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Abstract Syndecan-1, a transmembrane heparan siB+0.002). In both cases the loss of syndecan-1 expres-

phate proteoglycan (HSPG), functions as a matrix recepn was more striking than that of E-cadherin. Previous

tor on the basal surface of epithelial cells. It also co-lo+vitro studies have shown that epithelial cells made de-

calizes with E-cadherin at the lateral cell surface whdigent in syndecan-1 cease to express E-cadherin, sug-

its function is uncertain. Tumour development in thgesting a causal association. Our results support these

large bowel is associated with loss of normal epithelif@dings and indicate that disruption of cell-matrix adhe-

adhesion and altered patterns of expression of cell adsien is critical in colorectal carcinogenesis, probably pre-

sion molecules, possibly including syndecan-1. To evakeding changes in the purely homotypic cell-cell adhe-

ate changes in syndecan-1 expression during the des&n mediated by E-cadherin.

opment of colorectal neoplasia, 59 adenomas and 20 car-

cinomas arising from adenomas were investigated by iKey words Syndecan-1 - E-cadherin -

munohistochemistry. The staining intensity and distrib@olorectal carcinogenesis

tion of syndecan-1 and E-cadherin in sequential sections

was examined, semi-quantified and compared. Staining

of syndecan-1 and E-cadherin was uniform in normal datroduction

lorectal epithelial cells, and located at the basolateral

surface. No significant change was seen in either moftre development of malignant epithelial neoplasms is

cule in mildly or moderately dysplastic adenomas. A sigssociated with disruption of cell-cell and cell-matrix

nificant reduction in expression of both syndecan-1 aadhesion [1, 2]. This is thought to occur as a result of al-

E-cadherin was seen in severely dysplastic epitheliumtesed expression of certain cell adhesion molecules

compared to moderate dysplasi=(.001 andP=0.004 (CAMSs) [3-6].

respectively). Similarly, there was a significant reduction Epithelial cell-cell adhesion is mediated predominant-

of both molecules in carcinomas compared with assogi-oy E-cadherin at the adherens junctions. E-cadherin is

ated adenomas (syndecanf=0.00003; E-cadherina calcium-dependent transmembrane glycoprotein, the

cytoplasmic domain of which is associated with the cat-
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In adult life, syndecan-1 is expressed predominan(Brestige, UK) at 103 kPa in pre-heated 10 mM sodium citrate
in epithelial tissues [11], but is also found on fibroblasg§ffer (PH 6.0). After cooling in running tap water, the slides

ere rinsed in 0.1 M phosphate-buffered saline (PBS; pH 7.4).
[12] and plasma cells [13]. It has been shown to Co'rﬁénspecific staining was blocked by incubation of the sections in

calize with the actin cytoskeleton in mouse mammag¥rmal horse serum for 30 min, prior to application of the prima-
epithelial cells [14], an association similar to that of Ey monoclonal antibody to syndecan-1 (MCA681, clone B-B4;

cadherin (via the catenins) at the zonula adherens. TH@otec, Kidlington, UK) at a concentration of 0.001 mg/ml. This
an adhesion complex is thought to exist at the Zonulagg@_n IgG (k) antibody which reacts specifically with syndecan-1,

. : . revealed by molecular cloning [16]. After incubation in a moist
herens involving E-cadherin, syndecan-1 and the acifamber overnight at room temperature, the slides were washed

cytoskeleton [8]. The expression of syndecan-1 has b@e®BS and incubated for 30 min with biotinylated horse anti-
shown to be altered in malignant epithelial tumours ippuse 19G (Vectastain Elite ABC kit; Vector Laboratories,
animal models [15] and in human cervical carcinom grlingame, Calif.). Slides were washed and then incubated

4 d . f the head d K 30 min with avidin-biotin complex (Vectastain Elite ABC
[4] and squamous carcinomas of the head and nec : according to the manufacturer's recommendations. Staining

