Vol. 5, 1041-1056, May 1999

Clinical Cancer Researct041

Vascular Stroma Formation in Carcinoma in Situ, Invasive
Carcinoma, and Metastatic Carcinoma of the Breast

Lawrence F. Brown? Anthony J. Guidi,
Stuart J. Schnitt, Livingston Van De Water,
Maria Luisa lruela-Arispe, Tet-Kin Yeo,
Kathi Tognazzi, and Harold F. Dvorak

stroma in which they grow. We conclude that a distinct

pattern of mMRNA expression characterizes the generation of
vascular stroma in breast cancer and that the formation of

vascular stroma may play a role not only in growth of the

primary tumor but also in invasion and metastasis.
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ABSTRACT

The generation of vascular stroma is essential for solid
tumor growth and involves stimulatory and inhibiting fac-
tors as well as stromal components that regulate functions
such as cellular adhesion, migration, and gene expression. In
an effort to obtain a more integrated understanding of
vascular stroma formation in breast carcinoma, we exam-
ined expression of the angiogenic factor vascular permeabil-
ity factor (VPF)/vascular endothelial growth factor (VEGF);
the VPF/VEGF receptors flt-1 and KDR; throm-
bospondin-1, which has been reported to inhibit angiogene-
sis; and the stromal components collagen type |, total fi-
bronectin, ED-A+ fibronectin, versican, and decorin by
mRNA in situ hybridization on frozen sections of 113 blocks
of breast tissue from 68 patients including 28 sections of
breast tissue without malignancy, 18 within situ carcinomas,
56 with invasive carcinomas, and 8 with metastatic carcino-
mas. A characteristic expression profile emerged that was
remarkably similar in invasive carcinoma, carcinoma in
situ, and metastatic carcinoma, with the following charac-
teristics: strong tumor cell expression of VPF/VEGF; strong
endothelial cell expression of VPF/VEGF receptors; strong
expression of thrombospondin-1 by stromal cells and occa-
sionally by tumor cells; and strong stromal cell expression of
collagen type |, total fibronectin, ED-A+ fibronectin, versi-
can, and decorin. The formation of vascular stroma pre-
ceded invasion, raising the possibility that tumor cells invade
not into normal breast stroma but rather into a richly
vascular stroma that they have induced. Similarly, tumor
cells at sites of metastasis appear to induce the vascular
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INTRODUCTION

Generation of vascular stroma is an essential feature of
solid tumor growth and is, indeed, necessary if tumors are to
grow beyond a minimal size (1). A correlation between micro-
vascular density and prognosis has been reported in breast
cancer (2, 3). The formation of vascular stroma in breast cancer
and other malignancies involves complex interactions among a
variety of cell types including tumor cells, endothelial cells, and
stromal cells, and there is a balance between factors that en-
hance and factors that inhibit angiogenesis. Stromal components
also play a critical and often underappreciated role in the for-
mation of vascular stroma through the regulation of functions
such as cell adhesion, migration, and gene expression and by
controlling the availability of growth factors (4—7). Much of the
published research on vascular stroma formation has focused on
the expression of growth factors that promote the process, but
far less has been published on inhibiting factors and stromal
components.

