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Abstract

Interleukin-8 (IL-8/CXCL8), a paracrine angiogenic factor, modulates multiple biologic functions in CXCR1 and
CXCR2 expressing endothelial cells. Several reports suggest that inflammation, infection, cellular stress and tumor
presence regulate IL-8 production in endothelial cells. In the present study, we test the hypothesis that IL-8 regulates
multiple biological effects in endothelial cells in an autocrine manner. We examined the autocrine role of IL-8 in
regulating angiogenesis by using a neutralizing antibody to IL-8, CXCR1 or CXCR2 in human vein umbilical
endothelial cell (HUVEC) and human dermal microvascular endothelial cell (HMEC). Neutralizing antibody to IL-
8, CXCR1 or CXCR2 inhibited endothelial cell proliferation, and MMP-2 production as compared to cells cultured
with medium alone or control antibody. In addition, we observed that the number of apoptotic cells was signifi-
cantly higher in anti-IL-8, anti-CXCR1 and anti-CXCR2 treated endothelial cells, which coincided with decreased
survival-associated gene expression. We observed reduced migration of endothelial cells treated with anti-IL-8 and
anti-CXCR2 antibody, but not anti-CXCR1 antibody as compared to controls. Further, we observed an inhibition
of capillary tube formation and neovascularization following treatment with anti-IL-8, anti-CXCR1 and anti-
CXCR2 antibodies. Together these data suggest that IL-8 functions as an important autocrine growth and
angiogenic factor in regulating multiple biological activities in endothelial cells.

Abbreviations: IL-8 -- interleukin-8; HUVEC -- human umbilical vein endothelial cells; HMEC -- human dermal micro-
vascular endothelial cell; RT-PCR -- reverse transcriptase-polymerase chain reaction; MMPs -- matrix metalloproteinases

Introduction

Angiogenesis, the formation of new blood vessels from
an existing capillary bed, is a crucial process involved
in various physiological and pathophysiological condi-
tions, including embryonic development, wound heal-
ing, chronic inflammation, and tumor growth. It
comprises a cascade of events, emanating from endo-
thelial cell proliferation, survival, migration, and mat-
uration to form capillary tubes [1--4]. Interleukin-8
(IL-8, CXCL-8), a member of the ELR (Glu--Leu--
Arg) motif positive (ELR+) CXC chemokines, has
been shown to play an important role in embryonic/
adult vascular bed formation and tumor angiogenesis

[1, 2, 5--8]. The receptors for IL-8 are CXCR1 and
CXCR2, which bind to IL-8 with high affinity [9, 10].
IL-8 is expressed in normal cells such as leukocytes,
fibroblasts, endothelial cells and various tumor cells [4,
6, 8, 11--16], and plays an important role in chemoat-
traction, inflammation, angiogenesis, tumor growth
and metastasis [5, 15, 17--20]. Studies have demon-
strated inhibition of endothelial cell migration by neu-
tralizing antibody to CXCR2 [21, 22] and delayed
vascularization in CXCR2 knock out mice [23].
Several reports have demonstrated that IL-8 directly

modulates endothelial cell proliferation and migration
and regulates angiogenesis in vitro and in vivo [24--27].
These studies were exclusively focused on the para-
crine role of IL-8 in angiogenesis. However, several re-
ports suggest that endothelial cells themselves are a
major source of IL-8, and inflammation, infection,
stress and interaction with tumors can regulate its
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expression [28--33]. Besides an indirect mechanism
involving IL-8 released by activated leukocytes and tu-
mor cells, we hypothesize that IL-8, produced by endo-
thelial cells, may directly regulate endothelial cell
function and activate the pro-angiogenic process in an
autocrine manner. In the present study, we tested this
hypothesis by using neutralizing antibodies to IL-8,
CXCR1 and CXCR2 and examined the regulation of
endothelial cell proliferation, survival, migration, matrix
metalloproteinase (MMP)-2 production and angiogenic
response. We observed an autocrine role for IL-8 in
modulating endothelial cell proliferation, survival,
migration, MMP-2 production, capillary tube formation
and angiogenesis.

