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ABSTRACT

Elastosis is a prominent feature of the desmoplastic reaction in many
invasive breast cancers. It is widely held that the elastic tissue is produced
by fibroblastic cells of the breast stroma, but several studies have
suggested that it derives from breast cancer epithelium. In studies di
rected to examining the mechanisms regulating desmoplasia in breast
cancers, cell lines of human breast cancer derivation have been shown to
synthesize immunoreactive tropoelastin in cell culture. Stromal fibro
blasts, grown out from breast cancers, produced as much elastin as did
nuchal ligament fibroblasts at similar passages. The human breast cancer
cell lines, grown under similar conditions, produced elastin in culture at
rates equivalent to 1.6-15% of those of the control fibroblastic cells.
These included two estrogen receptor positive and one estrogen receptor
negative cell types. Northern blot analysis of total RNA showed the
presence, under high stringency conditions, of a 3.5-kilobase elastin
mRNA band in both the fibroblastic cells and the cancer cell lines. In
situ hybridization, with an elastin complementary RNA probe (prepared
from a short segment of the translated region of human elastin mRNA),
has been carried out on a selection of 21 invasive ductal breast cancers
and 9 normal breast samples. It has been found that, while fibroblastic
cells of the stroma and of the periductal region are responsible for elastin
synthesis in most breast cancers, the malignant epithelium is a source of
the elastin in the desmoplastic tissue of a significant proportion of such
neoplasms. Vascular endothelium also expresses the elastin gene in some
breast cancers. The elastotic elastin may have different cellular origins
in different portions of a single ductal breast cancer. The results indicate
that elastosis in breast cancers is very likely to be a complex process
with multifactorial regulatory mechanisms. Subclassifying cancers ac
cording to the cellular source of the desmoplastic elastin, on the basis of
in situ hybridization of elastin mRNA, may provide insights into the
prognostic significance of elastosis in breast cancers.

INTRODUCTION

A stromal or desmoplastic "reaction" is typical of a number

of malignancies, including invasive ductal cancer of the breast.
A prominent feature of this reaction in most such breast cancers
is the presence of elastic tissue elements, a process called
"elastosis." The cellular origin and the significance of elastosis

has been the focus of a number of modern studies, in breasts
with and without breast cancer, since Jackson and Orr ( 1) noted
a relatively high incidence of periductal elastosis in malignant
breasts and concluded that it was probably precancerous. Az-
zopardi and his colleagues demonstrated such focal elastosis in
86% of 115 cases of invasive duct and lobular carcinomata (2).
They disputed the claim that periductal elastosis was premalig-
nant and concluded that this focal elastosis was rather a warning
to look for signs of early infiltration of ductal cancer (3).

The same workers noted that elastic staining material occurs
not only focally in periductal tissues but also diffusely in the
mammary and desmoplastic stroma and in the walls of veins
draining breast cancers. They considered that stromal elastosis
was not significant in relation to malignancy (2, 3). There have
been many studies since that have examined the changes in
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focal, stromal, and total elastic tissue in breast cancers and in
relation to age and nonmalignant disease. While the conflicting
results and relationships may be attributed to sample selection
in these studies, they have highlighted the complexity of the
phenomenon and have drawn attention to the several possible
cellular origins of the elastic tissue elements and to their pos
sible prognostic significance.

Several groups have postulated that the epithelial cells (both
malignant and in fibrocystic disease) in some way provoke
stromal fibroblasts within the adjacent breast to produce elastic
fibers (3-6). Other workers have claimed that the neoplastic
epithelial cells themselves are likely to be responsible for the
production of the elastic material (7, 8). However, the evidence
to support these conclusions has been circumstantial, and thus
inconclusive, inasmuch as it was based on showing juxtaposi
tion of elastic material to cancer cells or fibroblastic cells (by
electron microscopy) and on the demonstration of immunoflu-
orescent localization of anti-elastin antibodies on the surface of
neoplastic epithelial cells in scirrhous breast cancers. Anti-
elastin antibody did not bind to stromal fibroblasts within such
cancers (9). Indirect support for the epithelial production of
elastin in breast cancer has come recently from in vitro experi
ments with breast cancer cell lines ( 10). Despite this, the cellular
origin of the desmoplastic reaction in vivo remains undecided.

Considerable interest has also been shown in determining the
possible significance of elastosis in breast cancer for prognos
tication since Shivas and Douglas (7) reported a high correla
tion between focal elastosis and prognosis in breast cancer
patients. This conclusion received support from several other
studies, all of which measured focal periductal elastosis, which
appeared to correlate with estrogen receptor postive status (11-
13). Apparently opposite conclusions have been reached in a
number of other studies, in all of which stromal or total elastosis
has been measured. Although most of these studies showed that
marked elastosis correlated with estrogen receptor positive
status, no correlation could be shown between elastosis and
prognosis (14-18). More recently, Humeniuk et al. (19) have
reported that focal elastosis was a disappointing indicator of
prognosis. It is interesting that in several of these studies
elastosis grade was shown to be correlated with the presence of
axillary mÃ©tastases(17, 20), although it was more likely to be
associated with cancers in which the cells were more differen
tiated (20).