In an effort to obtain a more integrated understanding of
vascular stroma formation in breast carcinoma, we examined
mRNA expression by ISBon consecutive frozen sections from
113 blocks of breast tissue from 68 patients. We studied normal
breast tissue, benign proliferative lesions, healing biopsy sites,
in situ carcinomas, invasive carcinomas, and metastatic carci-
nomas. We examined expression of mRNAs for the angiogenic
factor VPF/VEGF and its receptors flt-1 (VEGFR-1) and KDR
(VEGFR-2), which have been reported to be up-regulated in a
number of human cancers, including breast cancer (for review,
see Ref. 8). We also studied expression of TSP-1, which has
been reported to have antiangiogenic properties in a variety of
systems (9-11). We also studied the stromal components col-
lagen type |, total fibronectin, and ED-Afibronectin (a spliced
variant of fibronectin strongly expressed in embryonic develop-
ment). Fibronectins may play an important role in vascular
stroma formation because they have been reported to be essen-
tial for heart and blood vessel morphogenesis (12), to be che-
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can. Decorin has been reported to bind growth factors (16, 17)iehydrated through graded alcohols containing @.ammo-
and also to decrease cell proliferation through up-regulation ohium acetate, dried, coated with Kodak NTB 2 emulsion, and
p21 (18). All tissues studied had been freshly collected andstored in the dark at 4°C for 2 weeks. The emulsion was
optimally prepared for mRNA ISH. Although some of these developed with Kodak D19 developer, and the slides were
components have been studied individually in breast cancegounterstained with hematoxylin. Antisense 204-bp single-
they have not previously been investigated in an integratedstranded®S-labeled VPF/VEGF RNA probe and its sense con-
manner. trol were designed by B. Berse (Beth Israel Deaconess Medical
Center, Boston, MA) and have been described previously (21).
The antisense probe hybridizes specifically with a region of
MATERIALS AND METHODS VPF/VEGF mRNA common to all known VPF/VEGF splicing
Study Material. One hundred thirteen blocks of breast variants.3°S-labeled single-stranded antisense probes targeted
tissue from 68 patients were studied. H&E-stained sections wer& the kinase insert regions and sense RNA probes for the
reviewed by two pathologists (L. F. B. and S.J. S.). InvasiveVPF/VEGF receptors flt-1 (225 bp) and KDR (209 bp) were
andin situ carcinomas were typed and graded according to thedesigned by R.W. Jackman (Beth Israel Deaconess Medical
Elston and Ellis modification of the Bloom and Richardson Center, Boston, MA) and have been described previously (22).
system (19). Probes for total fibronectin (270 bp; reacts with all forms of
Twenty-one blocks of normal breast tissue, 2 healing bi-fibronectin) and ED-A- fibronectin (213 bp; specific to the
opsy sites, and 5 benign ductal proliferative lesions were examED-A domain; Ref. 20) and collagen type 1 (600 bp; Ref. 23)
ined. These sections were taken from the specimens with tumorsave also been described previously. The probe for TSP-1 was
but in areas well away from the tumor, and the absence of tumo854 bp long and targeted to théénd of the coding region. The
in these sections was confirmed microscopically. probe for versican was 241 bp long, and the probe for decorin
Invasive carcinoma was studied in 56 cases, including 43vas 277 bp long.
invasive ductal carcinomas. Twenty-four of the invasive ductal Expression of mRNA for stromal elements (collagen, total
carcinomas were grade lll, 18 were grade Il, and 1 was grade [fibronectin, ED-A+ fibronectin, versican, and decorin) was
Eight invasive carcinomas with mixed ductal and lobular fea-often intense and was classified as strong if silver grains were
