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High expression levels of egfl7 correlate with low endothelial
cell activation in peritumoral vessels of human breast cancer
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Abstract. Tumor blood vessels participate in the immune
response against cancer cells and we previously used pre-clin-
ical models to demonstrate that egfl7 (VE-statin) promotes
tumor cell evasion from the immune system by repressing
endothelial cell activation, preventing immune cells from
entering the tumor mass. In the present study, the expression
levels of egfl7 and that of ICAM-1 as a marker of endothelium
activation, were evaluated in peritumoral vessels of human
breast cancer samples. Breast cancer samples (174 invasive
and 30 in situ) from 204 patients treated in 2005 were immu-
nostained for CD31, ICAM-1 and stained for egfl7 using in situ
hybridization. The expression levels of ICAM-1 and egfl7 were
assessed in peritumoral areas using semi-quantitative scales.
There was a strong and significant inverse correlation between
the expression of ICAM-1 and that of egfl7 in CD31* blood
vessels. When the ICAM-1 score increased, the egfl7 score
reduced significantly (P=0.004), and vice-versa (Cuzick's test
for trend across ordered groups). In order to determine which
gene influenced the other gene between egfl7 and [CAM-1, the
expression levels of either gene were modulated in endothe-
lial cells. Egfl7 regulated ICAM-1 expression while ICAM-1
had no effects on egfl7 expression in the same conditions.
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Altogether, these results provide further results that egfl7
serves a regulatory role in endothelial cell activation in rela-
tion to immune infiltration and that it is a potential therapeutic
target to consider for improving anticancer immunotherapies.

Introduction

The main therapeutic achievements in treating cancer have
been historically obtained by limiting cancer cell proliferation
or division using non-specific, thereafter, targeted therapies
against these cells. More recently, an increasing interest
has emerged on the role of the tumor microenvironment in
the development of cancer lesions (1). Within this microen-
vironment, immune cells which can mediate the destruction
of cancer cells and the immune system as a whole offer a
number of novel potential targets for additional therapies (2),
a proportion of which have provided practical applications
for treating patients. The first efficient treatments using
immunotherapies targeting PD-1/PD-L1 were beneficial for
patients with melanoma (3) and such treatments were recently
approved for treating lung cancer as well (4). Blood vessels,
which are part of the tumor microenvironment and already
the targets of anti-angiogenic drugs in clinical practice for
treating colon or lung cancers, also serve a crucial role as a
natural physical barrier which regulates the immune response.
Indeed, endothelial cells which line the inner side of blood
vessels, regulate the extravasation of circulating immune
cells into tissues. Under non-activated, normal conditions,
endothelial cells form a non-adhesive surface which does not
allow for strong interactions with circulating immune cells (5).
Upon stimulation by pro-inflammatory cytokines, endothelial
cells become activated and express high levels of cell surface
leukocyte adhesion molecules such as E- and P-selectin,
intercellular adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1). These molecules participate
in the capture of circulating immune cells through the rolling,
arrest, firm adhesion, and extravasation of leukocytes from the
circulation toward the tissues (5). This process is particularly
important in the context of cancer where activation of endothe-
lial cells directly controls the penetration of cytotoxic immune
cells in the tumor foci (6,7). The gene coding for EGF-like
domain-containing protein 7 (egfl7) is mainly expressed



PANNIER et al: EGFL7 REGULATES ICAM-1 IN HUMAN BREAST CANCER

in blood vessel endothelial cells (8-10) and its expression is
deregulated in human cancer. High expression levels of egfl7
were correlated with a more advanced stage of human colon
cancer (11), with poor survival in human hepatocarcinoma (12),
and with a higher tumor grade in human gliomas (13). Egfl7
expression was also associated with poor overall survival
in human pancreatic cancer (14). Furthermore, a previous
study demonstrated in breast cancer tissue samples that a
high egfl7 protein score in cancer cells corresponded with
low VCAM-1, ICAM-1, and interferon-y in the tumors (15).
Using experimental approaches, it has been demonstrated
that, when expressed by tumor cells, egfl7 promotes tumor
escape from immunity by downregulating the activation
of tumor blood vessels (15). Egfl7 expressed constitutively
by blood vessel endothelial cells continuously inhibits the
expression of leukocyte-adhesion cell surface receptors and
thus limits endothelium activation. In the context of cancer,
egfl7 expressed by tumor blood vessels similarly prevents the
cytotoxic immune cells from entering the tumor mass, thus
protecting tumor from immune destruction (15).

