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ABSTRACT

Angiogenesis, the recruitment and proliferation of endothelial cells leading to formation of new 
blood vessels from preexisting ones, plays a critical role in the growth of solid tumors. The biological 
and clinical implications of bone marrow (BM) endothelium interaction with hematological tumor 
cells remain controversial. However, there is evidence suggesting the existence of BM niches where 
endothelial and leukemia cells contribute with mutually beneficial stimuli that promote both an an-
giogenic phenotype and leukemia expansion. Factors such as SDF1 and VEGF have been implicated 
in the interplay between endothelium and leukemia, and may constitute targets for therapeutic inter-
vention. Another factor, IL -7, is produced by BM stroma and endothelium, and appears to stimulate 
endothelial cells. Moreover, we and others have shown that IL -7 is a T -cell leukemia growth factor. 
IL -7 mediates leukemia proliferation and viability by triggering the activation of PI3K/Akt(PKB) 
pathway leading to p27kip1 downregulation, Bcl -2 upregulation, and consequent cell cycle progression 
and decreased apoptosis. Given the evidence IL -7 can further stimulate leukemia T -cell motility and 
directional migration, it is tempting to hypothesize the existence of BM niches where stroma/
endothelium -produced IL -7 promotes leukemia expansion.
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INTRODUCTION

Cancer cells are not isolated entities, multiplying 
inexorably irrespectively of what surrounds them. On 
the contrary, they evolve in complex microenviron-
ments and are responsive to exogenous stimuli that 
include the extracellular matrix, cytokines, chemo-
kines and cell -cell contact. In addition, they are able 
to modulate their environment in an advantageous 
manner, for example by releasing defined soluble 
factors, contributing to extracellular matrix remodel-
ing, and stimulating or inhibiting neighboring cells.

A TUMOR’S NEED FOR ANGIOGENESIS

The recruitment and proliferation of endothe-
lial cells from preexisting vasculature resulting in 
the formation of new blood vessels defines angio-
genesis. Tumors, despite their tendency to expand 
relentlessly, are nonetheless constituted by cells 
and thus restricted by two basic needs, which no 
cell is able to overcome, malignant as it may be: 
oxygen and nutrients. As the tumor mass grows, 
how do the cells in the inner portions of the tumor 
satisfy these essential needs, since passive diffu-
sion is not sufficient to deliver oxygen and nutri-

ents and remove metabolic waste? The answer is 
known for many years now: they release proan-
giogenic factors, which promote the formation of 
new vasculature that penetrates into the tumor 
mass1. More precisely, there is evidence that pro-
duction of proangiogenic factors by hypoxic cells 
in the tumor core overcomes the expression of 
antiangiogenic factors in what is called the ‘an-
giogenic switch’, which will ultimately shift the 
balance towards an angiogenic phenotype2 (Figure 
1). Evidently, the dependency on angiogenesis for 
tumor growth has stimulated the quest for anti-
-angiogenic therapeutic agents and strategies in-
volving the use of inhibitors of angiogenesis with 
the ultimate goal of rendering cancer a controlled, 
chronic ‘disease’2,3. However, much is still to be 
learnt, since tumors often appear to be able to 
circumvent the effect angiogenesis inhibitors4.

HOW DO TUMORS PROMOTE 
ANGIOGENESIS?

Upon the angiogenic switch, the net balance of 
proangiogenic factors perceived by endothelial cells 
(ECs) will result in their activation. Activated cells 
loosen the contacts with adjacent cells and start pro-

Fig. 1 – Schematic simplified representation of the “angiogenic switch”. (A) Dormant tumors present a balance between 
the levels of proangiogenic factors (represented here by VEGF and bFGF) and antiangiogenic factors (represented here by 
angiostatin and endostatin). (B) Upon increase in hypoxic conditions tumors tend to increase the production of proangio-
genic factors and/or block the synthesis of antiangiogenic molecules. The “angiogenic switch” occurs when the net signal 
received by nearby endothelium is angiogenic.

Actas de Bioquímica - Vol. 9.indd   B26Actas de Bioquímica - Vol. 9.indd   B26 28-05-2008   19:11:2128-05-2008   19:11:21



27

LEUKEMIA CELLS AND THE BONE MARROW ENDOTHELIUM
Actas Bioq. 2008, 9: 25-29

ducing proteases (including matrix metalloproteases 
– MMPs) that locally degrade the basement mem-
brane. Subsequently, ECs are able to move through 
the gap in the basement membrane and into the extra-
cellular matrix (ECM). Neighboring ECs may subse-
quently follow the leading cells into the ECM5. After 
extravasation, ECs continue to secrete proteases, 
which also degrade the ECM, allowing the ECs to 
move away from the parent vessel and towards the 
tumor, forming sprouts that eventually originate ca-
pillary structures with a lumen, form anastomoses, and 
allow for actual blood flow. To do so, ECs respond to 
the proangiogenic factors first by migrating in a che-
mo  tactic -like fashion and second by proliferating. 

ANGIOGENESIS IN HEMATOLOGICAL 
TUMORS?