Materials and methods

Cell lines and reagents

Human umbilical vein endothelial cells (HUVEC) and
human dermal microvascular endothelial cell-1 (HMEC)
were obtained from Clonetics (Biowhittaker, Walkersville,
MD) and Center for Disease Control (Atlanta, GA). Cell
lines were maintained in culture as adherent monolayers
in endothelial cell growth media (EGM-2 MV, Clonetics,
Biowhittaker, Walkersville, MD) containing fetal bovine
serum (FBS), hydrocortisone, endothelial cell growth sup-
plement, and gentamycin. Recombinant human IL-8 and
monoclonal antibodies to IL-8 (Clone 6217), CXCR1
(Clone 42705) and CXCR2 (Clone 48311), FGF-2 and
VEGF-A were obtained from R&D Systems Inc. (Min-
neapolis, MN). Normal mouse IgG was purchased from
Santa Cruz (Santa Cruz Biotechnology Inc., Santa Cruz,
CA).

In vitro proliferation and apoptosis assay

HUVEC and HMEC (1 · 105) were seeded onto tripli-
cate wells of a 24-well plate coated with 2% gelatin in
EGM-2 medium (without growth factor supplement)
and containing 5% FBS. Following overnight incuba-
tion for adherence, the cultures were washed and cul-
tured with fresh medium alone (EGM-2 medium without
growth factor supplement and containing 5% FBS) or
medium containing different concentrations of cytokines
and/or antibodies, and incubated for 72 h. Cells were
trypsinized and viable cells were counted using trypan
blue (ICN Inc., Aurora, Ohio).
To determine whether treatment of HUVEC with

neutralizing antibodies to IL-8, CXCR1 and CXCR2
induced apoptosis, cells were incubated in EGM-2 med-
ium with 5% FBS overnight. The cultures were washed
and incubated with medium alone or medium containing
IL-8 (10 ng/ml), or anti-IL-8 (5 lg/ml), anti-CXCR1
(5 lg/ml), anti-CXCR2 (5 lg/ml) antibodies for 24 h.
HUVEC cells were stained for apoptosis using the
CaspACE FITC-VAD-FMK in situ marker kit

(Promega Corporation, Madison, WI) and counter-
stained with DAPI (Molecular Probes, Eugene OR)
according to the manufacturer’s instructions. The num-
ber of apoptotic cells was determined by enumerating
immunostained cells using a Nikon fluorescence micro-
scope in five independent high-power fields (·200) with
each field containing 50--100 cells.

Enzyme-linked immunosorbent assay (ELISA) for IL-8

HUVEC and HMEC cells (3000 cell/well in 96 well
plate) were cultured in TC199 medium with serum for
48 h. Cell free culture supernatants were harvested and
IL-8 levels were determined using an ELISA method
as described earlier [13]. This assay employs the quan-
titative immunometric ‘sandwich’ enzyme immunoas-
say technique. A curve is prepared, plotting the optical
density vs the concentration of IL-8 in the standard
wells. By comparing the optical density of the samples
to the standard curve, the concentration of IL-8 in the
unknown samples was determined.

Migration assay

HUVEC migration in response to neutralizing anti-
bodies to IL-8, CXCR1 and CXCR2 was determined
using the method described earlier [27, 34]. Briefly,
HUVEC (1 · 104) were plated onto transwell cham-
bers with serum-free medium alone or medium con-
taining antibodies in duplicate and incubated at 37 �C
in CO2 for 2.5 h. MTT was added and cells were incu-
bated for an additional 2 h. Cells from the top of the
transwell chambers were removed using a cotton swab
(residual cells). Cotton swabs containing residual cells
and the transwell chamber (migrated) cells were placed
in separate wells of a 24-well plate containing 400 ll
of dimethyl sulfoxide (DMSO). Following 1 h of gen-
tle shaking, 100 ll samples were removed and absor-
bance was determined at 570 nm using an ELISA
plate reader. The percent migratory activity was calcu-
lated as: percent migration = A/[A+B] · 100, where A
is the absorbance of migrated cells, and B is the absor-
bance of residual cells.