We have examined the cellular origins of elastic tissue ele
ments in concurrent experiments on breast cancer sections and
with breast cancer cell lines in culture. In the former experi
ments, the distribution of cells actively synthesizing elastin in
invasive ductal breast cancers has been determined by in situ
hybridization of mRNA for human elastin. In the majority of
these neoplasms, mRNA for elastin was demonstrated in fibro
blastic cells, in both periductal and stromal tissues. However,
in most such cancers, elastin gene expression was also demon
strable in other cell types including vascular endothelium and
the most peripheral epithelial cells of chords of invasive malig
nant cells. In some cancers exhibiting mixed patterns, stromal
fibroblastic cells and malignant epithelium were responsible for
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ELASTIN GENE EXPRESSION IN BREAST CANCERS

elastin production within different regions of the same breast
cancer.

In the cell culture experiments, elastin biosynthesis and its
regulation was examined in human breast cancer stremai fibro-

blasts and in epithelial cell lines derived from human breast
cancers. Significant elastin biosynthesis was demonstrated in
this system, by four different human mammary cancer epithelial
cell lines, one of which was estrogen receptor negative. The rate
of tropoelastin biosynthesis by the cancer cells was considerably
lower than that of control fetal nuchal ligament and breast
cancer derived fibroblastic cells cultured, at early passage, for
which cells the culture conditions had been optimized. The
elastin mRNA produced by the various cancer cells was appar
ently identical to that produced by normal elastogenic cells, and
in 3 of the 4 cancer cell lines the relative amounts of mRNA
per cell appeared to parallel approximately the amounts of
tropoelastin synthesized by the cells, under the culture condi
tions used.

MATERIALS AND METHODS

Materials. Dulbecco's modification of minimal essential medium

(Eagle), fetal calf serum, penicillin, and streptomycin were obtained
from Flow Laboratories (United Kingdom). BAPN,' phenylmethylsul-
fonyl fluoride, /V-ethylmaleimide, f-aminocaproic acid, and benzami-
dine were from Sigma Chemical Co. (St. Louis, MO). All other general
chemical reagents were bought from Ajax Chemicals (Sydney, Aus
tralia). Lux 75-cm2 tissue culture flasks were purchased from Miles
Scientific (Naperville, IL). The [Â«-32P]UTPand [Â«-"S]UTP radionu-

cleotides were obtained from Bresatec, Ltd. (S. Australia). The estrogen
receptor positive (MCF-7; T47-D) and estrogen receptor negative (MD-
MBA-231) human breast cancer epithelial cell lines were gifts of Dr.
David Horsfall (Department of Surgery, Flinders Medical Centre,
Bedford Park, South Australia). The myoepithelial cell line (PMC 42)
was donated by Dr. R. Whitehead of the Ludwig Cancer Institute,
Melbourne, Australia (21). Fetal nuchal ligament fibroblasts (230-day
gestational age) and breast cancer fibroblasts were derived from expiant
cultures. All cells were shown to be free from Myocoplasma contami
nation.

Tissue Samples. We studied 33 breast samples. Some sections were
derived from 21 cases of clinically "operable" invasive ductal carcinoma

obtained fresh at operation from patients, ages 35-82 years, undergoing
mastectomy. The samples were obtained from consecutive cases sent
for pathological examination but some selection occurred in that tissues
were available for this study only from larger tumors. Control tissues,
from patients between 37 and 85 years old, were taken either at
operation for mammoplasty (three cases) or at autopsy from the breasts
of six patients who had died from acute illnesses. Each was described
by an experienced breast pathologist as exhibiting normal histolÃ³gica!
appearances. Two additional samples were taken at operation for
excision of fibroadenoma, and one biopsy was available from normal
breast from a 20-year-old woman.

From each breast sample, 1-5 blocks of tissue were taken for exam
ination by both /'/; situ hybridization and routine histology. In each

block, elastic tissue staining (22) revealed significant periductal elastosis
and in most cases fine elastic fibrils within the tumor stroma. These
fibrils were seen within the dense acellular parts of the tumor as well
as in portions containing invading malignant cells. Samples were taken
for cell culture from each cancer.

Cell Culture. Nuchal ligament and breast tissue samples were minced
to 1-2-mm cubes and set out for expiant culture in the presence of 10%
FCS and DM EM. The fibroblasts growing out from these expiants

'The abbreviations used are: BAPN, /j-aminopropionitrile: DMEM, Dulbec
co's modified essential medium: EACA, t-aminocaproic acid; ELISA, enzyme-

linked immunosorbent assay; FCS, fetal calf serum; PAGE, polyacrylamide gel
electrophoresis; SDS, sodium dodecyl sulfate; SSC, standard saline-citrate (I x
SSC is 0.15 M NaCI-I5 mM trisodium citrate); SSPE. saline-sodium phosphate-
EDTA (1 x SSPE is 0.18 M NaCI-10 m\t sodium phosphate. pH 7.7-1 mM
EDTA); cRNA. complementary RNA; cDNA, complementary DNA.

