
(CANCER RESEARCH57. 1387â€”1393,April 1. 19971

ABSTRACT

CD44 represents a heterogeneous group of surface glycoproteins, in
volved in cell-ceO and cell-matrix interactions. CD44 is the major recep
tor for hyaluronate (HA), a component ofcebl matrices, and most of CD44

known functions are attributed to its ability to recognize HA. We have
recently shown that although a majority ofhuman neuroblastomas (NBs),

a childhood cancer, express high levels of CD44H, high stages and tumors
with amplification of the NMYC proto-oncogene fail to express CD44.
Lack of CD44 expression is strongly associated with the presence of
NMYC amplification and has been further shown to represent a new
feature for predicting risk ofdisease progression and dissemination. In the

present study, we have investigated the robeof CD44 expressed by NB cell
lines and the possible relationship among the presence of NMYC amplifi
cation, functional expression of CD44 receptor, and tumorigenic proper

ties of NB cells. A panel of cell lines with variable NMYC amplification
and/or overexpression, as well as cbonal and stable NMYC-transfected NB
cells, were analyzed for CD44 expression and ability to bind HA. Our
results confirmed previous observations that in NB cell lines lack of CD44
is not always rebated to the presence of NMYC amplification, with a
number of cell lines or tranSfeCtantS with both CD44 expression and
NMYC amplification. However, the ability of the CD44 receptor to bind
hnmobfflzed hyaluronan was restricted to CD44H@ cell lines without
NMYC amplification (SH-EP and ACN). The HA-binding function was
CD44 dependent and could be specifically blocked by an anti-CD44
antibody. No induction of functional HA binding was obtained with
NMYC-amplified cell lines or NMYC transfectantS, despite an induced
increase of CD44 expression upon differentiation or after tentative acti
vation of the receptor with phorbol esters. Inhibition of N-linked glyco
sylation with tunicamycin resulted in decreased HA binding of cells
bearing an active CD44 receptor. We conclude that NMYC-amplifled NB
cell lines either do not express CD44 at all or express a nonfunctional
receptor, whereas nonamplified cells constitutively express an active re
captor. The lack offunctional HA binding in NB cells might be partly due
to lncompbeteN-glycosylation. The involvement ofNMYCin the regulation
of N-linked glycosylation can be suspected.

INTRODUCTION

CD44 represents a heterogeneous group of cell surface and secreted

glycoproteins (1â€”4)generated by alternative splicing of a single gene
(5, 6). CD44 expression is widely distributed in many tissues and cells
and has been related to a variety of processes including cellâ€”cellor
cellâ€”ECM3contacts (7â€”10),leukocyte homing and activation (1 1),
and tumor cell migration and metastasis (9, 12â€”14).Differential
splicing of 10 alternative exons encoding additional extracellular
domains or a variable degree of cell-type-specific glycosylation re

suits in the generation of a variety of isoforms or spliced variants with

larger molecular weight and differential adhesion properties (4â€”6,8,
14â€”16).The most widely expressed CD44 isoform is the 85â€”95-kDa
glycoprotein which represents the standard CD44 molecule, as it does
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not contain products of differentially spliced exons and is also com
monly referred to as CD44H (2, 7, 8). CD44H has been shown to be
the principal cell surface receptor for HA (17) and is expressed by a
majority of normal and malignant tissues and cells (14, 17, 18). Most

of its known functions are attributed to its ability to recognize HA (8,
12).

Although the functional role of CD44 in malignant cells is not fully
understood, several reports have suggested that abnormal expression
of CD44 by tumor cells, namely, enhanced CD44H expression or
expression of particular CD44 isoforms (13, 19), could enhance their
ability to grow and/or metastasize in vivo, suggesting that abnormal
expression and/or regulation of CD44 function may play a role in
some human cancers (8, 12, 13).

