
Summary. CD44, the product of a single gene, exists as
several isoforms generated by alternative exon splicing
and posttranslational modifications, and is widely
distributed in different cells and tissues including those
of squamocellular origin. CD44 is a cell surface
glycoprotein involved in many cellular processes acting
as a receptor for cell to cell or cell to matrix adhesion, as
a signal transmitter and as a growth factor-presenting
molecule. Numerous studies based on immunohisto-
chemical analyses of paraffin-embedded or frozen tissue
sections using different monoclonal antibodies to CD44
isoforms and molecular biological techniques have
provided evidence that in many types of tumours there is
overexpression of CD44 isoforms and aberrant
processing of immature CD44 transcripts relative to non-
neoplastic control tissues, suggesting a role of CD44 in
tumour development and progression. In contrast to
these malignancies, one or more of the CD44 splice-
variant isoforms are down-regulated in squamous cell
carcinomas of the head and neck. CD44-deficient mice
develop normally without giving rise to spontaneous
tumours, but CD44-negative cells appear to be more
susceptible to oncogenic transformation. Reduction in
the expression of CD44 may confer growth advantage
and malignant properties to tumour cells. The clinical
significance of CD44 in squamous cell carcinomas of the
head and neck as a tumour marker for cancer diagnosis
and prognosis is discussed.
Key words: CD44, Splice variants, Squamous cell
carcinoma, Head and neck, Marker

Introduction

CD44 (Cluster of Differentiation 44) comprises a
family of transmembrane glycoproteins expressed on a
wide range of cells and tissues including hemopoietic,

endothelial, mesenchymal and epithelial lineages. The
CD44 protein molecule consists of an extracellular, a
transmembrane and a cytoplasmic domain, the diversity
of which is determined by variable exon usage,
glycosaminoglycan substitution, and cell type-specific
N- and O-glycosylation. Thus, the CD44 isoforms differ
in size, ranging from 90 kDa to 250 kDa, and in their
tissue distribution. These isofoms such as CD44s (the
standard form), CD44E (the epithelial form) and CD44v
(splice variants), arise from differential splicing of one to
ten variable exons that encode ortions of the membrane
proximal extracellular domain (Lesley and Hyman,
1998; Ponta et al., 1998).

CD44, a cell adhesion molecule, acts as the major
hyaluronan receptor and as a receptor for many other
extracellular matrix components such as type I and IV
collagens, fibronectin and laminin, interacts with
signaling molecules such oncogene products possessing
protein tyrosine kinase activity and binds soluble growth
factors and cytokines, thereby acting not only as a cell
adhesion molecule but also as a signal transmitter and as
a growth-presenting molecule (Lesley et al., 1993;
Bourguignon et al., 1998; Hamada et al., 1998; Lesley
and Hyman, 1998; Ponta et al., 1998; Goodison et al.,
1999). CD44 has been implicated in a variety of cellular
processes, including cell-cell and cell-matrix
interactions, cell migration, normal development,
immune cell function, tumour progression and
metastasis, and these multiple functions, however,
appear to be restricted to the various isoforms (Sherman
et al., 1996; Naot et al., 1997; Sy et al., 1997; Goodison
and Tarin, 1998a,b; Herrlich et al., 1998; Knudson,
1998; Koukoulis et al., 1998).

The neoplastic transformation of normal epithelial
cells to metastatic tumour cells is a complex process
involving a number of alterations in the expression of
genes implicated in cell proliferation, cell adhesion and
cell migration. Tumour progression is the process by
which tumour cells acquire malignant properties, such as
progressive growth, invasion and metastasis (Nowell,
1986). One of the genes involved in these processes is
CD44 which appears to be one of the most promising
candidates as a cancer diagnosis marker (Herrlich et al.,
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1993; Sherman et al., 1996; Naot et al., 1997; Rudzki
and Jothy, 1997; Sy et al., 1997; Goodison and Tarin,
1998a,b; Herrlich et al., 1998; Goodison et al., 1999;
Caballero et al., 2001). Several studies have provided
evidence that the expression of CD44 is specifically
altered in many types of tumours. Many types of human
tumours show aberrant expression and processing of
CD44 transcripts and cell surface expression of CD44
appears to change profoundly during tumour metastasis,
particularly during the progression of various
carcinomas, as detected by molecular biological
techniques such as reverse transcriptase-polymerase
chain reaction (RT-PCR), Southern and Northern
blotting and immunohistochemical analyses using
CD44-specific monoclonal antibodies to epitopes
encoded by several different individual exons (Goodison
and Tarin, 1998a,b). These studies have confirmed that
in many types of common cancers including breast, lung,
gastrointestinal, urological, and lymphoid tissue
tumours, there is overexpression of CD44 transcript or
protein isoforms and abnormal assembly of CD44
transcripts in tumour tissues relative to non-neoplastic
control tissues or to normal tissues. These observations
indicate that the CD44 adhesion molecule could have an
important role in cell transformation, cancer diagnosis
and prognosis. In contrast to these malignancies, most of
the evidence obtained by molecular biological and

