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Interleukin-8 (IL-8) has recently been shown to con-
tribute to human melanoma progression by function-
ing as a mitogenic and angiogenic factor. In the
present study, we investigated whether targeting IL-8
by a fully human anti-IL-8 antibody (ABX-IL8) could
be a potential therapeutic strategy to control angio-
genesis, growth, and metastasis of melanoma. The
human melanoma cells A375SM (high IL-8 producer)
and TXM-13 (intermediate IL-8 producer) were in-
jected subcutaneously into nude mice, which were
then treated with ABX-IL8 (1 mg/3 times weekly, i.p. ,
for 3 weeks). Tumor growth of both melanomas in
ABX-IL8-treated mice was significantly inhibited
when compared with control IgG-treated animals.
ABX-IL8 treatment also suppressed experimental me-
tastasis when the melanoma cells were injected intra-
venously. IL-8 blockade by ABX-IL8 significantly in-
hibited the promoter activity and the collagenase
activity of matrix metalloproteinase-2 in human mel-
anoma cells, resulting in decreased invasion through
reconstituted basement membrane in vitro. In vivo ,
ABX-IL8 treatment resulted in decreased expression
of matrix metalloproteinase-2, and decreased vascu-
larization (angiogenesis) of tumors concomitant with
increased apoptosis of tumor cells. Moreover, in an in
vitro vessel formation assay, ABX-IL8 directly inter-
fered with the tubule formation by human umbilical
vein endothelial cells. Taken together, these results
point to the potential utility of ABX-IL8 as a modality
to treat melanoma and other solid tumors either
alone or in combination with conventional chemo-
therapy or other anti-tumor agents. (Am J Pathol
2002, 161:125–134)

The incidence of malignant melanoma has increased in
recent years, more than that of any other cancer in the
United States.1 Patients with advanced malignant mela-
noma have a poor prognosis, many dying from distant

metastasis.2,3 Considering that human malignant mela-
noma is highly resistant to conventional treatment, new
treatment strategies are essential if the metastatic poten-
tial of this disease is to be blocked.

Recent studies have shown that the aggressive nature
of human melanomas is related to several abnormalities
in growth factors, cytokines, and their receptors. For ex-
ample, human melanoma cells constitutively secrete the
cytokine interleukin-8 (IL-8).4 In fact IL-8, originally dis-
covered as a chemotactic factor for leukocytes, may play
an important role in the progression of human melano-
mas.5–13 Several reports have demonstrated that the ex-
pression levels of IL-8 correlate with disease progression
in human melanomas in vivo.6–13 Serum levels of IL-8 are
also elevated in patients with malignant melanoma.10,11

Moreover, we have previously shown that transfection of
nonmetastatic and IL-8-negative melanoma cells with the
IL-8 gene rendered them highly tumorigenic and in-
creased their metastatic potential in nude mice.13

The role of IL-8 in melanoma progression has previ-
ously been primarily attributed to its ability to act as an
autocrine growth factor for melanoma cells4 and to in-
duce haptotatic migration.14 More recently, it has been
shown that IL-8 also exhibits potent angiogenic activities
both in vitro and in vivo.15–18 The angiogenic activity of
IL-8 produced by monocytes and macrophages was first
demonstrated by Koch and colleagues.15 They found
that human recombinant IL-8 was potently angiogenic
when implanted in a rat cornea and induced proliferation
and chemotaxis of human umbilical vein endothelial cells
(HUVECs). The involvement of IL-8 in tumor angiogenesis
was first demonstrated in human bronchogenic carcino-
ma.18 Tumor cell-derived IL-8 induces endothelial cell
chemotaxis in vitro and corneal neovascularization in vivo.
These observations have been confirmed in many other
types of human tumors including melanomas.19 Now IL-8
is considered to be one of the most potent angiogenic
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factors secreted by melanoma cells. The question of how
IL-8 exerts its angiogenic activity, however, remains un-
known. We have recently demonstrated that metastatic
melanoma cells producing IL-8 or primary cutaneous
melanoma (IL-8-negative) transfected with the IL-8 gene
displayed up-regulation of matrix metalloproteinase
(MMP)-2 expression and activity and increased invasive-
ness through Matrigel-coated filters.13 Activation of
MMP-2 by IL-8 can enhance the invasion of host stroma
by tumor cells and increase angiogenesis and, hence,
metastasis. In addition, IL-8 has been shown recently to
act directly on vascular endothelial cells and to serve as
a survival factor.20 Thus, multiple mechanisms seem to
be involved in IL-8 action, including direct effects on
tumor and vascular endothelial cell proliferation, angio-
genesis, and migration. These observations suggest that
IL-8 could be a mediator of angiogenesis, tumor growth,
and metastasis in melanoma and offered a potential tar-
get for immunotherapies against human melanomas.