Recent reports show that CD44 expression is required but not
sufficient to confer cellular adhesion to HA. Several cell types, while
expressing similar levels of CD44H, fail to bind HA, unless activated
by various routes, including exposure to phorbol ester, activation by
antibodies, and transformation, thus revealing that the hyaluronan
binding function of the CD44 molecule is highly regulated (8, 9, 15,
16, 20â€”26).The mechanisms responsible for the conversion of the
nonbinding CD44 form to the functional form are not elucidated yet,
but the importance of regulated receptor function may be reflected in
the correlation of altered CD44 expression with tumor progression
and dissemination.

NB is an heterogeneous childhood tumor which displays interesting
clinical and biological behavior. Although localized, low-stage tumors
often spontaneously regress or mature to more benign forms; high
stages and disseminated tumors are rapidly progressive and associated

with poor outcome (27). Unique genetic and biological markers for
NB with a strong prognostic value have been described (28). The
presence of amplified NMYC copies in this tumor is considered as the
most powerful genetic marker for prediction of tumor relapse and
progression (28, 29). We have recently shown that the lack of CD44H
expression was a property of a subgroup of human NB tumors as well
as several cell lines strongly associated with NMYC amplification,
high-stage tumors (30), and poor outcome (31, 32). In addition, we
were unable to detect other CD44-spliced isoforms on any NB tumors
or cell lines (30). In NB cell lines it was found that despite NMYC
amplification, a feature present in most cell lines, high levels of
CD44H were expressed by cells with an adherent epithelial-like
phenotype. Stable transfection of the single NMYC copy SK-N-SH
cell line with an NMYC expression vector resulted in selection of
several adherent epithelial-like clones with both high NMYC and high
CD44H expression (33). We concluded that CD44H expression by
NB cell lines was not directly dependent on NMYC amplification or
overexpression but was related to the lineage type of the cells (33, 34).
In addition, we have observed a down-regulation of CD44H expres
sion in the tumorigenic NMYC@ clones (34), indicating a possible

relation between the low CD44 expression and tumorigenic properties
of NB cells.

The functional consequences of CD44H down-regulation in human
NB have not been addressed yet. The striking lack of CD44 expres
sion and its relationship to high-stage and progressive tumors con
tra.sting with the overexpression of CD44 observed in other adult

tumors indicate that the function of CD44 receptor is cell-type related.
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Table 1 Phenotype ofNB and control celllinesNB

cells display either a neuronal (N) or epithelial-bikeadherent (5) phenotype.Thepresence
of NMYC amplification as measured by Southern blot analysis is indicated(+)as

well as the bevel of CD44H surface expression as measured by indirect immunofluo
rescence and flow cytometry using the F1O-44-2 anti-CD44antibody.Cell

line Origin/type NMYCamplification CD44HexpressionSK-N-SH

NB/mix -Â±SH-EP
NB/S â€” ++SH-SY5Y
NB/N --WSN
NB/S +++LAN-b
NB/N +-CA-2-E
NB/S + , 4-+

ACN NB/I â€”++SH-3lO
NB/S +++SH-8Ol
NB/N +-GLL-l9
Melanoma â€” + +

CD44 HYALURONAN RECEPTOR ON NB CELL LINES

It can be postulated that in some systems, the absence of functional
HA receptors' expressionmight result in alteredadhesiveproperties
of the malignant cells favoring tumor dissemination and progression
(13, 19). Using NB cell lines with variable NMYC amplification as
well as transfectants with different exogenous NMYC expression, we
have analyzed in this article the level of CD44H surface expression
and functional interaction with its specific HA ligand. We have
tentatively correlated the functional role of CD44 expressed by NB
cells with the extent of NMYC amplification and overexpression and
the tumorigenic properties of the cells.

Our results indicate that NMYC-amplified NB cell lines either do
not express CD44 at all or express a detectable CD44H surface
molecule that is unable to bind or to be induced to bind HA. In
contrast, two nonamplified NB cell lines appeared to constitutively
express a functional hyaluronan receptor.

