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Abstract CD44 has diverse functions in cell—cell a”ﬂ‘nftroduction
cell-matrix interactions and may be a determinant o
metastatic and invasive behaviour in carcinomas. T8®44 is a transmembrane glycoprotein molecule ex-
immunohistochemical expression of CD44 in a seriesmessed by many normal tissues and is involved in
110 colorectal carcinomas and 25 adenomas was exasik—cell and cell-matrix interactions; it also facilitates
ined using the monoclonal mouse anti-human phagocyfimphocyte recirculation and activation [16, 29]. It is ex-
glycoprotein-1, CD44 (clone DF 1485) in correlatiopressed as a standard form (CD44H) and as numerous
with the expression of basement membrane (BM) argplice variants (CD44v) [25, 31]. Current evidence sug-
gens (type IV collagen, laminin), fibronectin, cathepsigests that CD44 proteins participate in a large number of
D, p53, Rb, bcl-2, c-erbB-2, EGFR, proliferation indicaglated molecular processes, which involve specific ad-
(Ki-67, PCNA) and with other conventional clinicohesions to hyaluronate, collagen, and fibronectin [23],
pathological variables. In adenomas, low CD44 expresgnal transduction [37] and cell migration [34]. CD44 is
sion (<10% of neoplastic cells) was present in 16%idely distributed on haematopoietic and nonhaemato-
moderate (10-50% of neoplastic cells) in 52% and ewietic cells, including subsets of leucocytes, erythro-
tensive (>50% of neoplastic cells) in 32% of cases. ¢gtes, many types of epithelium, mesenchymal cells,
carcinomas, low CD44 expression was found in 14.5%uch as fibroblasts and skeletal muscle cells, glial cells
moderate in 28.2% and extensive in 57.30%. Although the central nervous system and a wide variety of tu-
the CD44 expression was higher in carcinomas thanniours [5, 14, 17, 18, 32].
adenomas, we found no statistically significant differ- CD44 is normally present in only a few crypt epithe-
ence between these two groups. CD44 expression in tiat-cells in colorectal mucosa, but expression is marked-
cinomas was positively correlated with tumour sidg increased in carcinomas and their precursor adenomas
(P=0.018), tumour cells cathepsin B50.022), stromal [12, 38]. CD44 expression has been shown to be associ-
cell cathepsin D R=0.003) and Rb proteinP€0.021). ated with metastasis and poor prognosis in colorectal
An inverse correlation was observed between CD44 arhcer [13, 33, 38]. Some reports link expression in co-
the anti-apoptotic protein expression bcl-2 in adenocargrectal neoplasms and in some epithelial tissues to cell
nomas P=0.039) and in adenomaB<0.021). These da- proliferation, suggesting that CD44 has a role in tumour
ta suggest that CD44 may be involved in the processcefl growth [1, 2]. Enhanced expression occurs in a sig-
invasion and metastasis, probably with the cooperatigificant fraction of early adenomas before alterations of
of cathepsin D. Its expression may be an indicator the Kras protooncogene or p53 tumour suppressor gene
poor prognosis in colorectal adenocarcinomas. [21] and has recently been associated with the expression
of mutant p53 protein in colorectal oncogenesis [27].
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Laminin - Fibronecti: tant sites is derived from complex interrelated processes
including the dissolution of basement membrane (BM)
and extracellular matrix by degradative enzymes [10, 24,
28, 35]. In colorectal tumours we have examined the im-
munohistochemical expression of the adhesion molecule
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tion indices). Conventional clinicopathological feature&ble 1 Antibodies use
(age, sex, tumour size, tumour grade and Dukes’ sta}ggﬁbodies

have also been examined. Supplier Dilution timg”bat'on
CD44 (Clone DF 1485) Dako 1:40 Overnight

Materials and methods Cathepsin D (O13 A) Dako 1: 300 30 min
Type IV Collagen Dako 1:100 lh

Tissue from surgical specimens resected from 110 patients wi inin (4C7) Dako 1:_ 300 30 min

