










as expression of Egfl7 had no effects on 4T1 and LLC1 prolif-
eration, migration, or clone formation in anchorage-indepen-
dent conditions in vitro (Supplementary Fig. S1).
In vivo, 4T1-Egfl7 tumors displayed larger necrotic areas

than did 4T1-Ctrl tumors (Fig. 2A) and a similar tendency was
observed in LLC1 tumors. Hypoxia was higher in 4T1-Egfl7
tumors than in controls (Fig. 2B), whereas the apoptosis,
cleaved caspase-3 levels, and Ki-67 proliferation indexes were
comparable between tumors (Supplementary Fig. S2). Micro-
vessel density in angiogenic hot spots was slightly increased in
4T1-Egfl7 tumors when compared with controls but was not
significantly different between LLC1 tumors (Fig. 2C). Inter-
estingly, 4T1-Egfl7 tumor blood vessels were much more
permeable than were 4T1-Ctrl vessels (Fig. 2D), and although
excessive edema was not observed, blood lakes were more
frequent in LLC-Egfl7 tumors than in LLC-Ctrl tumors (2.7%�
0.93% and 1.1% � 0.4% of the tumor area, respectively).

Egfl7-expressing tumors are less infiltrated by immune
cells
Interestingly, a detailed observation revealed the presence of

numerous small round cells in the lumen of 4T1-Egfl7 tumor
blood vessels, whereas these cells were less frequently observed
within the tumor tissue itself. In contrast, 4T1-Ctrl tumors had
very few cells accumulated in their blood vessels and the
tumor tissue appeared more granular than that in 4T1-Egfl7
tumors (Fig. 3A). As these cells resembled circulating or
infiltrated immune cells, staining for CD3e, a global marker
of T lymphocytes, was conducted. The 4T1-Egfl7 tumor
tissue contained 69% fewer CD3eþ cells than did the 4T1-
Ctrl tumors, with most of the CD3eþ cells remaining in the
lumens of the blood vessels (Fig. 3B). Staining for CD4þ and
CD8þ cells showed that both T-cell populations were affect-
ed, with a 42% and 45% decrease in the respective number of
cells infiltrated in 4T1-Egfl7 tumors when compared with
4T1-Ctrl (Fig. 3C; Supplementary Fig. S3). These effects were
not restricted to the T-cell lineage as the numbers of
infiltrated B-lymphocytes (CD19þ), macrophages (CD68þ),
NK cells (NKp46þ), and dendritic cells (CD11cþ) were
decreased by more than half in 4T1-Egfl7 tumors when
compared with 4T1-Ctrl tumors (Fig. 3C; Supplementary
Fig. S3). These findings were correlated with large differ-
ences in the transcript levels of immunostimulating cyto-
kines IFNg and IL-12b, and, to a lesser extent, IL-1a and IL-
1b, the levels of which were strongly reduced in 4T1-Egfl7
tumors when compared with controls (Supplementary Table
S2). Similar results were obtained using the LLC-C57BL/6
model; LLC-Egfl7 tumors expressed much less CD3E and
IFN-g transcripts than LLC-Ctrl tumors (Supplementary
Table S3). On the other hand, the spleens of Balb/c mice
carrying 4T1-Ctrl or 4T1-Egfl7 tumors showed no significant
differences in the relative numbers of T lymphocytes
(CD3eþ, TCRþ) and B lymphocytes (CD19þ), or of NK cells
(NKp46þ), suggesting that the immune depletion was not
systemic in mice carrying 4T1-Egfl7 tumors but was locally
restricted to the tumor tissue (Supplementary Fig. S4).
Together, these results show that 4T1-Egfl7 tumors formed a

local immunodeficient environment.