In vitro capillary tube formation assay

An in vitro capillary tube formation assay was per-
formed as described earlier [35]. Briefly, 2 · 104 HU-
VEC cells were plated in wells of a Matrigel-coated
48-well plate with medium alone or medium contain-
ing IgG, or neutralizing antibody to IL-8, CXCR1 or
CXCR2. After 3 h of incubation, the plate was exam-
ined for capillary tube formation and photographed.
Each assay was done in duplicate and each experiment
was repeated three times. The qualitative difference in
tube formation was examined in treated or untreated
cultures.
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Chick chorioallantoic membrane (CAM) Assay

Fertilized eggs were incubated with the upper blunt
pole at 70% relative humidity at 39 �C. After 3 days
of incubation, anti-IL-8, anti-CXCR1, anti-CXCR2
and control IgG (100 lg/egg) were applied to the
CAM and incubated for an additional 96 h. Chick em-
bryos were visualized and CAM were examined under
a stereo microscope attached to a digital camera [36].

mRNA analysis

Total cellular RNA was isolated from HUVEC (1 · 105

cells) using Trizol� reagent (Invitrogen, Carlsbad, CA).
RT-PCR was performed [27]. Briefly, cDNA was synthe-
sized using total RNA (2 lg), oligo (dT)12--18 primer and
superscript RT (Gibco BRL, Gaithersburg, MD).
Two ll of first strand cDNA (1:10 dilutions) were ampli-
fied using PCR primer sets (Table 1) and a DNA ther-
mal cycler (Perkin Elmer, Foster City, CA) [27]. PCR
fragments were separated on a 2% agarose (3:1) gel con-
taining ethidium bromide (0.5 lg/ml), visualized and
photographed using a gel documentation system (Alpha-
Innotech, San Leandro, CA). Relative intensity of spe-
cific gene expression was determined using ImageQuant
5.1 software (Molecular Dynamics, Inc., Sunnyvale,
CA). mRNA expression is presented as expression index,
the ratio of each signal to the signal from the housekeep-
ing gene, b-actin. The expression index for cells cultured
with medium alone was arbitrarily set to 1 in order to
represent the difference in expression levels among
HUVEC from different treatment groups.

Gelatin zymography

HUVEC cells 2 · 104 per well in a 48-well plate were
plated in EGM-2 medium containing 5% FBS over-
night for adherence. The cultures were washed and
cells were incubated in RPMI-1640 (phenol free med-
ium containing 0.1% BSA) alone or medium contain-
ing different treatments for 24 h. Culture supernatants
were used for gelatin zymography as described previ-
ously [27, 37]. Briefly, the gelatin-degrading activity in
the culture supernatants was analyzed by electrophore-
sis on an 8% SDS-PAGE containing gelatin. After
electrophoresis, the gel was washed in 2.5% Triton-X
100 to remove SDS, incubated in 50 mM Tris--HCl

buffer, pH 7.5, containing 0.15 M NaCl, 10 mM
CaCl2, and 0.02% (w/v) NaN3 for 16 h at 37 �C and
stained with 0.1% Coomassie brilliant blue R250 (Sig-
ma Chemical Co., St. Louis, MO). Gelatinolytic activ-
ity was visualized by negative staining. Zymograms
were analyzed using gel documentation system and
ImageQuant software (Molecular Dynamics, Sunny-
vale, CA). The expression of MMP-2 activity for cells
cultured with medium alone was arbitrarily set to 1 in
order to represent the difference in the expression level
among HUVEC from different treatment groups.

Statistical analysis

Significance between means was determined by the Stu-
dent’s t-test (two-tailed) using SPSS software (SPSS Inc.,
Chicago, IL). A P-value of <0.05 was deemed sig-
nificant.