were subcultured for expansion and were used at passages 3-5. Some
breast samples were grown in medium containing n-valine to inhibit
selectively fibroblasts (23). Cell lines were plated at a density of 1 x
10' cells/ml in 75-cm2 tissue culture flasks containing DMEM supple

mented with 10% (v/v) FCS, penicillin (100 lU/ml), streptomycin (100
/jg/ml), and nonessential amino acids. These cells were incubated at
37Â°Cin a humidified atmosphere of 5% CO2. Culture medium was

replaced twice weekly until the cultures became confluent. At the time
of confluence, triplicate cultures were rinsed twice with medium and
incubated at 37Â°Cfor 24 h in 10 ml of DMEM containing 5% FCS,

nonessential amino acids, and BAPN (50 Â¿ig/ml).
The tissue culture supernatants were then used for quantitation of

tropoelastin by an ELISA (described below) and after trypsinization
the cells were pooled and used for extracting total RNA. Because
albumin in the FCS obscured and distorted the tropoelastin band, the
cell cultures, used for SDS-PAGE and Western blotting of the super
natant, were conditioned in DMEM with 0.1% FCS, nonessential
amino acids, and 50 Mg/m' BAPN for 24 h. The medium was removed
and centrifuged at 1000 x g. Protease inhibitors (to final concentrations
of 1 mM phenylmethylsulfonyl fluoride, 5 m.M /V-ethylmaleimide, 25
mM disodium EDTA and 10 mM Â«-aminocaproic acid were added
immediately to the supernatants, which were then dialyzed against
water (4 times against 4 liters for 4 h each) and concentrated by
lyophilization and analyzed. Cells from each 75-cm2 flask were trypsin-

ized and counted.
SDS-PAGE and Immunoblotting of Cell Culture Supernatants. Pro

teins were separated by SDS-PAGE using 10% microslab gels (24).
Electrophoretic transfer of proteins to nitrocellulose (BA85, 0.45 urn:
Schleicher and Schuell. D3354 Dassel, West Germany) was performed
as described by Towbin et al. (25). The nitrocellulose sheet was blocked
with 3% (w/v) nonfat dry milk powder (Diploma, Australia) in 0.02 M
sodium phosphate-0.13 M NaCI, pH 7.4 for 30 min followed by 3
washes in 0.02 M sodium phosphate-0.13 M NaCI, pH 7.4, after which
the sheet was incubated with 1:3000 dilution of horseradish peroxidase-
goat anti-rabbit IgG antibody in the nonfat dry milk-sodium phosphate-
NaCl mixture for 1 h. Color development was performed with 4-chloro-
1-naphthol.

Nonequilibrium Competitive ELISA for the Determination of Tropoe
lastin Production in Cell Culture. Tropoelastin in tissue culture super
natant was monitored by a nonequilibrium competitive ELISA (26).
Briefly, flat-bottomed wells in polystyrene microtiter plates were coated
with porcine tropoelastin (50 ng) in 200 Â¿jlof 20 mM carbonate buffer,
pH 9.6. Porcine tropoelastin was serially diluted in round-bottomed
microtiter plates with PBS-Tween to construct a standard inhibition
curve in the range of 2500-1.2 ng/ml. Rabbit anti-[porcine tropoelastin]
antiserum was added to a final dilution of 1:100 and binding was
continued at 4Â°Covernight. The competition reaction was performed
at 4Â°Cfor 0.5 h with the coating antigen and bound antibody was

reacted with 200 ^1 of a 1:1000 dilution of horseradish peroxidase-goat
anti-rabbit IgG for 1.5 h at 22"C. o-Phenylenediamine substrate was

added and color development was stopped by addition of 8 M sulfuric
acid. The absorbance was read at 490 nm.

Extraction of Total mRNA from Cells in Culture. Total RNA was
extracted from the cultured cells by the method of Chomczynski and
Sacchi (27). Cells grown in 75-cm2 flasks were trypsinized and rinsed

once. An aliquot of cells was counted before the rest of the sample was
lyscd in 1 ml of solution containing 4 M guanidinium thiocyanate-25
mM sodium citrate (pH 7) 0.5% Sarkosyl, 0.1 M 2-mercaptoethanol
(solution D). Total RNA was extracted into the aqueous phase after
the sequential addition and mixing of 0.2 M sodium acetate (pi I 4),
phenol, and chloroform ( 1:0.1:0.2) followed by centrifugation at 10,000
x g for 20 min at 4Â°C.RNA in the aqueous phase was precipitated
with an equal volume of isopropyl alcohol at -20Â°C for 1 h and after

sedimentation of the precipitate and resuspension of the pellet with 0.3
ml solution D. the isopropyl alcohol precipitation was repeated. Fol
lowing this the pellet was washed with 75% cthanol. vacuum dried, and
dissolved in 50 n\ 0.5% SDS at 65Â°Cfor 10 min. This preparation was

used for Northern blot analysis.
Alkaline Northern Hybridization. Total RNA, extracted from cells in

culture, was resolved by formaldehyde/1% agarose gel electrophoresis
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and transferred onto Zeta Probe membrane (Bio-Rad, Australia) by
alkaline blotting in 50 m.MNaOH for 3 h under very light pressure (28,
29). The membranes were briefly rinsed in 2 x SSC, 0.1% SDS and
inserted into heat scalable bags with 100 M'/cnr hybridization solution
(60% deionized formamide, 1 x SSPE, 0.5% nonfat milk powder, 10%
dextran sulfate, 0.5 mg/ml sheared denatured salmon sperm DNA, and
1% SDS) and prehybridized with shaking for 4 h at 60Â°C.Hybridization
was carried out overnight by adding IO7cpm/ml (specific activity, 1 x
10* cpm/Mg) of "P-labeled human elastin cRNA to hybridization so

lution. The elastin cRNA probe was derived from a 1.1-kilobase human
elastin cDNA (a gift from Dr. Joel Rosenbloom) containing the 5' end
of the BamH\ digest of pcHEL2 and devoid of the 3' noncoding region

of the mRNA (30). This cDNA probe was subcloned into pGEM 2
(Promega) vector and [Â«-12P]UTPwas incorporated into antisense RNA