immunodetection techniques through literature search
and summarized in this review show that some CD44
splice-variant isoforms are down-regulated in squamous
cell carcinomas of the head and neck. However, detailed
study of the results obtained from numerous tumours of
the head and neck leads to the conclusion that there is no
specific down-regulation of the expression of any
individual splice-variant isoform during the development
and progression of head and neck neoplasia. Further, we
discuss the plausible mechanisms by which CD44
contributes to the development and progression of
squamous cell carcinoma of the head and neck and the
clinical importance of such altered CD44 expression in
these processes as a biological marker for cancer
diagnosis and prognosis.

Structure of CD44

CD44 denotes a family of cell-surface glycoproteins,
arising by alternative splicing, that are expressed by a
wide variety of cells and tissues and consist of an
extracellular, a transmembrane and a cytoplasmic
domain. The human single-copy CD44 gene, spanning
approximately 60 kb, has been mapped to the
chromosomal locus 11p13 (Goodfellow et al., 1982) and
it is composed of at least 20 exons (Screaton et al., 1992)
(Fig. 1). Exons 1-17 encode the extracellular domain of
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Fig. 1. Gene structure of CD44 and some of its splice variants. The leader peptide (LP) (exon 1), the transmembrane domain (TM) (exon 18) and the
cytoplasmic domain (CD) (exons 19 and 20) are shown. The variant exons v1 to v10 (exons 5 to 15) encode the extrracellular domain of the CD44
molecule. Some but no all of the CD44 splice variants implicated in ehad and neck carcinogenesis are also shown.



the protein, exon 18 encodes a short transmembrane
domain and exons 19 and 20 encode the cytoplasmic
domain (Knudson, 1998). Ten exons, namely 1-5 and
16-20, are spliced together on all cell types to produce
the standard isoform or hematopoietic isoform (CD44s
or CD44H). The remaining 10 variable exons (exons 6-
15 or v1-v10) that encode portions of the membrane
proximal extracellular domain, can be alternatively
spliced between exons 5 and 16 leading to an insertion in
tandem of one or more variant exons within the standard
isoform to generate a number of variant transcripts or
proteins (CD44v) (Screaton et al., 1992; Tolg et al.,
1993). One of these isoforms is the epithelial isoform
(CD44E) which results from the alternative splicing of
three additional exons, exons 12-14 (v8-v10) and is
preferentially expressed on epithelial cells (Screaton et
al., 1992). Several CD44 isoforms have been implicated
in tumour progression and metastasis including head and
neck tumours (Screaton et al., 1992; Naot et al., 1997;
Rudzki and Jothy, 1997; Sy et al., 1997; Bourguignon et
al., 1998; Goodison and Tarin, 1998a,b; Knudson, 1998)
(Fig. 1).

The smallest CD44s, which lacks the variant exons,
codes for a type I transmembrane protein consisting of a
72 amino acid (aa) intracellular domain, a 21 aa
transmembrane domain and a 268 aa extracellular
domain (including 20 aa of leader sequence) with a size
of 37 kDa (Naot et al., 1997; Lesley and Hyman, 1998;
Ponta et al., 1998). The CD44 variant transcripts encode
proteins similar to CD44s but with additional sequences
selected from exons v1-v10 inserted within the
membrane proximal region of the extracellular domain
(Lesley et al., 1993; Bourguignon et al., 1998; Lesley
and Hyman, 1998; Ponta et al., 1998). The molecular
and functional diversity of these isoforms can be further
modified by post-translational modifications, including
N- and O-glycosylation or glycosaminoglycan (GAG)
addition to producing a large polymorphic family of
transmembrane glycoproteins with diverse functions
(Lesley and Hyman, 1998). Thus, CD44 proteins range
from 80-90 kDa for the mature CD44s to 250 kDa for
CD44 isoforms containing all of the variant exon
products and glycosaminoglycans. Glycosylation of
CD44 markedly influences its function (Kincade et al.,
1997; Lesley and Hyman, 1998). Moreover, CD44 is
phosphorylated on serine residues (Lesley and Hyman,
1998). Specifically Ser323 and Ser325 are the only
residues of the cytoplasmic domain that are
phosphorylated in vivo, as determined by mutational
analysis, with Ser325 accounting for approximately 90%
of the phosphorylation on CD44 (Neame and Isacke,
1994; Pure et al., 1995; Peck and Isacke, 1998).
Experimental evidence obtained in vitro, using mutant
CD44 constructs transfected into mammalian cells
suggest that phosphorylation of the CD44 cytoplasmic
domain may be involved in mediating events
downstream of ligand binding that are necessary for cell
migration (Neame and Isacke, 1994; Pure et al., 1995;
Lesley and Hyman, 1998; Peck and Isacke, 1998).

