 Thus, the TEC used in this study
preserve functional thymic epithelial properties and
the ability to modulate them upon interaction with
normal thymocytes. We show here that cultured
TEC are able to produce IL-7 constitutively. This
cytokine is known to be secreted by stromal com-
ponents of the thymus and bone marrow.33,34 These
data extend our previous results and show that TEC
cultures can reproduce some of the inductive ele-
ments which are active in vivo inside the microen-
vironment in which malignant T-cells develop.

The ability of TEC monolayers to regulate T-blast
survival requires the IL-7/IL-7R interaction, as the
application of IL-7 or IL-7Rα blocking antibodies
during in vitro lympho-epithelial cultivation
reduces the inhibition of apoptosis in T-ALL blasts.
This finding is in agreement with recent reports
indicating a role for IL-7 in inducing both survival
and proliferation of T-ALL.26,27 In addition, our data
highlight a role for IL-7 in the regulation of T-ALL
survival within a lympho-epithelial co-culture sys-
tem aimed at partially reproducing the cell inter-
actions occurring in vivo inside the thymus. How-
ever, the block of apoptosis inhibition observed in

the presence of IL-7/IL-7R functional impairment
is incomplete. This suggests the existence of other
mechanisms potentially involved in the modula-
tion of T-ALL survival acting in cooperation with IL-
7 in the thymus. In addition, a recent report shows
that the growth of human T-ALL cells in mouse
FTOC is independent of IL-7.16 Furthermore, there
are recent descriptions of a considerable proportion
of samples unresponsive to IL-7.26 Taken together,
these findings suggest that alternative signals
could be active in different cell culture systems
and/or in IL-7 unresponsive T-blasts. Various solu-
ble and adhesive elements acting as deliverers of
survival signals in the thymus could be involved in
modulating T-ALL survival.8,9,13,15 Among them,
adhesion molecules are of particular interest both
for their signaling properties and their ability to
co-operate with growth factors in the regulation of
many cellular processes.35,36 In this context, the
involvement of LFA-1 and E-selectin adhesion mol-
ecules, recently described for the T-ALL survival
sustained by BM stroma, is noteworthy.37 Based on
these findings, it could be argued that T-ALL blast
survival within the thymus might be regulated by
complex signaling pathways.

In contrast to T-ALL blasts, normal thymocytes
used as controls failed to proliferate when co-cul-
tured with TEC. As the bulk thymocytes used in this
study are at the double positive stage, this finding

Figure 3. Effect of IL-7 or IL-7Rαα blocking antibodies on the TEC-mediated increased survival of T-ALL. T-ALL cells
were cultured on TEC monolayers in the presence or absence of anti-IL-7, IL-7Rαα or control antibodies for 24 hours.
The level of viable cells was detected by annexin V/propidium iodide staining and flow cytometric analysis. Data
are expressed as percent reduction of the apoptosis inhibition achieved when T-ALL cells are cultured on TEC, in
the absence of blocking antibodies.
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is consistent with previous reports indicating that
thymocyte proliferative potential is high in imma-
ture double negative cells and that it decreases as
thymocytes move towards the double positive
stage, when it ceases.38,39 In agreement with this,
TEC-mediated proliferation has been described
overall for early thymocytes.13,15 Furthermore, this
finding is consistent with the role of IL-7 in the
microenvironment generated by TEC cultures.
Indeed, various in vivo studies demonstrate that
the IL-7/IL-7R interaction has a critical role in the
development and expansion of early CD4-CD8-
thymocyte precursors as well as in the intrathymic
expansion of positively selected thymocytes.19,34,40,41

Consistently, in vitro, thymocytes at the early stage
of thymic development are responsive to IL-7; they
lose this ability to respond to IL-7 after entering the
subsequent cortical, double-positive (CD4+/CD8+)
stage then regain IL-7-responsiveness during the
post-selection phase.9,34 T-ALL blasts used in this
study showed phenotypic characteristics corre-
sponding to cortical (CD4+/CD8+ and/or CD1a+) or
early (CD7+, cytoplasmic CD3+, and TdT+, in the
absence of other T-lineage markers) immature T
cells. This observation is suggestive of an IL-7
responsiveness profile in T-ALL blasts which evades
the responsiveness pattern of normal counterpart
cells and resembles that of early thymocytes.