MATERIALS AND METHODS

CeHLines.SK-N-SHanditstwophenotypicvariants,theepithelial-adher
ent SH-EP and the neuronal SH-SY5Y, were kindly provided by J. Biedler
(Memorial Sloan-Kettering, New York, NY). CA-2-E, ACN, and WSN are NB
cell lines established in our laboratory from metastatic, stage 4 NBs (35, 36).
SH-3l0 and SH-80l are NMYCexpression transfectants originating from the
SK-N-SH cell line (33). GLL-19 established from an uveal melanoma was
kindly provided by S. Carrel. All cell lines were grown in RPMI 1640
supplemented with 10% FCS, 2 mM glutamine, and garamycin. Cells were
regularly checked for the absence of Mycoplasma contamination using the

4',6-diamidino-2-phenylindole assay (Boehringer Mannheim).
Monocbonal Antibodies and Probes. Several anti-CD44 antibodies were

used in this study. Detection of surface expression by flow cytometry was
performed using the FlOâ€”44-2 anti-CD44 antibody (IgG2a) characterized by
Dalchau et a!. (37). Antibodies to CD44 used for blocking experiments

included J173 (IgGl) mouse monoclonal antibody from Immunotech (Mar
seille, France) and Hermes-I rat IgG2a antibody kindly provided by S. Jal

kanen (38). An anti-CD54 (IgGl) antibody used as control was provided by S.

Carrel.
Adhesion Assay. The measure of specific attachment of NB cells to

immobilized HA or other ECM components was adapted from a previously
described technique (39). Briefly, 96-well plates (Immunoplate, Maxisorp;
Nunc) were coated with 100 @.dof different substrate solutions: 1 mg/mI HA
(rooster comb HA; Sigma), 10 @g/m1fibronectin and laminin, and S @.tg/ml

collagen (Sigma) overnight at 4Â°C.Plates were washed in 1% BSA containing
PBS and furthersaturatedwith 10%heat-denaturedBSA (Sigma) in PBS for
3 h at room temperature. Cells to be analyzed for adhesion (5.l0@-l0@ cells!
well) were added to the microplate and allowed to adhere for 30 mm at 37Â°C.
Nonadherent cells were further rinsed off three times with PBSIBSA. The
specific cellular attachment was quantified by a coborimetric reaction using the

cellular conversion of a tetrazolium salt into a blue formazan product (cell titer
96; Promega). All measurements were done in quadruplicate.

For inhibition or CD44-mediated adhesion blocking, 106cells were prein
cubated with either 20 @ag/mlpurified Jl73 antibody or 500 @tlof Hermes-I or
control antibody culture supernatants for 30 mm at 4Â°Cbefore being added to
the plates.

Cell Treatments. Inductionof differentiationor activationof functional
CD44 receptor binding was obtained by culturing cells in the presence of 5 @tM
RA (Sigma) or 20 ng!ml phorbol ester (PMA; Sigma) for 2 to 7 days before
analysis of the adhesion properties or CD44 expression. The medium was

changed once after 3 days. Cytokine treatment included IFN-a (1000 units/mb,
Roferon; Roche) or IL-l (10 units/nd, Genzyme) which were added to the
medium 48 h prior to cell harvesting.

In some experiments, cells or HA-coated plates were treated with hyalu
ronidase (bovine testes hyaluronidase, 1 mg/mi; Sigma) for 1 h at 37Â°Cand
rinsed twice with medium. Inhibition ofN-linked glycosylation was performed
by culturing cells in the presence of 0.5â€”1pg/nil tunicamycin (Sigma) for 18
to 72 h. Tunicamycin was added from a stock solution of I mg/mi tunicamycin
in DMSO.

Flow Cytometry. Quantitative detection of surface CD44H and other ad
hesion molecule expression by NB cell lines was performed by flow cytometry
with a Coulter Profile or a FACScan II (Becton Dickinson), as already

described (30, 34, 36).