Since syndecan-1 is thought to participate in cell-C@ts performed by incubation with 3d&minobenzidine (DAB;
adhesion and to associate with E-cadherin, we stud#gima) activated with hydrogen peroxide. Slides were counter
changes in the expression of syndecan-1 in comparifified with Mayers haematoxylin. flegative controls were
to that of E-cadherin in human colorectal tumours. (F’,Btg'”e y omitting the primary antibody, replacing it wit
Immunohistochemical staining was read independently by two
observers (RD and XPH), using a previously described scoring
" system [3, 17] as follows: slides were assessed for the proportion
Materials and methods of cells stained and/or their intensity. A semi-quantitative method
was used and the figures quoted are approximations rather than the
Fifty-nine adenomas and 20 carcinomas (Table 1) arising from adaduct of a formal counting method. The intensity of membra-
enomas were selected from the archive of the Academic Depadts staining in adenomas and carcinomas was graded as negative
ment of Pathology, St Mark’s Hospital, UK, according to the fo(0, no staining), weak (+), moderate (++) and intense (+++, as
lowing criteria: (1) patients had no known personal history of mstrong as in normal mucosal epithelium). As all epithelial cells in
lignancies or of familial adenomatous polyposis, (2) all polygee adenomas were positive for both syndecan-1 and E-cadherin,
were completely excised by polypectomy or surgical resectiamly the intensity of immunoreactivity was scored. For carcinomas
and (3) if multiple adenomas were present, the largest and #ding in adenomas and their associated adenomas the percentage
with the most severe dysplasia was chosen. All samples also adrzells showing membranous positive staining was graded as fol-
tained some histologically normal epithelium in addition to tudews: 0 (<5%), 1 (5-25%), 2 (26-50%), 3 (51-75%) and 4 (more
mour tissue. Fresh 4-um-thick serial sections were cut from rdian 75%). A cumulative total was obtained by multiplying the
tinely fixed, paraffin-embedded blocks and placed on Poly-L-lyalues of the intensity by the percentage of cells showing membra-
sine-coated slides (Sigma Chemical, Poole, UK). One slide rafus staining, producing a score from 0 to 12. The scores were de-
each specimen was stained with haematoxylin and eosin and dsedl as: strong staining (12—-9), moderate staining (8—6), weak
to confirm the recorded histological classification (ICT/XPH)taining (4—1), and negative (0). Cases in which there was a dis-
These tumours have previously been studied for changes in E-ca€épancy in the scoring were jointly re-evaluated by the two ob-
herin expression [3]. servers and an agreement was reached. As staining with syndecan-
Immunohistochemical staining of syndecan-1 was perform&dand E-cadherin was performed on sequential sections from each
in accordance with standard procedures on 4-um-thick sectionsuafiour, the scores and distribution of staining obtained with each
formalin-fixed, paraffin-embedded sequential tissue sections awotibody were compared.
those previously stained for E-cadherin [3]. Antigen retrieval was Statistical analyses were performed using the Fisher exact
performed by boiling for 12 min in an aluminium pressure cookprobability test, and® values equal to or smaller than 0.05 were

Table 1 Staining scores in the

20 carcinomas studied togethercase Dysplasia Syndecan-1 E-cadherin ~ Tumour Syndecan-1  E-cadherin
with Dukes’ staging and grade grade score scoré stage score scoré
of dysplasia in associated ade-
nomas 1 Severe 4 12 Dukes’ stage B 9 12
2 Severe 8 8 Dukes’ stage A 0 4
3 Severe 4 8 Dukes’ stage B 0 8
4 Severe 8 8 Dukes’ stage C1 2 2
5 Severe 8 8 Dukes’ stage C1 1 8
6 Mild 12 12 Dukes’ stage C1 6 3
7 Moderate 8 8 Dukes’ stage A 1 3
8 Severe 8 8 Dukes’ stage A 6 3
9 Moderate 8 12 Dukes’ stage A 0 12
10 Severe 12 12 Dukes’ stage A 0 12
11 Severe 8 12 Dukes’ stage A 0 12
12 Severe 12 12 Dukes’ stage A 0 8
13 Severe 8 8 Dukes’ stage A 9 8
14 Severe 8 8 Dukes’ stage A 4 4
15 Moderate 12 12 Dukes’ stage A 0 12
16 Severe 12 8 Dukes’ stage A 0 3
17 Severe 12 4 Dukes’ stage A 9 4
18 Severe 12 8 Dukes’ Stage A 3 4
a . 19 Severe 12 8 Dukes’ stage A 0 3
Scores in adenoma 20 Severe 8 12 Dukes’ stage A 2 12