Functions of CD44 related to malignancy

CD44 has several different functions related to
tumour development, progression and metastasis, due to
its interaction with numerous different ligands (Lesley
and Hyman, 1998). CD44 is a major hyaluronan receptor
(Knudson, 1998), but it also interacts with other
extracellular matrix proteins such as fibronectin,
collagen types I and IV, serglycin and osteopontin
(Lesley et al., 1993; Naot et al., 1997; Ponta et al., 1998)
through the oligosaccharide chains of its cytoplasmic
domain, hence acting as a matrix receptor (Kincade et
al., 1997; Bourguignon et al., 1998; Lesley and Hyman,
1998). The binding to hyaluronan, the major
glycosaminoglycan found in the extracellular matrix of
mammalian tissues, is known to cause cell adhesion to
extracellular matrix components and is also implicated
in the stimulation of cell aggregation, cell proliferation,
cell migration and angiogenesis (Bourguignon et al.,
1998; Knudson, 1998). CD44 associates with
cytoskeletal proteins such as ankyrin, and actin
microfilaments through its interaction with the ERM
protein family members (ezrin, radixin and moesin)
(Bourguignon et al., 1998; Lesley and Hyman, 1998),
interacts with signaling molecules involved in
oncogenesis (Bourguignon et al., 1998; Lesley and
Hyman, 1998) such as p56lck (Taher et al., 1996) and
p185HER2 (Bourguignon et al., 1997) and is induced by
overexpression of oncogene products (Hofmann et al.,
1993; Jamal et al., 1994; Zhu and Bourguignon, 1996;
Bourguignon et al., 1997; Lamb et al., 1997; Ladeda et
al., 2001). CD44 also acts as a growth factor-presenting
molecule (Hamada et al., 1998). Many of the growth
factors and cytokines are heparin-binding factors
including bFGF, HB-FGF, HGF, PDGF and IL-8, and
bind to heparan sulphate chains of CD44 (Bourguignon,
2001). Further, CD44 expression is induced by several
growth factors and cytokines (Hamada et al., 1998).
These studies together with the fact that the intracellular
domain of CD44 is phosphorylated in some serine
residues would suggest that CD44 may affect signal
transduction pathways, extracellular matrix and
cytoskeletal organization and confer a growth advantage
to tumour cells, leading to tumour progression and
metastasis.

Experiments with transgenic mice have provided
evidence for a role of CD44 in tumourigenesis.
Heterozygous and homozygous transgenic mice
generated by disrupting exons 2 and 3 of the CD44 gene
were born in Mendelian ratio without any obvious
developmental or neurological defects, but showed a
defect in the distribution of granulocyte-macrophage
progenitor cells between bone marrow and spleen
(Schmits et al., 1997). However, it was shown that CD44
regulates tumourigenicity in fibroblasts. Primary
fibroblasts isolated from CD44-deficient mice were
transfected with the SV40 large T antigen and compared
with the same fibroblasts carrying the full length mouse
CD44s cDNA. While no obvious differences in
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morphology or in the in vitro growth properties between
CD44-negative and CD44-positive SV40 large T
antigen-expressing cells were observed, the former cell
type gave rise to large subcutaneous tumours. In
contrast, CD44-positive cells gave rise to very small
tumours over the same period of time. Histologically
both tumours were similar, although CD44-negative
tumour cells showed more cellular pleomorphism and
had a higher mitotic index (Schmits et al., 1997).
Similarly, CD44-deficient mice generated by an in-frame
insertion of the lacZ/neo reporter cassette into the CD44
leader peptide to abolish CD44 expression, exhibited
normal development and differentiation without
developing spontaneous tumours. Although the
development of the lymphoid system was not affected in
the absence of CD44, mutant lymphoid cells exhibited
an impaired homing to the thymus and lymph nodes in
the adult animals (Protin et al., 1999). Transgenic mice
expressing rat CD44v4-v7 exhibited an accelerated
immune response (Moll et al., 1996), thus confirming
the role of CD44 on lymphocyte activation.

