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Abstract—Cytosols of malignant breast tissue contained significantly higher levels of thrombos-
pondin (TSP) and von Willebrand factor (vWF) than non-malignant breast. TSP and vWF
content of human breast were significantly correlated whereas there was no correlation between
TSP and the platelet-specific protein B-thromboglobulin (BTG). Whilst TSP in pre-menopausal
breast cancer was slightly lower than in post-menopausal breast cancer, it did not correlate with
oestrogen receptors (ER) or progesterone receptors (PR), but was negatively correlated with
tissue-type plasminogen activator (tPA), an oestradiol-inducible enzyme. Secretion of TSP by
MCF-T cells was low and refractory to hormones. High levels of TSP appeared to be associated
with the centre of the tumour mass. It is suggested that activation of the endothelium may be
responsible, at least in part, for the high levels of TSP found in malignant breast tissue and

could be a factor in the growth and spread of breast cancer.

INTRODUCTION
TuromBospoNDIN (TSP), a glycoprotein first
described in platelets and subsequently in a variety
of cell types, is incorporated into the extracellular
matrix of some cells in culture where it may function
as an adhesive protein (for reviews see Refs. [1-3]).
As a component of the extracellular matrix, TSP
has been shown to have an autocrine function,
augmenting the mitogenic response of smooth mus-
cle cells to epidermal growth factor [4].

TSP has also been implicated in tumour cell
metastasis. For example it promotes the attachment
and spreading of several human cancer cells in
vitro [5>~7] and a recent report shows that TSP
potentiates tumour cell metastasis in mice [8]. Spec-
ific receptor sites for TSP have also been identified
on the membrane of platelets, endothelial cells and
a variety of human tumour cells [9]. As a result,
TSP could be involved at several points in the
metastatic process through potential interactions of
malignant cells with extracellular matrix, endo-
thelium or circulating platelets.

TSP is present in high concentrations in milk,
other breast secretions and in some types of cyst
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fluid [10]. We reported recently that TSP is a
component of the aqueous phase of milk, that its
level falls during the transition of colostrum to
mature milk and also that malignant breast had a
higher content of TSP than non-malignant breast
[11]. The increased TSP levels observed in these
studies did not reflect platelet activation since there
were no parallel changes in the platelet-specific
protein B-thromboglobulin (BTG). Tissue-type
plasminogen activator (tPA), the major plasmin-
ogen activator (PA) in human milk, shows a similar
pattern of secretion during early lactation as does
TSP [12]. Increased levels of PA have also been
reported in breast tumours [ 13] where they correlate
with oestrogen receptors (ER) and progesterone
receptors (PR) [14]. Moreover, production of PA
by breast cells in culture is regulated by oestradiol
and other steroid hormones [15~17].

Von Willebrand factor (vWF) is synthesized by
endothelial cells and megakaryocytes and is con-
tained in platelet a-granules. vWF functions as a
carrier protein for coagulation factor VIII and
is thought to be involved in platelet—vessel wall
interactions [18]. Indeed, vWF is incorporated into
the extracellular matrix of cultured endothelial cells
[19] where it may function as an adhesive protein.
Although not specific for endothelial cells, vVWF has
been used as a marker of endothelial perturbation
in vitro [20-22] and as a criterion for endothelial
cell identification [23].

We have undertaken a more comprehensive study
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of TSP in the human breast and the factors which
may be responsible for the high levels which are
associated with malignancy. Our findings suggest
that endothelial activation may be responsible, at
least in part, for the elevated TSP in breast cancer
and this may have a role in regulating the growth
and spread of the malignant epithelium.

MATERIALS AND METHODS

Samples

Breast tissue cytosols from patients attending the
Edinburgh breast clinic (101 breast carcinoma, nine
benign mammary dysplasia, five fibroadenoma,
one gynaecomastia, one normal) were prepared by
homogenization of tissue in 20 mM Tris-HCI, pH
7.6, containing 0.25 M sucrose, 1 mM CaCl,,
2 mM MgCl,, 10 mM KCI at a dilution of either
1:5 (w/v) or 1:10 (w/v) using a Silverson homogen-
izer. They were centrifuged at 105,000 g at 4°C for
1 h and the supernatants stored at —20°C.