(cRNA) by in vitro transcription with T7 RNA polymerase (Promega).
As a negative control the sense RNA (mRNA) probe, prepared in a
similar manner, was applied to duplicate blots to those used with the
cRNA probe. In addition, the effect of RNase treatment of blots after
hybridization was examined and compared with increased stringency
washes for its effect on nonspecific signal. Posthybridization washes
were performed in 2 x SSC-0.1 % SDS at 22Â°Cfor 2 x 15 min followed
by 2 x 30 min in 0.2 x SSC-1% SDS at 70Â°C.The Zeta Probe

membrane was blotted and exposed to Kodak XAR film for from 2 h
up to 5 days at -70Â°C. The blots were treated with RNase before and

after hybridization.
In Situ Hybridization. The in situ hybridization procedure was essen

tially that described by Cox et al. (31) with modifications to optimize
the specificity of the hybridization reaction.

Preparation of Tissue Sections. Tumor tissues, obtained fresh at
operation, were fixed in 4% buffered paraformaldehyde and embedded
in paraffin wax. Five-^m sections were mounted on slides pretreated
with Elmer's glue [by incubation in 5 x SSC with 1 x Denhardt's

solution (0.02% of each of polyvinylpyrrolidone, bovine serum albumin,
and FicoM) at 68Â°Covernight] and were fixed and washed in acetic

acid:ethanol (1:1) and air dried before use. Sections were deparaffinized
in the clearing agent, Safsolvent (Ajax Chemicals, Australia) and hy-
drated in decreasing ethanol solutions. All sections were pretreated
with 5 Mg/ml proteinase K (Biochemica Merck, Darmstadt, Federal
Republic of Germany) in 100 mivi Tris/50 mM EDTA for 30 min at
37Â°C,prior to hybridization. This was followed by acetylation in

triethanolamine buffer containing acetic anhydride.
Probe Preparation. The elastin cRNA probe used for the in situ

hybridization studies was labeled with [a-35S]UTP. In order to enhance
penetration of probe into the tissue, the fragment length of the 1.1-
kilobase runoff transcripts was adjusted to a mass average of 150 bases
by limited alkaline hydrolysis in 40 mM NaHCO.,/60 miviNa2COi (pH
10.2), at 60Â°Cfor 50 min (31).

Hybridization. Sections were hybridized in a solution containing 50%
deionized formamide, 10% polyethylene glycol 6000, 2 x SSPE, 1%
SDS, 0.5% nonfat milk powder, 50 mM dithiothreitol, 1 mg/ml yeast
tRNA, 0.5 mg/ml autoclaved salmon sperm DNA, and 250,000 cpm
of "S-labeled elastin cRNA/section. Coverslips were placed over sec

tions after 10 M!of hybridization solution were applied on each section
(2x2 mm). Hybridizations were then performed at 52Â°Cfor 18 h in a

chamber, humidified in formamide: 0.5 M sodium phosphate, pH 6.5
(1:1). Posthybridization, low stringency washes were carried out twice
in 50% formamide/2 x SSPE at 52Â°Cfor 5 and 20 min, respectively.

Prior to digestions with RNase A (Sigma) at 50-100 Mg/ml and RNase
T, (Sigma) at 1 Mg/ml in 2 x SSPE, sections were equilibrated in 2 x
SSPE for 5 min at 22Â°C.After 30 min of RNase treatment at 37Â°Cthe

sections were washed in 2 x SSPE followed by high stringency washes
in 0.1 x SSPE at 52Â°Cfor 20 min. Dehydration of the sections was
carried out in 70, 80, and 95% ethanol at 22Â°Cat a duration of 2 min/

step. Sections were then air dried and prepared for autoradiography.
Two or 3 samples were taken from different portions of each cancer or
from each normal breast. From each sample in the series 2-6 step
sections were used for in situ hybridization studies with the elastin
cRNA probe.

Autoradiography. Slides were coated at 42Â°Cin Ilford K5 emulsion

diluted 1:1 with distilled H;O. air dried, and allowed to expose for 5 to

8 days in a light tight box at 4Â°C.Development was carried out in neat

Kodak D-19 for 5 min followed by washing in 1% acetic acid for 1 min
and fixation in Kodak fixer for 3 min at 20Â°C.The sections were stained

in hematoxylin and eosin.
Controls. RNase pretreatment was used to eliminate elastin mRNA

in tissue sections before hybridization with the labeled cRNA probe.
The sense mRNA was labeled by incorporation of [Â«-"SJUTP, by in

vitro transcription with SP6 polymerase, and used as a negative control
probe.