RESULTS

Expression of CD44H and Isoforms on NB Cell Lines and
NMYCTransfeCtantS.The level of CD44Hexpressionby different
cell lines and NMYC transfectants was first measured by indirect
immunofluorescence and flow cytometry and then compared. Six NB
cell lines, one control cell line, and two NMYC transfectants were
analyzed. In Table 1 are summarized the lineage-related phenotypes
of the cell lines used in this study with the indication of the presence
of amplified NMYC copies. Flow cytometric analysis (Fig. 1) revealed
that the level of CD44H expression was very variable. Some NB cell
lines (SH-EP, CA-2-E, ACN, WSN, and SH-310) expressed high
levels of CD44H comparable to GLL-l9 melanoma control cells. All
of these cells displayed an adherent epitheial-like phenotype. Except
for SH-EP and ACN, these cell lines contained amplified NMYC
copies. Other cell lines (SK-N-SH, SH-SY5Y, and SH-801) displayed
intermediate or nearly undetectable CD44H expression. Among these,
only transfectant SH-801 displayed several NMYC copies.

Adhesion of NB Cells to ECM Components and HA. The ability

of selected NB cell lines to bind immobilized ECM components,
including HA, was tested. Results presented in Fig. 2 show that all NB
and control cell lines comparably (36â€”92%)attached to laminin,
fibronectin, and collagen with the highest binding activity on laminin.
Background binding on BSA-coated wells usually remained under
12%.No differencesin thebindingpropertieswereobservedbetween
CD44@ and CD44 cell lines. In contrast, as shown in Fig. 3, only the
melanoma control cells GLL-l9 and the NMYC-nonamplified NB cell
lines SH-EP and ACN were able to bind immobilized HA (20â€”60%).

Despite high CD44H expression, CA-2-E and SH-310 cell lines were
unable to bind HA. The same results were obtained with other
CD44H@ and NMYC-amplified NB cell lines (WSN, CHP-212,
LAN-2, and LAN-5; data not shown).

In some experiments, cell suspensions were first treated with 100
units/ml testicular hyaluronidase prior to adding to the binding assay

to ensure that CD44H receptor sites in a number of cell lines were not
occupied by endogenously synthesized HA. No increase in the HA
binding of any cell lines, including SH-310 or CA-2-E cell lines or
CD44 cell lines, was observed after such treatment, indicating that
failure to bind HA was not due to endogenously produced HA (data
not shown).

The specificity of HA binding to SH-EP, ACN, and GLL-l9 cells
was checked by treating HA-coated wells with hyaluronidase (Fig. 3,
HA + HAse), or by mixing the cells with an excess of soluble HA
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cells with clone F10-44-2 or with an anti-CD54 did not modify their
HA-binding capacities, whereas treatment with the J173 antibody
completely abolished their ability to bind to immobilized HA. The
incubation of SH-EP and ACN with Hermes-I antibody only reduced

50% of their HA-mediated binding. The partial blocking of HA

binding obtained with Hermes-l as compared with the Jl73 antibody
could be explained by the lower concentration of antibodies in the
culture fluid (Hermes-i) as compared with purified immunoglobulin

(20 @g/miJ173). As control, the ability of SH-EP or ACN cell lines
to bind immobilized laminin was not modified by pretreatment of the
cells with the same antibodies (data not shown).

Modulation of CD44H Expression and HA Binding. As previ
ously reported, exposure of NB cells to differentiation agents (PA and
phorbol esters) and cytokines resulted in variable up-regulation of

0 10 20 30 40 50 60 70 80 90 100

percent adhesion

Fig. 2. Binding ofNB cells to collagen, fibronectin, andlaminin. Ninety-six-well plates
were coated overnight with 5 ,sg/ml collagen, 10 @ag/ulfibronectin and baminin,or BSA
as control prior to the binding assay. AUexperiments were done in quadruplicate. Results
are expressed as the means of representative experiments. Bars, SD.

beforeaddingthe cells to HA-coatedplates (Cells + HA).Resultsin
Fig. 3 show that hyaluronidasetreatmentof HA-coatedwells nearly
completely abolished the binding of SH-EP and GLL-19 cells to HA,
whereas it did not induce any changes in the HA binding of other
cells. Likewise, the binding of the SH-EP and GLL-19 cells was
significantly decreased when they were preincubated with soluble

HA. These results indicate that soluble HA can compete with immo
bilized HA in the binding of SH-EP cells and that this binding is HA
dependent.