With regard to squamous tissues, normal epidermis
and other stratified squamous epithelia reacted strongly
with antibodies specific for CD44s and CD44 isoforms
containing exons v4, v6 and v9. Malignant cells in basal
carcinoma tissues were found to have low reactivity with
antibodies specific for CD44s or variant CD44
molecules (Hale et al., 1995). Similar studies showed
that while normal skin expressed CD44s and splice-
variants v5, v6, v7, v7-8 and v10, CD44v expression
was reduced in basal cell carcinoma and squamous cell
carcinoma of the skin, particularly CD44v10 (Seiter et
al., 1996). RT-PCR for variant exons v1-v10 confirmed
the expression of CD44 including exons v2-v10 in
normal keratinocytes and in squamous cell carcinoma
cell lines, but no protein expression was detected in the
tumour cells (Bloor et al., 2001). Furthermore,
expression of CD44s and variant isoforms in human
epidermal skin tumours was not correlated with tumour
aggressiveness but was down-regulated during
proliferation and tumour de-differentiation (Seelentag et
al., 1996).

Selective suppression of CD44 in keratinocytes of
mice bearing an antisense CD44 transgene driven by the
keratin-5 promoter disrupted hyaluronate metabolism
and impaired keratinocyte proliferation (Kaya et al.,
1997). Mice lacking detectable CD44 expression in skin
keratinocytes and corneal epithelium displayed abnormal
hyaluronate accumulation in the superficial dermis and
corneal stroma, distinct morphological alterations of
basal keratinocytes and cornea, defective keratinocyte
proliferation in response to mitogens and growth factors
and failure of the epidermis to undergo hyperplasia in
response to carcinogen. These studies indicated that two
major functions of CD44 in skin are the regulation of
keratinocyte proliferation in response to external stimuli
and the maintenance of local hyaluronate homeostasis
(Kaya et al., 1997). It should be emphasised, however,
that this phenotype was not observed in CD44 null mice

(Schmits et al., 1997; Protin et al., 1999).
Several studies have implicated the CD44

transmembrane protein family in tumour development
and metastasis (Gunthert et al., 1991; Hoffmann et al.,
1993; Ponta et al., 1994; Kogerman et al., 1997; Yu et
al., 1997; Reeder et al., 1998; Harada et al., 2001).
Others, however, showed that loss or reduced expression
of CD44 molecules may contribute to cell
transformation (Takahashi et al., 1995; Gao et al., 1997;
Schmits et al., 1997) suggesting that CD44 acts both as a
growth- and invasiveness-promoting molecule and as a
tumour-suppressing co-factor (Herrlich et al., 2000). For
example, introduction of antisense CD44v6 (Reeder et
al., 1998) or antisense CD44s cDNA (Harada et al.,
2001) into metastatic colorectal tumour cells inhibited
tumour growth and metastasis. In contrast, re-
introduction of CD44 in colorectal tumour cells that
exhibited reduced CD44s expression compared with
normal colonic cells, was found to reduce
tumourigenicity (Takahashi et al., 1995). The tumour-
promoting and the tumour-suppressing actions of CD44
appear to depend on the cell type, on the growth state of
the cells, on the isoform pattern expressed, on the
binding of growth factors and their presentation to their
authentic high affinity receptors, on the recruitment of
ERM proteins (ezrin and moesin), on the nature of
extracellular matrix proteins and on the binding of CD44
to the tumour suppressor protein, merlin (Herrlich et al.,
2000). 

Expression of CD44 in normal and neoplastic head
and neck squamous tissues

The CD44 protein family is ubiquitously expressed,
but the expression of variant isoforms appears to be cell-
and tissue-specific (Sherman et al., 1996; Goodison and
Tarin, 1998a). Immunohistochemical, immuno-
fluorescence and immunoblotting studies using CD44-
specific antibodies and molecular biological techniques
such as Northern blotting and reverse transcriptase-
polymerase chain reaction (RT-PCR) utilising variant-
isoform-specific probes or primers, respectively, have
been used to detect the expression of CD44s and CD44v
in normal and tumour head and neck samples. The
monoclonal antibodies used to detect CD44 expression
can be categorised into two classes: antibodies that
recognise epitopes located in the cytoplasmic domain,
encoded by non-variant sequences and therefore
detecting all forms of CD44 with no distinction between
CD44s and CD44v proteins (pan-CD44 antibodies), and
those that are specific for particular CD44v proteins and
allow a distinction both between different CD44v
proteins and between CD44v and CD44s (Ponta et al.,
1998).