Results

Neutralization of IL-8 and CXCR2 inhibits endothelial
cell proliferation and apoptosis

We examined the autocrine role of IL-8 in the regulation
of endothelial cell growth, and the levels of endogenous
IL-8 secreted by HUVEC and HMEC cells by ELISA.
We observed constitutive expression of IL-8 in HUVEC
(356 + 12 pg/ml) and HMEC (238 + 21 pg/ml). Fur-
ther, we treated HUVEC and HMEC (1 · 105) cells with
IL-8 (10 ng/ml) or neutralizing antibody to IL-8,
CXCR1 or CXCR2. FGF-2 (10 ng/ml) and VEGF-A
(10 ng/ml) were used as positive controls in these assays.
After 72 h of culture, the number of viable cells signifi-
cantly increased in HUVEC and HMEC cells treated
with IL-8, FGF-2 and VEGF-A (Figures 1a and b). We
observed a significant decrease in HUVEC and HMEC
cell number following treatment with anti-IL-8, anti-
CXCR1 or anti-CXCR2 treated cells as compared to
cells treated with medium alone or control IgG (Fig-
ures 1a and b).
Next, we examined the autocrine role of IL-8,

CXCR1 and CXCR2 in the regulation of endothelial
cell apoptosis. HUVEC (2 · 104) were plated onto
4-well chamber slides and allowed to adhere overnight

Table 1. Primers used for RT-PCR analysis.

Gene Orientation Sequence Product

size

Bcl-x Sense 5¢- GACGAGTTT-GAACTGCGGTA-3¢ Bcl-XL 378 bp; Bcl-Xs 190 bp

Antisense 5¢- CACAGTCATG-CCCGTCAG-3¢
Bcl-2 Sense 5¢- TCCATGTCTTTG-GACAACCA-3¢ 203 bp

Antisense 5¢- CTCCACCAGT-GTTCCCATCT-3¢
Bax Sense 5¢- TCTGACGGCA-ACTTCAACTG-3¢ 188 bp

Antisense 5¢- TTGAGGAGTCT-CACCCAACC-3¢
GAPDH Sense 5¢- ACGCATTTGGT-CGTATTGGG-3¢ 230 bp

Antisense 5¢- TGATTTTGGA-GGGATCTCGC-3¢

Autocrine role of IL-8 in endothelial cells 65



in EGM-2 medium containing 5% FBS. The cultures
were washed and incubated in EGM-2 medium alone or
medium containing IL-8 (10 ng/ml), control IgG, anti-
IL-8, anti-CXCR1 or anti-CXCR2 for 24 h. Apoptotic
cells showing positive CaspACE-FITC stain in the cyto-
plasm were counted using fluorescence microscopy. The
levels of apoptotic cells decreased in HUVEC cells incu-
bated with IL-8 (10 ng/ml) (Figure 2). We observed a
significant increase in apoptotic cell number in anti-IL-
8, anti-CXCR1 or anti-CXCR2 treated HUVEC (Fig-
ure 2) compared to medium alone or control IgG trea-
ted HUVEC. These data suggest that IL-8 directly
regulates endothelial cell survival and apoptosis.
To determine downstream regulators of IL-8-,

CXCR1- and CXCR2-mediated endothelial cell sur-
vival, we analyzed expression of survival-associated
genes in untreated and antibody-treated HUVEC. Total
RNA was isolated from HUVEC cultured with medium

alone or medium containing different treatments for 4 h
and bcl-2, bcl-x and bax mRNA expression was exam-
ined by RT-PCR (Figure 3). The expression index is
shown under specific bands to demonstrate the quanti-
tative differences in the expression levels. In HUVEC
treated with anti-IL-8, anti-CXCR1 or anti-CXCR2, we
observed decreased mRNA levels for the anti-apoptotic
genes bcl-2 and bcl-xL compared to medium alone or
control antibody treated HUVEC. In contrast, the bax
mRNA level showed no obvious changes in anti-IL-8
and anti-CXCR2 treated but was decreased in anti-
CXCR1 treated cells. In addition, the ratio of bcl-2 to
bax decreased in anti-CXCR1 and anti-CXCR2 treated
cells tilting the balance in favor of apoptosis (Figure 3).
Taken together, these data suggest that treatment of
HUVEC with neutralizing antibodies to IL-8, CXCR1
or CXCR2 inhibit expression of survival-associated
genes bcl-2 and bcl-xL.