In the present study, we used a fully human anti-IL-8
antibody (ABX-IL8, obtained from Abgenix, Inc., Fremont,
CA) to neutralize the IL-8 secreted by melanoma cells
and examine its effect on tumor growth. ABX-IL8 did not
inhibit the proliferation of melanoma cells in vitro. How-
ever, ABX-IL8 suppresses the tumorigenicity and meta-
static potential of metastatic human melanoma A375SM
and TXM-13 cells in vivo. ABX-IL8 displayed potent inhi-
bition of MMP-2 activity in melanoma cells, and inhibited
the invasion of tumor cells through basement membrane
in vitro. Inhibition of tumor growth and metastasis by
ABX-IL8 in vivo correlated with decreased vascularization
of melanomas in nude mice that was at least partially
because of decreased MMP-2 expression. These results
suggest that blocking of IL-8 by ABX-IL8 suppresses
angiogenesis and metastasis of human melanoma. Thus,
the human IL-8 neutralizing antibody ABX-IL8 may be
beneficial for melanoma therapy either alone or in com-
bination with other chemotherapeutic or anti-angiogenic
agents.

Materials and Methods

Cell Lines and Culture Conditions

The human melanoma cell lines were originally isolated
from different human patients. The A375 cell line was
established from a lymph node metastasis. The highly
metastatic A375SM line was established from a pool of
lung metastases produced by A375 cells grown subcu-
taneously in nude mice. TXM-13 cells were isolated from
the brain metastasis of a human patient.

All cell lines were maintained in cell culture as mono-
layers in Eagle’s minimal essential medium (MEM) sup-
plemented with 10% fetal bovine serum, sodium pyru-
vate, nonessential amino acids, Hepes buffer, and
penicillin-streptomycin, and incubated at 37°C with 5%
CO2. All cultures were free of mycoplasma and patho-
genic murine viruses.

ABX-IL8

ABX-IL8 is a human IgG2 monoclonal antibody directed
against human IL-8 that was generated using Abgenix’s
proprietary XenoMouse mice. The XenoMouse technol-
ogy is one in which the murine heavy and light chain loci
have been inactivated and subsequently replaced with a
majority of human heavy- and kappa light-chain immuno-
globulin loci. When immunized, these mice produce fully
human antibodies. The mice used for this immunization
contained only the human IgG2 heavy chain sequences
and human kappa light chain. ABX-IL8 binds to human
IL-8 with high affinity (kd � 2 � 1010 mol/L) and fails to
cross-react with a panel of closely related chemokines.
ABX-IL8 blocks the binding of IL-8 to IL-8 receptors and
inhibits IL-8-dependent neutrophil activation, migration,
and degranulation.21 Chemopure human IgG control an-
tibody was purchased from Jackson ImmunoResearch
(West Grove, PA) and was used at the same concentra-
tion of ABX-IL8 in all experiments.

Effect of ABX-IL8 on Proliferation

Ninety-six-well plates containing 2000 cells/well from
three melanoma cell lines treated with 100 �g/ml of ABX-
IL8, IgG control antibody, or CMEM were cultured for 5
days and analyzed by MTT assay, which determines
relative cell numbers based on the conversion of MTT to
formazan in viable cells. MTT (40 �g/ml) was added to
each well and incubated for 2 hours. The medium was
removed and 100 �l of dimethyl sulfoxide was added to
lyse cells and solubilize formazan. Absorbance was de-
termined on a microplate reader.

Animals

Male athymic BALB/c nude mice were purchased from
the Animal Production Area of the National Cancer Insti-
tute, Frederick Cancer Research Facility (Frederick, MD).
The mice were housed in laminar flow cabinets under
specific pathogen-free conditions and used at 8 weeks of
age. Animals were maintained in facilities approved by
the American Association for Accreditation of Laboratory
Animal Care in accordance with current regulations and
standards of the United States Department of Agriculture,
Department of Health and Human Services, and National
Institutes of Health.

In Vivo Tumor Growth and Metastasis

To prepare tumor cells for inoculation, cells in exponential
growth phase were harvested by brief exposure to a
0.25% trypsin/0.02% ethylenediaminetetraacetic acid so-
lution (w/v). The flask was sharply tapped to dislodge the
cells and supplemented medium was added. The cell
suspension was pipetted to produce a single-cell sus-
pension. The cells were washed and resuspended in
Ca2�/Mg2�-free Hanks’ balanced salt solution (HBSS) to
the desired cell concentration. Cell viability was deter-
mined by trypan blue exclusion, and only single-cell sus-
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pensions of �90% viability were used. Subcutaneous
tumors were produced by injecting 5 � 105 tumor cells/
0.2 ml HBSS over the right scapular region of the mice.
Growth of subcutaneous tumors was monitored by
weekly examination of the mice and measurement of
tumors with calipers. The mice were killed 2 months after
injection, and tumors were processed for hematoxylin
and eosin (H&E) staining.