To the best of our knowledge, no previous study has
addressed the role and expression of egfl7 in blood vessels
of the tumor microenvironment. In the present study, a large
cohort of human breast cancer lesions were included and the
expression levels of egfl7 and that of ICAM-1 as a marker of
endothelium activation, were evaluated in peritumoral vessels
of human breast cancer samples.

Materials and methods

Human samples. The patient population is described in details
in the main section. Human tissue samples were processed and
stored at the pathology laboratory of the Centre Oscar Lambret
cancer clinic (Lille, France). Following surgery, tissues were
fixed in 4% paraformaldehyde and embedded in paraffin.
For each tumor, analyses were performed on sections from
the paraffin block which had been used for estrogen receptor,
progesterone and HER?2 expression analyses and for diagnosis,
considered by the pathologists to be the most representative of
the lesion.

Antibodies. For staining human tissues, a primary monoclonal
rabbit anti-human ICAM-1 antibody (Abcam, Cambridge,
UK ab53013), a monoclonal mouse anti-human CD31 (DAKO
#M823, clone JC/70A),a monoclonal mouse anti-CD34 (DAKO
#MT165, clone QBend-10), and a goat biotinylated anti-rabbit
IgG (BA-1000, Vector laboratories) were used. For staining
mouse tissues, an anti-mouse ICAM-1 antibody (Abcam
ab25375), an anti-rat-Alexa 488 antibody (Life Technologies
A21208), and a biotinylated rat anti-mouse-CD31 (Pharmingen
553371) were used. Antibodies were reconstituted and stored
according to the manufacturers' recommendations.

Immunostaining of human tumor samples. Four successive
paraffin sections (4-ym) were prepared from each sample
paraffin block and laid on superfrost + slides, dried overnight
at 56°C, and rehydrated before staining. For [CAM-1 staining,
slides were placed in methanol, 0.3% H,O, for 20 min at room
temperature, rinsed in TRIS-HCI 10 mM, pH 7.5,NaCl 0.15 M
(TRIS buffer saline, TBS) for 5 min, incubated in Antigen
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retrieval, solution citrate (Vector Laboratories, Peterborough,
UK) for 20 min at 90°C, then for 20 min at room temperature,
and rinsed twice in TBS. Slides were incubated in TRIS-HCI
0.1 M, pH 7.5, NaCl 0.15 M, 20% goat serum, 0.5% blocking
buffer from TSA Biosystem (Perkin Elmer, Beaconsfield, UK)
for 2 h and incubated in rabbit anti-human ICAM-1 (1:200)
overnight at 4°C in a humidified atmosphere. Slides were then
washed in TBS for 5 min twice and incubated in goat bioti-
nylated anti-rabbit IgG (1:250) for 45 min. Slides were then
washed three times in TBS for 5 min, incubated in Strepta-
vidin-A-HRP (TSA Biosystem kit, 1:100) in blocking buffer
for 30 min, washed 3 times in TRIS-HC1 0.1 M, pH 7.5, NaCl
0.15 M, Tween-20 0.25% (TNT) for 5 min, then incubated
in biotinylated tyramine (1:50) in amplification buffer (TSA
Biosystem, Perkin Elmer), washed 3 times in TNT for 5 min,
incubated in streptavidin-A-HRP (TSA Biosystem kit, Perkin
Elmer, 1:100) in blocking buffer for 30 min, washed twice in
TNT for 5 min and the immune complexes revealed using
DAB kit (Vector Laboratories) under microscope observation.
Staining was stopped with tap water and slides counterstained
with hemalun, dehydrated and mounted.

