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Abstract If activation of thep53 gene is involved in the gene may be involved in progression or metastasis in
progression or metastasis of colon cancer, it may affect tlaecinoma. However, the precise association between al-
angiogenic phenotypim vivo. To verify this hypothesis, teredp53 and progression in colon cancer has not been
we studied the correlation betweph3 accumulation and determined [2, 11, 29].
expression of thrombospondin-TSPJ in colon cancer  Thep53protein has been shown to change the pheno-
specimens. Levels GiSP1gene expression were estimattype of angiogenesim vitro. Cultured fibroblasts with
ed by Northern blotting in 65 colon cancers. Accumulss of the wild-type allele of the53 gene switched to
tion of p53and the distribution of SP1protein were eval- an angiogenic phenotype coincident with a decrease in
uated immunohistochemically. Various levels DEP1 TSPlexpression [4]TSPlexpression was also shown to
gene expression were seen in colon cancers, whiec- be inversely associated wifhb3 alteration in bladder
cumulation was confirmed in 42 of the 65 colon cancecancer [9, 10]TSP1lis one of the components of the ex-
The level ofTSP1gene expression demonstrated a signifiracellular matrix in a wide variety of tissues [22, 23,
cant inverse correlation with53 accumulation in colon 27]. It is a multifunctional glycoprotein, which is secret-
cancer. Colon cancer cells expres3&sP1 protein and ed from platelets [1, 17] and modulates platelet aggrega-
p53accumulation reciprocally in the same nests. Thesetion, wound healing, protease activity and cellular func-
sults suggest that alterations in the tumour suppreson [6, 15, 16, 18]TSPis also synthesized and secreted
genep53may inhibitTSPlexpression in colon cancer. by various types of cells: fibroblasts [15], smooth muscle
cells [18], monocytes, macrophages [16], osteoblasts [6]
Key words Thrombospondin-1p53- Colon cancer and various neoplastic cell§SP1has also been shown
to modulate angiogenesis [7, 13, 20, 21, 38] and tumour
progression [24, 34]. ThéSP1linduces the attachment
Introduction and spreading of squamous carcinoma cells, melanoma
cells and breast carcinoma cells [3, 26, 31, 32, 35]. De-
The p53gene is the most frequently altered tumour supreasedTSP1gene expression is correlated with meta-
pressor gene in solid human malignancies, which sstatic potential in melanoma, non-small-cell lung cancer,
gests a major role f@53 protein in human carcinogene-and breast carcinoma cell lines [39]. Transfection of
sis [8, 12]. Alterations op53 are also common geneticTSP1cDNA into a human breast carcinoma cell line re-
events in colon cancer [2, 36] and are frequently accoduced primary tumour growth, metastatic potential, and
panied by alleic loss of 17p, a chromosome region c@mgiogenesis [38]. Although the rolesT@®P1in prolif-
taining multifunctional transcriptional factors. Bgih3 eration and angiogenesis in various cancers are contro-
mutations and alleic deletion of 17p occur in associatigersial, recent studies have suggested that alterations of
with tumour progression and are observed in 50-70%p&3 affect TSPlexpression [4, 10].

these cancers [11, 29]. Activation or alteration ofgba It has been reported that loss of tumour suppressor
gene expression and oncogene activation are both associ-
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tors. The pupose of this studwas to ivestigate the cor
relaion betweenp53 staus andTSPlexpression in ce
lon cancer

Materials and methods

Specimens im 65 péients (28 émale and 37 malenean ge
60.7) with colonic adenoceinoma vho undervent sugical resee
tion between October 1989 andlfruary 1992 & Tokai University
Hospital were examined in the stud Samples fam the sugical
specimens wre rapidly frozen and stard & —80°C until thg were
analzed

