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Abstract

The aim of the present study was to study the expression and relationship of potential angiogenic factors. Paraffin-embedded

tumour sections from 261 breast cancer patients were stained immunohistochemically for thrombospondin (TSP-1) expression.

p53 status was previously determined by cDNA-based sequencing, and vascular endothelial growth factor (VEGF) protein expres-

sion had been previously analysed using an immunoassay. 241 cancers (92%) had detectable levels of TSP-1. No associations

between TSP-1 and p53 status or VEGF were found. No correlations between TSP-1 and relapse-free (P = 0.3), breast cancer-cor-

rected (P = 0.2) or overall survival (P = 0.5) were found. A correlation was found for patients with p53 mutations, but negative p53

expression, with higher VEGF levels (P = 0.009), but there was no correlation between this p53 group and those with low TSP-1

levels (P = 0.2). In conclusion, TSP-1 expression was not prognostic and was not associated with neither p53-status or VEGF

expression.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Thrombospondins are a family of five glycoproteins.

Thrombospondin-1 (TSP-1) is a high-molecular-weight,

multifunctional glycoprotein that is part of the extracel-

lular matrix, and was first described as a product of

platelets [1,2]. TSP-1 has been reported to be active in
diverse biological processes, such as embryonic develop-

ment, tissue differentiation, nerve outgrowth and regen-

eration, inflammation, coagulation, fibrinolysis,

angiogenesis, as well as tumour growth and metastasis

[3]. In various neoplastic cell lines, the levels of TSP-1

expression show an inverse correlation with malignant

progression [4–7].
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An inverse correlation between TSP-1 and immunoh-

istochemical p53 overexpression has been reported in a

variety of malignant tissues, including bladder, colorec-

tal, ovarian and prostate cancers [8–11]. However,

thrombospondin has been linked with both a stimula-

tory [12–14] and inhibitory [4,5] role in tumour invasive-

ness and progression. TSP has been reported to be
present in normal breast tissues, while higher levels of

TSP have been observed in breast cancer tissues [15–

17]. Other studies have shown TSP to be absent in nor-

mal breast tissues, but present in breast cancer tissues

[13].

Wild-type p53 can prevent the proliferation of DNA-

damaged cells by either causing a cell cycle arrest or acti-

vating apoptosis [18]. Vascular endothelial growth fac-
tor (VEGF) is a mitogen for endothelial cells, and may

be a crucial mediator for neovascularisation in human

tumours [19,20]. An association between mutant p53
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and VEGF expression and a poor prognosis for breast

cancer patients has been reported [21].

The aim of this study was to determine any associa-

tions between TSP-1 expression and p53 status and/or

VEGF expression in primary invasive breast cancer pa-

tients. Secondary aims were to investigate the clinical
relevance of TSP-1 expression, alone and in combina-

tion, with p53 status and/or VEGF expression.
2. Patients and methods

2.1. Study materials and patient population

The patients in our present study were derived from a

population-based cohort of 315 primary breast cancer

patients who underwent breast cancer surgery during

1987–1989 in Uppsala County, Sweden, and from whom

frozen tumour material was available. These patients

have been described in detail in [22].

All breast cancer samples were sent directly, unfixed

and fresh, from the operation theatre to the Department
of Pathology for routine histopathological examination,

analysis of oestrogen and progesterone receptor status,

ploidy and S-phase fraction. The median patient age at

diagnosis was 63 years (range 28–94 years). The median

tumour size was 20 mm (range 3–130 mm). Lymph node

metastases were detected in 97 (31%) patients. 261 of the

315 tumours, were assessable for TSP-1 (Table 1) and, as

previously described, 224 tumours were assessable for
able 1

omparison between the cohort of 315 patients from January 1, 1987

December 31, 1989 and the selected 261 patients

linical parameters 261 patient group 315 patient group

umour size (mm)

Median (range) 20 (3–130) 20 (2–130)

Mean 22 22

ymph nodea

Negative 171 206

Positive 81 97

Positive/total 0.32 0.32

-phase fraction

Low 193 235

High 54 62

Unknown 14 18

estrogen receptor (positive > 0.1 fmol/lg DNA)

Negative 54 64

Positive 202 244

Unknown 5 7

rogesterone receptor (positive > 0.1 fmol/lg DNA)

Negative 38 49

Positive 218 259

Unknown 5 7

a Some data are missing.
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VEGF, 311 tumours were evaluable for sequence-based

analysis of p53 and 312 tumours were evaluable for

immunohistochemical (IHC) analysis of p53 protein

[23–25].