Figure 1. Neutralizing antibody to IL-8, CXCR1 or CXCR2 inhibited endothelial cell proliferation. HUVEC (a) or HMEC (b) were plated at 1 · 105

per well in 24-well culture plates and cultured with medium alone or medium containing IL-8 (10 ng/ml), FGF-2 (10 ng/ml) or VEGF-A (10 ng/ml),
control IgG (5 lg/ml), anti-IL-8 (5 lg/ml), anti-CXCR1 (5 lg/ml) or anti-CXCR2 (5 lg/ml). After 72 h of culture, number of viable cells was deter-
mined. The values are mean viable cell number ±SEM. This is one representative of three experiments performed in triplicate. *Significantly different
from medium alone culture, P < 0.05.
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Neutralizing antibody to IL-8 and CXCR2
inhibited HUVEC migration

HUVEC were plated on Matrigel-coated transwells.
After 3 h culture with control medium or medium
containing different concentrations of anti-IL-8, anti-
CXCR1 or anti-CXCR2, percent migration was deter-
mined. The percent migration was significantly
decreased in anti-IL-8 and anti-CXCR2 treated HU-
VEC (Figure 4a). We did not observe any significant
effect of anti-CXCR1 treatment in HUVEC migration.
This data suggests that CXCR2, not CXCR1 may play
a critical role in endothelial cell migration.

Down regulation of MMP-2 expression and activity
in HUVEC treated with neutralizing antibody
to IL-8, CXCR1 and CXCR2

Supernatants from HUVEC incubated with medium
alone or medium containing antibody to IL-8, CXCR1
or CXCR2 for 4 h were examined for gelatinase activ-
ity. We observed a 24--42% decrease in pro-MMP-2 as
well as active-MMP-2 in HUVEC treated with anti-IL-
8, anti-CXCR1 or anti-CXCR2 compared to medium
alone or control antibody treated culture (Figure 4b)
suggesting that IL-8 and its receptors regulate MMP-2
production and activity in endothelial cells in an auto-
crine manner.

Inhibition of angiogenesis by antibodies to IL-8,
CXCR1 and CXCR2 using angiogenesis assays

Next, we determined the autocrine role of IL-8 in angio-
genesis by examining the effect of neutralization of IL-8,
CXCR1 or CXCR2 on the organization of endothelial

cells into capillary tube structures. Matrigel-coated wells
were plated with 1 · 104 HUVEC and cultured with med-
ium alone, medium containing control IgG (5 lg/ml) or
neutralizing antibody (5 lg/ml each) to IL-8, CXCR1 or
CXCR2. After 4 h of incubation, plates were examined
for capillary tube formation under an inverted micro-
scope. HUVEC formed capillary tube-like structures in
medium alone, control antibody and IL-8-treated cul-
tures (Figure 5). We observed no capillary tube forma-
tion in HUVEC incubated with anti-IL-8, anti-CXCR1
or anti-CXCR2 antibodies (Figure 5).
Further, we examined the effect of CXCR1, CXCR2

or IL-8 neutralization on neovascularization using the
CAM assay. Anti-IL-8, anti-CXCR1 but not anti-
CXCR2 antibodies significantly inhibited neovascular-
ization in the chicken embryos as compared to control
IgG treated fertilized eggs (Figure 6).

