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Phenotype of Breast Carcinoma Cells

Joseph E. De Larco, Beverly R. K. Wuertz,
Karen A. Rosner, Steven A. Erickson,
David E. Gamache, J. Carlos Manivel, and
Leo T. Furcht

From the Department of Laboratory Medicine and Pathology,
University of Minnesota, Minneapolis, Minnesota

This study shows a strong correlation between the
metastatic potentials of breast carcinoma cell lines
and their ectopic expression of interleukin-8 (IL-8).
Correlations exist for both constitutive and induced
levels of IL-8 released. A correlation was also observed
between cell morphology, metastatic potential, and
IL-8 profile. Metastatic lines are fusiform in appear-
ance, whereas, nonmetastatic lines are epithelioid.
The metastatic potential of two breast carcinoma lines
was examined using an orthotopic model of sponta-
neous metastasis. Metastatic cells formed rapidly
growing, poorly differentiated primary tumors that
metastasized. Nonmetastatic cells formed rapidly
growing differentiated primary tumors that did not
produce detectable metastases. Comparison of IL-8
expression by the parental cells and cell cultures de-
veloped from primary and metastatic tumors, dem-
onstrates that IL-8 released by cultured cells from the
primary tumor is higher than that of the parental
cells, and IL-8 released by cultured cells derived from
the metastatic lung tumors is greater than that re-
leased by cultured cells derived from the primary
tumor. These data demonstrate a strong correlation
between the metastatic phenotype of a cell and its IL-8
expression, suggesting a role for IL-8 in promoting
the metastatic potential of breast tumor cells. (Am J
Pathol 2001, 158:639—-646)

Metastasis is the process by which tumor cells spread
from their site of origin to remote sites after gaining ac-
cess to the circulatory system, culminating in the estab-
lishment of tumors at distant sites." It has been estab-
lished that a major, if not essential, requirement for
metastasis, is angiogenesis, the recruitment of new blood
vessels.? Newly acquired vessels supply tumor cells with
oxygen and nutrients required for sustained growth. Me-
diators of angiogenesis responsible for tumor neovascu-
larization may be derived directly from the tumor cells,
tumor-associated inflammatory cells, or adjacent mesen-
chymal cells.® Understanding the mechanisms contribut-

ing to the metastatic potential of tumor cells will enhance
the prospect of developing a means to impede the pro-
cess of metastasis.

For the past 2 decades, members of the a-chemokine
family have been observed as tumor cell products
thought to contribute to growth and progression of tumor
cells.® Interleukin-8 (IL-8), a member of this family of
small basic peptides, was first purified on the basis of its
neutrophil chemoattractant activity.* A clinical study ex-
amined 56 normal and 73 neoplastic breast tissues for
mRNA levels of 13 cytokines. The only correlation found
in this study was a higher IL-8 level in the neoplastic
breast tissues than in the normal tissue (P = 0.0017).°
The release of IL-8 by melanoma cells has been reported
to be a contributing factor to both their growth and met-
astatic potential in vivo. Preliminary screening of human
melanoma cell lines demonstrated that six of eight cell
lines produce significant levels of IL-8.° In an experimen-
tal metastasis model, it was established that the meta-
static potential of several clones derived from human
melanoma cell lines correlated positively with the levels of
IL-8 produced in vitro.” Another series of experiments
demonstrated, in a non-small cell lung carcinoma tumor
model, the in vivo growth rate and number of spontaneous
lung metastases formed, correlated with the level of IL-8
secreted. In other supporting experiments, it was shown
that passive immunization of severe combined immuno-
deficiency (SCID) mice with a neutralizing anti-IL-8 mono-
clonal antibody depressed the rate of tumor growth by
>40% and was associated with an accompanying de-
cline in lung metastases. This anti-IL-8 antibody, how-
ever, did not inhibit the in vitro growth of these non-small
cell lung carcinoma cells, demonstrating IL-8 can en-
hance tumor growth and metastasis in vivo; the latter
suggests the in vivo effects occur independently of an
autocrine role.® A further assessment of the role of IL-8
expression in tumor metastasis was accomplished by
transfecting an IL-8 expression system into a nonmeta-
static human melanoma line that did not produce IL-8.
The expression of IL-8 induced a metastatic phenotype in
these cells.® Collectively, these data indicate that ectopic
expression of IL-8 can contribute to an increased meta-
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static potential and that down-regulation of IL-8 in tumors
should have a salutary effect.