CD31 and CD34 immunostainings were performed using a
BenchMark ULTRA automat and dedicated reagents (Ventana
Medical Systems, Roche Diagnostics, Basel, Switzerland). For
CD31 staining, slides were deparaffinized, incubated at 95°C
for 36 min in cell conditioning buffer 1, washed in Reaction
Buffer. Endogenous peroxydases were inactivated using
UV INHIBITOR for 4 min and slides further washed in Reac-
tion Buffer. Slides were then incubated in anti-CD31 (Dako,
Agilent Technologies, Inc., Santa Clara, CA, USA, #M0823,
1:20) for 28 min, rinsed in Reaction Buffer and incubated in
HRP UNIV MULT for 8 min, washed in Reaction Buffer,
developed using UV DAB and counterstained in Hematoxylin
for 4 min, then in Bluing Reagent, washed in Reaction Buffer
before dehydration and mounted. For CD34 staining, slides
were processed similarly except that the cell conditioning
buffer 1 treatment was performed for 8 min and the slides were
incubated with mouse anti-CD34 (DAKO, clone QBend-10,
1:50) for 20 min.

Stained slides were analyzed by two independent oncolo-
gists, including a breast cancer pathologist, using an Axioplan 2
microscope (Zeiss) and compared to the corresponding hema-
toxylin/phloxin safran-stained slides used for identification of
the tumor sub-regions for diagnosis. Image acquisition was
done using the ZEN2012 blue edition software (Carl Zeiss AG,
Oberkochen, Germany).

In situ hybridization. Paraffin sections (4-um) were laid
on superfrost + slides and dried overnight at 56°C. Digoxi-
genin-labelled sens and anti-sens egfl7 probes were prepared
from a pCMV-sport 6 plasmid containing the full length
human egfl7 cDNA using the Riboprobe Gemini system II kit
(Promega Corporation, Inc., Madison, WI, USA). Slides were
processed using a Ventana Discovery automat as described
previously (8).

Cell transfection, reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Primary human umbilical
vein endothelial cells (Lonza Biologics PLC, Slough, UK) were
cultured in EGM-2 medium and passaged according to the
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manufacturers' recommendations. Cells (4x10%/well) between
passage 2 and 5 were plated in 0.33 cm? wells and transfected
with 50 nM non-targeting small interfering RNA (siRNA,
siCtrl, D-001810-01, Dharmacon, Inc., Lafayette, CO, USA),
or with siRNA targeting egfl7 [siEgfl7, J-015668-10, Dhar-
macon, Inc., (15,16)] or ICAM-1 (silCAM-1, L-003502-00
Dharmacon, Inc.) using Lipofectamine RNAiMax (Life Tech-
nologies, ThermoFisher Scientific, Inc., Waltham, MA, USA).
Three days later, the cells were lysed and total RNA isolated
using the Nucleospin RNA kit and reagents (Macherey-Nagel,
Diiren, Germany). RNA were quantified using a Nanodrop
(ThermoFisher Scientific,Inc.) and RT was performed using the
High Capacity Reverse Transcription kit (Life Technologies,
ThermoFisher Scientific, Inc.). qPCR was performed in duplex
reactions, mixing TagMan FAM-labelled probes for human
egfl7 (Hs00211952_m1) or for ICAM-1 (Hs00164932.m1) with
the normalizing 32-microglobulin (B2M) VIC-labelled probe
in the same tube and processed in a StepOne machine. Data
were expressed as 2424 where ACq=Cq of gene-Cq of B2M,
and AACq=ACq sample-ACq control.

Ethics. Sample storage, handling and analysis were performed
according to the European regulations and the Helsinki Decla-
ration. Patient consent and legal authorizations were obtained
for all the analyses performed and for the processing of patients
personal data. The protocol was approved by the ‘Comité de
Protection des Personnes Nord-Ouest IV’ on January 12, 2010.