Eleven breast tissue cytosols from five patients
with breast cancer were obtained at the time of
mastectomy by snap-freezing of washed tissue
samples followed by cryofragmentation using a
mechanical dismembrator, and preparation of a
supernatant from the tissue extract resuspended in
buffered saline. They were classified according to
whether the tissue had been taken from the centre
of the tumour (n =15) or the surrounding non-
malignant tissue (n = 6).

Assays

TSP, BTG and vWF were measured by radioim-
munoassays as previously described [24-26]. The
sensitivity of the radioimmunoassay for vVWF was
22 ng/ml but it was not possible to specify a detection
limit due to the varying protein concentrations of
individual cytosols. tPA was measured by enzyme-
linked immunosorbant assay [27] by Dr.P. Gaffney
and the results have been published elsewhere [28].

ER was measured in low speed supernatants of
breast tissue homogenates as previously reported
[29]. PR was determined in the same high speed
supernatant used for TSP measurement as
described elsewhere [30].

Protein assays were performed by a dye-binding
method (Bio-Rad Laboratories Ltd., Watford,
U.K.) using a bovine serum albumin standard.

Cell culture

Briefly, MCF-7 human breast cancer cells (sub-
cultured from a stock obtained from Professor S.C.
Brooks, Michigan Cancer Foundation) were grown
on 10 cm? plastic culture wells (Costar, Cambridge,
MA) in Eagle’s MEM with Hank’s BSS (Flow
Laboratories, Irvine, U.K.) supplemented with
NEAA, sodium pyruvate, r-glutamine, insulin,
penicillin, streptomycin and 10% FCS (Gibco, Pais-

ley, UK.). At confluence, the monolayer was
washed extensively with basal MEM to remove
serum components and then incubated with 2 ml/
well serum-free medium according to Barnes and
Sato [31] with or without the test substance. Culture
supernatants were decanted after 48 h, centrifuged
to remove cell debris and stored at —40°C prior to
assay.

Statistical analyses

Statistical analysis of differences between popu-
lations was performed by the Wilcoxon—-Mann—
Whitney rank sum test. Correlations between
analytes were calculated by the Spearman rank
correlation test.

RESULTS

TSP, vWF and BTG in breast cytosols

A wide range of TSP levels was found in breast
cytosols (Fig. 1). Highest levels were observed in
breast cancers (n = 101, median = 317 pg TSP/g
cytosol protein, range = 17.4-23,400 pg TSP/g
cytosol protein) and lowest in benign breast
(n = 15, median 21.7, range = 1.78-155). The
difference between cancer and benign samples was
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Fig. 1. TSP in breast cancer and benign breast tissue. Open circles

represent fibroadenomas and one gynaecomastia is shown as a cross.

Horizontal lines indicate median values. The difference between cancers
and benigns was highly significant (P < 1075).
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Fig. 2. vWF in breast cancer and benign breast tissue. Symbols as for
Fig. 1. The difference between cancers and benigns was significant
(P <107%).

highly significant (P < 107%). TSP in fibroaden-
omas (n =5, median = 21.7, range = 5.93-155)
was not significantly different from other types of
benign breast tissue (n = 10, median = 19.7, range
= 1.78-47.6) and therefore all benigns were con-
sidered as a single group.

Measurement of vWF in breast cytosols revealed
a narrower range of concentrations compared with
TSP (Fig. 2), but higher levels of vWF were also
found in cancers (n = 101, median = 40.8 pg
vWF/g cytosol protein, range = undetectable—392
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pg vWEF/g cytosol protein) than in benigns (n = 15,
median = 14.0, range = undetectable~46.0). The
difference was significant (P < 107*) although less
marked than for TSP. A plot of TSP against vVWF
(Fig. 3) showed that they were significantly corre-
lated (n =116, r, = 0.484; P < 0.001).