To confirmthat the HA-bindingcapacityof the CD44@NB cells
was CD44 dependent, we tentatively blocked the binding of NB cells
with antibodies to CD44. SH-EP, SH-SY5Y, and ACN cells were
incubated with two different anti-CD44 blocking antibodies, clone
J173 and Hermes-i, or with the nonblockingF10-44-2 anti-CD44
clone as well as with an anti-CD54 antibody as control. The results
presented in Fig. 4 show that incubation of SH-EP, ACN, and GLL-19

CD44 HYALURONAN RECEPTOR ON NB CELL LINES

SK-N-SH SH.SY5Y SH-EP

Fig. 1. Flow cytometric analysis of comparative CD44H
expression in NB cell lines, NMYC transfectants, and a mel
anoma control cell line. CD44H expression was assayed by
indirect immunofluorescence using the FlO-44-2 clone as
primary antibody. Left peak background staining. fYI, log
fluorescence intensity.

GLL-19 I@
-@

SH-801 I,

SH-310 i-4

CA-2-E I
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SH-EP I
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SH-SY5Y 1
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GLL-19
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CA-2-E
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SH-SY5Y
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percent specific HA adhesion

Fig. 3. Binding of NB cells to immobilized HA. Cells were assayed for HA binding in
the absence or presence of soluble HA (Cells + HA). Cells were mixed with an equal
volume of soluble HA (1 mg/mb) for 30 mm at room temperature before being added to
the HA-coated plates. The binding of NB cells was likewise measured after treatment of
the HA-coated plates with 1 mg/mbhyaluronidase (HA + HAse) for 30 rain at 37Â°C.Bars,
SD.
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Table 2 Modulation of CD44H expression in NB cell lines
The modulation of CD44H surface expression in four NB cell lines and two transfectants was measured after exposure of cells to cyt

PMA and RA. Results are expressed as percentage of positive cells/mean fluorescence intensity.okines
IFN-a and IL-lor differentiationinducers%

Positive cells/mean fluorescenceintensityTreatment

SK-N-SH SH-SY5Y SH-EPCA-2-ESH-3l0SH-8OlNone

23/7 14/5 91/31 85/18
IFN-a 23/16 17/6 84/33 91/25
IL-b 14/20 12/4 88/34 nd
PMA 29/18 15/12 88/36 84/36
RA 52/29 19/10 ndâ€• 80/I 658/42

77/54
51/57
61/50
4 1/118/1

1
10/9
7/10
5/3

9/4a

nd, not determined.

CD44 HYALURONAN RECEPTOR ON NB CELL LINES

lines with RA and IFN-a failed to induce changes in their HA-binding
capacities. In contrast, as shown above, treatment with PMA resulted
in a variable increase of CD44H expression. No CD44H expression
nor HA-binding ability could be induced by PMA in the CD44H@ cell
lines SH-SY5Y and SH-80l. However, despite the observed PMA
mediated increased expression, HA-binding function was likewise not
induced in the CD44H@ cell lines CA-2-E and SH-310. In contrast,
when SH-EP, ACN, and GLL-l9 cell lines were exposed to PMA,
parallel to the enhanced CD44H phenotypic expression, a moderate
increase in HA-binding activity was also observed.

To control that the enhancement of HA binding was CD44 depend
ent, it was tentatively blocked by anti-CD44H monoclonal antibodies.
Results in Fig. 4 demonstrate that increased HA binding observed
after PMA treatment of SH-EP cells was completely suppressed by
preincubation of cells with J173 but not by F10-44-2 or control
antibody.

Influence of N-linked Glycosylation. The role of N-linked glyco
sylation in the ability of CD44 expressed by NB cell lines to bind HA
was approached by using tunicamycin. This compound inhibits N-
linked glycosylation by preventing formation of the lipid-linked dis
accharide which is transferred as a unit to the nascent polypeptide.
ACN, CA-2-E, SH-EP, SH-SY5Y, and SH-310 cell lines were treated
with 0.5 @.tg/mltunicamycin for 18 or 72 h. Control cells treated with
RPM! 1640containing10%FCS and 0.1% DMSOalone were ana
lyzed in parallel. Fig. 5 shows that exposure of SH-EP and ACN to
tunicamycin resulted in, respectively, a 30â€”50% decrease of HA
binding after 18 h of treatment and 50% to complete inhibition of HA
attachment after 3 days of exposure to tunicamycin. As indicated next
to the columns in Fig. 5, the CD44 surface expression, represented by
the percentage of CD44@ cells/mean fluorescence intensity values
was not influenced by tunicamycin treatment. This indicates that the
decrease of binding activity could not be attributed to decreased

surface expression. In contrast inhibition of N-linked glycosylation by
tunicamycin had no influence on the HA-binding capacity of CD44@