Statistical analysis. All statistical analysis was performed
using STATA 11.2 statistical software (StataCorp, College
Station, TX, USA). Analyses used Chi2 and Fisher's exact
tests for categorical data and Kruskall-Wallis test for contin-
uous variables and Cuzick's test for trend across ordered
groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

Patient population. Patients included in the present study
underwent surgery for breast cancer at the Oscar Lambret
Center cancer clinic between January 1st, 2005 and July 31st,
2005, for histologically-proven invasive ductal carcinoma
(IDC), invasive lobular carcinoma (ILC), or ductal carcinoma
in situ (DCIS). Patients were at least 18 years-old, had not been
previously treated with chemotherapy, and had not received
neo-adjuvant chemotherapy. Patients whose tumors exhibited
a histology-proven lobular carcinoma in situ were excluded
from the study. The cohort therefore included: 30 DCIS and
174 invasive carcinomas, among which 131 IDC (64.2%,
Table I), 27 ILC (13.2%), and 16 others types (tubular carci-
noma, apocrine, or neuroendocrine carcinoma, 7.8%). The
population was composed of 39 stage 1 (22.4%), 98 stage 2
(56.3%), and 37 stage 3 carcinomas (21.2%). Among inva-
sive cancers, 20 (11.5%) exhibited HER2 gene amplification
as defined by a 3+ score using immunohistochemistry or
>=2+ score when using chromogenic in situ hybridization.
Hormonal receptors were positive as defined by estrogen
receptor >=10% and/or progesterone receptor >=10% in
85.8% of cases. A total of 13 triple negative breast cancer
(7.5%), as defined by estrogen and progesterone receptor
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Table I. Patient population.

Tumors N %

Histological type 204 100
IDC 131 64.2
ILC 27 13.2
DCIS 30 14.7
Other 16 7.8

SBR grade 174 100
1 39 224
2 98 56.3
3 37 21.3

TNM classification 166 100
T 13 7.5
TO-Tla 42 24.1
Tlb 65 374
Tlc 43 24.7
T2 3 1.7
T3

TNM classification 204 100
N 112 549
NO 59 289
N1 4 1.9
N2 8 39
N3 21 10.3
Nx

Hormonal receptor 204 100
HR+ 175 85.8
HR- 26 12.7
UK 3 1.5

HER?2 status 174 100
Negative 151 86.8
Positive 20 11.5
Unknown 3 1.7

Triple negative 13/174 7.5

DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma;
ILC, invasive lobular carcinoma; HR, hormonal receptor; TNM,
Tumor node metastasis; SBR, Scarf-Bloom-Richardson.

equal to zero associated with Her2 negative expression, were
identified within this cohort.

Parallel tissue sections were prepared for the positive
identification of blood vessels, for the quantitation of activated
vessels among the identified blood vessels, and for the quan-
titation of egfl7 expression levels in the same tumor areas.
The analysis was concentrated on peritumoral vessels and
the tumor sample block which had been used for the initial
diagnosis of the patient's lesion was selected, thus being the
most representative and the closest tissue to the tumor.

Identification of blood vessels. In order to quantify the acti-
vated blood vessels in peritumoral areas, the initial step was
to establish a staining procedure for positively identifying
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Figure 1. Identification of blood vessels in human breast cancer lesions.
(A) Immunohistochemistry of human breast cancer lesions stained using an
anti-CD34 antibody (left) and an anti-CD31 antibody (right). Staining appears
as a brown pigment. Arrows: Blood vessels identified as stained structures
with a lumen and containing blood cells. (B) Immunohistochemistry on par-
allel sections of the peritumoral region of a human breast cancer lesion using
an anti-CD31 (left) antibody which marks blood vessels (arrows). ICAM-1
staining of the same area reveals ICAM-1* activated blood vessels (black
arrow) and ICAM-1" non-activated blood vessels (white arrows). Asterisk
indicates cancer cells. ICAM-1, intercellular adhesion molecule-1.

blood vessels in the human tissue sections. For this purpose,
immunostaining using anti-CD34 and anti-CD31 antibodies
were compared, as both are widely used markers of endo-
thelial cells (17). Staining human breast cancer samples with
either antibody clearly revealed the blood vessels (Fig. 1A) but
staining for CD31 provided a more specific signal and gave
rise to a much lower background than staining for CD34,
which also stained non-vascular structures. Therefore all
breast cancer tissue sections were subsequently identified with
CD31 staining and blood vessels were positively identified as
CD31" structures.