Recently IL-8 was also found to be an endothelial cell
chemoattractant in vitro and an angiogenic factor in
vivo.'®~'2 The angiogenic properties of IL-8 may explain
the correlation between the growth and metastatic poten-
tial of a tumor cell line and its ectopic release of IL-8 that
could enhance tumor neovascularization. It is commonly
thought by many in the field that newly acquired blood
vessels will contribute to the growth of tumors by increas-
ing the rate at which oxygen and nutrients are supplied to
the tumor cells and facilitating the removal of byproducts
of cellular metabolism. The newly acquired blood vessels
are less mature, having little or no basement membrane,
and when juxtaposed to the tumor can facilitate metas-
tasis by providing a ready means by which tumor cells
can enter the circulation. Once in the circulation, tumor
cells can be carried to distant sites where they can ex-
travasate through postcapillary venules and establish
metastatic centers. Cells expressing high levels of IL-8
would be at a selective advantage because they would
not only acquire their own blood supply at their new site,
but would also attract neutrophils. Release of enzymes by
these inflammatory cells could facilitate tumor establish-
ment via tissue remodeling.

In view of the potential role of IL-8 in metastasis, the
expression of IL-8 by four human breast carcinoma cell
lines was examined to ascertain if the levels of IL-8 re-
leased correlate with their reported metastatic potential.
The metastatic potentials of these cell lines were as-
signed based on their ability to spontaneously metasta-
size from xenographs in immunosuppressed mice. Our
findings indicate the metastatic cells express a higher
basal level of IL-8 than the nonmetastatic cells and that
IL-8 induction by the inflammatory mediators, interleu-
kin-18 (IL-18) and tumor necrosis factor-a (TNF-a), is
~200-fold greater in the metastatic cells than in the non-
metastatic cells. A correlation between cellular morphol-
ogy and metastatic potential was also observed.

Materials and Methods

Cell Lines and Culture Condlitions

The MDA-MB-231 (referred to as MDA-231) and MCF-7
cell lines (American Type Culture Collection, Rockville, MD)
were cultured with antibiotic-free Dulbecco’s modified
Eagle’s medium (DMEM) (no. 10-017-CV; Mediatech,
Herndon, VA) plus 10% fetal bovine serum (FBS) in sterile
tissue-culture flasks and incubated at 37°C/6%CO.. The
MDA-MB-435 (referred to as MDA-435) and T47D cell
lines (ATCC) were cultured with antibiotic-free RPMI 1640
(no. 10-040-CV; Mediatech) plus 10% FBS in sterile tis-
sue culture flasks (Falcon, Oxnard, CA no. 353111) and
incubated as stated above. The cell lines were certified to
be mycoplasm-free. Cells were subcultured by trypsiniz-
ing in 5 mg/ml of trypsin (no. T-4799; Sigma, St. Louis,
MQO) and 0.5 mmol/L of ethylenediaminetetraacetic acid
in Hanks’ balanced salt solution without Ca™* or Mg™ ™ in
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Figure 1.1L-8 expression by metastatic and nonmetastatic breast cancer
cells. Cells were seeded in six-well plates in DMEM containing 10% FBS or
RPMI 1640 containing 10% FBS. At 80% confluency, various concentrations of
IL-1B or TNF-a were added to each well. At 24 hours, 1.5 ml of media was
collected from each well, clarified of cells and organelles, and an IL-8 ELISA
was performed. The values are calculated for 1 million cells. Table 1 is a
numerical representation of the data.

a laminar flow hood during their logarithmic phase of
growth.

Enzyme-Linked Immunosorbent Assay (ELISA)
for Human IL-8

The breast carcinoma cell lines were seeded in six-well
plates containing 2 ml of their respective complete me-
dia. At 80% confluency, the media was aspirated and 2
ml of fresh complete media was introduced to each well.
The six-well plates were then treated with IL-18 (a gift
from Jim Cone of Otsuka Pharmaceutical Company,
Rockville, MD) or TNF-« (Preprotech Inc., Rocky Hill, NJ)
in the concentrations shown in Figure 1. After a 24-hour
treatment, 1.5 ml of media was collected from each well,
clarified of cells and cellular organelles, stored at —20°C,
and the number of cells per well determined. The IL-8
ELISA was performed according to the manufacturer’s
instructions (OptEIA human IL-8 kit; PharMingen, San
Diego, CA). This kit is specific for human IL-8, neither NIH
3T3 cells nor tissue culture strains developed from athy-
mic mice tested with the IL-8 kit released IL-8 cross-
reacting products constitutively or when induced with
IL-18 or TNF-a.