The effects of Egfl7 on tumor growth depend on the
immune system

To directly assess the importance of the host immune system
on the effects of Egfl7, 4T1-Ctrl, and 4T1-Egfl7, cells were
injected in the mammary gland of immunosuppressed SCID-
beige mice, which lack functional T lymphocytes, B lympho-
cytes, and NK cells. As expected, 4T1-Ctrl tumors grew much
faster and induced a higher rate of metastasis in SCID-beige
mice when compared with Balb/c immunocompetent mice
(Fig. 4), thus confirming the repressing effects of immune cells
on tumor development. On the other hand, expression of Egfl7
in tumor cells failed to accelerate tumor growth and metastasis
in SCID-beige mice so that no differences between the growth
rates of 4T1-Ctrl and 4T1-Egfl7 tumors could be seen anymore.

Thus, the effects of Egfl7 on tumor growth and metastasis
depend on an active host immune system.

Egfl7 represses leukocyte adhesion molecules in tumor
endothelial cells

We next addressed the potential effects of Egfl7 on the
functions of immune cells. rEgfl7, which was active as an
inhibitor of platelet-derived growth factor (PDGF)-BB–
induced smooth muscle migration [Supplementary Fig. S5A,
(refs. 16, 23)], had no effect on the LPS-induced release of IL-6
(Fig. 5A) and IL-12p40 (Supplementary Fig. S5B) by dendritic
cells. Similarly, rEgfl7 did not affect IFN-g production by NK
cells stimulatedwith IL-12 and IL-18 and failed tomodulate the

Figure 4. Egfl7 has no effects in the absence of a functional immune
system. A, 4T1-Ctrl (*) and 4T1-Eg fl7 (&) cells were injected into the
mammary fat pads of immunosuppressed SCID-beige mice and the
developing tumors were measured overtime. Overlays of growth curves
of 4T1-Ctrl (dashed) and 4T1-Egfl7 tumors (dotted) implanted in Balb/c
mice in similar conditions are plotted at the same scale for comparison;
inset, average final weights of 4T1-Ctrl and 4T1-Egfl7 tumors. B, left,
lungs were dissected and photographed; arrows, macrometastases;
right, average numbers of macrometastases counted at the surface of
lungs of each animal group.
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anti-CD3/anti-CD28–stimulated production of IFN-g by
T lymphocytes (Fig. 5A) as well as their proliferation (Supple-
mentary Fig. S5B).

We thus investigated whether Egfl7 could alter the recruit-
ment of immune cells within the tumors. Expression of cell
adhesionmolecules such as E- andP-selectins, ICAM-1, VCAM-
1, and CD31/PECAM, by endothelial cells plays a crucial role in
leukocyte rolling and adhesion before transendothelial migra-
tion (10). We detected high levels of expression of ICAM-1 and
VCAM-1 in 4T1-Ctrl tumor blood vessels, whereas expression
was weak in 4T1-Egfl7 tumors (Fig. 5B). To confirm this
observation, we isolated CD45�/CD31þ endothelial cells from
tumors. In agreement with the immunostainings, the expres-
sion levels of ICAM-1 and VCAM-1 in endothelial cells purified
from 4T1-Egfl7 tumors were reduced by 57% and 70%, respec-
tively, when compared with levels in controls (Fig. 5C). Endo-
thelial cells isolated from 4T1-Egfl7 tumors also expressed
much lower levels of E-selectin (Fig. 5D). These results provide

a likely explanation for the observed deficit of immune cells
and cytokines within 4T1-Egfl7 tumors. In addition, endothe-
lial genes involved in promoting vessel integrity, maturation,
and quiescence, such as Tie-2 and PAI-1, were repressed by
more than 80% in endothelial cells of 4T1-Egfl7 tumors,
whereas expression of uPA was increased in these cells (Fig.
5D). Expression of Dll4 was strongly repressed, in agreement
with the observed increased vascular density and hypoxia, but
in apparent contradiction with the enhanced tumor develop-
ment (24). Of note, flt-1 expression was strongly increased in
4T1-Egfl7 tumor endothelial cells, and the expression levels of
CD31/PECAM, P-selectin, VE-cadherin, eNOS, and of the integ-
rin subunits av, a3, b1, and b3 were not modified (not shown).