For experimental lung metastasis, 0.5 to 1 � 106 tumor
cells in 0.2 ml of HBSS were injected into the lateral tail
vein of nude mice. The mice were killed after 60 days,
and the lungs were removed, washed in water, and fixed
with Bouin’s solution for 24 hours to facilitate counting of
tumor nodules as described previously.22 The number of
surface tumor nodules was counted under a dissecting
microscope. Sections of the lungs were stained with H&E
to confirm that the nodules were melanoma and to mon-
itor the presence of micrometases.

Both the subcutaneous and intravenous groups were
treated every other day with either l mg or 100 �g of
ABX-IL8 as indicated or with control IgG antibody by
intraperitoneal injection.

Zymography

MMP-2 activity was determined on substrate-impreg-
nated gels as described before13 with minor modifica-
tions. Metastatic A375SM and TXM-13 cells (5 � 103)
were plated in six-well plates and allowed to attach for 24
hours. Cells were treated with 100 �g/ml of ABX-IL8, 100
�g/ml of IgG, or CMEM for 5 days. Treatment for 5 days
was found to be optimal for the antibody to affect MMP-2
activity. On day 5, CMEM was removed and replaced
with serum-free medium overnight. The supernatant was
collected, the volume adjusted for cell number, loaded,
and separated on gelatin-impregnated (1 mg/ml; Difco,
Detroit, MI) sodium dodecyl sulfate/8% polyacrylamide
gels under nonreducing conditions, followed by 30 min-
utes of shaking in 2.5% Triton X-100 (BDH, Poole, UK).
The gels were then incubated for 16 hours at 37°C in 50
mmol/L Tris, 0.2 mol/L NaCl, 5 mmol/L CaCl2, and 0.02%
Brij 35 (w/v) at pH 7.6. At the end of the incubation, the
gels were stained with 0.5% Coomassie G 250 (Bio-Rad,
Richmond, CA) in methanol/acetic acid/H2O (30:10:60).
The intensity of the various bands was determined on a
computerized densitometer (type 300A; Molecular Dy-
namics, Sunnyvale, CA).

Invasion Assay through Matrigel

Invasion of highly metastatic A375SM and TXM-13 cells
was measured by plating 5 � 103 cells on six-well plates
and allowed to attach for 24 hours. After 5 days of treat-
ment with 100 �g/ml of ABX-IL8, 100 �g/ml of IgG, or
CMEM, cells were released from the plates by a brief
exposure to trypsin-ethylenediaminetetraacetic acid (Life
Technologies, Inc., Rockville, MD), counted, and centri-
fuged. Biocoat Matrigel invasion chambers (Becton-Dick-
inson, Mountain View, CA) were primed according to the
manufacturer’s directions. A solution of 10% fetal bovine

serum-CMEM was placed in the lower well to act as a
chemoattractant, and 2.5 � 103 cells in 500 �l of serum-
free medium with appropriate antibody were placed in
the upper chamber of the Matrigel plate and incubated at
37°C for 22 hours. Cells on the lower surface of the filter
were stained with Diff-Quick (American Scientific Prod-
ucts, McGraw Park, IL) and quantified with an image
analyzer (Optomax V) attached to an Olympus CK2 mi-
croscope. The data were expressed as the average num-
ber of cells from 10 fields migrated to the lower surface of
the filter in each of three experiments performed � SD.

Transient Transfection and Luciferase Assays:
Effect of ABX-IL8 on MMP-2 Promoter

The MMP-2 promoter construct was generated by cutting
the MMP-2 promoter region, �390 to � 290 ,23 out of
p682 basic (CAT-driven MMP-2 promoter)13 at the HindII/
XbaI sites and ligating the region into pGEM-9Zf(�) vec-
tor (Promega, Madison, WI) using the same sites. The
MMP-2 promoter region was then removed via the SpeI/
SalI sites and ligated into the pGL3-Enhancer (Pro-
mega).24 Melanoma cells were treated with 100 �g/ml of
ABX-IL8, 100 �g of IgG, or CMEM for 4 days and then
transfected with 10 ng of pB-actin-RL22 and 2 �g of
plasmid DNA consisting of either luciferase basic vector,
SV40-positive control, or MMP-2 promoter vector, using
10 �l of Lipofectin Reagent (Life Technologies, Inc.). The
medium was changed and treatments added after 12
hours. Cells were lysed and analyzed using Dual Lucif-
erase Assay (Promega) and Ascent Lumiskan plate
reader and software.24

Effect of ABX-IL8 on Vessel-Like Tube
Formation by HUVECs

The basement membrane-like substrate (Matrigel) in-
duces HUVECs to rapidly form vessel-like tubes in vitro.25

Because HUVECs express the receptors for IL-8 and IL-8
was shown to act as a survival factor for human endothe-
lial cells, we analyzed the effect of ABX-IL8 on HUVEC
tube formation. To that end, 24-well plates were coated
with reconstituted Matrigel (Becton-Dickinson) following
the manufacturer’s directions. HUVECs were pretreated
with medium containing 100 �g/ml of ABX-IL8, 100 �g/ml
of IgG, or MCBD (FIND) medium alone for 4 days. Treat-
ment for 4 days was found to be optimal for the antibody
to affect tube formation. Cells were briefly trypsinized,
and 2 � 104 cells were added to each well and incubated
at 37°C, 5% CO2, for 18 hours. Pictures were captured
with bright-field microscopy using a Sony digital camera
equipped with an Optimas 6.2 program.