cDNA Synthesis

To determine IL-8 mRNA production, MDA-231, MDA-
435, MCF-7, and T47D cell lines were either grown in



complete media and treated with 1 ng/ml IL-18, or 4
ng/ml TNF-«, or grown in complete media alone. After a
3-hour treatment, the cellular RNA was harvested with
Trizol reagent according to the manufacturer’s protocol
(Life Technologies, Inc., Grand Island, NY). For cDNA, 1 ug
of RNA, was reverse-transcribed with MLV reverse tran-
scriptase according to the Superscript Il reverse transcrip-
tase manufacturer’s protocol (Life Technologies, Inc.).

Oligonucleotides

Primers were designed using a human IL-8 published
sequence.'® The 283-bp human IL-8 product was ampli-
fied using the following sequences: 5-ATG ACT TCC
AAG CTG GCC GT-3' and 5'-CCT CTT CAA AAA CTT
CTC CAC ACC-3'. p-actin primers producing a 643-bp
product were also designed using the following sequenc-
es: 5'-CAT GGA TGA TGA TAT CGC CG-3' and 5'-TCT
CCT TAA TGT CAC GCA CGA-3'. Both sets of primers
were constructed at the University of Minnesota Micro-
chemical Facility.

Determination of IL-8 mRNA Production in
Metastatic and Nonmetastatic Cells

A polymerase chain reaction (PCR) master mix contain-
ing PCR buffer, 25 mmol/L MgCl,, (FisherBiotech, Itasca,
IL), 10 mmol/L dNTPs, 10 umol/L of each IL-8 primer,
1.25 U Taqg polymerase (FisherBiotech), and sterile water
to 49 wl was added to 1 wl of cDNA. Amplification was
performed using a PTC-100 programmable thermal con-
troller (MJ Research, Inc., Watertown, MA) with the fol-
lowing cycle: 95°C for 5 minutes (1 cycle), followed by 35
cycles of 94°C for 1 minute, annealing at 65°C for 1
minute, extension at 72°C for 30 seconds, and conclud-
ing with a 10-minute extension at 72°C. The PCR prod-
ucts were analyzed on a 1% agarose gel stained with
ethidium bromide.

Animal Studies

Female, athymic nu/nu mice (4 to 6 weeks old) were
purchased from the National Cancer Institute (Frederick,
MD) to be used in an orthotopic model of spontaneous
metastasis. One week after arrival of the mice, human
breast carcinoma cells (2.5 X 10° cells suspended in
DMEM at 1 X 107 cells/ml) were injected directly into the
second left mammary fat pad of each mouse through an
incision just below the second nipple. The cells were
injected in a volume of 25 ul using a 0.3-ml syringe with
a 29-gauge needle (Monoject, St. Louis, MO, 006-0291).
The mice receiving the estrogen-dependent MCF-7 cells
were also implanted with 90-day release 17-B-estradiol
pellets, which contain 0.72 mg of estrogen per pellet
(Innovative Research of America, Sarasota, FL). Tissue
from the primary tumor and lungs were saved for cell
culture and histological analysis.
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Results
IL-8 Produced in Vitro

Four tumorigenic breast carcinoma lines were examined
for IL-8 release to determine whether a correlation exists
between the release of IL-8 by a tumor cell line and its
potential to metastasize. The metastatic cell lines, MDA-
231 and MDA-435, are estrogen receptor-negative.'
The cells used to establish the MDA-231 line were iso-
lated from a pleural effusion taken from a patient with a
breast adenocarcinoma, and the MDA-435 line was de-
rived from a pleural effusion obtained from a patient with
metastatic breast ductal carcinoma. The nonmetastatic,
tumorigenic lines, MCF-7 and T47D, are estrogen recep-
tor-positive cells.™ The MCF-7 tumorigenic breast carci-
noma line was initiated using cells from a pleural effusion
that originated as a breast adenocarcinoma. A pleural
effusion from a patient with a breast ductal carcinoma
gave rise to the T47D breast carcinoma line. The assign-
ment of the metastatic potential of these cell lines was
dependent on their ability to metastasize in immunosup-
pressed mice. Conditioned media from the four tumor
lines were examined for the presence of IL-8. The condi-
tioned media from both metastatic cell lines contained
substantial quantities of IL-8, ranging between 0.2 and
5.7 ng/mi/24 hours/10° cells (Figure 1A). The basal level
of IL-8 released by the nonmetastatic tumor cell lines was
very low or undetectable by ELISA, ie, in our assay
<0.005 ng/ml/24 hour/10° cells (Figure 1B).