(CA-2-E and SH-310) orCD44 (SYSY and SH-80l)cell lines which
remained unable to bind HA.

DISCUSSION

CD44H glycoprotein is believed to be involved in many diverse
functions, including tumor progression and dissemination. Most of the
known functions of CD44 are linked to its ability to bind to its ligand
hyaluronan, a highly regulated process. Alternative splicing, post
translational modification by glycosylation modifications or glyco

saminoglycan substitution, and phosphorylation of residues in the
cytoplasmic domain are some of the mechanisms described that are
involved in the regulation of CD44 interaction with adjacent cells or
components of the ECM (20â€”24,40â€”43). It appears that there is an
association between the ability of tumor cells to metastasize and the

ability of CD44 molecules to bind HA (12). In addition, the impact of
CD44 on tumor growth might vary according to the cell type in which

â€¢RPMI
UCD54

U F10-44-2

â€¢J173

0 Hermes-I

Fig. 4. Effect of different anti-CD44 monocbonal antibodies on the HA-binding activity
of NB cells. Anti-CD44 Hermes-l and FbOâ€”44-2and anti-CD54 were used as culture
fluids. The anti-CD44 J173 clone was used as purified antibody solution (20 jsg/ml). In
one experiment, SH-EP cells were treated for 48 h with PMA (SH-EP + PMA).Bars, SD.

CD44Hexpressionon NB cells (34).On the otherhand, inductionof
CD44-mediated HA binding has been reported after exposure of
different normal and malignant cell types to phorbol esters (20) and
certain cytokines (20â€”22).We have investigated the effect of these
compounds on CD44H expression and in parallel on HA-binding
properties using cell lines and NMYC transfectants. Table 2 summa

rizes the flow cytometric analysis of CD44H expression and modu
lation on SK-N-SH, SH-SYSY, SH-EP, CA-2-E, SH-3l0, and SH-801

cells after exposure to IFN-a, IL-l, PMA, and RA.
The results indicate that moderate but consistent increases of

CD44H expression were obtained after treatment of SK-N-SH, CA
2-E, and transfectant SH-3l0 with IFN-a and PMA. The increases
observed concerned the percentage of cells expressing CD44 or the
density of surface molecules (mean fluorescence intensity) or both.
RAonlyincreasedCD44Hexpressionby SK-N-SHcells.IL-l didnot
modify CD44H expression in any cell line. No induction of CD44H
expression in CD44H@ cell lines SH-SY5Y and SH-80l could be
obtained with the different treatments, confirming previously reported

results (34).

Because a large majority of the NB cell lines, despite high CD44H

expression, did not bind HA, we investigated whether a possible
induction or activation of the CD44H-dependent HA-binding capacity
of NB cells could be obtained in parallel to the increase of CD44H
expression. For this purpose, cells and transfectants were exposed to
the same compounds known to variably increase the surface expres
sion of CD44H (RA, PMA, and IFN-a), or also shown in some cases

to activate the HA-binding function of the CD44 receptor (PMA) and
tested for their HA-binding properties.

Results are summarized in Table 3. Although able to variably
increase CD44H surface expression, treatment of the different cell

SH-SY5Y

ACN

GLL-19
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Table 3 Modulation of HA binding
HA-binding activity was measured as result of induction of differentiation (5â€”7days)

or treatment with IFN-a (48 h). Results are expressed as percentage of HA binding minus
nonspecific binding of cells to BSA-coated plates (percentage of specific binding).