Together, these results suggest that the decreased frequency
of immune cells within 4T1-Egfl7 tumors is due to the inhi-
bition of their recruitment rather than to the repression of their
functions, and corresponds to phenotypic modifications of the
endothelium.

Figure 5. Egfl7 alters the tumor
endothelium characteristics. A,
dendritic cells (1 � 105, left) were
cultured for 24 hours in the
presence of LPS and rEgfl7 where
indicated (þ) and IL-6 was
quantified in the supernatants. NK
cells (5 � 104, middle) were
incubated for 48 hours with IL-12
and IL-18 and with rEgfl7 where
indicated (þ) and IFN-g was
quantified in the supernatants.
Purified splenic T lymphocytes
(5� 105, right) were stimulated with
plate-bound anti-CD3 and soluble
anti-CD28 in the presence of rEgfl7
where indicated (þ) for 48hours and
production of IFN-g in the
supernatants was quantified. B,
4T1-Ctrl and4T1-Egfl7 tumorswere
sectioned and immunostained for
ICAM-1 (left, green) or VCAM-1
(right, red) and counterstained with
DAPI (blue); bars, 100 mm. C,
relative quantities (RQ) of ICAM-1
and VCAM-1 transcripts measured
by quantitative RT-PCR in
endothelial cells isolated from 4T1-
Egfl7 and 4T1-Ctrl tumors. For each
sample, levels were normalized to
the actin expression levels. Data are
expressed at 2 �DDCtð Þ, taking 4T1-
Ctrl values as reference. D,
expression levels of the indicated
genes in endothelial cells isolated
from 4T1-Ctrl (white bars) and 4T1-
Egfl7 (black bars) tumors as
assessed by quantitative RT-PCR
as above. Data are representative of
2 experiments carried out in similar
conditions.
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Egfl7 directly regulates leukocyte adhesion on
endothelial cells
The possibility that Egfl7 directly affects the expression of

leukocyte adhesion molecules by endothelial cells was studied
in vitro using the Jurkat T-cell lymphomamodel of immune cell
adhesion on human primary HUVECs, a model known to
depend on ICAM-1 and VCAM-1 (25). Treatment of HUVECs
with medium conditioned by 4T1-Egfl7 cells reduced the
number of T-lymphocytes adhering onto the endothelial
monolayer by half when compared with cells incubated with
a medium conditioned by 4T1-Ctrl cells (Fig. 6A). Repressing
the endogenous egfl7 gene in endothelial cells using RNA
interference (Supplementary Fig. S6A) doubled the number of
T-lymphocytes adhering to HUVECs when compared with
control (Fig. 6B). This correlated with a large increase in
expression of E-selectin, VCAM-1, and ICAM-1 transcripts,
whereas expression of P-selectin and CD31/PECAM was not

affected (Fig. 6C). Furthermore, repressing either ICAM-1 or
VCAM-1 (Supplementary Fig. S6B and S6C) in endothelial cells
treated with a siRNA targeting Egfl7 reduced the effects of this
latter siRNA on T-cell adhesion (Fig. 6D), suggesting that the
repressing effects of Egfl7 depends directly on the repression of
ICAM-1 and VCAM-1.

Expression of ICAM-1, VCAM-1, and IFN-g is repressed in
human tumors expressing Egfl7

To validate our observations in human cancers, expres-
sion of ICAM-1, VCAM-1, and IFN-g was analyzed in a
series of human breast carcinomas which were selected on
the basis of their expression levels of Egfl7 in tumor cells
(G. Lauridant-Philippin and F. Soncin; personal communi-
cation). Within the same lesion, there was a 23% and 13%
decrease in the numbers of blood vessels expressing ICAM-1
and VCAM-1, respectively, when these vessels were in close