; ! : : ronectin (A245) Dako 1: 400 30 min
primary colorectal carcinoma and from 23 patients with colorectaly (1I9G2b) Ylem 1:200 Overnight
adenomas was collected and processed by standard techniqu ntlt-%CL-Z Dako 1' 40 Overnight

paraffin wax, after fixation in formalin 10% for 24-28 h. | . : :
53 cases one parallel sample was collected shortly after surg |;§§_(2A(%I3|)_11 925) ?gfoggﬂqebr'd . 11',85000 01Vﬁrn|ght
removal and snap-frozen in isopentane liquid nitrogen, using FR (AB-4 - Oncogene 1ag 1500 1n
embedding medium for frozen tissue specimens, O.C.T. Cop)= (AB-4) 9 :

pound (Tissue Tek-Miles). The frozen specimens were store |--7 gg(lgo 11_:1500 Slohmin
—80°C until processing. Consecutiveud+ sections were stained IB1 Yiem 15 Overniaht
with haematoxylin and eosin for histological diagnosis. Slid% : 9

from all the tumours were reviewed and classified according to
World Health Organization (WHO) criteria. In regard to the gra
of dysplasia, there were 14 adenomas with low dysplasia and 9

with high dysplasia. Histologically all colorectal carcinomas were

adenocarcinomas. The age of patients at the time of surgery

ranged from 26 to 86 years. According to WHO criteria, the graBesults

of differentiation was high in 25 cases, moderate in 75 and low in

10 cases. In addition, according to Dukes’ stage there Wereéﬁzthe normal colorectal mucosa the cell surface CD44

cases of stage A, 55 cases of stage B and 43 cases of stage ¢ _dis- tivit fined to the b | £ of th
aese. In most cases the adjacent “normal” mucosa was also exgmiunoreactivity was confined 1o the basal part ot the

ined. crypts and was expressed in under 10% of crypt cells. In
For immunohistochemical staining, additionajid-thick sec- most adenomas and carcinomas the staining intensity for
tions were cut from paraffin blocks. After blockage of endogenoggy44 was heterogeneous. There were different staining

peroxidase with KD, in methanol for 30 min, sections were im- .
mersed in citrate buffer (pH=6.0) in a microwave-resistant (:oﬂ‘:jltterns of CD44 localization of the cell surface. In the

tainer. The sources and dilutions of the antibodies used are shB@imal mucosa and some adenomas the CD44 was ex-
in Table 1. Immunoperoxidase detection was employed using piressed at the superficial part of the cell, while in most
ABC method (Dako) and diaminobenzidine substrate. Counsf the carcinomas the staining intensity was localized at

staining was performed with haematoxylin. Appropriate positi ; ; )
and negative controls were used. For Ki-67 staining cryostat s\@}@ basolateral region of the cell (Fig. 1). CD44 expres

tions 4 pm thick were air-dried and fixed in absolute aceton8!ON was found in some lymphocytes and macrophages
They were stained with monoclonal antibodies against Ki-&&ed as internal controls. Nerves in the submucosa and
(Dako) using sensitive two-step indirect immunoperoxidase te¢iruscularis propria also showed strong staining of myelin
nique. sheath (Schwann cells). Immunostaining of CD44 was

Immunostaining (nuclear or cytoplasmic) was calculated as inl tricted to th ficial t of the ad
percentage of positive tumour cells in relation to the total numygalnly restricted to the superncial part or the adgenomas,

in representative fields. Every stained nucleus was considered ygbile in adenocarcinomas there was usually an heteroge-
itive, irrespective of intensity. Only intense membrane immunpeous staining pattern. Immunoreactivity for CD was
staining was considered to represent the overexpression of c-el8an as brown. fine to coarse granular cytoplasmic stain-

2 protein, since it has been shown to yield the best prognostic.as:- . . P
sociations [6]. The positivity of cancer cells to cathepsin @@ in different patterns of CD localization. In normal