tures, two cases of invasive lobular carcinoma, and three casasbvious at low power (final magnificationx40 under the
of invasive mucinous carcinoma were also studied. The meamicroscope), moderate if expression was not obvious under low
age of patients with invasive carcinoma was 59.3 years (rangegower but could be easily detected under intermediate power
28-97 years). The mean tumor diameter was 3.1 cm (rang€x100), and low if expression could only be detected under high
1.0-7.0 cm). Thirty-five patients were estrogen receptor posipower (X400). VPF/VEGF mRNA was expressed at much
tive. Eighteen patients had metastases to axillary lymph nodedower levels than mRNAs of stromal elements, and therefore,
Twenty patients had identifiable lymphatic invasion. actual grain counts were performed over tumor cells. VPF/
DCIS was studied in 18 cases, LCIS was studied in 3 casesYEGF mRNA expression was rated as stroxe2(Q grains per
metastatic carcinoma was studied in lymph nodes in 8 cases, ar@tll), moderate (10—20 grains per cell), or low10 grains per
extensive carcinoma in dermal lymphatics was studied in 1 casecell). Expression of VPF/VEGF receptors was even less intense
ISH. Thin (2-mm) slices of fresh breast tissue were fixed and was graded as either stromg(grains per cell) or low<5
in 4% paraformaldehyde in PBS, pH 7.4 (PBS), for 2—4 h atgrains per cell). All slides were exposed for 2 weeks before
4°C, transferred to 30% sucrose in PBS overnight at 4°C, frozerlevelopment.
in OCT compound (Miles Diagnostics, Elkhart, IN), and stored Immunohistochemistry. Staining for factor Vlll-related
at —70°C. antigen was performed with a rabbit polyclonal antibody (Dako
ISH was performed on pin frozen sections with 10 Corporation, Carpinteria, CA) at a dilution of 1:250, after pre-
probes in most cases: VPF/VEGF, flt-1 (VEGFR-1), KDR digestion with pepsin, using the peroxidase-antiperoxidase tech-
(VEGFR-2), TSP-1, collagen type |, total fibronectin, ED-A  nique and diaminobenzidine as the chromogen.
fibronectin, decorin, versican, and a sense control probe. In a
few cases, the amount of tissue was insufficient for study with
all probes. The precise number of cases studied with each prolBESULTS
is detailed in “Results.” Breast Tissue without Malignancy
Details of ISH have been published previously (20). Sections of breast tissue without malignancy were studied
Briefly, slides were passed through G12HCI-Tris-EDTA with in 28 patients. In 21 of these cases, no significant pathology was
1 pg/ml proteinase K, 0.2% glycine, 4% paraformaldehyde indetected in the histological sections (H&E-stained section Fig.
PBS (pH 7.4), 0.1m triethanolamine containing 1:200 (v/v) 1a). Of the remaining seven cases, two contained a healing
acetic anhydride, and? SSC. Slides were hybridized overnight biopsy site that was 1-2 weeks old and five contained benign
at 50°C with3°S-labeled riboprobes in the following mixture: proliferative lesions with intraductal hyperplasia and variable
0.3m NaCl, 0.01mv Tris (pH 7.6), 5 nm EDTA, 50% formamide,  surrounding inflammatory and stromal changes.
10% dextran sulfate, 0.1 mg/ml yeast tRNA, and OMODTT. In normal breast tissue (Table 1), expression of VPF/VEGF
Posthybridization washes includek2SSC, 50% formamide, mRNA by epithelial cells was low in nearly all cases (Figa2,
and 10 nm DTT at 50°C; 4X SSC, 10 nu Tris, and 1 nw EDTA andb). Expression of VPF/VEGF receptors in endothelial cells
with 20 ng/ml RNase A at 37°C; and®2 SSC, 50% formamide, was low in nearly all cases (Fig. 8, andb). TSP-1 mRNA was
and 10 nm DTT at 65°C; and X SSC. Slides were then expressed in three locations in normal breast tissue: stromal
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Fig. 1 H&E-stained sections of normal breast tissue (a), infiltrating ductal carcinoma (b), DCIS (d), metastatic carcinoma in a lymph node (f), and