Figure 6. Egfl7 prevents the adhesion of T lymphocytes on endothelial cells. A, left, DiI-labeled Jurkat T lymphocytes were seeded onto a monolayer
of confluent HUVECs that had been treated for 24 hours with a medium conditioned by 4T1-Ctrl (CM-Ctrl) or 4T1-Egfl7 (CM-Egfl7) cells; bar, 100 mm; right,
values represent the average numbers of adhering Jurkat cells counted in 15 independent 2.4-mm2

fields. B, left, DiI-labeled Jurkat T lymphocytes were
seeded onto amonolayer of confluent HUVECs that had been transfectedwith a control siRNA (si-Ctrl) or a siRNA targeting Egfl7 (si-Egfl7); bar, 100 mm; right,
values represent the average numbers of adhering Jurkat cells counted (as in A). These experiments are representative of 3 experiments carried
out in similar conditions. C, expression levels of E-selectin (E-sel), P-selectin (P-sel), VCAM-1, ICAM-1, andCD31/PECAMmeasured by quantitative RT-PCR
inHUVECs transfectedwith a control siRNA (si-Ctrl) or a siRNA targeting Egfl7 (si-Egfl7). Levels are expressed at 2 �DDCtð Þ, taking si-Ctrl values as reference. D,
DiI-labeled Jurkat T lymphocytes were seeded onto a monolayer of confluent HUVECs that had been previously transfected with a control siRNA (si-Ctrl) or
siRNAs targeting Egfl7 (si-Egfl7), ICAM-1 (si-ICAM-1), or VCAM-1 (si-VCAM-1) and quantified; values represent the average numbers of adhering Jurkat cells
counted in 9 independent 2.4-mm2

fields. �, P < 0.05. RQ, relative quantities.
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proximity to tumor cells expressing high levels of Egfl7,
when compared with areas where expression of Egfl7 was
low (peritumoral; Fig. 7A and B). Furthermore, the levels of
expression of IFN-g were inversely correlated with the levels
of expression of egfl7 measured in a series of human breast
tumor samples (Fig. 7C).

Discussion

We show here that Egfl7 is a natural repressor of endothelial
cell activation. It inhibits the expression of endothelial adhe-
sion molecules and consequently reduces the adhesion of
lymphocytes onto the endothelium. When placed in a tumor
context, these effects result in an increased escape from
immunity and a more rapid tumor growth.

The few previous studies that have described the expres-
sion of Egfl7 in human cancers all suggested that Egfl7 could
promote tumor growth and metastasis (18–20), but no
experimental study had addressed the direct role of Egfl7
in tumor development. Here, the results obtained using 2
independent tumor models and mouse genetic backgrounds
validate this initial hypothesis made on clinical observa-
tions. Furthermore, overexpressing Egfl7 in experimental
tumors allowed us to understand its functions in more
detail. Egfl7 is not an oncogene as it does not confer per
se intrinsic proliferative or invasive properties to lung or
breast tumor cells in vitro. In vivo, Egfl7 shows no effects on
tumor growth when compared with growth controls, in the
absence of a functional immune system. Our data indicate
that the effects of Egfl7 on tumor growth and metastasis are
rather indirect: Egfl7 promotes tumor escape from immu-
nity, which, in turn, promotes tumor progression. Interest-
ingly, Egfl7 has no effect on the immune cells themselves.
Indeed, it does not directly activate dendritic cells, NK cells,
or T lymphocytes and does not affect their activation status
upon stimulation. The main effect of Egfl7 is to repress the
tumor endothelium activation so that immune cells remain
sequestered in the blood circulation, thus preventing their
infiltration within the tumor mass. This explains why all
immune cells analyzed were underrepresented in tumors
expressing Egfl7, regardless of the cell type. Our in vitro
adhesion assays indicate that this diminished recruitment of
immune cells is directly mediated by Egfl7 through the
downregulation of endothelial adhesion molecules. The
downregulation of endothelial adhesion molecules in
tumors (12–15) and in human cancers (12, 14, 26) had
already been observed. Egfl7 favors tumor escape from
immunity by downregulating the expression of endothelial
adhesion molecules through mechanisms that are still elu-
sive. Of note, Egfl7 was recently reported to downregulate
the NF-kB pathway in human coronary artery endothelial
cells after an ischemia/reoxygenation treatment (27). Based
on this observation and our results, it is thus possible that a
direct repression of the NF-kB pathway by Egfl7 in endo-
thelial cells contributes to the repression of ICAM-1 and,
possibly, that of VCAM-1 and E-selectin.