Expression of CD44 in normal head and neck tissues

Immunohistochemical staining using monoclonal
antibodies for CD44s and the product of variant exons,
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Table 1. Expression of CD44 and its splice variants in neoplastic head and neck tissues.

CD44 TISSUE METHOD EXPRESSION AND COMMENTS REFERENCES

CD44 13 oral SCC (tongue, Im, FS, PE Strong to moderate in 12/13
tonsil, antrum) pan-CD44

v3 (3G5) Reduced in 13/13 with total loss in all poorly-differentiated Hudson et al., 1996
tumours and in 50% of moderate and well-differentiated

v4-5 3D2 Absent or very weak in 7/13
v6 2F10 Absent or very weak in 5/13
v8 1E8 Absent or very weak in 9/13

CD44s 38 primary tongue Im, PE Decreased, particularly in the group with late nodal Masuda et al., 2000
cancers (T1/T2N0) pan-CD44 metastases

v3 56 SCC of the border Im Downregulation of v3 in 37.5% of cases, of v4-5 in 67.9% of Fonseca et al., 2001
v4-5 of the tongue BBA11 cases and of v6 in 33.9% of cases which correlated with cell 
v6 BBA25 differentiation, tumour grade and invasion

BBA13

v4-5 11 primary oral SCCs Im, FS, PE Loss of CD44v4-5 in all but more marked in metastases. No Oliveira et al., 1998
without metastases 3D2 correlation with behaviour or grade.
9 primary carcinomas
with 19 metastases

v5 55 oral SCCs and Im, FS Reduction of CD44v7, v8 and v10 but not of v5 and v6. Herold-Mende et al., 1996
v6 29 lymph metastases VFF8 Total loss of v7, v8 and v10 in lymph node metastases
v7 from tongue (12), VFF7
v8 oral cavity (5), VFF9
v10 pharynx (35), VFF17

larynx (31) VFF16

v5 62 oral SCCs Im Reduction of CD44v7-8 in 22/62 (35.5%) which correlated Kuo et al., 1998
v6 Anti-splice negatively with shorter survival time
v7-8 variant

v6 100 oral SCCs Im, FS Reduction or loss of CD44v6 which correlated with tumour Bahar et al., 1997
2F10 or cell differentiation and increased frequency of regional Kunishi et al., 1997
Var3.1 lymph node metastases Soukka et al., 1997

v4 99 primary oral or Im, PE Reduction of one or more isoforms in 39/99 (39.4%). Stoll et al., 1998
v5 oropharyngeal SCCs Anti-splice Reduction of v7 and v9 correlated negatively with shorter Stoll et al., 1999
v6 variant survival and recurrence-free interval
v7 mAbs
v9

v9 40 primary oral SCC Im Reduction of v9 in 19/40 (47.5%) cases which correlated Ue et al., 1998
Anti-v9 with tumour cell differentiation, primary and secondary 

metastasis to lymph node

CD44s 89 head and neck Im, PE No change in CD44s and v6. Down-regulation of v2 correlated  Kanke et al., 2000
v2 SCCs with poor tumour cell differentiation and shorter survival time
v6

v6 9 oral SCCs RT-PCR/ Increase of v6 and CD44/intron 9 but no correlation with tumour Higashikawa et al., 1996
CD44 Southern stage or metastasis
With blot
intron9

v4 100 oral SCCs Im, PE No change in v5 and v6 but decrease of v4 and v9 Piffko et al., 1996
v5 Piffko et al., 1999
v6
v9

v6 277 HNSCC Im No, or marginal downregulation of CD44v6 in 268/277 tumours Van Hal et al., 1999
U36, U39
VFF18

CD44s Sinonasal inverted Im, PE 76 SIPs expressed CD44s, 2SIPs with SCC in situ showed Ingle et al., 1998
papillomas (SIPs) A3D8 strong expression No expression in 6/10 (60%) SIPs 
and associated SCCs With SCC and weak expression in 4/10 (40%) SIPs with SCC