Tumors often contain infiltrating monocytes and mac-
rophages that not only play a possible role in the dislodg-
ing of tumor cells, causing local tissue remodeling, but
may also serve as a source of inflammatory mediators,
including IL-18 and TNF-a.® Because these mediators
are known inducers of IL-8,'%'5 their effects on the IL-8
expression of these four tumor cell lines were examined.
Both metastatic cell lines responded to IL-18 and TNF-«
induction. The MDA-231 cells responded better to IL-13
than to TNF-a. TNF-a induced a much higher level of IL-8
release by MDA-435 cells than did IL-1, in addition also
inducing the highest levels of IL-8 expression observed
under the conditions tested (Figure 1A). The IL-8 re-
sponse of the nonmetastatic cell lines, MCF-7 and T47D,
to these mediators was minimal (Figure 1B). The data in
Figure 1, A and B, is compiled in Table 1 to provide a
numerical comparison. There is a 180-fold difference
between the maximum levels of IL-8 in the metastatic and
nonmetastatic cell lines. Similarly, the constitutive expres-
sion of IL-8 by the nonmetastatic cells, MCF-7 and T47D,
was very low. The MCF-7 cells produced low levels of
IL-8 in response to IL-18 and TNF-«; the T47D cells
produced low levels of IL-8 in response to IL-18, but did
not respond to TNF-a. Perhaps most important of all, we
observed the basal levels of IL-8 released by the meta-
static cell lines were comparable to or higher than the
highest induced levels of IL-8 released by the nonmeta-
static cell lines.

The IL-8 mRNA expressed in these cells under consti-
tutive and induced conditions was examined using re-
verse transcriptase (RT)-PCR (Figure 2). The mRNA of
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Table 1. IL-8 Release by Nonmetastatic and Metastatic Breast Carcinoma Cell Lines (ng/ml/24 hr/Million Cells)
Nonmetastatic cell lines Metastatic cell lines
MCF-7 T47D MDA-231 MDA-435
Basal level 0.003 = 0.005 0.000 =0 0.222 = 0.052 1.752 £ 0.208
0.06 ng/ml IL-1B 0.033 = 0.01 0.004 = 0.002 5.018 + 0.388 2.659 *+ 0.358
0.25 ng/ml IL-18 0.188 = 0.023 0.057 = 0.002 24.510 = 0.381 5.611 = 0.867
1 ng/ml IL-18 0.401 = 0.04 0.08 £ 0.01 61.818 = 3.381 9.354 = 0.325
0.25 ng/ml TNF-« 0.008 = 0.001 0.000 =0 3.315 = 2.606 13.851 = 2.778
1 ng/ml TNF-« 0.087 = 0.001 0.000 =0 10.530 = 2.673 48.879 * 3.076
4 ng/ml TNF-a 0.247 = 0.004 0.001 =0 16.616 = 5.938 72.413 £ 13.63

the two unstimulated metastatic cell lines gave rise to
light bands of RT-PCR product. The bands produced
from the mRNA of cells treated with either IL-18 or TNF-«a
were darker than the bands from the unstimulated cells.
This is consistent with the ELISA data that shows the
levels of IL-8 released by MDA-231 and MDA-435 cells
on treatment with either IL-18 or TNF-a are dramatically
increased above the constitutive levels. The mRNA from
the unstimulated, nonmetastatic cell lines did not pro-
duce observable RT-PCR products. When induced with
IL-1B8, the mRNA from both the MCF-7 and T47D cells
produced light bands of RT-PCR product. Treatment with
TNF-a showed only the mRNA from the MCF-7 cells
produced a visible RT-PCR product. Northern blot anal-
ysis of mMRNA from MDA-435 and T47D cells also con-
firmed that the T47D cells produced little or no IL-8 mRNA
and MDA-435 cells produced measurable quantities of
IL-8 mRNA (data not shown).