We also observed that expression of Egfl7 in tumors increa-
ses blood vessel permeability and decreases expression of
Tie-2 when compared with that of controls, suggesting that
the endothelium integrity is altered in the presence of Egfl7.
Because Egfl7was shown to inhibit PDGF-BB–induced smooth
muscle cell migration (16), it is likely that its expression
prevents the recruitment of perivascular cells to newly formed
tumor blood vessels, thus decreasing vascular tightness. Such a
lack of vessel integrity is commonly observed in tumors (2) and
is proposed to favor tumor spreading through metastasis
(4, 28). Interestingly, overexpression of angiopoietin-2 in
tumors also increases vessel permeability but correlates with
a higher rate of immune cell infiltration within the primary
tumors, and with a reduced tumor growth rate (29). Together,
these observations suggest that, depending on the conditions,
the disruption of the endotheliummight lead both to a reduced
primary tumor and to an increase in metastasis, which could

Figure 7. High expression of Egfl7 correlates with low VCAM-1, ICAM-1,
and IFN-g in human tumors. A, expression of Egfl7 (top, brown) and
ICAM-1 (bottom, brown) was analyzed by immunohistochemistry in a
human breast ductal invasive carcinoma (noted SBR II, REþ, RPþ, and
HER20). The tumor tissue,which expresses large amounts of Egfl7within
tumor cells (top left, �), shows low levels of ICAM-1 in adjacent blood
vessels (bottom left, arrows). The peritumoral region, which expresses
low levels of Egfl7, mostly in blood vessels (top right, �), shows strong
expression of ICAM-1 in blood vessel endothelium (bottom right, arrows).
B, expression of ICAM-1 and VCAM-1 in blood vessels was quantified as
the mean percentage of positive vessels in 25 independent 0.15-mm2

fields in tumors expressing low (0þ, n ¼ 5) and high (3þ, n ¼ 5) levels of
Egfl7. �, P < 0.05. C, human breast carcinomas (n ¼ 12 per group) were
analyzed for expression of Egfl7 (black bars) and IFN-g (gray bars) by
quantitative RT-PCR. For each sample, data were normalized to the b2-
microglobulin expression levels. Data are expressed at 2 �DDCtð Þ, taking
the lowest average value as reference for each gene. RQ, relative
quantities.
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explain the observed dual anti–primary tumor/prometastatic
effects of antiangiogenic therapies (30, 31).
In human breast tumor cells, we observed that expression of

Egfl7 corresponds to a local decrease in ICAM-1 and VCAM-1
expression in adjacent blood vessels, whereas more distant
vessels are not affected. This suggests that Egfl7 has local
effects on blood vessels in human tumors that are similar to
those observed in experimental tumors in mice. The inverse
correlation between the expression levels of Egfl7 in human
tumors and those of IFN-g further validates our hypothesis and
suggests that Egfl7 produces an immunodeficient environment
within human breast cancer tissues.
Tumor escape from immunity is undoubtedly an interesting

process to consider for the design of therapeutic tools aimed at
preventing cancer progression and metastasis. Egfl7 therefore
represents a new target for interfering with this process. The
fact that Egfl7 maintains the normal endothelium in a non-
activated state, however, implies that one should investigate
this path with caution, as interfering with the properties of
Egfl7 for treating cancer may produce adverse side effects in
normal organs.
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