carcinoma in a dermal lymphatic spatg.(Factor VIl immunostaining highlights the increased number of small vessels in invasive ductal carcinoma
(c), imming DCIS ¢), and in metastatic carcinoma in a lymph nodg $cale bars, 5q.m.
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Table 1 Results of ISH

. Normal breast tissue Invasive ductal carcinoma
Tissue mRNA
expression Strong Moderate Low Strong Moderate Low P
Stromal cells
Collagen-type | 4 6 5 37 0 0 0.007
Fibronectin 0 3 16 35 0 0 =0.001
ED-A + fibronectin 0 0 18 37 4 0 =0.001
Decorin 16 4 1 35 7 0 0.3
Versican 0 1 16 15 24 1 =0.001
TSP-1 2 13 4 40 1 0 0.008
Epithelial cells
VPF/VEGF 0 1 18 23 12 7 =0.001
TSP-1 3 14 2 4 23 13 0.1
Endothelial cells
fit-1 (VEGFR-1) 0 14 35 1 =0.001
KDR (VEGFR-2) 2 12 38 0 =0.001

2 Fisher exact test comparing normal breast tissue to invasive ductal carcinoma (strong or moderate exgréssi@xpression).

cells, ducts, and lobules (by both epithelial and myoepithelialerate in two cases and low in three. Stromal cell expression of
cells), and in the blood vessels (Fig. &,and b). Epithelial  decorin was strong in four cases and moderate in one, whereas
expression was moderate in most cases and often very focalersican expression was moderate in three cases and low in two.
with some cells in a duct expressing significant levels of TSP-1
mRNA and no expression in immediately adjacent cells. Inlnvasive Carcinoma
some cases, expression was predominantly seen in epithelial Invasive carcinoma was studied in 56 cases, including 43
cells, whereas in other cases, expression was predominantlyases of infiltrating ductal carcinoma (24 grade Ill, 18 grade II,
seen in myoepithelial cells. Expression of TSP-1 mRNA in and one grade |; Table 1; H&E stain, Fido;Factor Vlli-related
blood vessels and stromal fibroblasts was moderate in mosintigen immunostain, Fig. 1c), 8 cases with mixed ductal and
cases. Collagen type | MRNA was variably expressed by stromdbbular features, 2 cases of infiltrating lobular carcinoma, and 3
cells in normal breast tissue (Fig. #andb). Total fibronectin  cases of mucinous carcinoma.
MRNA expression by stromal cells in normal breast tissue was  Infiltrating Ductal Carcinoma. No clear differences
much less prominent than that of type | collagen and almost allvere seen in mMRNA expression between the three grades of
cases had only low expression (Fig. & and b). ED-A+ infiltrating ductal carcinoma, and the cases are described as a
fibronectin mRNA expression by stromal cells was even lessgroup (Table 1). However, only one case of grade | infiltrating
prominent (Fig. 7a andb), with all cases of normal breast tissue ductal carcinoma was studied, and therefore, generalizations on
showing only focal low expression. Decorin was the mostgrade | tumors are not possible.
strongly expressed stromal cell mMRNA in normal breast tissue  VPF/VEGF mRNA expression by tumor cells was strong
(Fig. 8,a andb), with strong expression in most cases. Versicanin more than half of cases (Fig. 2,andd) and moderate in an
expression by stromal cells was low level in nearly all casesadditional 12 cases. VPF/VEGF receptor mMRNA expression was
(Fig. 9,a andb). strong focally in all cases (Fig. 8,andd). Expression of TSP-1

In both cases of healing biopsy site studied, VPF/VEGFmMRNA by stromal cells was strong in nearly all cases (Fig: 4,
MRNA expression was moderate in epithelial cells, whereasandd), whereas expression of TSP-1 by tumor cells was vari-
expression of VPF/VEGF receptors by endothelial cells wasable. Strong stromal cell expression of collagen (Fig.&ndd),
strong. Stromal expression of TSP-1 was strong in both casesotal fibronectin (Fig. 6¢ andd), ED-A+ fibronectin (Fig. 7.c
and epithelial TSP-1 expression was strong in one case andndd), and decorin (Fig. & andd) mMRNAs was seen in nearly
moderate in the other. Stromal cell expression of collagen typall cases. Versican expression was more variable (Fig.a8d
I, total fibronectin, ED-A+ fibronectin, and decorin mRNAs d), with strong expression in 15 cases, moderate expression in
was strong in both cases. Stromal cell expression of versica@4 cases, and low expression in 2 cases.

MRNA was strong in one case and moderate in the other. Invasive Lobular Carcinoma and Invasive Carcinomas
Expression patterns were more variable in the five cases ofvith Mixed Ductal and Lobular Features. Two cases of
benign proliferative lesions studied. Epithelial VPF/VEGF ex- classic invasive lobular carcinoma were studied. In one case, the
pression was moderate in one case and low in four casegattern was very different from that of invasive ductal carci-
Expression of VPF/VEGF receptor mMRNAs by endothelial cellsnoma, with low expression of VPF/VEGF and its receptors,

was strong in four cases and low in one case. Both stromal cellTSP-1, collagen, total fibronectin, ED-Afibronectin, and ver-
and epithelial expression of TSP-1 mRNA were strong in twosican mRNAs, and moderate expression of decorin.

cases and moderate in three. All cases showed strong expression The profile of the second case more closely resembled that of
of collagen type 1 mRNA by stromal cells. Stromal cell expres-invasive ductal carcinoma, with moderate expression of VPF/
sion of total fibronectin was strong in one case and moderate iIVEGF and strong expression of VEGF receptors. TSP-1 was
the others, whereas expression of EB-Aibronectin was mod-  strongly expressed by the stromal cells but not the tumor cells.
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Fig.2 ISH for VPF/VEGF
mRNA. Bright-field and corre-
sponding dark-field photomicro-
graphs of normal breast tissue (a
and b), invasive ductal carci-
noma (candd), DCIS (eandf),
metastatic carcinoma in a lymph
node (gandh), and carcinoma in
a dermal lymphatic space &nd
j). Scale bars, 5Q.m.
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Fig.3 ISH for flt-1 mRNA.
Bright-field and corresponding
dark-field photomicrographs of
normal breast tissuea(and b)
showing no distinct expression
by endothelial cells, invasive
ductal carcinoma (@ndd) with
strong expression by endothelial
cells in small vessels, DCIS (e
andf) with strong expression by
endothelial cells in small vessels
immediately adjacent to the
DCIS, metastatic carcinoma in a
lymph node (gandh) with strong
expression by endothelial cells in
small vessels between tumor
cells, and carcinoma in a dermal
lymphatic space (iand j) with
strong expression by endothelial
cells lining small vessels imme-
diately adjacent to the lymphatic
space Scale bars, 5Q.m.
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Fig. 4 ISH for TSP-1 mRNA.
Bright-field and corresponding
dark-field photomicrographs of
normal breast tissuea(and b)
showing strong expression by
epithelial cells at center, endo-
thelial cells at lower right and
scattered stromal cells; invasive
ductal carcinoma (endd) with
strong expression by stromal
cells; DCIS g andf) with strong
expression by myoepithelial
cells and surrounding stromal
cells; metastatic carcinoma in a
lymph node ¢ and h) with
strong expression by stromal
cells between tumor cells; and
carcinoma in a dermal lym-
phatic space (iand j) with
strong expression by stromal
cells adjacent to the lymphatic
space Scale bars, 5Q.m.