b Scores in carcinoma




Fig. 1 a Syndecan-1 antl E-cadherin immunoreactivity in large Fig. 2 a Syndecan-1 antd E-cadherin immunoreactivity in mod-
bowel mucosa. Histologically normal mucosa shows strong ueirately differentiated carcinoma arising in a villous adenoma. The
form membranous staining of syndecan-1 and E-cadherin. Severea of tissue containing the moderately differentiated carcinoma
ly dysplastic epithelium arrowhead$ shows a significantly re- shows a significant reduction in the expression of both syndecan-1
duced expression of syndecan-1 compared with adjacent noravad E-cadherin compared with the associated adenamawf
mucosa. Loss of E-cadherin expression is less apparent in tibad$. x10C

same areas of dysplastic epithelium. x1€@ Higher magnifica-

tion of the dysplastic epithelium clearly shows the greater reduc-

tion of syndecan-1cf than of E-cadherin membrane staininy (

large arrowheadsn both). Plasma cells in the lamina propria are

also positively stained for syndecansin@ll arrowheads x30C
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considered significant for differences between: (1) the staining
tensity and grade of dysplasia in sporadic adenomas, and (2)
staining score in carcinomas and their associated adenomas.

Bjscussion

We have shown that a major change in the expression of
syndecan-1 occurs during the development of colorectal tu-
mours. In the mildly and moderately dysplastic adenomas
the pattern of expression was similar to that in adjacent
Histologically normal epithelium adjacent to adenoma®nneoplastic epithelium. There was, however, a signifi-
showed uniform membranous staining of syndecan-1 arzht decrease in the level of syndecan-1 expression, firstly
E-cadherin in surface epithelium and along the whdte severely dysplastic adenomas compared with mildly or
length of the crypt, thus serving as an internal positimederately dysplastic adenomas, and secondly, in invasive
control for each section. Staining was located at the lsarcinomas compared with the adjacent associated adeno-
solateral surface of columnar epithelium (Fig. 1a, b). Nwatous component. These changes were mirrored by de-
cytoplasmic staining or background stromal staining weaases in the expression of E-cadherin. The changes in E-
evident with either antibody. However, plasma cells gadherin, however, were less dramatic than that in synde-
the lamina propria were intensely stained by syndecanean-1, especially the change from mild/moderate dysplasia
Membranous staining of syndecan-1 and E-cadhetinsevere dysplasia. In invasive tumours the change in syn-
was displayed in all adenomas examined, although diffdecan-1 expression was also visually more marked than
ences in intensity were seen. Reduced expression of lib#t in E-cadherin. The fact that these changes occurred at
syndecan-1 and E-cadherin was associated with #pecific points during tumour development suggests that
change from moderate to severe dysplasia. There wWease is possibly selection for these changes and that they
some reduction of staining of both molecules in bo#re not epi-phenomenal to tumour progression.
mildly and moderately dysplastic tissue as compared toThe mechanism behind the reduction of membrane
normal tissue, although in neither case was this sign#fizndecan-1 remains unclear. Proteases which normally
cant (syndecan-P=0.2 and E-cadherifP=0.2). There participate in the lysis and physiological turnover of the
was, however, a marked reduction in severely dyspladi@sement membrane may also facilitate tumour invasion
as against moderately dysplastic tissue for both molecU®s These enzymes include heparanase (endoglucoronid-
(syndecan-1P=0.001 and E-cadheriR=0.004) and the ase), which is capable of cleaving heparan sulphate [18].
reduction of syndecan-1 appeared to be greater than theds might be expected, increased amounts of protease
of E-cadherin (Fig. 1la—d, Table 2). enzymes are released in the extracellular compartment by
In carcinomas, changes in the proportion of cells witteoplastic cells and/or stromal cells in the later stages of
positive staining were seen as well as changes in thelamge bowel tumour development, heparan sulphate could
tensity of the membranous staining. Analysis of thme cleaved from syndecan-1, perhaps resulting in degra-
weighted scores showed a significant reduction in stadation of the nonfunctional molecule. This could explain
ing for both syndecan-1 and E-cadherin in carcinomih& dramatic decrease in the expression of membrane syn-
compared with their associated adenomas (syndecagtetan-1 seen between moderate and severe dysplasia.
P=0.00003 and E-cadheriR=0.002). As with the se- Heparin-binding growth factors regulate cell growth
verely dysplastic adenomas, there was an appareniiyl differentiation and bind to their high affinity signal
greater reduction in the staining of syndecan-1 thantiansducing receptors via HSPGs, thought to include
that of E-cadherin (Fig. 2a, b, Table 3). syndecan-1 [8, 9]. Syndecan-1 expression is transiently