CD44s 70 LSCCs Im Decrease of CD44s and v6 correlated with an increase in Spafford et al., 1996
v6 2C5 metastasis and a decrease in survival

2F10

v3 12 LSCCs Im Reduction of v3 irrespective of TNM stage Repassy et al., 1998

v5 28 LSCCs without Im, PE Reduction of v5 and v6 in the inner proliferative tumour area, Ostwald et al., 1997
v6 metastases and VFF8 but no correlation to metastatic ability

26 LSCCs with VFF7
metastases

CD44 27 dysplastic Im, PE No change in dysplastic epithelium compared to normal. Hirvikoski et al., 1999
laryngeal Hermes 3 Focal reduction in LSCCs. Loss of CD44 was associated with 
epithelium poor differentiation, increased mitotic index and nodal or 
172 LSCCs metastatic spread

CD44 66 LSCCs Im, PE Progressive overexpression of CD44 in laryngeal Sugar et al., 1997
67 keratosis pan-CD44 carcinogenesis
97 carcinomas

CD44 34 LSCCs Im, PE Progressive overexpression of CD44 in laryngeal Ioachim et al., 1999
13 in situ carcinomas pan-CD44 carcinogenesis
35 dysplastic tissue
10 papillomas
17 keratosis

lm, immunohistochemistry; RT-PCR, reverse transcription-polymerase chain reaction; 
SCCs, squamous cell carcinoma; LSCCs, laryngeal SCCs; FS, frozen tissue sections; PE, paraffin-embedded tissues 



of frozen and formalin-fixed paraffin-embedded sections
has demonstrated their expression in normal oral
epithelium. Expression of CD44v4, v6 and v9 has been
reported in tonsillar epithelium (Salmi et al., 1993;
MacKay et al., 1994) and of CD44v5, v6, v7, v7-8 and
v10 in oral and pharyngeal epithelia using frozen tissue
(Herold-Mende et al., 1996). Similarly,
immunohistochemical staining of CD44s and its splice
variants v3, v4-5, v6 and v9 of frozen and formalin-fixed
paraffin-embedded sections of lip vermilion border,
buccal mucosa, dorsum and ventrum of tongue, floor of

mouth, gingiva and hard palate showed that all epithelia
stained strongly for all variants in basal, suprabasal and
pickle cells, but cornified and surface layers and the
basal surface of basal cells were all negative. Despite the
structural heterogeneity within oral epithelium, no
regional variation was detected (Oliveira and Odell,
1997). The physiological expression of various CD44
isoforms such as CD44v4, v5, v6, v7, v7-8, v8 and v9 in
oral squamous cell epithelium has also been confirmed
by others by immmunohistochemical staining and
immunofluorescence using variant isoform-specific
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Table 2. Summary of the expression of CD44 and its splice variants in neoplastic head and neck tissues.

CD44 TISSUE METHOD EXPRESSION AND COMMENTS REFERENCES

CD44 Oral SCC Im Strong to moderate in 12/13 Hudson et al., 1996

CD44s Im Decrease in 38/38 cases Masuda et al., 2000
No change in 89/89 cases Kanke et al., 2000

v2 Im Reduction in 89/89 cases Kanke et al., 2000

v3 Im Reduced in 34/69 cases Hudson et al., 1996; 
Fonseca et al., 2001

v4 Im Reduction in most of 199 cases Piffko et al., 1996; 
Stoll et al., 1998, 1999

v4-5 Im Reduction in 65/89 cases and in 19/19 metastases Hudson et al., 1996; Fonseca et al., 
2001; Kanke et al., 2000

v5 Im No change in 200 oral SCCs and in 29 lymph metastases Herold-Mende et al., 1996; Piffko et al., 
1996, 1999; Kuo et al., 1998

v6 Im Reduction in 163/268 cases Hudson et al., 1996; Bahar et al., 
1997; Kunichi et al., 1997; 
Stoll et al.,  1998, 1999

Im No change in 306 cases and 29 metastases Herold-Mende et al., 1996; Piffko et al., 
1996, 1999; Kuo et al., 1998; 
Kanke et al., 2000