Identification of activated blood vessels in peritumoral areas.
Activated blood vessel endothelial cells in breast cancer
samples were identified following ICAM-1 immunostaining.
ICAM-1 staining was membranous in endothelial cells. Its
expression in vascular structures was confirmed by checking
the CD31 staining in parallel sections of the same area
(Fig. 1B). In case of an absence of ICAM-1* vessels and in
order to dismiss any technical artifact on a specific sample,
ICAM-1* staining was verified on lobular islets or galactoph-
oric channels of the same sample, as these structures also stain
for this marker. The percentage of ICAM-1" activated vessels
compared with ICAM-1" non-activated vessels, was evaluated
and scored. Score 0 was defined as no ICAM-1* vessels, scores
1+, 2+, and 3+ were defined by 1-29%, 30-60% and >60% of
ICAM-1* vessels, respectively. Activation of blood vessels was
heterogeneous within any given tumor, as vessels displayed
different states of activation in the same sample depending
on their location and on their size (Figs. 1B and 2). Among
the 175 cases analyzed for ICAM-1, 68 lesions (38.9%) were
scored O for ICAM-1, 62 (35.4%) were scored 1+, 28 (16.0%)
were scored 2+ and 17 (9.7%) were scored 3+. A significant
correlation was not identified between ICAM-1 expression
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Figure 2. Scoring of ICAM-1 and of egfl7 staining in human breast cancers.
Illustration of parallel sections of 3 different breast cancer lesions (top: IDC,
middle: mixed ductal and lobular carcinoma, bottom: IDC) after CD31 (left)
and ICAM-1 (center) protein staining (immunohistochemistry) and egfl7
(in situ hybridization, right). Scores for ICAM-1 and Egfl7 are indicated.
ICAM-1, intercellular adhesion molecule-1; egfl7, EGF-like domain-con-
taining protein 7.
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Figure 3. Distribution of egfl7 scores within the ICAM-1 sub-groups in human
breast cancers. Percentage of each egfl7 score within each of the ICAM-1
subgroups, as determined by immunohistochemistry analysis. ICAM-1, inter-
cellular adhesion molecule-1; egfl7, EGF-like domain-containing protein 7.

in peritumoral blood vessels and clinical data such as cancer
type, grade, metastases, hormone receptors, and HER?2 status,
or with the triple-negative type, using the Chi2 test if theo-
retical size =5 and Fisher exact test otherwise.

Blood vessels are less activated in areas where egfl7 is highly
expressed. Regarding egfl7 transcript detection using in situ
hybridization, positive cases were defined based on the nuclear
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Table II. Correlations between ICAM-1 scores and egfl7 scores.
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ICAM-1 score

0 (0%) 1+ (0-29%) 2+ (30-60%) 3+ (>60%) Total
n % n % n % n % n % P

egfl7 score Fisher exact
0 (0%) 16 26.2 21 344 15 24.6 9 14.8 61 100.0 P=0.015
1+ (0-29%) 5 18.5 12 444 7 259 3 11.1 27 100.0

2+ (30-60%) 10 47.6 8 38.1 0 0.0 3 14.3 21 100.0 Test for trend
3+ (>60%) 15 53.6 10 357 1 3.6 2 7.1 28 100.0 P=0.004*
Total 46 33.6 51 37.2 23 16.8 17 12.4 137 100.0 P=0.001°

Test for trend for [CAM-1 according to egfl7 and for *egfl7 according to
domain-containing protein 7.