Discussion

Several reports demonstrate that IL-8 directly modu-
lates proliferation and migration of endothelial cells,
and regulates angiogenesis measured in vitro and in
vivo [24--27]. These studies were exclusively focused on
the paracrine role of IL-8 in angiogenesis. However,
endothelial cells themselves are a major source of IL-8,
which is significantly enhanced during inflammation,
infection, stress and interaction with tumors [28--33].
In the present study, our data demonstrate that IL-8
functions as an autocrine growth factor regulating
endothelial cell growth, survival, migration and MMP-
2 production. Neutralization of IL-8 activity resulted
in inhibition of capillary tube organization and neo-
vascularization in a CAM assay.

Figure 2. Neutralizing antibody to IL-8, CXCR1 or CXCR2 inhibited endothelial cell survival and enhanced apoptosis. HUVEC were incubated with
medium alone or medium containing 5 lg/ml control antibody, anti-IL-8, anti-CXCR1 or anti-CXCR2 for 24 h. Cells were stained with CaspACE
FITC-VAD-FMK in situ marker kit and counterstained with DAPI. The frequencies of CaspAce positive endothelial cells in antibody treated and un-
treated cultures were determined by counting five fields (·200) for each treatment. The values are mean percent apoptotic cells ±SEM. This is one
representative experiment of three performed in duplicate.
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The expression and paracrine function of IL-8 has
been demonstrated in HUVEC [8, 38] and HMEC [8,
21, 27]. Our previous study suggests that constitutive
expression of CXCR1 and CXCR2 in both HUVEC
and HMEC is involved in endothelial cell growth,
migration and regulation of endothelial cell survival
and MMP expression [27]. In the present study, we
demonstrate that inhibition of IL-8, CXCR1 or
CXCR2 differentially modulates endothelial cell prolif-
eration, survival and migration, suggesting an autocrine
role for IL-8. Both anti-CXCR1 and anti-CXCR2
inhibited HUVEC and HMEC cell proliferation. Fur-
thermore, treatment of HUVEC with IL-8 decreased
endothelial cell apoptosis. Anti-IL-8, anti-CXCR1 or
anti-CXCR2 treatment of HUVEC enhanced endothe-

lial cell survival significantly and enhanced apoptosis.
The underlying mechanism(s) for differences in the
inhibition of HUVEC (large vessel endothelial cells)
and HMEC (capillary endothelial cells) cell prolifera-
tion following treatment with anti-IL-8, anti-CXCR1 or
anti-CXCR2 antibody is not clear. We have observed
constitutive expression of IL-8 in HUVEC and HMEC.
Earlier reports have demonstrated that endothelial cells
themselves are a major source of IL-8, which is signifi-
cantly enhanced by inflammatory signals [28--33]. Our
data suggest that blocking IL-8 activity (anti-IL-8, anti-
CXCR1 or anti-CXCR2) inhibits endothelial cell prolif-
eration and induces apoptosis, suggesting that IL-8
may function as an autocrine growth factor. However,
the role of other angiogenic chemokines which bind to

Figure 3. Neutralizing antibody to IL-8, CXCR1 or CXCR2 modulated endothelial cell expression of apoptosis-associated genes. Total RNA from un-
treated and antibody treated HUVEC were analyzed by RT-PCR. To facilitate the comparison between untreated and antibody treated groups, expres-
sion levels of apoptosis-associated genes and mRNA production was normalized to untreated controls. For mRNA, expression index was calculated as
the ratio of the optical densities for specific mRNA transcripts and the housekeeping gene, b-actin, prior to normalization to untreated controls. The
values shown are fold increase/decrease in protein or mRNA levels compared to untreated controls. This is representative of three experiments with
similar results.
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CXCR2 cannot be ruled out in endothelial cell prolifer-
ation and survival.