Levels of TSP1gene a&pression vere e/aluged ty Northem
blotting anaysis. TSP1specifc cDNA probes (493p) were pre-
pared ty PCR ampliication with pimers Th1-S (X04665, 131-150),
5-ACCGCATTCCAGAGTCTGGC-3 and Mm1-A (604-623), 5-
ATGGGGACGTCCAACTCAGC-3, and their sequencesem
confirmed with a autontad sequencer (ABI PRISM 310e#Rin
Elmer, Calif.). Blots of total cellular RW (15 pg, GeneSaen
Plus, Nev England Nutear) were hybridized with 32P-labelled
probes, and Mels of TSP1gene e@pression vere estimé&d by
densitomety (Interactive Build Analsis System, Zeiss). &Veval-
uaed epression of theT'SP1gene-specit transcipt (4.4 kb) by
autoradiography and also xamined houseking gene gpression
by stiipping and ehybridization of the lots with af3,-microglobu-
lin cDNA probe to contol for the amount of RN loaded in edc
lane The B,-microglobulin cDNA probes vere prepared by PCR
amplification with pimers B,-S, 5-ACCCCCACTGAAAAAG-
ATGA-3 andp,-A, 5-ATCTTCAAACCTCCATGATG-3, and their
sequences &re also corifmed with an autontad sequencer (ABI
PRISM 310, Rrkin Elmer, Calif.). The levels of TSP1gene &-
pression vere estiméd by densitomety (Interactive Build Analy-
sis System, Zeiss) [14].

Formalin-fixed (10%), paaffin-embedied sections of the colon N grading

cancer ere examined imnunohistotiemically to evaluae of p53
and TSP1.Antigenicity of p53 was etrieved ty autodaving a
120°C Pbr 5min. After Hocking of endgenous pesxidase actii-
ty (methyl alcohol, 3% HO,) and nonspedif binding (with 10%
nomal ga seum), specimens &re incubd&ed with mouse anti-
human p53 monodonal antibog (DO-7, Novo Casta; 1:20),
mouse anti-humaMSP1monodonal antibog (thrombospondin-
Ab-1, Chemicon; 1:20)taoom tempegture. The sections are in-
cubaed with biotin-ldelled anti-mouse IgG (Nigrei, Tokyo, J-
pan) and hareradish peoxidase-conjugted steptavidin (Nichirei,
Tokyo, Japan). Reaction mducts vere visualizd with 3,3'-diami
nobenzidine with HO,. Accurnulation of p53 was detemined ly
the dgree of udear accuralation [5].

Doube immunostaining was also pedrmed to &amine the
histolagical distibution of TSP lexpression angh53 accunulation
directly on the same section§SP1was detected b peroxidase
reaction with amino-etficarbaole, after which p53 was detected
with the alkaline phosplt@ reaction with &st bue (Fg. 2).

Histological sections wre cut flom the cent of eab colonic
tumour, and stained with haermxylin and eosin (H&E) and with
Victoria bue to deine the ascular vall. Histolagical examindion
was perbrmed ind@endenty by two pahologists. The dgrees of
venous andyimphaic invasion vere dassifed accoding toa pre-
vious stug [33]. The dgree of \enous iwasion (v-actor) was
classifed into our goups: v0, no gnous inasion; v1l+, minimal
venous inasion, i.e one or tvo foci of venous inasion in the his
tological sections; v2+, modae venous inasion, i.e three or
four foci of venous inasion; and v3+, sere venous inasion with
more than ive invasion bci. The dgree of ymphaic invasion (-
factor) was also ecoded: 1+, mild lymphdic invasion; {2+,
modeegte lymphdic invasion; andy3+, serere lymphdic invasion.
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Fig. 1 Northem blotting anaysis of TSP1gene &pression in ce
lon cancer specimenstSPZlspecifc transcipts were detected
(4.4 kb). Blots ehybridized with af,-microglobin piobe as inter
nal contols ae also shan

Table 1 Associdions betveenTSPlexpression lgel and tumour
characteistics {/-factor; degree of \enous inasion,ly-factor; de-
gree of ymphdic invasion)

TSPlexpression
level
v-factor P=0.187
V0, v1+ 4.1845.9
vl+ < 2.25+4.6
ly-factor P=0.482
lyo, ly1+ 3.6745.7
lyl+ < 1.43x2.7
T grading P=0.068
TO, T1, T2 6.89+7.0
T3, T4 2.48+4.9
P=0.063
NO .66+6.0
N1, N2, N3 2.19+4.7
p53 Accunulation P=0.002*
Yes 1.95+4.4
No 6.0916.1
K-ras Mutdion P=0.830
Yes 2.36+3.6
No 3.8346.3
Liver metastasis P=0.217
Yes 1.55+3.7
No 3.9145.7