RESULTS

In Situ Hybridization. The cRNA probe generated from the
5' region of the human elastin mRNA was tested for localiza

tion in sections of nuchal ligament and thoracic aorta of a 230-
day bovine fetus and in the thoracic aorta of a 4-year-old boy
who died suddenly from trauma. Specific hybridization was
obtained, with an adequately low level of background staining,
to fibroblasts in nuchal ligament, and to smooth muscle cells
and endothelium in both the bovine and the human thoracic
aorta.

When this probe was applied to the in situ hybridization of
elastin mRNA in invasive ductal breast cancers, a number of
different patterns of localization was observed. In 13 of the 21
breast cancers, one or more cell types was shown to be express
ing the elastin gene. In the remaining 8 cases there was no
significant activity in any cell type with the cRNA probe. The
reaction was comparable to that observed with the control
mRNA probe. Significant cellular localization of elastin mRNA
was demonstrated in stromal fibroblastic cells in 11 cases, in
vascular (venous or capillary) endothelial cells in 7 cases, in
malignant epithelial cells in 5 cases, and in periductal fibro
blastic cells in 3 cases. In 4 cases, 3 in which stromal reactivity
was observed and 1 in which the reactivity was to periductal
fibroblasts, only 1 cell type within the specimen exhibited
elastin gene expression.

The pattern of distribution of elastogenic cells differed in
different tumors. In the 5 cancers in which malignant epithe
lium was elastogenic, the reactive epithelial cells were distrib
uted in groups within the neoplasm. Each of these tumors was
highly cellular and the malignant epithelium was arranged
mainly as solid chords of cells extending into a fibrous stroma
which contained fine elastic fibrils in close apposition to the
cancerous cells (Fig. 1, a and e). It can be seen that not all the
malignant cells within these chords were reactive with the
cRNA probe. The signal was identified in small collections of
the epithelial cells, arranged superficially on the surface of the
chords, in immediate relationship with the adjacent stroma.
Cells deeper within the chords were not reactive (Fig. 1, a and
Â£â€¢).In two cancers reactive cancerous epithelium was identified

in focal areas in which they were intermingling with reactive
fibroblastic cells. Malignant epithelium was never the sole
elastogenic cell in these 5 cancers and either stromal fibroblastic
cells or vascular endothelium were also reactive with the probe.
In each of these 5 tumors, the pattern of reactive elastogenic
cells was reproduced in step sections from the same block. In
addition, these elastogenic cells showed no specific reactivity to
the negative control probe (Fig. \g). The reactive vascular
endothelial cells were usually identified in thick walled veins
which could be distinguished from ducts by the presence within
their lumen of RBC. The wall thickening was due to prolifera
tion of smooth muscle cells and the elastic tissue was confined
to the subendothelial region (data not shown).

When stromal fibroblastic cells were involved, the reactive
cells were widely and diffusely distributed throughout the breast
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cancer sections. In some areas they were concentrically arranged
around an involved duct (Fig. 1, b and d). In others they were
distributed haphazardly within a dense collagenous stroma.
Both patterns could be observed within the same field in some
neoplasms. Again these reactive cells were juxtaposed to fine
elastic fibrils in the elastic tissue stained step sections (Fig. I/).
The patterns were highly reproducible in duplicate or triplicate
serial or step sections from the same block. A step section,
hybridized with the sense probe, exhibited no specific signal
(Fig. 1h). Thicker, denser elastic fibers were rarely found within
the regions where there were reactive cells. This was especially
true of the periductal elastosis, which was observed to varying

degrees in all the samples examined, but in relation to which
elastin gene expression was demonstrated in only 3 tumors.
This finding is consistent with the view that active elastogenesis
was not occurring in the cells of these structures, at the time of
operation. The control, mRNA probe, again showed no specific
hybridization to cells in these regions of the sections.

In the 10 normal breasts examined, only 2 contained cells
which exhibited elastin gene expression. In both cases stromal
cells were involved, but in one of these cases, a 20-year-old
woman who was clearly outside the age spectrum of the breast
cancer group, there was considerable signal in both stromal
fibroblasts and periductal fibroblastic cells (data not shown).
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Normal mammary epithelium was never observed to be active
in elastogenesis. Of the two fibroadenomata examined, one
exhibited strong reactivity with the probe, within fibroblastic
cells spread within the dense collagenous stroma. No other cells
were reactive within these sections (data not shown). Miller's

elastic tissue stain demonstrated very fine elastic fibrils in these
positive zones. Again there was no reactivity with the control
probe in these sections.

SDS-PAGE and Immunoblotting. Attempts to grow malig
nant epithelial cells in primary culture were unsuccessful so
that it was not possible to examine the mechanisms regulating
elastin biosynthesis in these cells. Accordingly attention turned
to breast cancer epithelial cell lines in culture. The cells were
cultured under conditions that had been shown previously to
optimize elastin biosynthesis by nuchal ligament fibroblasts.
When culture medium from these cells was examined by im-
munoblotting with monospecific antiporcine tropoelastin anti
body the cancer epithelial cell lines, including the estrogen
receptor negative cell line, and the myoepithelial cell line, PMC-
42, were all shown to be capable of producing tropoelastin (Fig.
2). The immunoblots revealed a single protein band, with
mobility equivalent to tropoelastin (Mr 70,000). Similar pro
teins were synthesized by 230-day fetal bovine nuchal ligament
cells (fetal fibroblasts) and by fibroblastic cells derived from a
female breast cancer biopsy (breast cancer fibroblasts). Noncon-
ditioned DMEM containing 0.1% PCS did not give any stain
ing. None of the extracts of the cell layers from any of these
cells in culture contained tropoelastin demonstrable by immu-
noblotting. This was to be expected, inasmuch as the cells were
grown in the presence of BAPN which inhibits cross-linking.