In Situ Terminal dUTP Nick-End Labeling
(TUNEL) Assay

Tissues were fixed in 10% buffered formalin solution and
then embedded in paraffin. Thin sections (4 �m) were
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prepared and the TUNEL assay was performed using a
commercial kit according to the manufacturer’s protocol
(Promega). Briefly, tissue sections were deparaffinized
and fixed at room temperature for 5 minutes in 4% para-
formaldehyde. Cells were stripped of proteins by incuba-
tion for 10 minutes with 20 �g/ml of proteinase. The tissue
sections were then permeabilized by incubating with
0.5% Triton X-100 in phosphate-buffered saline (PBS) for
5 minutes at room temperature. After being rinsed twice
with PBS for 5 minutes, the slides were incubated with
terminal deoxynucleotidyl transferase buffer for 10 min-
utes. Terminal deoxynucleotidyl transferase and buffer
were then added to the tissue sections and incubated in
a humid atmosphere at 37°C for 1 hour. The slides were
washed for 5 minutes three times with PBS. Prolong so-
lution (Molecular Probes, Eugene, OR) was used to
mount the coverslips. Immunofluorescence microscopy
was performed using a �40 objective (Zeiss Plan-
Neofluar) on an epifluorescence microscope equipped
with narrow bandpass excitation filters mounted on a filter
wheel (Lud1 Electronic Products, Hawthorne, NY) to se-
lect for green fluorescence. Images were captured using
a cooled charge-coupled device camera (Photometrics,
Tucson, AZ) and SmartCapture software (Digital Scien-
tific, Cambridge, UK) on a Macintosh computer. Images
were further processed using Adobe PhotoShop software
(Adobe Systems, Mountain View, CA). Quantitation of
TUNEL was determined by conventional diaminobenzi-
dine staining. Results are presented as mean percent-
age � SD of apoptotic cells from the total number of cells
counted in eight fields per slide.

Immunohistochemistry

For CD31 and MMP-2 staining, sections of frozen tissues
were prepared from tumor xenografts. The slides were
then rinsed twice with PBS, and endogenous peroxidase
was blocked by the use of 3% hydrogen peroxide in PBS
for 12 minutes. The samples were then washed three
times with PBS and incubated for 10 minutes at room
temperature with a protein-blocking solution consisting of
PBS (pH 7.5) containing 5% normal horse serum and 1%
normal goat serum. Excess blocking solution was
drained and the samples were incubated for 18 hours at
4°C with a 1:100 dilution of monoclonal rat anti-CD31
(1:100) antibody or anti-MMP-2 (1:100) (PharMingen, San
Diego, CA). The samples were then rinsed four times with
PBS and incubated for 60 minutes at room temperature
with the appropriate dilution of peroxidase-conjugated
anti-mouse IgG1, anti-rabbit IgG, or anti-rat IgG. The
slides were rinsed with PBS and incubated for 5 minutes
with diaminobenzidine (Research Genetics, Huntsville,
AL). The sections were then washed three times with
distilled water and counterstained with Gill’s hematoxylin.
Sections (4 �m thick) of formalin-fixed, paraffin-embed-
ded tumors were also stained with H&E for routine histo-
logical examination.

Statistical Analysis

The in vitro data were analyzed for significance by the
Student’s t-test (two-tailed) and the in vivo data were
analyzed by the Mann-Whitney test.

Results

Suppression of Tumorigenicity and Metastasis
in Human Melanoma Cells by ABX-IL8

ABX-IL8 acts as a neutralizing antibody to IL-8. It binds to
human IL-8 with high affinity and blocks the binding of
IL-8 to its receptors.21 In addition, ABX-IL8 inhibits IL-8-
dependent neutrophil activation, migration, and degran-
ulation.21 In the first set of experiments, we determined
the effect of ABX-IL8 on the tumor growth of human
melanoma cells in nude mice. A375SM (high IL-8 pro-
ducer) and TXM-13 (intermediate IL-8 producer) mela-
noma cells (5 � 105) were injected subcutaneously into
nude mice (n � 5). Three days later, animals injected with
tumor cells were subsequently injected with 1 mg of
ABX-IL8 Ab or control IgG intraperitoneally every other
day for 30 days. Tumor cells in the animals treated with
control IgG grew progressively and produced large tu-
mors reaching the size of 1.1 to 1.2 cm in mean diameter
after 20 and 50 days, for A375SM and TXM-13, respec-
tively (Figure 1). In contrast, treatment with ABX-IL8 re-
duced tumor growth to �0.5 cm in mean diameter during
the same periods of time for both A375SM and TXM-13
melanoma cells (Figure 1).