2.2. Treatment

All patients underwent surgery either by sector resec-

tion or modified radical mastectomy. Both procedures

were combined with axillary lymph node dissection, ex-

cept in 13 patients in whom age (older) or serious con-

comitant disease contraindicated an axillary dissection.

Loco-regional radiotherapy was normally given to pa-

tients with node-positive disease or tumours larger than
20 mm and located in the medial or central area of the

breast, except in the presence of metastatic disease, seri-

ous concomitant disease or older age. Postoperative

radiotherapy was given as part of a randomised study

to those operated upon with a sector resection from

October 1981 to September 1988. After closure of the

study, it was recommended that all patients routinely

undergo a sector resection [26].
Systemic adjuvant therapy was offered to all node-

positive patients. In general, premenopausal patients re-

ceived adjuvant chemotherapy, and postmenopausal

node-positive patients received adjuvant tamoxifen

endocrine therapy for 2–5 years.

2.3. Follow-up

All patients treated for breast cancer in Uppsala

County were routinely seen on a regular outpatient basis

for 5–10 years. Routine follow-up consisted of clinical

examination. Blood tests and X-ray procedures were

performed when clinically indicated. Patients 40–74

years of age were also offered participation in a popula-

tion-based mammography-screening programme.

2.4. Immunohistochemical staining for TSP-1

Stored paraffin sections from 1999 were used. In 1999,

a small piece of the fresh frozen tumour tissue was re-

moved, thawed, fixed and sectioned. Storage of paraffin

sections may lead to a varying degree of decreased immu-

noreactivity for several antibodies [27]. This may be com-

pensated for by optimising the antigen retrieval (AR)
protocol [27]. The paraffin sections we used were first

tested for changes in immunoreactivity using citrate buf-

fer or boric acid for antigen retrieval. This resulted in

equal specific staining, but the intensity of staining was

higher when using boric acid than that obtained using ci-

trate buffer (G. Elmberger, not shown). Four lm paraf-

fin-embedded tumour sections were deparaffinised in

xylene and rehydrated in graded alcohol. Antigen retrie-
val was achieved by heating the slides in 0.2M boric acid,

pH 7.2 in 85 �C for 16 h [27]. The immunostaining was
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done in a DAKO TechMate Instrument, (DAKO, Den-

mark), an automated Immunohistochemistry instru-

ment. We used the manufacturer�s diaminobenzidine

(DAB) detection kit, (DAKO ChemMate Detection

Kit, Peroxidase/DAB, Rabbit/Mouse for the DAKO

TechMate instruments), that includes biotin-labelled sec-
ondary antibodies directed against mouse/rabbit immu-

noglobulins, peroxidase-conjugated streptavidin

molecules and DAB as the localisation reagents. This al-

lows each biotinylated antibody molecule to react with

several peroxidase-conjugated streptavidin molecules.

For primary antibody, we used a mouse-monoclonal

antibody, TSP-1, clone p12 (Immunotech, Marseille,

France) [28–30]. The primary antibody diluted to 1/20
gave the optimal staining reaction.

Paraffin-embedded human tonsil sections were used

as positive controls [28,31]. Negative controls were per-

formed by omitting the primary antibody, TSP-1, from

the paraffin-embedded tonsils. The intensity of staining

in the tumour cells, was scanned and arbitrarily graded;

(0, no staining noted; 1, low intensity of staining in

>10% of the tumour cells; 2, medium intensity of stain-
ing in >10% of the tumour cells; 3, high intensity of

staining in >10% of the tumour cells). All slides were

viewed and scored by one pathologist without knowl-

edge of patients� clinical outcome.
2.5. p53 status by cDNA-based sequencing

Sequence-based analysis of the complete coding re-

gion of p53 has been reported previously in [22,25].

The entire TP53 gene was analysed.
2.6. p53 status by immunohistochemistry

p53 status in tumours was analysed by IHC on paraf-

fin sections using the monoclonal mouse antibody,

Pab1801, as earlier described in [25].
2.7. Vascular endothelial growth factor

VEGF was analysed using an enzyme-linked immu-
nosorbent assay (ELISA), as previously described in