(CCCD) was evaluated separately from that of stromal cells {®C0sa in some adenomas and carcinomas the expres-
macrophage-like positive cells) present within or immediately agion was polarized to the luminal surface in most of the
jacent to the tumour (SCCD). Each sample was first scanned wi#tl|s, while other cases showed a basal polarization of

a low magnification, and at least 10 fields were assessed wit ; 0 _
high-power magnification. The results were evaluated quanti B In adenomas, low CD44 expression (<10% of neo

tively and divided into several groups (Tables 4, 5). The amountdgistic cells) was present in 16%, moderate (10-50% of
immunoreactivity of collagen IV and laminin at the tumour—stradeoplastic cells) in 52% and extensive (>50% of neo-
ma borders was scored semi-quantitatively. More than 10% imnp;]astic cells) in 32% of the cases. In carcinomas low
noreactivity at the tumour—stroma interface was scored as exﬁr%bém expression was found in 14.5%, moderate in

sive BM deposition and less than 10%, as limited. For fibronec L
expression we separated the cases into three groups, in accordafice?0 and extensive in 57.30%. The mean values of the

with the peripheral tumour staining patterns: an extensive contifD44 and the other tumour markers are shown in Ta-
ous positive connective tissue staining at the periphery of the lole 2. Although the CD44 expression was higher in car-
mour as (+), positive and negative areas of connective tissue stajApmas than in adenomas. we did not find any statisti-

ing as (—/+) and almost negative staining as (-). All slides were - .
Viewed and scored in a blind test by two pathologists. Ally significant difference between these two groups.

The association of continuous variables was confirmed usind B8 CD44 expression with the clinicopathological fea-
nonparametric test for two or several independent samples;twres and the other potentially prognostic markers are
Spearman bivariable correlatidP.values under 0.05 were considshown in Tables 3-5. CD44 expression was positively
ered statistically significant. correlated with size of tumouP£0.018), tumour cell

cathepsin D R=0.022), stromal cell cathepsin D
(P=0.003) and Rb protein expressio=0.021) in

géﬁlith microwave oven antigen retrie'al




Fig. 1 CD44 positive cells showing cytoplasmic membrane staifiable 3 CD44 expression with clinicopathological features in co-

ing localized at the basolateral region in a case of well differentibtrectal cance:”

ed colorectal adenocarcinoma. ABC, original magnification ~206

CD44 expression P-value
Table 2 Simple statistic:: 0-10% 10-50% >50%
Mean SD Min. Max. No. Age

< 4 21 N
CD44 Ca 51.01 28.45  0.00 100 110 >§8 12 2% 39 S
CD44 adenomas 39.40 29.45 0.00 95 25
CCCD 23.44 23.10 0.00 90 93  gex
p53 35.52 35.44  0.00 95 113 |
Rb 2069  23.05 0.00 g0 112 Female 12 11 30 NS
bcl-2 474  13.87 0.00 75 108 Male 4 19 31
PCNA 67.54 274 2 98 110 .
Ki-67 4553 16 5.3 82 53  Tumour size

<5 10 15 23 P=0.018

>5 5 11 37
adenocarcinomas. An inverse correlation was obsen@dde
between CD44 and the anti-apoptotic protein bcl-2 in agly 4 7 14 NS
enomas®=0.021) and adenocarcinom#s=0.039). G2 9 22 44

G3 3 3 4
Discussion Dukes’ stage

A 4 8 NS

. . . B 7 14 34

Loss of adhesive functions and gain of new adhestye 9 13 21

functions are thought to play a crucial part in the meta
static cascade in epithelial neoplasms [11], and interac-
tions between tumour cells and the extracellular matrix
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Table 4 CD44 expression with potentially prognostic variables ifiable 5 CD44 expression with potentially prognostic variables in