Celltreatment(% specificHAbinding)

CelllineNoPMARAIFN-aSK-N-SH3104SH-SY5Y0000SH-EP65776165CA-2-E06nd'ndACN1847ndndSH-3l0440ndSH-80l000ndGLL-l927392420a

nd, not determined.

CD44 HYALURONAN RECEFFOR ON NB CELL LINES

these NB cells cannot be activated to a functional state by PMA
treatment as described in other systems (20).

Only two NB cell lines, SH-EP and ACN, were able to bind to
immobilized HA. This binding was HA specific and could be inhib
ited by hyaluronidase treatment of the HA-coated wells or by expos
ing cells to competitive soluble HA prior to testing for HA binding. It
was CD44H dependent since it could be completely or partially
blocked by two different anti-CD44-blocking antibodies (Jl73 and
Hermes-l), but not by nonblocking anti-CD44 (FlOâ€”44-2) or control
anti-CDS4 antibodies. Surprisingly, a functional HA-binding ability
was only observed with single-copy NMYC NB cell lines SH-EP and

ACN. In addition, an increase of the HA-binding ability after treat
ment with phorbol esters was only observed with these cell lines. This
increase was reversed by blocking antibodies J 173 and Hermes- 1,
indicating that it was a CD44-related event and not caused by the
induction by PMA of other receptor systems. In contrast, the augmen
tation of surface CD44H expression following IFN-a treatment was
not accompanied by an increase of functional HA binding, suggesting
that an increase of surface expression level is not sufficient to promote
functional ligand binding. These results suggest that NB cell lines
express a constitutively functional CD44 receptor only in the absence
of NMYC amplification and/or overexpression. In NMYC-amplified or
NMYC-transfected cells, the CD44H receptor is either not expressed at
the surface of the cell or not functional and cannot be activated to a
functional state.

The present results confirm that in cell lines, overexpressed NMYC
most likely does not control CD44H expression. The number of NB
cell lines with only one copy ofNMYC available and used in this study
is low. However, the observation that SH-EP (a subline of SK-N-SH)
displays functional HA binding whereas SH-3l0 (an NMYC-overex
pressing SK-N-SH transfectant) is unable to exhibit an HA-binding
CD44 molecule raises the possibility that NMYC regulates posttrans
lational events, leading to the expression of a nonfunctional receptor.
Posuranslational modifications, including N- and 0-linked glycosyla

tion and substitution with high molecular weight glycosaminoglycans

SH-EP

ACN

CA-2-E

SH-SY5Y

SH-801

SH-310

percent specific HA adhesion

Fig. 5. Effect of N-linked glycosylation blocking on the HA-binding activity of NB
cells. Cells were cultured in the presence or absence of the N-gbycosybation inhibitor
tunicamycin (0.5â€”b@xg/ml)for 18 or 72 h, washed, and assayed for HA binding. Numbers
next to the columns, percentage of CD44@cells/mean fluorescence intensity as measured
by fluorescence-activated cell sorting in untreated cells or after 72-h tunicamycin
treatment.

the CD44 receptor is expressed (12, 43). Besides, increase of hyalu
ronan synthesis by tumor cells has also been reported for several
systems (44, 45). Thus, both the CD44 receptor and its ligand may
play a role in determining the complex metastatic behavior of tumor
cells (44â€”46).

We have recently described a striking lack of CD44H expression by
advanced stage, metastatic, NMYC-amplified NB tumors as well as
some cell lines. The lack of CD44H expression was shown to harbor
an adverse prognostic significance and to be highly correlated with
NMYC amplification (30, 34). In addition, it has been shown that NB
tumors and cells do not express any CD44 splice variants (30). In the
present study, we have further investigated the functional role of
CD44 on NB cells, the impact of a lack of expression on cellâ€”ECM

interactions and cell tumorigenicity, as well as the influence of NMYC

amplification. For this purpose, we have used NB cell lines with
variable amplification of the NMYC gene, NMYC-expressing trans
fectants, and non-NB control cell lines. Analysis of CD44 surface
expression has shown a variable CD44 expression on these cells, from
completely negative cell lines to highly expressing cells. As already
reported, an inverse relationship with NMYC amplification was not
observed on cell lines as on clinical tumor samples, with NMYC
amplified cell lines expressing high levels of the CD44H molecule
(CA-2-E and WSN) or cell lines lacking both NMYC amplification
and CD44 expression (SH-SYSY). The further observation that
NMYC-expressing transfectants likewise express high levels of
CD44H (SH-3l0 and other clones; data not shown) confirmed that on
cell lines CD44 expression was most likely not directly controlled by
NMYC.