[23,24]. VEGF content was expressed as pg protein/mg

of total cytosolic protein.
2.8. Statistical methods

Overall survival (OS), breast cancer-corrected sur-

vival (BCCS), and relapse-free survival (RFS) were

analysed by the Kaplan–Meier method. The log-

rank-test was employed for the analysis of differences

between groups. All P-values were derived from two-

tailed tests. For OS all deaths were counted as events.
For BCCS, only deaths from breast cancer were con-
sidered as events. Events for estimation of RFS were

all breast cancer relapses, (not including new contra-

lateral breast cancer) or death from breast cancer. Wo-

men without recurrence were censored at the time of

their latest follow-up. Relative hazards of dying of

breast cancer were estimated by use of Cox�s propor-
tional hazards method in a univariate model. Analyses

were done with age and tumour size as continuous var-

iables, and other factors as dichotomous variables. p53

status was used as positive versus negative and the

median value of VEGF was used as the cut-off value,

except in the analysis of variance (ANOVA) analysis,

where VEGF was used as a continuous variable. Dis-

tribution of TSP-1 in the different subgroups was com-
pared by the v2 test. Multivariate analysis was not

performed, as TSP-1 was not a statistically significant

factor in the univariate analysis. The analyses were

carried out using the JMP software for PC from the

SAS Institute (Cortex, AB, Solna, Sweden) and with

the PHREG procedure in SAS for IBM.
3. Results

3.1. Clinical outcome

A total of 106 recurrences have been registered, and

137 patients have died during the follow-up period, a

median time of 122months andmaximum of 153months.

For 74 patients, the cause of death was breast cancer.
3.2. Distribution of TSP-1

Stored paraffin sections could be obtained from 273

of the 315 tumours and 12 of these 273 sections were

not assessable for TSP-1 due to insufficient material or

staining, leaving 261 tumours. Staining for TSP-1 was

observed primarily in the tumour, endothelial and plas-
ma cells. Staining was located in the luminal and apical

portions of the malignant ductal epithelium. In poorly

differentiated tumour cells, the cytoplasmic staining

was more diffuse for TSP-1 expression. No evidence of

TSP-1 was seen in the stroma, or basement membrane

of normal ductules. Staining was also seen in normal

breast cells, when they were present in the slides. In nor-

mal breast cells, the staining was clear, distinct and
found in the apical portion of the cells (Fig. 1(a)–(c)).

Overall, 241 (92%) had detectable levels of TSP-1 (arbi-

trarily graded 0-3), while 20 tumours were negative.

TSP-1 expression was not related to the patient�s
nodal-status.

3.3. Correlation between TSP-1 and p53 or VEGF

No significant correlations were found between

TSP-1 and p53 status or VEGF. In patients with p53
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mutations, determined by cDNA-based sequencing, but

with negative p53 status by IHC (n = 10), we found a

correlation with high VEGF expression (P = 0.009).

This was not seen between this p53 group and those with

low TSP-1 expression (n = 21) (P = 0.2) (Tables 2 and

3). In the group with TSP-1-negative tumours (TSP-
1 = 0) and p53 mutations, two out of seven (29%) muta-

tions consisted of point mutations compared with 29 out

of 49 (59%) for the TSP-1-positive tumours (TSP-1 = 1–

3) with p53 mutations.

3.4. TSP-1 and patient outcome

No correlation was found between TSP-1 expression
(graded 0–3) and survival, OS (P = 0.5), BCCS

(P = 0.2), or RFS (P = 0.3). Evaluation of TSP and

VEGF as continuous variables were not correlated with

survival (data not shown).

When the total patient group was stratified with re-

gard to their p53 status, no correlation was found be-

tween TSP-1 and OS in the groups with wild-type
Fig. 1. (a) Immunohistochemical stains for thrombospondin-1 (TSP-1). (a) Br

negative staining (level 0). (c) Normal hyperplastic breast tissue showing str
(P = 0.4) or mutated p53 (P = 0.8). In subgroup analy-

ses, node-negative patients without systemic adjuvant

treatment, or node-positive patients receiving adjuvant

chemotherapy or endocrine therapy, no differences in

survival were seen according to their TSP-1 status.
4. Discussion

The angiogenic pathway and its regulation has re-

sulted in many publications, including studies on TSP

and p53. However, suboptimal, methods, such as IHC,

have been used for the determination of p53 status

[25,32–39].
To our knowledge, this study, for the first time, com-

pares TSP-1 expression with p53 status according to the

complete gene sequence using population-derived breast

cancer samples.

In contrast to other studies, we found no evidence of

TSP-1 staining in the stroma or at the basement mem-

brane of the ductules [10,13,17,40,41]. Different fixation
east cancer tissue showing 3+ staining. (b) Breast cancer tissue showing

ong immunoreactivity.