BTG was measured together with TSP in 20
breast cytosols {18 cancer, one benign, one normal)
and no correlation was observed between the two

(r, = —0.365; P > 0.10) (Fig. 4).

TSP and indicators of hormonal stalus in breast cancer
eytosols

Breast cancer cytosol TSP levels were compared
in a group of 92 patients classified according to
menopausal status (Fig. 5). TSP in breast cancer
cytosols from pre-menopausal women (n = 32,
median = 213.5 ug TSP/g cytosol protein, range =
17.4-23400 pg TSP/g cytosol protein) was slightly
lower than that in cancers from post-menopausal
women (n = 60, median 367, range = 41.8-
12800), the difference just reaching statistical signi-
ficance (P = 0.043).

TSP did not correlate with ER in breast cancers
(n = 98, r, = —0.0075; P > 0.20) nor with PR
(n =133, r, = —0.146; P > 0.20) (Fig. 6a,b).

TSP secretion by MCF-7 human breast cancer cells
Levels of TSP in the supernatants from MCF-7
cells in serum-free culture for 48 h are shown in
Table 1. Hormones (diluted into culture media from
ethanolic solution) were added at concentrations
previously shown to be maximally stimulatory for
MCF-7 [32,33]. No significant change in TSP
secretion was observed (Wilcoxon-Mann-Whitney
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Fig. 3. Relationship between TSP and vWF in breast tissue. Closed circles represent cancers and benigns are shown as open circles.
TSP and vWF were significantly correlated (v, = 0.484; P < 0.001).
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Fig. 4. Relationship between TSP and BTG in breast tissue. Symbols as
Jor Fig. 3. One normal breast is shown as a cross. TSP and BTG were
not correlated (r, = —0.365; P > 0.10).
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Fig. 5. Menopausal status and TSP in breast cancer tissue. Horizontal
lines represent median values. The difference between pre- and post-
menopausal cancers was marginally significant (P = 0.043).

rank sum test) in the presence of any of the subtances
tested, and the rate of secretion was low in compari-
son with that reported for human endothelial cells
[34].

TSP and tPA in cytosols of tissue taken from different
locations within cancerous breast

Eleven breast tissue cytosols from five patients
“with breast cancer were measured for their TSP
and tPA content. The tissue had been classified

Table 1a. Effect of hormones on TSP secretion by MCF-7 human
breast cancer cells

Secreted TSP
48 h
Control 88.0 (1.7)
178-Oestradiol (1078 M) 92.0 (6.9)
Testosterone (107% M) 95.7 (4.5)
S5a-Dihydrotestosterone
(1075 M) 97.3 (4.6)

Table 16. Effect of EGF on TSP secretion by MCF-7 human
breast cancer cells

Secreted TSP
48 h
Control 83.3 (7.0
EGF (1 ng/ml) 92.7 (3.2)
EGF (10 ng/ml) 90.0 (6.9)

Values represent mean (S.D.) TSP levels in ng/ml from triplicate
experiments.

according to whether it was taken from the centre of
the tumour mass (‘centre’) or from the surrounding
non-malignant tissue (‘surround’). Comparison of
the TSP concentration in corresponding samples
from centre and surround (Fig. 7) showed that in
four out of the five patients, the centre (n =5,
median = 1120 pg TSP/g cytosol protein, range
=31.8-4480 ng TSP/g cytosol protein) contained
much higher levels’ than the surround (n =6,
median = 50.9, range = 9.09-324). The differ-
ence between the two groups was significant
(P =0.041).

On the other hand, in every case tPA in corres-
ponding samples was lower in the centre (n = 5,
median = 1.86 pg tPA/g cytosol protein, range =
1.30-3.67 pg tPA/g cytosol protein) than in the
surround (r =15, median=7.18, range =
3.54-11.99) (Fig. 8). Again, the difference between
the two groups was significant (P = 0.008).

TSP and tPA were negatively correlated (n = 10,
re = —0.576; P < 0.05) (not shown).