colorectal cance:. adenoma:
CD44 expression P-value CD44 expression P value
<10 10-50% >50% <10 10-50% >50%
CCCD Dysplasia
<10 8 11 18 P=0.022 Low 2 7 5 NS
>10 6 11 38 High 2 4 3
SCCD CD
<10 11 15 23 P=0.003 <10 2 1 1 NS
>10 3 7 33 >10 2 9 5
Collagen IV p53
<10 11 17 39 NS <5 4 13 5 NS
>10 5 10 23 >5 1
Fibronectin Rb
) 2 2 3 NS <5 1 4 NS
(=) 1 5 8 >5 3 9 7
) 3 5 10
bcl-2
pS3 <5 3 9 5 P=0.021
<5 8 15 24 NS >5 1 4 3
>5 8 16 39
EGFR
Rb <25 4 12 7 NS
<10 7 17 25 P=0.021 >25 1
>10 9 13 38
PCNA
bel-2 <50 3 11 3 P=0.014
<5 13 26 48 P=0.039 >50 1 4
>5 1 4 12
c-erbB-2
<25 10 12 27 NS the CD44 expression has differing roles in different parts
>25 1 7 5 of the multistep process of carcinogenesis and tumour in-

vasion, perhaps by interaction with extracellular matrix.

EGFR High levels of CD44 expression could facilitate invasion
igg 1f 283 le NS by migration or by increased adherence to the extracellu-
lar matrix. The role of CD44 in the prognosis of human
Ki-67 carcinomas is clearly complex and involves modulation
<50 5 3 12 NS of gene expression. CD44 can bind to extracellular ma-
>50 3 8 14 trix molecules such as fibronectin, type IV collagen,
laminin and hyaluronate [15, 26], but we found no corre-
PCNA lation of CD44 expression with the BM antigens (type
520 » 2 A NS IV collagen, laminin) and fibronectin. There was a posi-

tive correlation with tumour cell CD, and stromal cell
CD, and tumour production of CD, a lysosomal aspartyl
protease, has been implicated in tumour invasiveness and
(ECM) also play a crucial part in tumour cell spread amdetastatic dissemination through the breakdown of ex-
metastatic activity. It has been shown that in colorectedcellular matrix [4]. A correlation of CD44 expression
carcinomas CD44 proteins homologous to those assedth that of the proteolytic enzyme thus suggests a role
ated with metastatic potential in animals are overeor this adhesion molecule in the invasion and metastasis
pressed during tumour progression [12, 38]. Howevaer, colorectal tumours. In addition, the expression of
the role of CD44 in epithelial metastases is not cle@&pD44 in the superficial part of some adenomas, in which
some studies suggest that a high level of expressiorth& malignant transformation takes place, may indicate a
the variant form of CD44 may be important in tumowontribution of this molecule to tumour aggressiveness.
invasion, and CD44 has been linked to the developmentCD44 has recently been associated with mutations of
and spread of malignancies [1, 17, 18, 38], but there #rep53gene [13, 27], using Pab 1801 and CM1 antibod-
studies in which down-regulation or absence of CD44 iies. We found no correlation using the DO7 antigen for
dicates aggressiveness [12, 22]. It is thus possible timanunohistochemical detection of p53 protein. These
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conflicting results may have been obtained because dif-Apoptosis and immunohistochemical bcl-2 expression in colo-
ferent antibodies were used. rectal adenomas and carcinomas. Aspects of carcinogenesis

. . . and prognostic significance. Cancer 77:255-264
The link between CD44 expression in colorectal neg; riofzogp, Morisget M, Capony F, Rougeot C, Rochefort H

plasms and some epithelial tissues has been correlategiogs) In vitro degradation of extracellular matrix with, M
with cell proliferation [1, 2]. In colorectal mucosa, CD44 52,000 cathepsin D secreted by breast cancer cells. Cancer Res
is expressed to a much greater extent in the epithelium of48:3688-3692

ot Carter WG, Wayner EA (1988) Characterization of the class
the replicative zone at the base of the colorectal CryBtlll collagen receptor, a phosphorylated, transmembrane glyco-

than in the nonproliferating epithelium of the upper crypt protein expressed in nucleated human cells. J Biol Chem
and luminal surface. In the reports of other studies [7, 263:4193-4201

13], we did not find any correlation with the growth frac-6. De Potter CR, Beghin C, Makar AP, Vandekerckhove D, Roel

tion of the tumour as estimated by PCNA and Ki-67 HJ (1990) The neu- oncogene protein as a predictive factor for
: haematogenous metastases in breast cancer patients. Int J Can-