In addition to the differences in IL-8 release, there are
obvious differences in the morphological appearance of
metastatic and nonmetastatic cells in vitro. Metastatic cell
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Figure 2. IL-8 mRNA production of stimulated and unstimulated metastatic
and nonmetastatic cells. Total RNA was extracted from untreated (control)
cells, and from cells that were stimulated for 3 hours with either 1 ng/ml IL-18
or 4 ng/ml TNF-a. First-strand ¢cDNA was produced by amplification with 1
g of RNA using oligo-dT primers. Thirty-five cycles of PCR were performed
using primer sets amplifying a 289-bp segment of the human IL-8 gene (A).
Twenty-five cycles of PCR were performed using a B-actin primer set ampli-
fying a 643-bp segment of the human B-actin gene (B).

lines are bipolar or fusiform in nature. They lack tight
cell-cell junctions and do not form distinct colonies in
monolayer cultures (Figure 3, B and D). In contrast, mor-
phologies exhibited by the nonmetastatic cell lines are
more epithelioid (Figure 3, A and C). Other investigators
have shown that these nonmetastatic cells express E-
cadherin at their cell-cell junctions.’ In monolayer cul-
tures these cells form distinct colonies or islands of non-
migratory cells. To determine whether the expressed
cellular morphology may play a role in IL-8 expression
and release, the conditioned media from a human dermal
fibroblast (HDF) cell line, displaying a greater length-to-
width ratio than either of the metastatic breast carcinoma
cell lines, was examined. The level of IL-8 released con-
stitutively by HDF cells, 0.89 + 0.06 ng/ml/24 hours/10°
cells, lies between the constitutive levels released by the
MDA-231 and the MDA-435. When the HDF cells were
stimulated with either 1 ng/ml IL-18 or 4 ng/ml TNF-q,
they released 1541.24 = 96.2 and 283.72 + 11.93 of 0.06
ng/mi/24 hours/10° cells of IL-8, respectively.

Tumorigenic and Metastatic Potential of Breast
Carcinoma Cell Lines

The tumorigenic and metastatic properties of two breast
carcinoma cell lines, MDA-435 and MCF-7, were tested
using an orthotopic model of tumor growth and sponta-
neous metastasis. The MCF-7 line is classified as non-

Figure 3. Images of cell lines. Cells were plated, maintained for 72 hours in
DMEM plus 10% FBS or RPMI 1640 plus 10% FBS, and then visualized by
phase contrast microscopy (X200). A: T47D (nonmetastatic). B: MDA-435
(metastatic). C: MCF-7 (nonmetastatic). D: MDA-231 (metastatic).
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Figure 4. Histology of sections taken from mouse primary tumors and lung tissues. Sections taken from primary tumors and lungs of female athymic nu/nu mice
orthotopically injected with either MCF-7 or MDA-435 cells were fixed in formaldehyde and embedded in paraffin. The slides were stained with H&E and
visualized at X40. A: MCF-7 adenocarcinoma, site of inoculation. B: MDA-435 adenocarcinoma, site of inoculation. C: MCF-7 lung, absence of metastases. D:
MDA-435 lung, lumen of blood vessel is occluded by tumor embolus.

metastatic and the MDA-435 line as metastatic. After
orthotopic injection, both breast carcinoma cell lines
gave rise to primary tumors that were measurable within
2 weeks. Tumors growing out of the MDA-435 inocula-
tions grew slightly faster than those growing out of the
MCF-7 inoculations. By 10 weeks, the tumors produced
by each of the cell lines had grown to ~1 to 1.5 cm in
diameter. The MDA-435 tumors began to penetrate the
skin, at which time the animals were euthanized and
tissue was collected. The MCF-7 tumors did not pene-
trate the skin on the chest and were allowed to grow for a
week longer.