Table 2

Distribution of low- and high-TSP-1 levels in subgroups defined by immunohistochemical and sequence-based p53 status

p53-wt/IHC negative

n = 187

p53-wt/IHC positive

n = 15

p53-mut/IHC negative

n = 21

p53-mut/IHC positive

n = 34

TSP-1-low

% 61 53 76 59

(n) (114) (8) (16) (20) 158

P = 0.5

TSP-1-high

% 39 47 24 41

(n) (73) (7) (5) (14) 99

P = 0.2* 257

TSP-1-low, groups 0 and 1; TSP-1-high, groups 2 and 3.
* No correlation was found between high TSP-1 and p53 mutations by sequencing but negative IHC.

Table 3

Distribution of low- and high-VEGF levels in subgroups defined by immunohistochemical and sequence-based p53 status

p53-wt/IHC negative p53-wt/IHC positive p53-mut/IHC negative p53-mut/IHC positive

VEGF-low

% 57 31 20 31

(n) (98) (4) (2) (8) 112

P = 0.005

VEGF-high

% 43 69 80 69

(n) (75) (9) (8) (18) 110

VEGF-mean

pg/mg total protein 488 427 1212 928

Range 8–6199 37–1121 103–2604 71–6725 P = 0.009

(n) (173) (13) (10) (26) 222

VEGF, vascular endothelial growth factor.

VEGF-low, below median value; VEGF-high, above median value.

B. Linderholm et al. / European Journal of Cancer 40 (2004) 2417–2423 2421
procedures, TSP antibodies or IHC techniques are pos-

sible explanations for the recorded differences. From our

IHC results, it appears that TSP-1 expression is more

well-organised in normal cells than in tumour cells.

In our study, no associations between TSP-1 and

VEGF expression and p53-status were found. These find-

ings are consistent with recently reported data in breast

cancer patients [42], but in contrast to data from studies
of bladder, colorectal, epithelial ovarian and prostate

cancers, where an inverse correlation between TSP-1

expression and increased IHC p53 expression has been

reported [8–11]. One can speculate that the use of differ-

ent methods in these studies for the determination of

TSP and p53 status may partly explain the conflicting

results.

No correlation was found between TSP-1 expression
and survival in the total patient group, nor when pa-

tients were stratified with regard to their p53 status. A

possible explanation for these results is that TSP-1 is

only one of many factors that are known to be involved

in angiogenesis.

We and others have previously described suboptimal

results for the determination of p53 using protein-based

methods like IHC compared with sequencing [25,32–39].
False-negative p53 IHC results may arise as a conse-

quence of the mutation type, and false-positive results

due to activation of wild-type p53 [25]. As earlier pub-

lished we found statistically significant higher VEGF

expression (P = 0.009) [21], but no correlation in those

with low TSP-1 values (P = 0.2) in the group with se-

quence-positive tumours (proven to have p53 mutation),

which were p53-negative by IHC.
Dameron and colleagues [43] showed in a preclinical

setting that normal p53 activates the TSP-1 gene at the

transcriptional level. However, our data does not sup-

port this, therefore we propose that other mechanisms

of TSP-1 regulation, in addition to p53, must be operat-

ing in these cells. Angiogenesis is regulated by several

factors in a tumour and the expression of these may dif-

fer depending on the tumour�s biological characteristics,
as well as changes within the tumour and surrounding

tissue(s) over time. One can speculate further that angi-

ogenic stimuli in the tumour, such as hypoxia, may pre-

dominate over existing inhibitors of angiogenesis, such

as TSP-1, and this might explain the lack of a clinical

correlation for TSP-1.

Data from the literature indicates that the inhibition of

angiogenesis by TSP-1 is mediated by two independent
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regions of the molecule [44]. The amino-terminal end

contains a type 1 repeat which inhibits angiogenesis

stimulated by the basic fibroblast growth factor (bFGF),

whereas a second region near the carboxy-terminus ex-

erts its anti-angiogenetic effect by inhibiting either

bFGF or VEGF-driven angiogenesis. Two other studies
indicate that TSP-1 may exert its anti-angiogenetic effect

by inducing endothelial cells to undergo apoptosis

[45,46]. There are reports indicating that TSP-1 might

affect angiogenesis in opposing directions, depending

on which domain of the molecule is active [47], or alter-

natively, depending on the nature and number of TSP-1

receptors that are present on the endothelial cells [3,48].

TSP-1 therefore possibly has the capacity to both stim-
ulate and inhibit endothelial cell proliferation and angi-

ogenesis. This, and as described above, the use of

suboptimal methods for the determination of p53, may

explain the conflicting reports on the effects of TSP-1

and its correlation to p53.

In our study, TSP-1 was not associated with p53-sta-

tus, VEGF expression or patients� survival.
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