RT-PCR Increase in 9/9 cases Higashikawa et al., 1996

v7 Im Reduction or loss in 94/154 cases and in 29 metastases Herold-Mende et al.,1996; Stoll et al., 
1999

v7-8 Im Reduction in 22/62 cases Kuo et al., 1998

v8 Im Reduction in 64/68 cases, loss in 29 metastases Herold-Mende et al., 1996; Hudson et 
al., 1996

v9 Im Reduction in 152/239 cases Piffko et al., 1996, 1999; Ue et al., 

1998, 1998, 1999

v10 Im Reduction in 55/55 cases, loss in 29 metastases Herold-Mende et al., 1996

CD44 LSCC Im Progressive overexpression of CD44 (100 LSCCs, 84 Ioachim et al., 1999;  Sugar et al.,
keratosis, 10 papillomas, 35 dysplastic tissue and 110 1997
carcinomas using pan-CD44)

No change in 27 dysplastic tissues. Focal reduction in Hirvikoski et al., 1999
172 LSCCs associated with poor differentiation

CD44s Im Reduction in 70 LSCCs correlated with increased Spafford et al., 1996
metastases and decreased survival

v3 Im Reduction in 12/12 Repassy et al., 1998

v5 Im Reduction in 54 cases. Ostwald et al., 1997
No correlation with metastases

v6 Im Reduction in 124 cases Spafford et al., 1996;
Ostwald et al., 1997

Im, immunohistochemistry; RT-PCR, reverse transcription-polymerase chain reaction; SCCs, squamous cell carcinoma; LSCCs, laryngeal SCCs. 



monoclonal antibodies or molecular biological
techniques such as RT-PCR (Salmi et al., 1993; Hudson
et al., 1996; Piffko et al., 1996; Bahar et al., 1997;
Kunishi et al., 1997; Soukka et al., 1997; Kuo et al.,
1998; Ue et al., 1998; Stoll et al., 1998, 1999; Piffko et
al., 1999). Expression of CD44s and CD44v6 has also
been detected in normal laryngeal epithelium by
immunohistochemical staining using monoclonal
antibodies (Spafford et al., 1996; Hirvikoski et al., 1999;
Ioachim et al., 1999; Stoll et al., 1999). RT-
PCR/Southern blot techniques utilising DNA probes for
CD44 variable region exons 11 (v6) to 14 (v9) and also
for intronic sequences examined the expression of
aberrant CD44 transcripts in several normal head and
neck tissues (Higashikawa et al., 1996). In these studies
strong expression of CD44s and CD44-variant isoforms
such as CD44v6, v7, v8, v7-8, v8-9 and v7-8-9 was
detected in gingiva, tongue and larynx and moderate
expression in parotid and submandibular glands
(Higashikawa et al., 1996). Using exon 9-10 (v4-5)
containing the intron 9 and an intron 9-specific probe
showed that expression of CD44 variants was restricted
to squamous epithelia and in salivary gland. In summary,
these studies show that normal oral, pharyngeal and
laryngeal epithelium express high levels of CD44s, and
multiple CD44-variant isoforms.

Expression of CD44 in head and neck tumours 

Numerous studies have provided evidence for a role
of CD44 in the progression and metastasis of several
tumour tissues of mesenchymal and epithelial origin.
Changes in the abundance or isoform composition of
CD44 appear to be involved in neoplastic conversion or
metastasis in a number of different tissues and cell
culture models (Naot et al., 1997; Sy et al., 1997;
Bourguignon et al., 1998; Goodison and Tarin, 1998a,b;
Goodison et al., 1998, 1999; Herrlich et al., 1998;
Knudson, 1998; Koukoulis et al., 1998; Kahara et al.,
2000; Ylagan et al., 2000) including head and neck
tumours (Korabiowska et al., 1995; Stoll et al., 1998,
1999). These studies employing immonohistochemical
staining, RT-PCR and Northern blotting, have confirmed
that in many types of common cancers, including breast,
lung, gastrointestinal, bladder, cervical and lymphoid
tissue tumours, there is overexpression of CD44s and of
certain variant isoforms and aberrant CD44 mRNA
processing in tumour tissues relative to non-neoplastic
control tissues (Goodison and Tarin 1998a,b). Such
expression is not seen in every cancer cell but is limited
to tumour cells and is heterogeneous throughout the
tumour. In contrast to these malignancies,
neuroblastomas exhibit reduced or loss of CD44 variant
isoform expression (Shtivelman and Bishop, 1991;
Gross et al., 1994).