To determine the effect of ABX-IL8 on metastasis of
human melanoma cells, the A375SM (5 � 105) and
TXM-13 (1 � 106) cells were injected intravenously into
nude mice to produce experimental lung metastasis.
Three days later, animals injected with tumor cells were
also injected with ABX-IL8 or control IgG intraperitoneally
every other day for 60 days. Two different doses of ABX-
IL8 (100 �g or 1 mg) were used to treat animals injected
with TXM-13 cells. As shown in Table 1, both the inci-
dence and number of lung metastasis of TXM-13 cells
were reduced in ABX-IL8-treated mice, when compared
with the control IgG-treated group. The higher dose of
ABX-IL8 (1 mg) was more effective at inhibiting tumor

Figure 1. Effect of ABX-IL8 on tumor growth of human melanoma cells in
nude mice. A375SM and TXM-13 cells (5 � 105) were injected subcutane-
ously into nude mice (n � 5). Three days later the mice were treated with
ABX-IL8 (1 mg/3 times weekly, i.p.) or control IgG. The diameter of the
subcutaneous tumors was determined every 3 to 5 days. Note that ABX-IL8
caused a significant reduction in A375SM and TXM-13 tumor growth. Data
from one of two representative experiments.
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metastasis. Therefore, we treated mice harboring the
more aggressive A375SM cells with a 1 mg/dose of ABX-
IL8 as described above. In IgG-treated mice, A375SM
cells produced numerous lung metastases (median, 55;
range, 30 to 65), whereas treatment with ABX-IL8 signif-
icantly inhibited the ability of A375SM cells to form me-
tastasis in nude mice (median, 21; range, 0 to 48; P �
0.01). Collectively, these data demonstrate that treatment
of mice with ABX-IL8 leads to suppression of tumor
growth and metastasis.

In Vitro Growth of Melanoma Cells Treated with
ABX-IL8 Antibody

IL-8 has previously been shown to be an autocrine
growth factor in various tumor cells.4,26–29 Therefore, we
tested whether ABX-IL8 had a direct effect on cell growth
and proliferation of both melanoma cell lines in vitro.
A375SM and TXM-13 melanoma cells were seeded into
96-well plates (5 � 103 cells/well) for 24 to 96 hours in the
presence of 100 �g/ml of ABX-IL8 or control IgG. Cell
proliferation was determined by MTT assay. The addition
of IL-8-neutralizing antibody ABX-IL8 did not alter the cell
growth in vitro (Figure 2). These data suggest that ABX-
IL8 did not have a direct effect on cell proliferation in vitro
and that the inhibition in tumor growth and metastases
formation observed in vivo may not be because of differ-
ences in cell division time.

Down-Regulation of MMP-2 Activity in Human
Melanoma Cells by ABX-IL8 In Vitro

The metastatic potential of tumor cells depends on
proper vascularization of the tumor and their ability to
degrade type IV collagen. We recently demonstrated that
IL-8 exerts its angiogenic activity through the induction of
the metalloproteinase MMP-2 in melanoma cells. Activa-
tion of MMP-2 by melanoma cells may provide a mech-
anism for the increase in their metastatic potential. We
therefore tested whether neutralizing IL-8 by ABX-IL8 had
any effect on MMP-2 activity by melanoma cells. A375SM
and TXM-13 cells were treated with ABX-IL8 (100 �g/ml)
or control IgG for 5 days, and MMP-2 activity was ana-
lyzed by zymography after the volume of supernatant
was normalized for cell number. As shown in Figure 3A,
the 72-kd MMP-2 collagenase activity of ABX-IL-8-treated
A375SM and TXM-13 cells was significantly decreased,

Table 1. Experimental Lung Metastasis of A375SM and TXM-13 Cells in Nude Mice after Treatment with ABX-IL8

Cell line Treatment

Metastasis

Median Range Incidence

TXM-13 IgG 6 1–19 5/5
ABX-IL8 (1 mg) 0* 0–1 2/5

ABX-IL8 (100 �g) 1* 1–2 4/5
A375SM IgG 55 30–65 10/10

ABX-IL8 (1 mg) 21* 0–48 8/10

A375SM and TXM-13 cells were injected intravenously into groups of nude mice. Mice were treated with ABX-IL8 or control IgG. Experimental lung
metastasis was determined 60 days after tumor inoculation. *, P � 0.01 as determined by Mann-Whitney U test.