DISCUSSION

The elevated levels of TSP and vWF in malignant
breast, and the correlation observed between these
proteins in breast tissue suggest that they may have
a common site of synthesis within the breast which is
stimulated in malignant disease. vWF is synthesized
by endothelial cells and megakaryocytes and is
contained in platelet a-granules [18]. It is incorpor-
ated into the subendothelial matrix and thought to
be involved in interactions between platelets and
vessel walls. TSP is also synthesized by endothelial
cells and megakaryocytes, and is stored in platelet
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Fig. 6a. Relationship between TSP and ER in breast cancer tissue. TSP and ER were not correlated (r. = —0.0075;

P > 0.20).
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Fig. 6b. Relationship between TSP and PR in breast cancer tissue. TSP and PR were not correlated (r, =

a-granules, but has also been described in a wide
range of other cell types [1-3]. Since the platelet a-
granule protein BTG did not correlate with TSP in
breast cytosols, it is very unlikely that platelets are
the source of the high levels of TSP and vWF
in malignant breast. Increased vascularity and/or
stimulation of the éndothelium could explain the
higher TSP and vWF content of cancer tissue
despite our finding that the difference between
cancer and benign samples was much greater for

BJC 25:2-L

—0.146; P > 0.20).

TSP than for vWF (the median cytosolic vWF of
malignant breast was three times higher than non-
malignant breast, whereas for TSP it was 15 times
higher). TSP and vWF have been shown to be
located in different subcellular compartments in
endothelial cells where their secretion is separately
controlled [35]. However, it is possible that another
source within the breast, in addition to the endo-
thelium, may be contributing to the very high level
of TSP observed in some breast cancers,
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Fig. 7. TSP in breast tissue from different locations within cancerous

breast. Lines connect corresponding samples taken from the centre of

the tumour mass (‘centre’) and the surrounding non-malignant tissue

(“surround’) of the cancerous breasts of five patients. The difference between
the two groups was significant (P = 0.041).

The growth of certain breast cancers is hormon-
ally mediated. Approximately 30% ofbreast cancers
respond to hormone treatment and most of these
are ER positive [36]. Since oestrogens are so closely
implicated in breast cancer, it was of interest to
investigate whether the high levels of TSP in malig-
nant breast were related to any of the known indi-
cators of hormonal status. A slight difference was
observed in the TSP content of breast cancers
from pre- and post-menopausal women, but no
correlation was found between TSP and ER or PR.
TSP was secreted only in small amounts by cultured
human breast cancer cells in a manner refractory to
steroid hormones and epidermal growth factor, and
therefore it seems unlikely that synthesis of TSP by
malignant epithelial cells regulated by oestrogens is
involved in causing the elevated levels found in
breast cancer.

Further evidence for the specific elevation of TSP
in malignant breast came from the measurement of
TSP in tissue from different sites within the cancer-
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Fig. 8. tPA in breast tissue from different locations within cancerous
breast. Lines connect corvesponding samples as for Fig. 7. The difference
between the two groups was significant (P = 0.008).

ous breasts of a group of patients. Very high levels
of TSP (>500 ng/g cytosol protein) were only seen
in tissue taken from the centre of the tumour mass;
levels in tissue taken from elsewhere within the same
breast were comparable to those found in benign
breast.

It was interesting that measurement of tPA in
these samples showed the opposite trend. Whilst
elevated PA levels in breast cancer have been
reported [13], some tumours contain predominantly
urokinase-type plasminogen activator (UKPA) and
others predominantly tPA [37] which makes early
studies in which only total PA was measured diffi-
cult to interpret. However,it has been established
that tPA, rather than UKPA, is induced by oestra-
diol [14, 38] and our finding that TSP is inversely
correlated with tPA suggests that TSP and tPA
are not coordinately expressed by the malignant
epithelium.

In order to define the exact source and role of
TSP in the breast further studies are required. To
this end we are currently using immunocytochem-
ical techniques for the localization of TSP in situ
and attempting to characterize TSP isolated from
human breast.