The histological appearance of the primary tumors that
developed in response to the orthotopic injection of
MCEF-7 cells is distinctly different from those produced by
MDA-435 cells. MCF-7 cells develop tumors with mor-
phological features of a well-differentiated breast adeno-
carcinoma. The cells group together in glandular struc-
tures and display moderate pleomorphism, whereas
primary tumors produced by MDA-435 cells are less well
differentiated, and grow in solid homogeneous sheets of
cells (Figure 4, A and B). The histological appearance of
the tumors formed by these carcinoma lines is analogous
to their in vitro growth patterns, the MCF-7 cells grew as
islands of tightly associated, E-cadherin-containing epi-
thelioid cells' (Figure 3C), whereas, the MDA-435 cells
grew as individual fusiform cells with little or no cell-cell

interactions (Figure 3B). The MCF-7 cells, although tu-
morigenic (Figure 4A), did not give rise to observable
metastases in any animals (Figure 4C). However, the
primary tumors formed by the MDA-435 cells gave rise to
large numbers (>50) of lung metastases in five of 10
animals. Metastatic tumors were not observed in the
other five mice. A representative metastatic lung tumor is
shown in Figure 4D.

IL-8 Production by Primary and Metastatic
Tumors

Given the correlation between IL-8 release and metasta-
sis, it is conceivable that cells from the metastatic lesions
express higher levels of IL-8 than those from the primary
tumors. Cell cultures were established from primary and
metastatic tumors from animals injected with MDA-435
cells and from primary tumors of animals injected with
MCF-7 cells. The level of IL-8 released by these newly
established cultures was compared to the IL-8 levels of
the corresponding parental lines. The culture of tumor
cells established from the primary MCF-7 tumor pro-
duced approximately fivefold more IL-8 than the parental
line (0.621 ng/ml versus 0.123 ng/ml) (Figure 5A). The
culture of cells derived from a primary MDA-435 tumor
produced approximately the same amount of IL-8 as the
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Figure 5.1L-8 expression by cells cultured from primary tumor and lung
tissue sections. Cells were seeded in six-well plates in DMEM containing 10%
FBS or RPMI 1640 containing 10% FBS. At 24 hours, 1.5 ml of media was
collected from each well, clarified of cells and organelles, and an IL-8 ELISA
was performed. The values are calculated for 1 million cells. Arrow in B
indicates level of IL-8 released by MDA-435 primary tumor cell line.

parental cells (7.325 ng/ml versus 6.740 ng/ml). However,
the culture of metastatic cells from the lung of the same
mouse produced 1.9-fold the level of IL-8 as the parental
MDA-435 cells on a per cell basis (Figure 5A). Because
the lungs from which this culture was derived had >100
tumors, clones were isolated from this culture to deter-
mine whether a clonal variation exists in the level of IL-8
being expressed. The level of IL-8 production was deter-
mined for five clones. All five clones released higher
levels of IL-8 than the culture developed from the primary
tumor (arrow versus bars in Figure 5B). When the levels of
IL-8 expressed by the clones are compared to the level of
expression of the mixed culture of metastatic lung cells,
some were lower than the mixed population and some
were higher. However, all five clones release substan-
tially more IL-8 (1.8- to 3.8-fold) than that released by
cells derived from the primary tumor. Together, the find-
ings indicate cells derived from the primary tumor release
more IL-8 than the parental cells, and the cells derived
from the metastatic lesion release more IL-8 than the cells
derived from the primary tumor.

The metastatic potential of MDA-435(3)M clone 1, the
highest IL-8-producing clone from a metastatic lung tu-
mor (Figure 5B), was compared in vivo to the metastatic
potential of the parental cells that gave rise to clone 1.
Lung tumors were found in four of four animals inoculated
with clone 1. Only one of the four animals inoculated with

cells of the parental culture developed lung metastases.
This further supports the correlation between higher lev-
els of IL-8 release and an increased metastatic potential.

Discussion

In this study, we examined four breast carcinoma cell
lines, two metastatic cell lines and two nonmetastatic cell
lines. We demonstrate that a strong correlation exists
between the level of IL-8 released in cell culture and the
metastatic potential of these cell lines, as observed in
spontaneous metastasis assays. More specifically, the
basal level of IL-8 expression is substantially higher in the
metastatic cell lines when compared to the nonmetastatic
lines. Furthermore, when the metastatic cells are treated
with IL-18 or TNF-a, the levels of IL-8 released are greatly
enhanced. The nonmetastatic cells, however, release lit-
tle or no IL-8 constitutively, and the levels of IL-8 induced
by IL-18 or TNF-«a are significantly lower than the consti-
tutive levels released by the metastatic cells. Other re-
ports have also provided data supporting a role for IL-8 in
tumor metastasis. What is obvious from these reports is
that IL-8 could be exerting its effects in a multiplicity of
ways, working to the benefit of the tumor. It has been
demonstrated, using in vivo models of metastasis, that
tumor cells expressing ectopic IL-8 have increased
growth potential and enhanced vascularization and met-
astatic potential,”®'® further strengthening the correla-
tion between metastatic potential and ectopic IL-8 pro-
duction.