Downloaded from clincancerres.aacrjournals.org on March 5, 2019. © 1999 American Association for Cancer

Research.


http://clincancerres.aacrjournals.org/

1048Vascular Stroma in Breast Cancer

L1
i

e 2
&
" ‘.‘&
¥
e
o
-,
o i
2 ».
L ¥
s
‘I *
e

Fig. 5 ISH for collagen type |
mRNA. Bright-field and corre-
sponding dark-field photomi-
crographs of normal breast tis-
sue @ andb) showing moderate
expression by stromal cells, in-
vasive ductal carcinoma @nd
d) with strong expression by
stromal cells, DCIS € and f)
with strong expression by stro-
mal cells rimming the DCIS,
metastatic carcinoma in a lymph
node (gandh) with strong ex-
pression by stromal cells be-
tween the tumor cells, and car-
cinoma in a dermal lymphatic
space i( andj) with strong ex-
pression by stromal cells adja-
cent to the lymphatic space.
Scale bars, 5qum.
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Fig. 6 ISH for total fibronectin
mRNA. Bright-field and corre-
sponding dark-field photomicro-
graphs of normal breast tissue (
and b) showing no significant
expression by stromal cells, in-
vasive ductal carcinomac(and
d) with strong expression by
stromal cells, DCIS € and f)
with strong expression by stro-
mal cells rimming the DCIS,
metastatic carcinoma in a lymph
node (gandh) with strong ex-
pression by stromal cells be-
tween the tumor cells, and carci-
noma in a dermal lymphatic
space (iandj) with strong ex-
pression by stromal cells adja-
cent to the lymphatic space.
Scale bars, 5Q.m.
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Fig.7 ISH for ED-A+ fi-
bronectin mRNA. Bright-field
and corresponding dark-field
photomicrographs of normal
breast tissuea(andb) showing
no significant expression by
stromal cells, invasive ductal
carcinoma (@ndd) with strong
expression by stromal cells,
DCIS (eandf) with strong ex-
pression by stromal cells rim-
ming the DCIS, metastatic car-
cinoma in a lymph node (gnd
h) with strong expression by
stromal cells between the tumor
cells, and carcinoma in a dermal
lymphatic space (andj) with
strong expression by stromal
cells adjacent to the lymphatic
space Scale bars, 5Q.m.
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Fig. 8 ISH for decorin mRNA.
Bright-field and corresponding
dark-field photomicrographs of
normal breast tissuea(and b)
showing strong expression by
stromal cells, invasive ductal car-
cinoma (candd) with strong ex-
pression by stromal cells, DCIS
(e andf) with strong expression
by stromal cells that appears fur-
ther increased in stromal cells
rimming the DCIS, and meta-
static carcinoma in a lymph node
(g andh) with strong expression
by stromal cells between the tu-
mor cells.Scale bars, 5qum.

There was strong expression of collagen, total fibronectin, ED-A versican, five moderate and two low; flt-1, six strong and one
fibronectin, and decorin and moderate expression of versican. low; and KDR, six strong and one low.