Acknowledgements—We are very grateful to Professor Sir
Patrick Forrest for access to samples from patients under his
care, and to Mr. D. Cooke of the Department of Haematology, St.
Thomas’ Hospital, London for samples from different locations
within cancerous breast on which tPA assays had been perfor-
med.

REFERENCES
1. Lawler J. The structural and functional properties of thrombospondin. Blood 1986, 67,

1197-1209.

2. Silverstein RL, Leung LLK, Nachman RL. Thrombospondin: a versatile multifunctional
glycoprotein. Arteriosclerosis 1986, 6, 245-253.

3. Walz DA, Gartner TK (eds). Thrombospondin. Semin Thromb Haemostas 1987, 13, 245-387.

4. Majack RA, Cook SC, Bornstein P. Control of smooth muscle cell growth by components
of the extracellular matrix: autocrine role for thrombospondin. Proc Natl Acad Sci USA

1986, 83, 9050-9054.



16.

17.

18.

19.

20.

21.

22.

23

24.

25.

26.

27.

28.

29.

30.
31

32.

33.

Thrombospondin in Breast Tissue

Roberts DD, Sherwood JA, Ginsberg V. Platelet thrombospondin mediates attachment
and spreading of human melanoma cells. J Cell Biol 1987, 104, 131-139.

Tuszynski GP, Rothman V, Murphy A et al. Thrombospondin promotes cell-substratum
adhesion. Science 1987, 236, 1570-1573.

. Varani J, Dixit VM, Fligiel SEG, McKeever PE, Carey RE. Thrombospondin-induced

attachment and spreading of human squamous carcinoma cells. Exp Cell Res 1986, 167,
376-390.

. Tuszynski GP, Gasic TB, Rothman VL, Knudsen KA, Gasic GJ. Thrombospondin, a

potentiator of tumor cell metastasis. Cancer Res 1987, 47, 4130-4133.

. Asch AS, Barnwell ], Silverstein RL. Isolation of the thrombospondin membrane receptor.

J Clin Invest 1987, 79, 1054-1061.

. Miller WR, Dawes J. Platelet-associated proteins in human breast cyst fluids. Clin Chim

Acta 1985, 152, 37-42.

. Dawes J, Clezardin P, Pratt DA. Thrombospondin in milk, other breast secretions and

breast tissue. Semin Thromb Haemostas 1987, 13, 378-384.

. Marshall JM, Rees MCP, Cederholm-Williams SA. Identification of t-PA as the major

active plasminogen activator in human milk. Thromb Haemostas 1986, 55, 279-281.

. Dano K, Andreasen PA, Grondahl-Hansen ], Kristensen P, Nielsen LS, Skriver L.

Plasminogen activators, tissue degradation and cancer. Adv Cancer Res 1985, 44, 139-266.

. Duffy MJ, O’Grady P, Simon J, Rose M, Lijnen HR. Tissue-type plasminogen activator in

breast cancer: relationship with estradiol and progesterone receptors. JNCI 1986, 77,
621-623.

. Busso N, Belin D, Failly-Crepin C, Vassalli J-D. Plasminogen activators and their inhibitors

in a human mammary cell line (HBL-100). Modulation by glucocorticoids. J Biol Chem
1986, 261, 9309-9315.

Butler WB, Kirkland WL, Gargala TL, Goran N, Kelsey WH, Berlinski PJ. Steroid
stimulation of plasminogen activator production in a human breast cancer cell line (MCF-
7). Cancer Res 1983, 43, 1637-1641.

Huff KK, Lippman ME. Hormonal control of plasminogen activator secretion in ZR-75-1
human breast cancer cells in culture. Endocrinology 1984, 114, 1702-1710.

Girma J-P, Meyer D, Verweij CL, Pannekoek H, Sixma JJ. Structure-function relationship
of human von Willebrand factor. Blood 1987, 70, 605-611.

Hormia M, Lehto V-P, Virtanen I. Factor VIII-related antigen. A pericellular matrix
component of cultured human endothelial cells. Exp Cell Res 1983, 149, 483-497.