On examination of two breast carcinoma lines in an
orthotopic model of spontaneous metastasis, we find
their tumorigenic and metastatic potential as reported.
Both cell lines were highly tumorigenic in this model and
had comparable growth rates. The MCF-7 tumors did not
metastasize, whereas the MDA-435 cells metastasized in
50% of the cases. In vitro cultures of metastatic cells that
had colonized the lungs produce more IL-8 than cultures
derived from either the parental line or the line derived
from the primary tumor. The results are consistent with
the hypothesis that cells producing high levels of IL-8 are
able to metastasize more readily than cells in primary
tumors, which produce little if any IL-8. This correlation is
also supported by the fact that no lung metastases were
seen in the mice injected with MCF-7 cells. The cells from
the primary MDA-435 tumor release >10 times the
amount of IL-8 on a per cell basis than do cells from the
primary MCF-7 tumor and perhaps this is what enables
MDA-435 cells to establish metastatic lung tumors.

Further examination of these cells revealed the pres-
ence of other characteristics that seem to correlate with
their metastatic potential, the presence or absence of
estrogen dependence and expressed morphological
phenotype. The nonmetastatic cell lines are estrogen-
dependent, whereas, the metastatic cell lines are estro-
gen-independent. The morphological features of these
cell lines also parallel their reported metastatic potential.
The MDA-435 and MDA-231 cell lines, which constitu-
tively produce IL-8 at elevated levels, exhibit a more
mesenchymal cellular morphology in vitro with less cell-



cell interaction. The MCF-7 and T47D cell lines, which
produce little IL-8, exhibit a more epithelioid morphology,
forming tightly adhesive colonies of nonmigratory cells.
The in vivo morphology of the MDA-435 and MCF-7 also
follows this trend. The MDA-435 forms a less well-differ-
entiated carcinoma with a more solid appearance,
whereas the MCF-7 forms a well-differentiated carcinoma
that grows in glandular structures.

The data indicate IL-8 expression, constitutively and
under induction by IL-18 or TNF-«, is lower in epithelioid
carcinoma cell lines and higher in fusiform carcinoma cell
lines. In vitro cultures of untransformed mesenchymal
cells are reported to express IL-8 levels that are highly
inducible by either IL-18 or TNF-a."” We also found this to
hold true for HDF cells. Their level of constitutively re-
leased IL-8 was between those released by the two met-
astatic breast carcinoma cell lines. On induction by in-
flammatory mediators, their level of IL-8 release
increased between ~320- and 1730-fold, depending on
treatment. This raises the possibility that morphological
appearance or state of phenotypic differentiation may be
a contributing factor in the regulation of I1L-8 expression.
For example, normal mesenchymal cells, such as the
HDF cell line, which function in inflammation and wound
healing, would use the increases in IL-8 release as a
protective mechanism. The increase in IL-8 released by
cells at the site of a wound or inflammation would draw in
neutrophils to fight infection and eventually, endothelial
cells for the formation of new blood vessels to supply the
remodeled tissues. In the case of breast carcinoma cells,
these physiological functions may enhance the meta-
static potential of tumor cells ectopically expressing IL-8.
Where IL-8 release is attenuated in the epithelial, non-
metastatic breast carcinoma cell lines, minimizing the
IL-8 contribution to angiogenic and metastatic potential, it
is enhanced in the mesenchymal, metastatic cell lines,
aiding in angiogenesis and metastasis.