Tropoelastin Biosynthesis in Fibroblasts and Breast Cancer
Epithelial Cell Lines. The relative amounts of tropoelastin being
produced in culture by the fibroblasts (fetal fibroblasts and
breast cancer fibroblasts), and the breast cancer epithelial cell
lines was determined by a nonequilibrium competitive ELISA
(Fig. 3). Under the conditions of the experiments, the amounts
of tropoelastin produced in 24 h by IO6fetal fibroblasts and by

breast cancer fibroblasts were 9.02 and 10.8 ng, respectively.
The rate of tropoelastin production by the cancer cells (in ng/
IO6cells/24 h) was significant but was considerably lower than

that of the fibroblastic cells (equivalent to 1.6% to 15% ofthat
synthesized by the nuchal ligament fibroblasts). The results, in
ng/10" cells/24 h, were: MB-231, 1.4; MCF-7, 1.35: T47-D,
0.16; and PMC-42, 0.47. Similar results were obtained when

-2
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-70kDa70kDa - *
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A B D
Fig. 2. Immunoblot analysis of tissue culture supernatants from fibroblasts

and breast cancer cell lines with antiporcine tropoelastin antisera. (A) MDA-MB-
231; (B) MCF-7: (O T47-D; (D) PMC-42; (E) fetal fibroblasts; (F) breast cancer
fibroblasts; (G) nonconditioned medium containing 0.1 % FCS. Molecular weight
markers (M,): I. myosin (205.000); 2, /i-galactosidasc ( 116,000); 3, phosphorylase
h (97.000); 4, ovalbumin (45.000); 5, carbonic anhydrase (29.000). The M, 70,000
(kl)a) marker shows the position of tropoelastin.
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Fig. 3. Relative rates of tropoelastin production by fetal fibroblasts (FNLF),
breast cancer fibroblasts (BRCAF), and breast cancer cells. Conditioned medium
obtained from cultures was assayed in triplicate for tropoelastin by nonequilibrium
competitive ELISA. Aars, SD.

28S-

1 8S-

-28S-

-18S-

-28S

18S

12 3456 3456 3456

Fig. 4. Expression of elastin gene in fibroblasts and in human breast cancer
cell lines. Total RNA (10 <jg) was separated on agarose/formaldehyde gels.
Alkaline Northern blots were hybridized with the l.l-kilobase runoff transcripts
of 32P-labeled elastin cRNA probe. Lane 1, fetal fibroblasts; Lane 2. breast cancer
fibroblasts; Lane 3. MDA-MB-231; Lane 4, MCF-7; Lane 5, T47-D: Lane 6,
PMC-42. Autoradiographs were exposed for 1 day (A and B) and for 4 days (O-
The 24S band at â€”¿�Â»is elastin mRNA (3.5 kilobases). D, appearance of a similar
ethidium bromide stained gel prior to transfer.

the experiments were repeated with a different batch of FCS.
In other experiments under identical culture conditions, ex
tracts of the cell layer of both the fibroblasts and the cancer cell
lines contained only negligible amounts of tropoelastin by
ELISA, confirming the results of the immunoblots.

Northern Blot Analysis. Under the alkaline conditions used
(28), transfer of total RNA to Zeta Probe was apparently
complete, inasmuch as no residual ethidium bromide staining
was present in the gels after blotting. Also, under these condi
tions, the binding of RNA to Zeta Probe is covalent rather than
ionic, enabling higher sensitivity of detection. Using a cRNA
probe (generated from the translatable region of human elastin
mRNA) a 3.5-kilobase (24S) hybridizing species was demon
strated in total RNA extracted from fibroblasts cultured from
the 230-day fetal nuchal ligament and from the breast cancer
stroma. Both types of fibroblasts had comparable levels of
elastin mRNA (Fig. 4A). Adequate visualization of elastin
mRNA in the cancer cells, however, required exposure of the
autoradiographs for up to 4 days (Fig. 4, B and C). These
findings indicate that there were significantly lower levels of
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elastin mRNA in the breast cancer cells. The 28S and 18S
rRNA in preparations of total RNA from the breast cancer cell
lines exhibited unusually strong interactions with the 12P-la-

beled cRNA probe. These were seen only with the cancer cell
lines and could be reduced greatly by the use of very high
stringency wash conditions (to 0.05 x SSC/0.5% SDS at 80"C).

However, hybridizing RNA species, below the 28S RNA and
fusing with the 24S RNA, as well as in the region between the
18S and 24S RNA, persisted in the cancer cell lines. Prolonged
autoradiographic exposure of the blots highlighted these fea
tures (Fig. 4Q. When the blots were hybridized with the cRNA
elastin probe and then subjected to digestion with RNase, these
persisting RNA bands were unaffected. It may be concluded
that they are indicative of specifically hybridizing RNA. The
sense RNA probe did not show any hybridization signals.
Examination of the ethidium bromide stained gel showed that
there was no obvious degradation of the 28S and 18S rRNA
(Fig. 4D). The persisting, specifically reacting, smaller RNA
molecules thus appear to represent degradation products of
elastin mRNA in the cancer cells rather than breakdown prod
ucts derived from the 28S and 18S rRNA.