Results

Table 2 Correlation between

staining intensity and grade of Syndecan-1 E-cadherin
dysplasia in sporadic adenomas
for each antibody. The Fisher Tt ++ + - Tt t+ + -
exact probability test was used .
to analyse differences between Mild 20 2 0 0 21 1 0 0
the groupsP values equal to or Moderate 23 3 3 0 24 5 0 0
smaller than 0.05 were consid- Severe 1 3 4 0 2 2 4 0
ered significar Mild — moderate P=0.23 P=0.2
Moderate- severe P=0.001 P=0.004
Table 3 Correlation between -
staining score in carcinomas Syndecan-1 E-cadherin
and their associated adenomas
for each antibody. The Fisher 129 86 41 O 12-9 8-6
exact probability test was used
to analyse differences between Adenomas 8 10 2 0 8 11
the groupsP values equal to or Carcinomas 3 2 6 9 6 4
smaller than 0.05 were consid- P=0.00003 P=0.002

ered significar -
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induced in proliferating keratinocytes and endotheliad. Inki P, Stenback F, Grenman S, Jalkanen M (1994) Immu-
cells during wound healing [19]. Transfection studies nohistochemical localization of syndecan-1 in normal and
have revealed that overexpression of syndecan-1 r(_:‘Sl‘ll,[gathologlcal human uterine cervix. J Pathol (Lond) 172:349—

in down-regulation of growth factor responses [20], Sugs. Inki P, Joensuu H, Grenman R, Klemi P, Jalkenen M (1994)
gesting that enhanced expression is associated with nonAssociation between syndecan-1 expression and clinical out-

malignant proliferation and restriction of excessive come in squamous cell carcinoma of the head and neck. Br J

; Cancer 70:319-323
growth. Transformed cells with reduced syndecan-1 €% Dorudi S, Sheffield J, Poulsom R, Northover J, Hart | (1993)

pression may have lost this restrictive mechanism impor- g_cadherin expression in colorectal cancer. Am J Pathol 142:
tant for regulating cell proliferation [4]. 981-986 _ _
The greater reduction of syndecan-1 expression thanHynes R (1987) Integrins, a family of cell surface receptors.

; i ; . Cell 48:549-555
of E-cadherin expression seen in the transition frorg_ Bernfield M, Kokenyesi R, Kato M, Hinkes M, Spring J, Gallo
moderate to severe dysplasia demonstrates that changg® | ose E (1992) Biology of the syndecans: a family of trans-
in the expression of syndecan-1 probably occur before membrane heparan sulphate proteoglycans. Annu Rev Cell
those in E-cadherin, perhaps influencing the expressionBiol 8:365-393 .
of the latter adhesion molecule. Similar observation® Yayon A, Klagsbrun M, Esko J, Leder P, Ornitz D (1991) Cell