The current theory explaining the observed increased
rate of metastases in tumor cells ectopically releasing
IL-8, attributes the increase to these angiogenic proper-
ties of IL-8. The angiogenic properties of IL-8 can en-
hance the metastatic potential of tumor cells by enhanc-
ing the vascular supply at the tumor site. Newly acquired
vessels will enhance the growth rate of the tumor and
possibly present a proximal means for tumor cell dissem-
ination. The attraction of neutrophils by IL-8 may also
contribute to angiogenic and metastatic potential of the
tumor. The neutrophils, during their journey from the ves-
sels from which they extravasate, to the tumor to which
they are migrating, remodel the extracellular matrix by
releasing proteases, a heparinase, and various other en-
zymes.'® In this process of remodeling, the neutrophils
are likely to release many factors previously sequestered
in the extracellular matrix, such as basic fibroblast growth
factor. These released factors can act as growth factors
and chemoattractants for both endothelial cells and tu-
mor cells. The liberation of these sequestered factors
may increase the metastatic potential of a tumor in any
number of ways, for example, by increasing angiogene-
sis, stimulating tumor progression, and/or enhancing tu-
mor cell migration.®2° Thus, it seems nature has created
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a many-factored alliance surrounding cancer and IL-8.
Neutrophils attracted to the tumor site may play a role in
freeing or dislodging metastatic cells via the release of
proteases and other enzymes.

In addition, the inflammatory milieu of the tumor often
has increased levels of TNF-a and/or IL-13, which would
also disproportionately increase the production of IL-8 in
both the tumor cells expressing a more mesenchymal
phenotype, as well as the tumor-associated mesenchy-
mal cells. A possible mode of IL-8 regulation by these
factors is through the activation of transcription factors
that recognize and bind to consensus sequences in the
|L-8 promoter.

The robust response of the metastatic- or mesenchy-
mal-appearing breast carcinoma cells to either IL-18 or
TNF-a may be because of elevated expression of tran-
scription factors needed for transcription of the IL-8 gene.
Nuclear factor kB (NF-«B), a transcription factor, which
can be activated by either IL-18 or TNF-q, is an example
of such a transactivator. Activated NF-kB recognizes and
binds to a consensus sequence in the promoter region of
the IL-8 gene. This binding is essential, but not sufficient
for the induction of IL-8 expression. It is possible that the
metastatic breast cell lines have factors working either
coordinately or synergistically with activated NF-kB to
enhance IL-8 expression.?’

Epithelioid or nonmetastatic cells may either lack a
component in the signal transduction pathway or may
express a factor(s) that attenuates the expression of IL-8.
Although several consensus sequences for the transcrip-
tional activation of the IL-8 gene have been identified
within the promoter region of IL-8, little is known about the
mechanisms regulating the repression of IL-8 expression.
The binding of the POU-homeodomain transcription fac-
tor (Oct-1) to the IL-8 promoter represses IL-8 expression
by binding to an element that overlaps one of the tran-
scriptional activators of IL-8 expression.?? The differential
regulation of IL-8 between the metastatic and nonmeta-
static breast cells may be because of any combination of
the above possibilities, ie, positive elements inducing
IL-8 expression in the metastatic cells and/or the pres-
ence of a repressor(s) in the nonmetastatic tumor cells.
Further work is needed to identify the key components
responsible for this differential regulation.

The increase in the release of IL-8 by breast carcinoma
cells may also contribute to the metastatic phenotype
rather than simply being a consequence of the pheno-
type. As the cells progress from the epithelial, carcinoma
in situ to the mesenchymal, metastatic tumor cell, the IL-8
levels, as well as, the angiogenic and metastatic poten-
tials increase dramatically. Once the tumor cells have
taken on a mesenchymal phenotype, the ectopic release
of IL-8 seen by cells of this phenotype may further en-
hance their metastatic potential.

However, IL-8 is less likely to be responsible for the
progression itself, because short-term exposure (6
weeks) of the nonmetastatic cell lines to IL-8 (at 0.1, 1,
and 10 ng/ml) did not induce such morphological change
(data not shown). Nonetheless, long-term exposure to
IL-8 might still induce a phenotypic alteration of the mor-

phology.
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Understanding the diverse and critically important
ways IL-8 can work in the body, coupled with a better
understanding of the possible factors controlling IL-8
expression will likely provide important insights into the
key factors contributing to the process of tumor progres-
sion. Knowledge of these mechanisms will increase our
understanding of not only tumor progression and metas-
tasis, but perhaps also the developmental process in-
volving epithelial to mesenchymal transition. Ideally, this
information will provide a means to design new therapeu-
tic approaches to attenuate neutrophil-mediated inflam-
mation and the ectopic expression of IL-8 by tumor cells
expressing premetastatic or metastatic phenotypes.
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