DISCUSSION

Before embarking on a detailed study of the distribution of
elastin mRNA in breast lesions, we examined in vitro the
mechanisms that govern elastin biosynthesis by the neoplastic
cells. In particular, the aim was to determine whether these
cells were capable of secreting normal tropoelastin and whether
mRNA levels in the cells reflected their elastin biosynthetic
activity. Attempts to study elastin biosynthesis in breast cancer
epithelial cells were frustated by our inability to expand, from
breast cancers, cultures of pure populations of malignant epi
thelial cells. We therefore studied a range of human breast
cancer cell lines as well as fibroblasts derived from breast cancer
stroma. Each of the breast cancer epithelial cell lines tested and
the breast cancer stromal fibroblasts were shown to produce
immunoreactive tropoelastin, of the same molecular size as that
produced by normal elastogenic cells. This was true of the three
lines of estrogen receptor positive and one line of estrogen
receptor negative cells. The PMC 42 cells, an estrogen receptor
positive stem cell line derived from a human breast cancer and
considered to be of myoepithelial cell origin (21), also produced
tropoelastin, which had similar properties.

These experiments thus provide the first reported evidence
for the secretion of immunoreactive tropoelastin by breast
cancer epithelial cell lines in vitro. They confirm and extend
the observations of Kao et ai. (10) who showed that another
cell line (ZR75-1, isolated from a pleural effusion secondary to
breast cancer) made small amounts of elastin in cell culture.
Because elastin production was determined in their experiments
by the levels of the dipeptide valyl proline in partial hydrolysates
of the unfractionated culture medium, the molecular size of the
elastin molecules and their immunoreactivity were not deter
mined. In their studies, as here, stromal fibroblasts were much
more actively elastogenic than the cancer cell lines, under the
conditions of the experiment.

The relatively small amounts of tropoelastin synthesized by
the breast cancer cell lines in our experiments may not be
representative of the biosynthetic capability of these cells in
vivo, because the culture conditions used were those giving
optimal elastogenesis in the standard nuchal ligament fibro
blasts. Maximizing elastin synthesis in the breast cancer cell
lines was less of a concern than was examination of the rela

tionships between elastin production and the levels of elastin
mRNA in these cells. The breast cancer epithelial cell lines
studied had, however, undergone many passages prior to these
experiments. This may well have reduced their ability to pro
duce elast in, inasmuch as phenotypic loss of elast in gene expres
sion has been observed in late passage fibroblasts (32). Gene
expression in breast cancer epithelial cell lines in culture has
also been noted to alter with repeated passage (33).

Studies in the developing chick aorta (34) and in sheep nuchal
ligament (35) have shown that the rate of elastin synthesis is
normally controlled by the elastin mRNA level. Our findings
for bovine nuchal ligament fibroblasts are consistent with these
observations in that the elastin mRNA levels of these cells were
proportional to the rates of secretion of tropoelastin into their
tissue culture supernatant (Figs. 2 and 3). Similarly in 3 of the
4 breast cancer cell lines the amounts of elastin mRNA corre
lated with the levels of tropoelastin produced by these cells.
The findings suggest that, in most cases, elastin biosynthesis in
breast cancer stromal fibroblasts and in breast cancer epithelial
cell lines is probably controlled by regulatory mechanisms sim
ilar to those operating in normal elastogenic fibroblasts.

There are other factors that may have influenced these results.
Rapid turnover of elastin mRNA may occur in malignant
epithelial cells and this could affect rates of elastin synthesis.
Cicila et ai. (36) have observed breakdown products of mRNA
in fibroblasts in culture but there was no evidence of such
changes in any of our fibroblastic cells. There was evidence of
small amounts of apparent degradation of elastin mRNA in the
cancer cell lines, in which persisting specific hybridization was
observed in all cases in the region between the 18S and 24S
RNA fractions (as shown in Fig. 4C). Despite the observation
of specific signal in mRNA species larger than 24S in the cancer
cells (Fig. 4C), no tropoelastin species larger than standard
tropoelastin was observed in the immunoblots from their cul
ture medium (Fig. 2).

Another factor that could affect the observed relationship
between tropoelastin synthesis and mRNA content of cells is
elastolysis of the tropoelastin. Breast cancer cells have been
reported to have 10- to 30-fold higher elastase activity than did
fibroblasts in culture (37) and this may have influenced the
lower levels of tropoelastin found in the conditioned medium
from our breast cancer epithelial cells. However, in these ex
periments, the immunoblots of the tropoelastin gave only a
single band and there was no evidence of smaller tropoelastin
peptides. In tropoelastin preparations, isolated from tissues,
immunoreactive peptides are observed with this particular anti-
elastin antibody.4 Thus, it can be concluded that breast cancer

epithelial cell lines can synthesize normal tropoelastin and that
this process appears to be regulated in a manner similar to that
in normal fibroblastic cells. The finding that the myoepithelial
cell line was also capable of elastin biosynthesis under the
conditions of the experiment is of interest because these cells
are present in a number of other organs in which neoplasms
exhibit elastosis, including salivary gland, colon, and stomach,
and myoepithelial cells have been identified as the likely source
of elastosis in salivary tumors (38).