Figure 2. Effect of ABX-IL8 on proliferation of melanoma cells in vitro.
A375SM and TXM-13 melanoma cells were treated with 100 �g/ml of ABX-
IL8 or control IgG for 1 to 4 days. Cell proliferation was determined by the
MTT assay. This is one of two representative experiments.

Figure 3. A: Down-regulation of MMP-2 activity in melanoma cells by
ABX-IL8 treatment in vitro. A375SM and TXM-13 melanoma cells were
treated with ABX-IL8 (100 �g/ml) for 5 days and analyzed for MMP-2 activity
by zymography. Note that ABX-IL8 suppressed MMP-2 activity in melanoma
cells. B: Effect of ABX-IL8 on MMP-2 promoter activity. Melanoma cells were
treated with 100 �g/ml of ABX-IL8, 100 �g/ml of control IgG, or CMEM for
4 days, and then the PGL3-MMP-2 reporter plasmid was co-transfected with
the pB-Actin-RL reporter gene into the melanoma cells. Fold decrease in
luciferase activity was calculated relative to the luciferase activity in untreated
A375SM or TXM-13 cells, which were assigned the value of 1.
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compared with either IgG-treated or CMEM-treated con-
trol cells. As MMP-2 is the major metalloproteinase ex-
pressed and secreted by melanoma cells, we observed a
faint band of MMP-9 activity in all melanoma cells tested
regardless of treatment with ABX-IL8 (data not shown).

To examine the effect of ABX-IL8 on MMP-2 transcrip-
tion, we next analyzed the promoter activity of MMP-2 in
ABX-IL8-treated and control melanoma cells. A375SM
and TXM-13 cells were transfected with MMP-2 promoter-
driven luciferase reporter gene and treated with ABX-IL8
(100 �g/ml) or control IgG for 48 hours. Consistent with a
decreased MMP-2 collagenase activity, MMP-2 promoter
activity in ABX-IL8-treated A375SM and TXM-13 cells
was decreased by 2.0 fold when compared to IgG-
treated and untreated cells (Figure 3B), respectively.
These results suggest that IL-8 may directly regulate
MMP-2 expression at the transcriptional level and that
blocking IL-8 by ABX-IL8 suppressed MMP-2 expression
in melanoma cells.

Suppression of Human Melanoma Cell Invasion
by ABX-IL8

We next analyzed whether the decreased expression of
MMP-2 in ABX-IL8-treated cells correlated with their abil-
ity to invade through the basement membrane, an impor-
tant component in the process of tumor invasion and
metastasis. To that end, 2.5 � 103 A375SM and TXM-13
melanoma cells that had been treated with 100 �g/ml of
ABX-IL8 or control IgG for 5 days, were subsequently
placed in the upper compartment of an invasion chamber
in the presence of 100 �g/ml of ABX-IL8 or control IgG.
After 22 hours of incubation, the cells on the lower sur-
face of the filter were counted. As shown in Table 2,
A375SM and TXM-13 cells treated with ABX-IL8 exhibited
a significant decrease in invasion through Matrigel-
coated filter, when compared with IgG-treated or un-
treated cells (184 � 3 versus 45 � 10 for TXM-13, P �
0.05; and 125 � 43 versus 12 � 1, P � 0.01 for A375SM).
These results indicate that blockade of IL-8 in melanoma
cells by ABX-IL8 inhibited their ability to penetrate
through the basement membrane. Collectively, our data
indicate that inactivation of MMP-2 by ABX-IL8 in mela-
noma cells, may account for the decrease in metastatic
potential.

Decreased Expression of MMP-2 in Tumors
Treated with ABX-IL8

To determine whether ABX-IL8 suppressed the expres-
sion of MMP-2 in vivo, we performed immunohistochem-
ical analysis on the melanoma derived from A375SM and
TXM-13. The protein expression of MMP-2 in vivo was
evaluated by immunohistochemistry using anti-MMP-2
antibodies. As shown in Figure 4, MMP-2 staining was
observed in IgG-treated A375SM and TXM-13 tumors,
but was significantly decreased in ABX-IL8-treated tu-
mors. Thus, blocking of IL-8 by ABX-IL8 antibody in mel-
anoma cells inhibited the expression of MMP-2 gene in
vivo as well as in vitro.