ICAM-1.ICAM-1, intercellular adhesion molecule-1; egfl7, EGF-like
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Figure 4. Egfl7 regulates ICAM-1 expression in endothelial cells in vitro.
Expression levels of ICAM-1 and of egfl7 transcripts measured by duplex
reverse transcription-quantitative polymerase chain reaction in human
umbilical vein endothelial cells transfected with siCtrl (white bars), siEgfl7
(black bars) or silCAM-1 (gray bars). The results are expressed as RQ over
siCtrl values, data are expressed as 2T using B2M levels as normalizing
value measured in each sample. The results are representative of 2 experi-
ments performed in triplicates. Error bars represent standard deviation of
the mean. ICAM-1, intercellular adhesion molecule-1; egfl7, EGF-like
domain-containing protein 7; RQ, relative quantities.

staining of endothelial cells and scoring was made using the
same criteria as for ICAM-1 staining. Among the 148 cases
analyzed for egfl7 expression, 63 (42.6%) were scored O,
30 (20.3%) were scored 1+, 27 (18.2%) were scored 2+ and
28 (18.9%) were scored 3+. A significant correlation was
not identified between egfl7 expression in peritumoral area
and clinical data including cancer type, grade, metastases,
hormone receptors, nor HER2 status using the Chi2 test if
theoretical size =5 and Fisher exact test otherwise.

However, a strong and significant correlation was apparent
between the ICAM-1 scores and the egfl7 scores in the
analyzed lesions (P=0.015, Fisher exact test). Cuzick's tests for
trend demonstrated that when the ICAM-1 score increased,

the egfl7 score decreased (Fig. 3, P=0.004, Table II), and
vice-versa (P=0.001, Table II). These observations directly
implied that, regardless of the type and grade of breast cancer
lesions, the expression levels of ICAM-1 and those of egfl7
were somehow linked.

Egfl7 regulates ICAM-1 expression but ICAM-1 does not
affect egfl7 expression in endothelial cells. In order to assess
which gene between ICAM-1 and egfl7 regulated the expres-
sion of the other one, we deregulated either egfl7 or ICAM-1
in human primary endothelial cells by RNA interference and
checked for the expression of the other gene. Targeting egfl7,
which lowered its expression by 69.4%, induced a 4.9-fold
increase in ICAM-1 expression levels in the same cells. On the
other hand, the downregulation of ICAM-1 expression levels
by 89.3% did not significantly affect the expression levels
of egfl7 in the same cells (Fig. 4). Thus, these results show
that egfl7 constitutively represses the expression of ICAM-1
in endothelial cells but that ICAM-1 does not regulate egfl7
expression.