The in situ hybridization data presented here indicate that in
some invasive ductal cancers, stromal cells are the source of the
elastotic material, while in others the malignant epithelial cells
are responsible. The fact that, in the latter instance, elastin
mRNA was demonstrable only in small groups of cells at the
periphery of the invading cellular chords suggests that interac-

4 Unpublished data.
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lion between the extracellular matrix of the breast and the cells
of the invading tumor may be responsible for "turning on"

elastin synthesis in the tumor cells. Either direct physical inter
action between the cancer cells and the matrix or local produc
tion of a soluble factor by adjacent cells could be responsible
for the phenotypic changes in these cancer cells.

There have been many studies in recent times that have
pointed to the role of the interaction between cells and the
extracellular matrix in modulating the secretory activities of
the cells. The factors involved have included the shape of the
cells and the three dimensional architecture or structure of the
matrix (39, 40), which has also been shown to influence both
the serum dependence for growth of mammary cancer epithelial
cell lines and their capability to react with hormones and growth
factors (41,42).

In 4 of the 21 breast cancers examined, the sole elastogenic
cells identified were stromal fibroblastic cells. However, because
only a portion of each tumor was analyzed in these experiments,
it cannot be concluded that this is true for the rest of the tumor.
Giri et al. (43) have recently reported that there are intratumoral
variations in elastosis in invasive ductal breast cancers, and
clearly sampling will influence the results. Again the mechanism
by which elastin gene expression is activated in these cells is
not clear. There is evidence that elastin synthesis by fibroblasts
is stimulated by contact with components of the extracellular
matrix of breast cancers and a start has been made to examine
the interaction of breast cancer cell lines with elements of
normal and cancerous matrices (10). These workers showed
that fibroblasts increased elastin synthesis when grown on a
matrix preformed by breast cancer cells but there was no
increase in the small amounts of elastin synthesized by breast
cancer epithelial cell lines grown in this system. Neither fibro
blasts nor epithelial cells responded to the addition of steroid
hormones to the cultures in those experiments.

Our preliminary study of in situ hybridization of elastin
mRNA in 21 breast cancers has had to be carried out on a
selection of larger cancers and to be limited to portions of the
tumors at this stage. The data thus cannot be considered to be
representative of the true relative frequencies of particular
observations in breast cancers overall. However, within these
limitations, the findings suggest that the elastogenic cells are
most commonly stromal fibroblastic cells. They also indicate
that in most cancers in which active elastogenesis could be
demonstrated, two or more cell types were involved in this
process. These included the vascular endothelium, the malig
nant epithelium, and stromal or periductal fibroblastic cells. It
has not been possible in this study to determine whether these
latter cells were fibroblasts or myofibroblasts. In 8 cancers in
which significant elastic tissue was demonstrated, especially
periductally, no elastogenic activity was demonstrated in cells
of the tumors. This elastic material had presumably been ac
cumulated previously or was being synthesized at a very low
rate.

The most striking observation in this study has been the
demonstration of elastogenic activity of the breast cancer epi
thelium in a significant number of cases. The patchy distribu
tion of elastogenically active cells within the tumor and their
location focally at the interface between invasive tumor chords
and the stroma in several cases suggests that cell-matrix inter
actions are involved in "turning on" elastogenesis within the

malignant epithelium. The relatively high incidence of reactive
endothelial cells within these cancers gives support to the
possibility that a humoral elastogenic factor is released into the

stroma and thus enters the venous circulation draining the
lesion.

As noted above, there are conflicting reports concerning the
prognostic significance of elastosis in invasive ductal breast
cancer. Some of these differences may be due to the fact that
some studies have examined the role of periductal elastosis
while others have studied stromal or total elastin in the breast
cancer itself. It is clear from our data that these two processes
are likely to have different significances, dependent on which
cells are responsible for their production and what mechanisms
are responsible for regulating these reactions. It is also impor
tant to note that a distinction will likely have to be made
between recently synthesized elastic tissue and that which has
been present for prolonged periods.

These observations are being tested in a larger study now in
progress in which attempts are also being made to relate the
cellular origin of the elastin and the cellular distribution pattern
to prognosis. What determines which cells make the elastin and
what "turns on" elastin synthesis in these cells will obviously

be a multifactorial process. Cell-matrix interactions are likely
to be a factor. Whether there are soluble factors involved and
what role the myoepithelial cells may have has yet to be ex
plored. It is already clear that the elastotic material will not all
be of the same age, because in concurrent ultrastructural studies
we have observed a wide range of morphologies of elastic tissue
elements in different regions within a single breast cancer (44).

The experiments reported herein establish that in situ hybrid
ization, in breast cancer epithelium, of elastin mRNA is as
specifically indicative of elastin biosynthesis by those cells as is
such hybridization in normal cells. While acknowledging that
elastosis in breast cancers may prove not to be significant
prognostically, the apparently conflicting data concerning this
parameter may be clarified by subclassifying these cancers ac
cording to the cellular origin of the elastin in different parts of
the tumor.
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