Recent reports indicate that CXCR1 and CXCR2
activation and function are involved in Rho, Rac [22]
and mitogen-activated protein (MAP) kinase signaling
pathways [39], which are linked to cell growth [40] and
migration [41--43]. Endothelial cell survival and pro-
grammed cell death are critical for maintenance of
vascular structure in angiogenesis [44]. Differential
expression of bcl-2 family members, which include
anti-apoptotic (bcl-2 and bcl-xL) and pro-apoptotic
(bax and bcl-xS) proteins, regulates apoptosis [45, 46].
The bcl-2 and bcl-xL proteins interact with bax to sup-
press apoptosis, while bcl-xS promotes cell death by
inhibiting bcl-2 and bcl-xL, [45] and constitutive
expression of bcl-x has been shown in HUVEC [47]. In

Figure 4. (a) Effect of anti-IL-8, anti-CXCR1 and anti-CXCR2 in endo-
thelial cell migration. Migration of endothelial in response to anti-IL-8,
anti-CXCR1 and anti-CXCR2 was examined using modified Boyden
chambers as described in Materials and methods. The values are percent
of migrated cells ±SEM. *Compared to medium alone, P < 0.05. This is
a representative experiment of three performed in duplicate and yielding
similar results. (b) Supernatants were collected from untreated and anti-
body treated HUVEC cultures. MMP-2 activity in the culture superna-
tants were determined by zymography. The values are arbitrary units
(AU) for each treatment group. This is a representative of three experi-
ments with similar results.

Figure 5. Capillary tube organization disrupted by anti-IL-8, anti-
CXCR1 or anti-CXCR2. HUVEC were plated on Matrigel-coated 48-well
plates and incubated with medium containing control antibody (a), anti-
IL-8 (b), anti-CXCR1 (c) anti-CXCR2 (d) for 4 h. Capillary tube forma-
tion was examined by inverted microscope and photographed. This is a
representative of three experiments with similar results.

Figure 6. Inhibition of neovascularization by anti-IL-8, anti-CXCR1 or anti-CXCR2 in CAM assay. Fertilized eggs were inoculated with 100 lg/egg
of control IgG (a, e) or anti-IL-8 (b, f), anti-CXCR1 (c, g) or anti-CXCR2 (d, h). After 4 days, embryos were examined for neovascularization. (a--d)
10· magnification; (e--h) 30· magnification. This is a representative of two experiments with similar results.
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the present study, we observed significantly increased
apoptotic cell numbers and decreased anti-apoptotic
gene expression following treatment with neutralizing
antibody to IL-8, CXCR1 or CXCR2.
Degradation of the extracellular matrix by MMPs is

required in endothelial cell migration, organization
and hence, angiogenesis [3, 4, 48, 49]. Recent reports
suggest that IL-8 enhances migration and up-regulates
MMPs expression in human melanoma cells [11, 12]
and endothelial cells [27]. In the present study, de-
creased MMP-2 production was observed in endothe-
lial cells treated with antibodies against IL-8, CXCR1
or CXCR2. We did not observe MMP-9 production in
these cells. In addition, we observed inhibition of
endothelial cell migration in anti-IL-8 and anti-
CXCR2 treated cells, whereas anti-CXCR1 failed to
inhibit endothelial cell migration. These data suggest a
limited role for CXCR1 in the regulation of endothe-
lial migration. Furthermore, we observed significant
inhibition of capillary tube formation and neovascular-
ization following treatment with anti-IL-8, anti-
CXCR1 or anti-CXCR antibody. Since these studies
were performed in the absence of any exogenous
angiogenic factors, an autocrine mechanism for IL-8-
mediated angiogenic responses is strongly suggested.
Taken together, our data demonstrates an autocrine

role for IL-8 in the regulation of endothelial cell pro-
liferation, migration, survival and MMP production.
Thus, subsequent neovascularization, for which these
cellular functions are required, was also modulated.
Given the up-regulated expression of IL-8 and cognate
receptors, CXCR1 and CXCR2, by endothelial cells
during pathological conditions, and their multifunc-
tional role in angiogenesis and tumor progression, this
strongly suggests that targeting autocrine/paracrine
pathways may emerge as therapeutic strategies for
multiple diseases.
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