Eight cases of invasive carcinoma with mixed ductal and Mucinous Carcinoma. Three cases of mucinous carci-
lobular features were studied. The pattern of MRNA expressiomoma were studied. The mRNA expression patterns were similar to
was similar to that seen in invasive ductal carcinoma: VPF/those seen in invasive ductal carcinoma: VPF/VEGF, one moderate
VEGF, five moderate and two low; stromal cell TSP-1, four and two low; flt-1, two strong; KDR, two strong; stromal cell
strong and three moderate; tumor cell TSP-1, one strong, fouf SP-1, three strong; and tumor cell TSP-1, one strong, one mod-
moderate, and two low; collagen, eight strong; total fibronectin,erate, and one low; collagen, two strong; total fibronectin, three
six strong and two moderate; ED+Afibronectin, seven strong strong; ED-At+ fibronectin, two strong and one moderate; decorin,
and one moderate; decorin, seven strong and one moderattiree strong; and versican, two moderate.
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Fig.9 ISH for  versican
mRNA. Bright-field and corre-
sponding dark-field photomi-
crographs of normal breast tis-
sue (a and b) showing no
significant expression by stro-
mal cells, invasive ductal carci-
noma (candd) with strong ex-
pression by stromal cells, DCIS
(e andf) with strong expression
by stromal cells rimming the
DCIS, metastatic carcinoma in a
lymph node ¢ and h) with
strong expression by stromal
cells between the tumor cells,
and carcinoma in a dermal lym-
phatic space (iand j) with
strong expression by stromal
cells adjacent to the lymphatic
space Scale bars, 5Q.m.
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In Situ Carcinoma MRNA expression were remarkably similar to those seen in
DCIS. Eighteen patients had evaluable DCIS (H&E invasive breast carcinomas at the primary site: VPF/VEGF,
stain, Fig. 1d; Factor VllI-related antigen stain, Fig. 1e). Four-three strong, four moderate, and one low (Fig.g2and h);
teen of these patients had invasive carcinoma, and 4 had DCISPF/VEGF receptors, strong in endothelial cells in all cases
only. In cases that contained a mixtureinfsitu and invasive  (Fig. 3,9 andh); stromal TSP-1, five strong and one moderate
carcinoma, labeling was considered to be associated with th€-ig. 4, g andh); tumor cell expression of TSP-1, one strong,
DCIS only if it clearly stood out from the labeling seen in the three moderate, and two low; collagen type I, all strong (Fig. 5,
invasive component on the slide. Eleven of the 18 DCIS caseg andh); total fibronectin, all strong (Fig. & andh); ED-A+
were grade Ill, 6 were grade Il, and 1 was grade |. fibronectin, five strong and three moderate (Fig.g7and h);
VPF/VEGF mRNA expression by the epithelial cells in decorin, all strong (Fig. 8 andh); and versican, all moderate
DCIS was strong in nine cases (Figezndf), moderate in four ~ (Fig. 9, g andh). Expression of all mRNAs studied decreased
cases and low in five cases. Expression was increased adjacesftarply at the border with normal lymph node tissue.
to central necrosis in DCIS. Expression of mRNAs of the Carcinoma in Lymphatics. Our case material included
VPF/VEGF receptors (flt-1 and KDR) was evaluable in 16 casesPne excellent example of carcinoma cells within the dermal
and both receptors were expressed in similar fashion. In ninéymphatics of breast skin well away from the primary tumor
cases, strong expression of receptor mRNA was seen in end§H&E stain, Fig. ). The tumor cells strongly expressed VPF/
thelial cells of small vessels immediately adjacent to the DCIS,YEGF MRNA (Fig. 2,i andj), and small vessels around the
with these small vessels forming a distinct and nearly continu/Ymphatic spaces strongly expressed fit-1 (Figi andj) and
ous rim around the DCIS (Fig. & andf). In four cases, there KDPR. TSP-1 mRNA was strongly expressed by stromal cells

was strong expression in small vessels near the DCIS, but ngumounding the lymphatics (Fig. 4, and j). Stromal cells
distinct rimming pattern was seen. In three cases, no stron§urrounding the lymphatics also strongly expressed mRNAs for
expression of receptors was seen in close proximity to the DCIS‘?OHagen typell (Fig. 5' and'j), tOt‘?‘l flbrqnectln (Fig. 6] andj),
Expression of TSP-1 was distinctive. Strong labeling, vis- and ED-A+ f_|bronect|n (F|g. [ an(_j j) and moderately ex-
ible under low power, was seen in the basal layer of myoepi-preSSEd versican mRNA (Fig. Band).
thelial cells in all 18 cases examined (Fig.etandf). Focal
stromal cell expression was also noted adjacent to the DCIS. p|SCUSSION