To exclude the possibility that T-ALL-proliferation
observed upon interaction with TEC could be
ascribed to contamining T-cells in the peripheral
blood T-ALL samples, we evaluated the proliferative
response of T-cells upon culturing with TEC. When
cultured in the presence of TEC monolayers, periph-
eral T cells from normal donors failed to prolifer-
ate. A great deal of interest has recently arisen
about the effects of IL-7 on homeostatic prolifer-
ation of peripheral T-cells. IL-7 can enhance the
homeostatic proliferation of both naive and mem-
ory CD8+ T-cells42 and synergizes with IL-15 in dri-
ving the proliferation of memory, but not naive,
CD4+ T cells.43 However, consistently with our find-
ings, in vitro IL-7 is poorly mitogenic on its own, in
the absence of factors that co-operate in driving
cell-cycle progression.43

T-ALL cells from different patients show variable
values of responsiveness to TEC. As TEC derived
from different donors induced comparable effects
on blasts from the same patient, we can reasonably
exclude that this variability is due to functional
heterogeneity among thymic epithelial cultures. A
similarly variable sensitivity has been described for
IL-7, in a recent study including a large number of
pediatric T-ALL samples.26 This study, by Karawajew
et al., showed that apoptosis inhibition mediated by
IL-7 correlated with the expression values of the IL-
7Rα chain. In our study, we observed a tendency to
correlation between the responsiveness levels to
TEC and the values of IL-7R expression (data not

shown). A higher number of cases will be required
in order to establish a statistically significant asso-
ciation. On this basis, we can only suggest that the
variable responsiveness of T-ALL blasts to TEC could
be, at least partially, attributed to different levels
of IL-7Rα detected in blasts.

The molecular pathways of IL-7 signaling and its
influence on cell survival are poorly elucidated.
However, the early molecular events triggered by
IL-7R have been shown to be directly linked to a
functional tyrosine-specific protein kinase path-
way and involve the activation of phosphatidyl-
inositol 3-kinase (PI-3K) and inositol phospholipid
turnover pathways in human fetal thymocytes and
T-ALL blasts.21,44 Various transcription factors are
subsequently activated.45,46 Recent research indi-
cates that the cyclin-dependent kinase (cdk)
inhibitor p27kip1 plays a key role in regulating both
blast survival and proliferation mediated by IL-7R.
The IL-7 signaling pathway directly downregulates
the activity of p27kip1, thereby inducing cell cycle
progression and upregulation of bcl-2 in T-ALL
blasts.27 Further studies will be required to define
whether molecular pathways triggered by IL-7/IL-
7R could be involved in the signaling leading to
enhanced survival and proliferation of T-ALL upon
interaction with TEC.

In conclusion, we show that the microenviron-
ment generated in vitro by the interaction between
TEC and T-ALL blasts promotes the survival and
proliferation of T-ALL blasts by a mechanism main-
ly dependent on the IL-7/IL-7R interaction. These
findings suggest a functional role for the thymic
microenvironment in the acquisition of selective
growth advantage of leukemic cells.
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What is already known on this topic
T-ALL accounts for 10-15% of pediatric and 25%

of adult ALL cases and a key role of the thymus in its
pathogenesis has been suggested. Indeed, the het-
erogeneous T-ALL subtypes are thought to correlate
with aberrations at different stages of thymocyte dif-
ferentiation and it has been recently shown that T-
ALL blasts share the expression of specific markers
with immature thymocytes. IL-7 has a critical, non-
redundant role in the early stages of intrathymic T-
cell differentiation and it has been shown that it
specifically induces survival and proliferation of T-ALL
blasts.

What this study adds
This is an interesting and well conducted study that

certainly may add new insights to the knowledge of
T-ALL pathogenesis. The finding that thymic epithe-
lial cells produce IL-7 is new, as is the subsequent
suggestion that the thymic microenvironment may
have a functional role in sustaining the selective
growth advantage of T-ALL blasts.

Caveats
This study nicely supports the functional role of

the thymus in sustaining the growth of leukemic
blasts. However, it is important to note that, once
the leukemic cells are established and grown in the
thymus, possibly following aberrations of the differ-
entiation process, we cannot exclude that bone mar-
row and/or peripheral lymphoid organs, through pro-
duction of other growth factors and/or integrin-
mediated cell-cell interactions, may contribute to the
progression and maintenance of the disease.