Discussion

We have previously shown that egfl7 promotes the escape
of tumors from immunity by repressing the activation of
endothelial cells in mice (15). In this previous study, an
inverse correlation between egfl7 protein levels and those of
ICAM-1 were demonstrated in a limited number of human
breast cancer lesions. The present study represents the first
study of the correlation between the expression of egfl7
and that of ICAM-1 in a large population of patients which
allowed for statistical analysis. This population formed a
representative sample of breast cancer subtypes close to what
is typically described by pathologists in the global population,
where 64% are IDC, 10% are ILC and 7% are of other types
(mucinous, tubular) and where among the IDC, 19% show a
Scarf-Bloom-Richardson grade equal to 3 and are positive for
hormonal receptors in 85% of cases, while HER2 overexpres-
sion is detected in 10-15% of the cases (18). Since egfl7 is a
secreted protein which can accumulate in distant tissues from
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the producing cells (16), egfl7 transcripts were selected to
analyze using in situ hybridization rather than following the
distribution of the egfl7 protein as before. Indeed, transcript
analysis provides a direct visualization of egfl7-expressing
cells in tumor samples. Furthermore, the study was focused
on the activation of endothelial cells in the tumor microen-
vironment, i.e. in peri-tumoral areas of human breast cancer
lesions and on a possible correlation between endothelium
activation and expression levels of egfl7. For that matter,
the analyzed area selected was in the periphery of the main
infiltrating lesion, not close to an in sifu carcinoma focus or
a glandular islet, not within a necrotic zone, nor within any
healing zone consecutive to biopsy, so as to avoid any possible
inflammation and activation of blood vessels other than those
due to the presence of the main tumor. In order to identify
vascular vessels without any ambiguity, the choice of a good
histological marker was important. CD34 is a transmembrane
glycoprotein expressed in hematopoietic stem cells, endothe-
lial cells, in fibroblasts, and in stromal cells. It is commonly
used as a marker for endothelia in pathology labs, though it
is not specific to this tissue (19). CD31 (or platelet-endothelial
cell adhesion molecule-1) is a cell membrane protein expressed
by endothelial cells, platelets, and hematopoietic cells. It is
more particularly expressed in endothelial cells (17) and is
widely used for visualizing these cells in animal models. It
should however be noted that although both markers reveal
endothelial cells, neither one is strictly specific for blood
vessels. The positive identification of blood vessels was there-
fore achieved by crossing the CD31 staining information with
the identification of vessels by the breast cancer pathologist
and the oncologist on the base of morphological criteria, so as
to exclude any potential non-vascular CD31* structure.
Previous studies have addressed the expression of ICAM-1
in breast cancer lesions but with different aims (20-23).
Higher levels were correlated with a more aggressive tumor
phenotype (20) and an increased ICAM-1 staining has been
observed in blood vessels of breast cancer tissues compared to
normal tissues (21). Furthermore, fewer numbers of leukocytes
infiltrated in ductal breast carcinoma were also associated
with lower levels of ICAM-1 expression on tumor endothe-
lial cells (22). More recently, ICAM-1 has been identified as
a marker for triple negative breast cancers and shown to be
a promising target for treating these tumors (23). All these
studies were focused on the expression of [CAM-1 in the tumor
but did not specifically address the expression of ICAM-1 in
the tumor microenvironment excluding the tumor area in itself,
thus leading to different results. We have previously reported
that egfl7 protein expression was associated with improved
prognosis factors in human breast cancer lesions (24) but this
previous study also focused on egfl7 expression in cancer
areas, not peritumoral areas focused on in the present study.
A correlation between egfl7 protein expression in tumoral foci
with lower grade and hormonal receptor expression was iden-
tified (24), but there was no evidence that expression of egfl7
transcripts in peritumoral vessels could be correlated with any
of these prognosis factors, thus confirming the fact that the
localization of egfl7 protein secreted within tumor areas and
the expression of its transcripts in peri-tumoral blood vessels
are apparently not linked. Notably, in the present study, egfl7
transcripts were identified in cancer cells, demonstrating that

1427

these cells also produce egfl7 although it is predominantly an
endothelial gene in normal tissues (8-10). This suggests that
the Egfl7 protein detected in the earlier study (24) was at least
in part produced by cancer cells themselves.

The most interesting observation made in the present study
was the inverse correlation between the expression levels of
egfl7 and those of ICAM-1 in the tumor microenvironment.
This correlation was due to the fact that egfl7 regulates the
expression of ICAM-1 in endothelial cells and not the reverse.
This confirmed previous observations that egfl7 negatively
regulates the expression of ICAM-1 (15) while, on the other
hand, the potential effects of ICAM-1 on egfl7 expression have
never previously been reported. ICAM-1 expression is mainly
regulated by the NFkB and the MAPK/Erk pathways (25-28). It
is most probable that Egfl7 regulates the expression of [CAM-1
through the NFkB pathway in the breast cancer microenviron-
ment similarly to in coronary endothelial cells where Egfl7
treatment reduced a cyclosporin A-induced increase in NFkB
activity and ICAM-1 expression (29), but such regulation is not
yet demonstrated.

The results of the present study underline the important
role served by egfl7 in the regulation of the activation of blood
vessels in cancer lesions. They suggest that egfl7 may be a
valuable therapeutic target to consider in order to enhance the
efficiency of immune therapies against cancer. As a matter
of fact, targeting egfl7 has been shown to increase tumor
blood vessel damage and to enhance the tumor response to
anti-VEGF treatment in various murine models (30) but the
effects on the infiltration of immune cells into the tumors
has not been assessed. Whether an anti-egfl7 therapy would
increase the efficiency of immunotherapies in treating cancer
remains to be assessed. Understanding the mechanisms of
endothelium activation in cancer may allow for an improved
selection of patients which could benefit from immuno-
therapies. Regarding breast cancer, this would be particularly
pertinent for the highly heterogeneous triple negative popu-
lation, which would appear to be a good candidate for such
refinement in diagnosis.
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