Increased collagen (Fig. & andf), total fibronectin (Fig. The formation of vascular stroma, which is essential for
6, e andf), and ED-A+ fibronectin (Fig. 7, andf) mMRNA  ymor growth beyond a minimal size (1), involves complex
synthesis was detected in the stromal cells immediately adjaceftieractions between a variety of cell types, including malignant
to DCIS in 14 of 15 evaluable cases. In eight of these cases, gpithelial cells, stromal cells of various types, and vascular
distinct rim of strong stromal expression was seen at leasgndothelium. Interactions between cells, stromal components,
focally around the DCIS. In the other six cases, expression wagnd growth factors regulate functions such as cell division,
increased adjacent to the DCIS, but a strong continuous rimmingdhesion, migration, and differential gene expression (4—7). In
pattern was not apparent. In one case, no distinct increase ign effort to gain a more comprehensive understanding of the
expression was seen adjacent to the DCIS in comparison tformation of vascular stroma in breast cancer, we examined
stromal expression in the admixed invasive carcinoma. expression of selected cytokines and receptors that promote or
In contrast to the other stromal markers, decorin expressiolinhibit angiogenesis as well as expression of selected stromal
showed a distinct rimming pattern in only two cases (Fige 8, components on consecutive frozen sections from 113 blocks of
andf), an increase adjacent to DCIS but no distinct rimming in breast tissue from 68 patients. All tissues studied had been
seven cases, and no distinct increase above surrounding strorfreshly collected and optimally prepared for mRNA ISH. Al-
in nine cases. Versican had a similar pattern (Fige andf), though some of these components have been studied individu-
with 2 cases with rimming, 4 cases with an increase near thally in breast cancer (see below), they have not been studied in
DCIS without distinct rimming, and 12 cases without a definite consecutive sections in relation to each other or in a systematic
increase above surrounding stroma. manner including normal breast tissue, benign proliferative le-
LCIS. LCIS was present in three cases. All cases weresions,in situ carcinomas, invasive carcinomas, and metastatic
admixed with invasive carcinoma. The pattern was quite differ-carcinomas.
ent from that in DCIS. VPF/VEGF expression was moderate in Invasive ductal carcinomas of the breast showed a remarkably
one case and low in two cases. No distinct increase in VPFtonsistent pattern of expression of the mRNAs studied. There was
VEGF receptor expression was seen adjacent to LCIS. Focadtrong expression of VPF/VEGF mRNA by tumor cells and strong
strong expression of TSP-1 was seen in myoepithelial cells irexpression of the VPF/VEGF receptors flt-1 and KDR in the
two of the three cases. No distinct increase in collagen, totabndothelial cells of small vessels in the tumor. There was also
fibronectin, ED-A+fibronectin, decorin, or versican expression marked up-regulation of mRNAs of collagen type |, total fibronec-
was seen adjacent to tlire situ carcinoma in any of the cases. tin, ED-A+ fibronectin, versican, and TSP-1 in stromal cells.
Metastatic Carcinoma. Eight cases of carcinoma meta- Decorin was strongly expressed in stromal cells in invasive ductal
static to axillary lymph nodes were studied (H&E stain, Fifj. 1 carcinomas, but strong expression of decorin was also found in
Factor VllI-related antigen immunostain, Figg)l Seven cases stromal cells in many cases of normal breast tissue.
were ductal type (five grade Ill and two grade Il), and one case Of interest, the patterns of mMRNA expression in DCIS were
had mixed ductal and lobular features (grade Il). Patterns ofrery similar to those seen in invasive carcinomas. There was

Downloaded from clincancerres.aacrjournals.org on March 5, 2019. © 1999 American Association for Cancer
Research.