Inhibition of Tumor Angiogenesis in ABX-IL8-
Treated Mice

Because both IL-8 and MMP-2 are important angiogenic
factors, we determined whether blockade of IL-8 by ABX-
IL8 could result in suppression of tumor angiogenesis.
Tumor-associated neovascularization as indicated by mi-
crovessel density (MVD) was determined by immunohis-
tochemistry using anti-CD31 antibodies. As shown in Fig-
ure 4, we found a significant reduction in tumor MVD per
field after treatment with ABX-IL8 as compared with con-
trol IgG-treated tumors. The mean number of MVD was
16 � 3 in ABX-IL8-treated A375SM tumors; and 14 � 5 in
ABX-IL8-treated TXM-13 tumors. In contrast, the mean
number of MVD was 34 � 4 and 41 � 9 for control
IgG-treated A375SM and TXM-13 tumors, respectively.
Moreover, the number of TUNEL-positive tumor cells was
inversely correlated with MVD in the studied tumors. The
number of tumor cells undergoing apoptosis was higher
in the ABX-IL8-treated animals than in tumors in IgG
control mice (Figure 4). The percentage of apoptotic cells
was 21.9 � 6.7% in ABX-IL8-treated A375SM; and 20.9 �
6.1% in ABX-IL8-treated TXM-13 tumors. In contrast, the
percentage of apoptotic cells was 1 � 0.1% and 2.6 �
1.8% for control IgG-treated A375SM and TXM-13 tu-
mors, respectively. The above data indicate that ABX-IL8
treatment significantly decreased tumor-associated neo-
vascularization and subsequently increased apoptosis of
tumor cells.

Interference of Vessel-Like Tube Formation by
HUVECs

Because HUVECs express the receptors for IL-8, and
because IL-8 can act in an autocrine manner to affect
their proliferation, we next analyzed the ability of ABX-IL8
to disrupt the Matrigel-induced formation of vessel-like
tubes by HUVECs. To that end, HUVECs were pretreated
with 100 �g/ml of ABX-IL8, 100 �g/ml of control IgG, or
CMEM alone for 4 days and then plated on Matrigel to
induce vessel-like tube formation. As shown in Figure 5,
CMEM-pretreated HUVECs formed lumen-like structures
and anastomosing tubes with multicentric junctions. Sim-
ilar endothelial cell structural morphogenesis occurred in

Table 2. Invasion of ABX-IL8-Treated Melanoma Cells
through Matrigel-Coated Filters

Cell lines Treatment
Invasion cells

(number/field � SD)

TXM-13 IgG 184 � 3
TXM-13 ABX-IL8 45 � 10 (P � 0.05)
A375SM IgG 125 � 43
A375SM ABX-IL8 12 � 1 (P � 0.01)

ABX-IL8-treated and untreated melanoma cells were assayed for
their potential to penetrate through Matrigel-coated filters. Melanoma
cells (2 � 105) were placed in the upper chamber. After 22 hours of
incubation, the cells on the lower surface of the filter were stained and
counted.
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Figure 4. MMP-2 expression, tumor MVD, and apoptosis (TUNEL) in subcutaneous melanoma xenografts. A375SM and TXM-13 cells were injected subcutane-
ously into groups of nude mice (n � 5). Mice were treated once a week with l mg of ABX-IL8 or control IgG antibody by intraperitoneal injection. Thirty to 60
days later, the resulting subcutaneous tumors with similar size were resected and processed for immunohistochemical analysis. Blood vessels were counted using
a light microscope after immunostaining of sections with anti-CD31 antibodies. TUNEL assay and MMP-2 staining were performed as described in Materials and
Methods.

Figure 5. Effect of ABX-IL8 on vessel-like formation by HUVECs. HUVECs were pretreated with 100 �g/ml of ABX-IL8 [ABX-IL8 (before)], 100 �g/ml of IgG, or
CMEM alone for 4 days, and then plated on Matrigel. In the panel labeled ABX-IL8 (after), 100 �g/ml of ABX-IL8 was added to the pre-existing tubes. This is a
representative experiment of three performed.
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IgG-pretreated HUVECs. In contrast, HUVECs pretreated
with ABX-IL8 did not form typical vessel-like tube on
Matrigel (Figure 5). Furthermore, when ABX-IL8 (100 �g/
ml) was added to the CMEM after tube formation by
HUVECs had occurred, the morphogenesis of pre-exist-
ing vessel-like tubes was not altered. Our results thus
demonstrate that ABX-IL8 directly inhibits de novo forma-
tion of capillary-like networks, but not pre-existing tubule
networks.

Discussion

IL-8 has been shown to promote the growth, invasive-
ness, motility, angiogenesis, and metastatic potency of
melanoma cells.4–13,19 In this study, we demonstrate that
blockade of IL-8 by neutralizing anti-IL-8 antibodies sig-
nificantly inhibited the growth and metastasis of human
melanoma cells in nude mice by suppressing angiogen-
esis and invasion.

Since the first report showing that IL-8 acts as a growth
factor,4 many recent studies have demonstrated that a
variety of human tumor cells produce IL-8 and express
the receptors for IL-8, thereby forming an autocrine
growth stimulatory loop. However, the IL-8 dependence
of cell growth in vitro varied widely among different tumor
types. Some tumor cell lines were apparently dependent
on IL-8 for proliferation, whereas others were not.4,29 In
our present study, we found that growth of A375SM and
TXM-13 melanoma cells in vitro was not affected by the
production of IL-8. This is based on our observation
showing that ABX-IL8, an IL-8 neutralizing antibody, did
not block the growth of these cells in vitro. However, in
vivo, treatment with ABX-IL8 increased the number of
apoptotic tumor cells (TUNEL-positive), and resulted in
significant suppression of tumorigenicity and metastasis.
These data indicate that the role of IL-8 in the progression
of human melanoma is more complex than simple auto-
crine growth stimulation.