The retinoblastoma genRlf) product is known to act .o/ 45:55_58
as a negative regulator of the cell cycle, and lack of pRA Futura K, zahurak M, Yang X-L, Rosada C, Goodman S,
expression is considered to be responsible for the genesigugust JT, Hamilton SR (1996) Relationship between CD44

of several human malignancies. However, increased ex-expression and cell proliferation in epithelium and stroma of
: : - L olorectal neoplasms. Am J Pathol 149:1147-1155
pression of pRb has been demonstrated in the ma]or'tyé).f((:;ee JMW, Robertson JFR, Ellis 10, Willsher P, McClelland

qolorectal cancers [9], and we found_ a positive 'correla— RA, Hoyle HB, Kyme SR, Finlay P, Blamey RW, Nicholson
tion between CD44 and pRb expression. It remains to beRI (1994) Immunocytochemical localization of bcl-2 protein
seen whether th®b gene modulates the CD44 expres- in human breast cancers and its relationship to a series of

: ; _prognostic markers and response to endocrine therapy. Int J
sion or whether these two molecular markers are inde- > - "co.679 cog

pendent indicators of poor prognosis in colorectal cary; Gope R, Gope ML (1992) Abundance and state of phosphory-
cer. lation of the retinoblastoma susceptibility gene product in hu-
The normal biological mechanism of action of bcl-2 man colon cancer. Mol Cell Biochem 110:123-133

i _ ; Gorstein F (1988) The dynamic extracellular matrix. Hum Pa-
is not clear, although the presence of bcl-2 proteln]%thol 19-751-753

usually associated with favourable clinicopathologicgd art IR, Goode NT, Wilson RE (1989) Molecular aspects of
features in some neoplasms [8, 19]. The relationship be-the metastatic cascade. Biochim Biophys Acta 989:65-84

tween bcl-2 expression and the evolution from norm#. Heider KH, Hofmann M, Hors E van den Berg F, Ponta H,
colonic epithelium to invasive cancer is not fully under- Herlich P, Pals ST (1993) A human homologue of the rat me-

: : tastasis-associated variant of CD44 is expressed in colorectal
stood. However, there is evidence to suggest that bCI'2carcinomas and adenomatous polyps. J Cell Biol 120:227-233

expression is lost during the evolution of colorectal cafs. jackson PA, Green MA, Pouli A, Hubbard R, Marks CG,
cer [30], and it has been shown that there is an inverseCook MG (1995) Relation between stage, grade, proliferation,

relationship between bcl-2 and p53 expression in cells ofand expression of p53 and CD44 in adenomas and carcinomas

; : of the colorectum. J Clin Pathol 48:1098-1101
both colorectal adenomas and carcinomas [36]. In tt;lhs Jalkanen S. Bargatze RF, Herron LR, Butcher EC (1986) A

study we found an inverse relationship between CD44 ymphoid cell surface glycoprotein involved in endothelial cell
and bcl-2 protein expression in both adenomas and carcirecognition and lymphocyte homing in man. Eur J Immunol
nomas. In keeping with other studies [3, 20, 30, 36], this 16:1195-1202

- inn i iati Jalkanen S, Jalkanen M (1992) Lymphocyte CD44 binds the
fact suggests that bcl-2 expression is characteristic of te OOH-terminal heparin-binding domain of fibronectin. J Cell

early phase of colorectal carcinogenesis, while enhancedgjg; 116 81725
expression of CD44 occurs relatively late in the carcings. Jalkanen S, Bargatze RF, De Los Toyos J, Butcher EC (1982)
genetic process. Lymphocyte recognition of high endothelium: antibodies to

This study shows that CD44 expression is positively distinct epitope of an 85-95-kD glycoprotein antigen differen-

. . : . tially inhibit lymphocyte binding to lymph node, mucosal, or
correlated with cathepsin D and pRb, and inversely with synovial endothelial cells. J Cell Biol 105:983-990

bcl-2 protein. These markers might be of clinical valug. joensuu H, Klemi PJ, Toikkanen S, Jalkanen S (1993) Glyco-
in colorectal cancer and may help to predict the biologi- protein CD44 expression and its association with survival in
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