http://clincancerres.aacrjournals.org/

1054Vascular Stroma in Breast Cancer

strong expression of VPF/VEGF mRNA by tumor cells and been reported in the stroma of breast carcinoma (42—44). In
strong expression of VPF/VEGF receptor mRNAs by endothe-addition, TSP-1 mRNA was reported to be increased in invasive
lial cells in small vessels immediately adjacent to foci of DCIS. breast carcinoma by PCR (45). Our results confirm these find-
There was strong expression of MRNAs for collagen type I, totalings. There was a marked up-regulation of expression of TSP-1
fibronectin, ED-A+ fibronectin, decorin, versican, and TSP-1 mRNA by stromal cells in invasive, metastatic anditu breast
immediately adjacent to DCIS. This raises the interesting poscancer compared to expression by stromal cells in normal breast
sibility that, in the progression frorm situ cancer to invasive tissue. We speculate that increased stromal expression of TSP-1
cancer, the tumor cells may not be invading into normal breasmay be an attempt to inhibit angiogenesis induced by growth
stroma but rather into a highly vascular, substantially modifiedfactors such as VPF/VEGF. Clearly the balance falls on the side
stroma that the tumor cells themselves have induced. It i©f angiogenesis, but it is not entirely unexpected that expression
possible that these changes may be a prerequisite to the processangiogenesis inhibitors should be up-regulated as well.
of invasion. Increased expression of stromal components such as col-
Identical patterns of mMRNA expression were also seen inlagen type | (46), proteoglycans (47-51), and fibronectins (52—
metastatic carcinoma in lymph nodes. Therefore, metastati&7) has been described in breast cancer. Various matrix com-
tumor cells were not growing in the normal lymph node tissueponents can bind growth factors and either enhance or block
per sebut rather in a highly vascular and substantially modified their activity. For example, decorin has been reported to bind
stroma that tumor cells had induced locally within the lymph transforming growth factor-§16, 17). Decorin has also been
node. Generation of this characteristic vascular stroma may beeported to inhibit cell proliferation by up-regulation of p21, an
important or even essential to tumor growth at sites of metasinhibitor of cyclin-dependent kinases (18). However, although
tasis. decorin was strongly expressed by stromal cells in most tumors
To our surprise, the same patterns of expression could alsstudied, it was also strongly expressed in most normal breast
be seen immediately adjacent to tumor cells in dermal lymphattissue that we studied.
ics of breast skin in areas away from the primary tumor. The The fibronectins are a family of alternatively spliced pro-
creation of a characteristic vascular stroma appears to be inititeins differing in three domains in humans: ED-A, ED-B, and
ated focally, even while the cells are in transit through thelllCS (58). The fibronectin isoforms are expressed at low levels
lymphatics. in normal adult tissues, but increased expression has been re-
Although these expression patterns may be characteristic gforted during wound healing, cardiac hypertrophy, liver fibro-
in situ, invasive, and metastatic breast carcinoma and critical t@is, pulmonary fibrosis, glomerulonephritis, and cardiac trans-
the formation of vascular stroma and neoplastic progressionplantation (reviewed in Ref. 59). Fibronectins likely play an
they are not specific for malignancy. Similar patterns of expres-essential role in the process of vascular stroma formation. Fi-
sion were seen in healing biopsy sites and in some benigironectins have been reported to be essential for heart and blood
proliferative lesions. Increased expression of VPF/VEGF andvessel morphogenesis (12), to be chemotactic for endothelial
angiogenesis have been noted in both healing wounds ancells (13), to modulate endothelial response to T&@E4), and
certain types of inflammation (reviewed in Ref. 7). to promote the elongation of microvessels during angiogenesis
VPF, also known as VEGF, is an important multifunctional in vitro (15). ED-A+ fibronectin has also been reported to be
angiogenic cytokine that is strongly expressed in a variety ofexpressed by stromal cells in colon cancer (60). Consistent with
human tumors (reviewed in Ref. 8). VPF/VEGF binds to endo-an important role in the formation of vascular stroma in breast
thelial cells by at least two specific cell surface tyrosine kinasecancer, total fibronectin and ED-A fibronectin were strongly
receptors, flt-1 and KDR (24, 25). VPF/VEGF induces micro- expressed in virtually all tumors studied but only weakly ex-
vascular permeability, leading to the extravasation of plasmagressed in normal breast tissue.
proteins with consequent proangiogenic stromal changes (26, In summary, the formation of vascular stroma in breast
27). VPF/VEGF is also an endothelial cell mitogen (28—-31), andcarcinoma is a process that involves complex reciprocal inter-
it alters the synthetic profile of endothelial cells in a manner thatactions among tumor cells, endothelial cells, and stromal cells.
may promote angiogenesis (32, 33). Angiogenesis and tumoAlthough the process is complex, a characteristic mMRNA ex-
growth have been suppressed by inhibition of VPF/VEGF or itspression profile was identified in this study that was remarkably
receptors in several experimental models (34, 35). The consissimilar in carcinoman situ, invasive carcinoma, carcinoma in
ent overexpression of mMRNAs for VPF/VEGF and its receptorslymphatic spaces, and metastatic carcinoma. This study pro-
in the breast cancer specimens in our study indicate an importanides insight into the process of vascular stroma formation in
role in the formation of vascular stroma. malignancy and the possible role that vascular stroma may play
Increased expression of VPF/VEGF, flt-1, and KDR hasin neoplastic progression.
been described previously in breast cancer (36), and this study
confirms and extends those findings in a much larger group of
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