Indeed, we show that IL-8 has a significant effect on
angiogenesis. Growth and metastasis of human mela-
noma cells depend on their ability to develop an ade-
quate vasculature. In fact, the progression of neoplasms
from the benign to malignant state is often associated
with a switch to an angiogenic phenotype, representing
an increase in proangiogenic molecules produced by the
tumor cells and organ-specific environments.30,31 Mela-
noma cells secrete a variety of proangiogenic molecules,
including basic fibroblast growth factor,32 vascular endo-
thelial growth factor,33 and IL-8.4–10 We found that block-
ade of IL-8 by ABX-IL8 suppressed angiogenesis of hu-
man melanoma cells grown in nude mice. All of the
control tumors were highly vascularized and produced
large tumors, whereas the ABX-IL8-treated mice pro-
duced smaller tumors. The retarded tumor growth di-
rectly correlated with decreased blood vessel formation.
One mechanism for the inhibition of angiogenesis could
be attributable to down-regulation of MMP-2. MMP-2, the
72-kd type IV collagenase, is a member of a family of
matrix metalloproteinases. The proteolytic effect of MMPs
facilitates the migration of endothelial cells through the

altered extracellular matrix toward the source of the an-
giogenic stimulus; in this manner, MMP-2 is an integral
component of the angiogenesis pathway.34 Moreover, in
an in vitro endothelial cell morphogenesis assay (vessel-
like tube formation assay), we found that ABX-IL8 directly
inhibited the formation of capillary-like network by
HUVECs. IL-8 receptor expression on endothelial cells
has been demonstrated previously.35 For example, hu-
man microvascular endothelial cells express the IL-8 re-
ceptors, which allows direct interaction of IL-8 with endo-
thelial cells.20 IL-8 may promote angiogenesis by
supporting the survival of endothelial cells or inducing
endothelial cell migration.36 Thus, the concomitant de-
crease in expression of IL-8 and MMP-2, which serve as
survival factors or migration factors for endothelial cells,
could have contributed to the decrease in vessel density
in ABX-IL8-treated tumors. It should be noted that treat-
ment with ABX-IL8 did not affect the existing vessel-like
tube formation in vitro and disrupted only the formation of
the newly formed blood vessels in vivo. Although the
effect of ABX-IL8 on melanoma cells is very well docu-
mented in our studies, its effect on angiogenesis needs to
be further established. Nevertheless, ABX-IL8 may act on
both tumor and vascular endothelial cells to affect tumor
growth and metastasis of melanoma.

The potential of antibody therapy represented by ABX-
IL8 fits recent discoveries. Antibody immunotherapy pro-
vides a novel approach for the treatment of a broad
spectrum of diseases including cancer.37–41 Cetuximab
(IMC-C225), a mouse-human chimeric anti-EGFR mono-
clonal antibody, and ABX-EGF have been shown to in-
hibit the proliferation of a variety of cultured human tumor
cell lines that overexpress EGFR and to inhibit tumor
growth in several xenograft models.40,41

Currently, both of these antibodies are being evaluated
in clinical trials. The therapeutic modalities to control
tumor growth and metastasis of human melanoma are
very limited.2 The idea of using fully humanized antibod-
ies to neutralize IL-8 is especially appealing because
multiple dose regimens of the antibody could be admin-
istrated to the patients with little risk of mounting an
immune reaction. A phase II single-dose clinical trial and
phase I/II multiple-dose clinical trial with ABX-IL8 have
been conducted in patients with moderate to severe
plaque psoriasis. Both trials were designed as dose-
escalating trials to examine the safety of administering a
range of dose levels of ABX-IL8 by intravenous infusion.
ABX-IL8 was shown to be safe and well tolerated in both
the single-dose and the multiple dose trials. No serious or
unexpected adverse events have been reported, no im-
munogenicity has been detected, and there has been no
evidence of cytokine release syndrome in either of the
trials. Our studies should promote a serious consider-
ation for initiating a phase I/II clinical trial with ABX-IL8 in
patients with stage III melanoma. Because ABX-IL8 did
not completely inhibit tumor growth and metastasis of
melanoma, it should most likely be used in combination
with chemotherapy or other anti-cancer agents to in-
crease its efficacy. In addition, ABX-IL8 should be con-
sidered as a treatment modality for other solid tumors in
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which IL-8 plays an angiogenic role, including bladder,42

prostate,43,44 ovarian,45 and lung46 cancers.
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