PR : surface, heparin-like molecules are required for binding of ba-
have been made in vitro using NMuMG mouse mamma- sic fibroblast growth factor to its high affinity receptor. Cell

ry epithelial cells transfected with antisense cDNA en- g4:841-848
coded for the core protein of syndecan [21]. Cells e¥0. Day R, llyas M, Daszak P, Talbot I, Forbes A (1997) Expres-
pressing less than 10% normal cell surface syndecansion of syndecan-1 in inflammatory bowel disease and a possi-

sl ; ; _ ble mechanism of heparin therapy. Gut 41:A113-114
grew as individual fusiform cells, showing a marked re1. Hayashi K, Hayashi M, Jalkanen M, Firestone J, Trelstad R,

duction in their expression of E-cadherin. ) Bernfield M (1987) Immunocytochemistry of cell surface hep-
Syndecan-1 is thought to be an important prognostic fac-aran sulfate proteoglycan in mouse tissues. A light and elec-

tor of SCC of the head and neck [5]. Syndecan-1-positive tron microscope study. J Histochem Cytochem 35:1079-

tumours were aSSOCiated. with higher _overaII, recurrengs- Kato M, Bernfield M (1989) Polymorphism of syndecan: a
free survival compared with tumours with reduced expres- distinctive form on mesenchymal cells. J Cell Biol 109:320a

sion of this molecule. The prognost!c significance of syndes. Sanderson R, Lalor P, Bernfield M (1989) B lymphocytes ex-
can-1 in colorectal carcinoma remains to be evaluated. press and lose syndecan at specific stages of differentiation.
In summary, our results demonstrate that the exprﬁg—ce” Regul 1:27-35

: : - . . Rapraeger A, Jalkanen M, Bernfield, M (1986) Cell surface
sion of syndecan-1 is significantly reduced during t proteoglycan associates with the cytoskeleton at the basolater-

late stages of tumour development, especially in the tran-a| surface of mouse mammary epithelial cells. J Cell Biol 103:
sition from moderate to severe dysplasia and noninvasive2683-2696

to invasive tumour. The apparently greater loss of syndé- Inki P, Stenback F, Talve L, Jalkanen M (1991) Immunohisto-

_ . _ ; chemical localization of syndecan in mouse skin tumours in-
can-1 relative to E-cadherin also suggests that a SEAUENy, ced by UV irradiation. Am J Pathol 139:1333-1340

ti?—' process is pertinent to this aspect of tumour progres:- Wijdenes J, Vooijs W, Clément C, Post J, Morard F, Vita N,
sion and that syndecan-1 changes occur before, and mayaurent P, Sun R, Klein B, Dore J (1996) A plasmocyte selec-

influence, E-cadherin changes. Further studies on thetive monoclonal antibody (B-B4) recognizes syndecan-1. Br J

R } f o _Haematol 94:318-323
Iprogr;olstlc significance of synotlegan 1 expression in g " Sincrope F, Ruan S, Cleary K, Stephens L, Lee J, Levin B
orectal carcinomas are warranted. (1995) Bcl-2 and p53 oncoprotein expression during colorectal

tumourigenesis. Cancer Res 55:237-241
Nakajima M, Irimura T, Di Ferrante D, Di Ferrante N, Nicol-
son G (1983) Heparan sulfate degradation: relation to tumour
invasive and metastaic properties of mouse B16 melanoma
sublines. Science 220:611-613
19. Elenius K, Vainio S, Laato M, Salmivirta M, Thesleff I, Jal-
References kanen M (1991) Induced expression of syndecan in healing
wounds. J Cell Biol 114:585-595
1. Takeichi M (1991) Cadherin cell adhesion receptors as a m2@- Mali M, Elenius K, Miettinen H, Jalkanen M (1993) Inhibition
phogenetic regulator. Science 251:1451-1455 of basic fibroblast growth factor-induced growth promotion
2. Liotta L, Rao C, Wewer U (1986) Biochemical interactions of by overexpression of syndecan-1. J Biol Chem 268:24215—
tumor cells with the basement membrane. Annu Rev Biochem 24222
55:1037-1057 21. Kato M, Saunders S, Nguyen H, Bernfield M (1995) Loss of
3. Hao X, Palazzo J, llyas M, Tomlinson I, Talbot | (1997) Re- cell surface syndecan-1 causes epithelial cells to transform in-
duced expression of cadherin/catenin complex in the transition to anchorage-independent mesenchyme-like cells. Mol Biol
from colorectal adenoma to carcinoma. Anticancer Res 17: Cell 6:559-576
2241-2248

Acknowledgements The authors thank the Henry Smith Charity g
of London for its encouragement, and for a substantial contribu-
tion to the support of Richard Day.