* Statistically significant (Mann-Whitney U test)

Results

We dassifed tumous as positie for p53 overexpression
when moe than 5% of the tumouuei were positvely
stained [5]. Accumnalation of p53 was imnunohiste
chemically confrmed in 42 of the 65 colon canseiThe
average levels of TSP1gene apression (atio to ,-mi-
crogloblin gene TSP1B, m) were 3.4+5.4x168 (Fig. 1).
The mean density ofSP1gene in colon cancsrshav-
ing p53 accunulation was 2.0+4.4x1, while tha in
those withoup53accunulation was 6.1+6.1x1€. Thus,
TSP1lgene epression lgel demonstted signifcant in

Differences beteen the goups in the density of signals onyerse corelaion with p53 accunulation (P=0.0022,

Northem blots were anayzed ty the Mann-Witney U test.

Mann-Whitney U test, Bble 1).

TSP1protein was detected in the colon cancer cells,

while TSP1protein was pedominant distibuted in the



Fig. 2 Doube-immunostaining angkis of TSP1and p53 Colon
cancer tissuesxpressing theTSP1gene vere doulbe-immuno-
stained with antiFSP1and antip53antibodies. Colon cancer cells
expressed TSP1 protein (ed, arrowhead reciprocally in cells
without p53accunulation (blue). x30C

stroma. Doule-immunostaining indiceed tha colon
cancer cells xpressedT SP1protein andp53 accunula-
tion recipiocally in the same nestsi- 2).
TSPlexpression lgel was not comrelated with histe
logical type venous inolvement or ymphdic invasion.
The TSPlexpression lgel shaved a tend tavards lover
grades (T0-2,N0) in the case of higHe&Plexpression,
with bordedine signifcance There were no corelaions

betweenTSPland ay TNM grade in these colon cancer

paients (Eble 1).

Discussion

Alterations of p53 have been eported to be assodied
with poor pognosis in colon cancer pants in seeral
studies, bt contadictol findings hae also beeneport-
ed [2, 11, 29]. Alteations of p53 are extremey rare in
adenomas without sere dysplasia, bt become ma
frequent with adancing pogression to cainoma. Re

cently, it has beeneported tha actvated oncgenes and 5.

loss of epression of tumour supessor gnes suc as
p53 might regulate some ytokines tha are capable of
modulding angogenesis, inkding VEGF orTSP1[25,
30]. Tumour suppessor gnes, inluding p53genes, ere
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reported to afect angpgenesis though VEGF gpression
[28, 37].

Expeiments on cultued fibroblasts fom Li-Fraw
meni pdients hae demonstted tha tumour cells witch
to an anggenic phenotype coincident with loss of the
wild-type p53allele and a concomitant deaise inTSP1
expression [4]. An imerse assoction was also eported
betweenTSPlexpression ang53 alterations in Badder
cancer [10]. In this styd we demonstted tha TSP1
expression vas irversely associted with p53 accunula-
tion in colon cancerMoreover, we did not ind the in
verse associson between the gpression ofTSP2geneg
which is knavn to be the molecule moskosely resem
bling TSP1 andp53in colon cancer (da not shwn).
This suppats the edrer obsevation tha TSP1expres
sion was deovn-regulated by p53 gene deration [4, 10].
It has been sugsted thap53 accunulation is dosely
associted with angpgenic phenotype tlugh TSP1ex-
pression in colon cancer

The TSP1gene &pression lgel was not signitantly
correlated with actated c-K-rasoncaene in colon can
cers (dda not shwn). We also éund tha the level of
TSP1expression detenined lty Northem blotting was
more intense in the cainoma than inxdraneoplastic tis
sue TSPlexpression vas eported to be incgased in the
stroma within and immedtaly adjacent to malignant tu
mours relaive to thain nomal nucosa [3, 9].

Decrasedl SPlexpression vas corelaed with higher
T and N gades with batedine signiicance which is
consistent with the obsetion tha reducedl SPlexpres
sion induced ggressve tumouigenicity in vitro [39].

The results of this studstrongly suppot the concpt
that tumour suppessor gnes suc asp53 affect the an
giogenic phenotypeyoregulaing the poduction ofTSP1
This moduldes cancer gression and/or amggenesis.
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