The ability of these different cell lines to bind the major CD44H
ligand hyaluronan was analyzed. The results clearly demonstrated that
only a minority of cell lines were able to bind immobilized HA.
Despite high levels of CD44 expression, a number of cells (CA-2-E,
WSN, and SH-310) were unable to bind HA, although they efficiently
bound other immobilized ECM compounds such as laminin, collagen,
or fibronectin. Lack of HA binding was not due to the masking of
receptors by endogenously produced HA, since hyaluronidase treat
ment of the cells did not reveal functional binding ability. The
HA-binding function could not be induced by exposure of nonbinding
cells to RA or IFN-a, compounds that were shown to increase the
level of CD44 expression. Phorbol esters have been reported to
â€œactivateâ€•the CD44H receptor and as a consequence to induce a
HA-binding capacity in several cell types (20, 22). Although this
treatment was able to increase the level of CD44H expression by a
majority of NB cell lines as measured by flow cytometry, no induction
of functional HA binding resulted from this treatment. The lack of
functional HA binding therefore is not due to a poor concentration of
surface CD44H molecules and appears to be independent of the level
of surface expression. In addition, the CD44 receptor expressed by
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are possible mechanisms that could lead to the expression of nonfunc

tional receptors (40â€”42). N-linked oligosaccharides are thought to
play an important role in the processing and physiological function of
glycoproteins. A hypothetical regulation by NMYC at the level of
different enzymatic systems involved in the biosynthesis of sugar
moieties is being investigated.

A numberof studies have used enzymatic treatmentsto conclude
that multiple carbohydrate modifications are differentially used by
various cell types to diversify the structure of this protein. Our
results obtained after inhibition of N-glycosylation by tunicamycin
treatment of NB cells indicate that N-linked sugars might be
involved in the HA-binding function of NB cells. Inhibition of
glycosylation on HA-binding cell lines SH-EP and ACN resulted in
a decreased cell attachment to HA-coated surfaces, which was not
accompanied by decreased surface CD44 expression. A maximum
of inhibition of cell attachment was observed after 3 days of
treatment. More prolonged exposure of NB cells to tunicamycin
became toxic to the cells. Because no induction of functional HA
binding could be observed in CD44@-nonbinding cell lines as a
result of N-linked glycosylation inhibition, it seems that N-linked
glycoprotein processing was not responsible for the absence of the
CD44 receptor function but rather was required for full HA
binding ability. Controversial results have been reported in respect
to the role of N-linked glycosylation in the regulation of the
functional activity of CD44H. Lokeshwar and Bourguignon (47)
have reported that the smallest biosynthetic precursor of CD44 was
unable to bind HA and that this function was acquired with the
addition of 0- and N-linked sugars. Bartolazzi et al. (42) demon
strated a complete inhibition of CD44 attachment to HA after
treatment of the cells with the N-linked glycosylation inhibitor
tunicamycin and that the integrity of all five potential N-linked
glycosylation sites within the HA recognition domain of CD44
were critical for HA binding. In contrast, Lesley et al. (23) and
Katoh et al. (41) have enhanced or even induced an HA-binding
activity after deglycosylation (tunicamycin or neuraminidase treat
ments) of nonbinding cells. This discrepancy in the effect of
glycosylation inhibition or deglycosylation suggest that the mech
anisms whereby N-linked glycosylation restricts CD44 functions
remain to be fully determined and may differ among cell types (12,
23, 41).

The precise function of CD44 in NB growth and tumorigenic
properties, as well as the putative role of NMYC in controlling CD44

functional activity, namely, by regulationof posttranslationalevents
such as complex glycosylation, still need further analysis.
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