Levine JD, Harlan JM, Harker LA, Joseph ML, Counts RB. Thrombin-mediated release
of factor VIII antigen from human umbilical vein endothelial cells in culture. Blood 1982,
60, 531-534.

Loesberg C, Gonsalves MD, Zandbergen ] et al. The effect of calcium on the secretion of
FVIII-related antigen by cultured human endothelial cells. Biockim Biophys Acta 1983,
763, 160-168.

Mannucci PM, Aberg M, Nilsson IM, Robertson B. Mechanism of plasminogen activator
and factor VIII increase after vasoactive drugs. Br | Haematol 1975, 30, 81-93.

. Jaffe EA, Hoyer LW, Nachman RL. Synthesis of antihemophilic factor antigen by cultured

human endothelial cells. J Clin Invest 1973, 52, 2757-2764.

Dawes J, Clemetson KJ, Gogstad GO ef al. A radioimmunoassay for thrombospondin,
used in a comparative study of thrombospondin, B-thromboglobulin and platelet factor 4
in healthy volunteers. Thromb Res 1983, 29, 569-581.

Bolton AE, Ludlam CA, Moore S, Pepper DS, Cash JD. Three approaches to the
radioimmunoassay of human B-thromboglobulin. Br | Haemato! 1976, 33, 233-238.
McArthur MM, MacGregor IR, Prowse CV, Hunter NR, Dawes J, Pepper DS. The use of
human endothelial cells cultured in flat wells and on microcarrier beads to assess tissue
plasminogen activator and factor VIII related antigen release. Thromb Res 1986, 41,
581-587.

Rijken DC, van Hinsbergh VWM, Sens EHC. Quantitation of tissue-type plasminogen
activator in human endothelial cell cultures by use of an enzyme immunoassay. Thromb Res
1984, 33, 145-153.

Layer GT, Burnand KG, Gafiney PJ et al. Tissue plasminogen activators in breast cancer.
Thromb Res 1987, 45, 601-607.

Hawkins RA, Black R, Steele RJC, Dixon JM]J, Forrest APM. Oestrogen receptor
concentration in primary breast cancer and axillary node metastases. Breast Cancer Res Treat
1981, 1, 245-251.

Miller WR, Telford J, Hawkins RA. Binding of [*H}-methyltrienolone (R1881) by human
breast cancers. Eur | Cancer Clin Oncol 1983, 19, 1473-1478.

Barnes D, Sato G. Growth of a human mammary tumour cell line in a serum-free medium.
Nature 1979, 281, 388-389.

Lippman M, Bolan G, Huff K. The effects of estrogens and antiestrogens on hormone-
responsive human breast cancer in long-term tissue culture. Cancer Res 1976, 36,
4595-4601.

Lippman M, Bolan G, Huff K. The effects of androgens and antiandrogens on hormone-
responsive human breast cancer in long-term tissue culture. Cancer Res 1976, 36,
4610-4618.

349



350

34.

35.

36.

37.

38.

D.A. Pratt, W.R. Miller and J. Dawes

Hunter NR, Dawes J, MacGregor IR, Pepper DS. Quantitation by radioimmunoassay of
thrombospondin synthesised and secreted by human endothelial cells. Thromb Haemost 1984,
52, 288-291.

Reinders JH, deGroot PG, Dawes J et al. Comparison of secretion and subcellular
localization of von Willebrand protein with that of thrombospondin and fibronectin in
cultured human vascular endothelial cells. Biochim Biophys Acta 1985, 844, 306-313.
Edwards DP, Chamness GC, McGuire WL. Estrogen and progesterone receptors in breast
cancer. Biochim Biophys Acta 1979, 560, 457-486.

O’Grady P, Lijnen HR, Duffy M]J. Multiple forms of plasminogen activator in human
breast tumors. Cancer Res 1985, 45, 6216-6218.

Ryan TJ, Seeger JI, Kumar SA, Dickerman HW. Estradiol preferentially enhances
extracellular tissue plasminogen activators of MCF-7 breast cancer cells. J Biol Chem 1984,
259, 14324-14327.