It is rather intuitive that solid tumors should rely 
on promoting angiogenesis to grow. However, why 
would hematological tumors develop such an ap-
proach, since in general they do not assemble into 
masses of malignant cells? The surprising answer is 
that most of them do. For example, the leukemic bone 
marrow (BM) is commonly characterized not only 
by a significant infiltration with malignant blasts that 
disrupt the normal BM architecture but also by in-
creased numbers of endothelial cells and blood ves-
sels. This is true for both myeloid and lymphoid 
leukemia3,6. Interestingly, there appears to be a clear 
correlation between the number of leukemic blasts 
and the number of vessels in the BM7,8, hinting on the 
existence of a crosstalk and interdependency between 
BM endothelial cells (BMECs) and leukemia cells. 

INTERPLAY BETWEEN LEUKEMIA 
AND ENDOTHELIAL CELLS 
IN THE BONE MARROW

What are the factors involved in the interplay 
between leukemia cells and BMECs? It is known that 
hematological tumors produce VEGF, bFGF and 

other proangiogenic factors3,9, and their BM and 
plasma levels are usually elevated in patients as com-
pared to normal controls9,10. Similarly to what happens 
in solid tumors, these factors are implicated in angio-
genesis in the BM of leukemia patients11. In turn, 
BMECs were shown to produce leukemia -stimulatory 
agents. One of these factors, SDF -1/CXCL12 is a 
potent chemoattractant for CXCR4 -expressing leu-
kemia cells12, and exemplifies the capacity that 
BMECs also have to modulate the function of tumor 
cells. Evidently, VEGF and SDF -1 are not the only 
players in the leukemia -BMEC crosstalk and identi-
fication of other molecules with an impact on these 
processes should have great therapeutic potential.

INTERLEUKIN -7

The BM stroma produces interleukin 7 (IL -7), 
which promotes T -cell acute lymphoblastic leuke-
mia (T -ALL) cell viability and proliferation13. The 
oncogenic potential of IL -7 was shown several years 
ago by experiments with IL -7 transgenic mice that 
demonstrated that these animals developed B and 
T -cell neoplasms14. Subsequently, we demonstrated 
that IL -7 promotes both T -ALL cell viability and 
cell cycle progression by downregulating the cyclin-
-dependent kinase inhibitor p27kip1. Decreased ex-
pression of p27kip1 contributes to cyclin -dependent 
kinase activity, Rb hyperphosphorylation and pro-
gression towards S and G2/M phases of the cell 
cycle. In addition, p27kip1 downregulation contribu-
tes to Bcl -2 upregulation, which is mandatory for 
IL -7 -mediated survival of T -ALL cells15. These 
downstream effects are dependent on activation of 
PI3K/Akt(PKB) signaling pathway16 (Figure 2).

Irrespectively of the associated molecular mecha-
nisms, IL -7 is a clear in vitro growth factor for T -ALL 
cells and our most recent studies indicate that IL -7 
may significantly contribute to human leukemia pro-
gression in vivo (Silva et al, unpublished data). Thus, 
it is interesting to speculate whether IL -7 might also 
play a role on the crosstalk between leukemia cells 
and BMECs. The answer is not yet known. How-
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ever, BMECs appear to express IL -7Rα and secrete 
IL -7 (Andres Yunes et al, unpublished data), suggest-
ing the possibility of an autocrine/paracrine stimula-
tory loop (Figure 3). Stimulation with IL -7 prevents 
BMEC cell death in medium without growth factors, 
and potentiates the proliferative effect of proangio-
genic factors. Finally, IL -7 contributes to the forma-
tion of capillary -like structures in matrigel -cultured 
BMECs (Andres Yunes et al, unpublished data). 

As stated above, tumor cells including leuke-
mias, produce angiogenic factors that stimulate 
BMEC migration. Likewise, it is currently known 
that BMECs are also able to attract leukemia cells 

in vitro10 and in vivo12. Evidently, there are seve ral 
candidates as mediators of this effect, the most 
prominent of which is SDF -117. However, it is pos-
sible that IL -7 might also contribute to this effect 
in particular niches. Our preliminary data indicate 
that IL -7 promotes T -ALL cell motility and direc-
tional migration in vitro (Henriques et al, unpub-
lished data). Hence, IL -7 produced by BMECs 
could not only participate in the stimulation of 
BMECs themselves but also in the recruitment of 
leukemia cells, with consequent stimulation of their 
viability and proliferation. In turn, it is known that 
IL -7 stimulates VEGF production at least in some 
cells, including normal thymocytes and breast can-
cer cells18. This raises the possibility that IL -7 
stimulation of leukemia cells will further contribute 
to the production of VEGF that will serve as a 
growth factor for both leukemia cells and BMECs11. 
The model formulated from the studies and hy-
potheses described here is presented in Figure 3.

CONCLUSIONS

In summary, evidence arising from different 
studies indicates that there is a clear interplay 
between leukemia cells and BMECs that eventu-
ally leads to a positive loop, which contributes to 
increased angiogenesis and tumor expansion. 
Whether such a loop includes a relevant role for 
the BM microenvironmental cytokine IL -7 re-
mains to be elucidated, but it is tempting to hy-
pothesize the existence of BM niches where 

Fig. 2 – Summarized molecular and functional effects of 
IL -7 on leukemia T -cells.

Fig. 3 – Hypothetical model of the contribution of IL -7 to endothelium – leukemia interactions in the BM.
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stroma and/or endothelium -produced IL -7 par-
ticipates in leukemia growth. Future studies should 
address this question and explore the possibility 
of targeting it for therapeutic purposes.
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