Early studies showed that in contrast to many other
malignancies, expression of CD44v6 was down-
regulated in squamous cell carcinomas, as detected by
immunohistochemistry using mAb Var 3.1, but it was

not possible to correlate it to any clinical parameters in
the small and heterogeneous group containing both
recurrent and primary carcinomas (Salmi et al., 1993).
Since then, several studies have analyzed the expression
of CD44-variant isoforms in squamous cell carcinomas
of head and neck in an attempt to correlate it with
clinicopathological parameters and prognosis (Tables 1,
2). 

Immunohistochemical staining employing
monoclonal antibodies reacting with an epitope present
on all forms of CD44 (mAb E1/2) or recognising
specific splice variants was used to detect the expression
of CD44 in 13 oral squamous cell carcinomas derived
from the tongue, tonsil and antrum (Hudson et al., 1996).
Staining with E1/2 showed a strong or moderate
expression of CD44 in 12/13 oral SCCs, consistent with
the findings by employing pan-CD44 antibodies.
However, staining with an antibody (mAb 3G5) to v3
domain showed reduced intensity in all 13 samples, with
total loss of expression in all poorly differentiated
tumours and in 50% of the moderate and well-
differentiated ones. Using several other monoclonal
antibodies to specific splice variants including v4-5
(mAb 3D2), v6 (mAb 2F10) and v8 (mAb 1E8)
domains, showed that all the tumour samples showed
reduced expression of at least one variant exon, with v3
loss being more frequent; staining was absent or very
weak in 7/13 samples for v4-5, 5/13 samples for v6 and
9/13 samples for v8, with loss being more common in
poorly differentiated tumours (Hudson et al., 1996).
Immunohistochemical evaluation of the expression of
CD44s in formalin-fixed, paraffin-embedded specimens
of 38 cases of primary T1/T2N0 tongue cancers showed
a decreased expression of CD44s, particularly in the
group that had late nodal metastases (Masuda et al.,
2000). Assessment of the level of expression of CD44
isoforms v3 (BBA11), v4-5 (BBA25) and v6 (BBA13)
by immunohistochemical staining of 56 consecutive case
of squamous cell carcinomas of the border of the tongue
showed that CD44v3 was downregulated in 37.5% of the
cases, v4-5 in 67.9% and v6 in 33.9% and down-
regulation of these variant isoforms correlated with cell
differentiation, tumour grade and the pattern of
neoplastic invasion (Fonseca et al., 2001). Loss of
expression of CD44v4-5 as determined using mAb 3D2,
was also observed in most of the 11 primary oral SCCs
without metastases and of the 9 primary carcinomas with
19 matched metastases examined. Loss of expression
was more marked in metastases but there was no
correlation between expression and behaviour or grade
(Oliveira et al., 1998). In a similar study using frozen
tissue sections, it was shown that expression of CD44v7
(mAb VFF9), v8 (mAb VFF17) and v10 (mAb VFF16),
but not CD44v5 (mAb VFF8) and v6 (mAb VFF7) was
significantly reduced in 55 oral SCCs and lost in 29
lymph node metastases, derived from tumours of the
tongue (12), the oral cavity (5), the pharynx (35) and the
larynx (31) (Herold-Mende et al., 1996). Expression of
CD44s and CD44 variant isoforms (CD44v5, v6, v7-8)
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examined in 62 samples of oral SCCs by
immunohistochemical analysis showed a significant
reduction in the expression of CD44v7-8 (22/62, 35.5%)
which correlated negatively with survival time of the
patients (Kuo et al., 1998). The expression of CD44v6
using mAb 2F10 or Var3.1 has also been examined by
several research groups in over 100 tissue samples of
oral squamous cell carcinomas by immunohistochemical
staining and shown to be dramatically reduced or lost in
tumour cells (Bahar et al., 1997; Kunishi et al., 1997;
Soukka et al., 1997) and down-regulation of CD44v6
correlated with the degree of tumour cell differentiation
(Bahar et al., 1997; Kunishi et al., 1997; Soukka et al.,
1997) and an increased frequency of regional lymph
node metastasis (Piffko et al., 1996). In 39 out of 99
cases of primary oral or oropharyngeal SCC (39.4%), the
expression of one or more CD44 isoforms examined
(CD44v4, v5, v6, v7 and v9) was decreased in the
tumour cells as determined by immunohistochemical
staining of paraffin-embedded tumour samples using
variant isoform-specific monoclonal antibodies (Stoll et
al., 1999). A decreased expression of the isoforms v4, v5
and v6 was found only in a few cases so that a
significant correlation to any other parameter was not
expected when considered separately. More often, a
diminution for the isoforms CD44v7 and v9 was
observed which correlated negatively with a shorter
survival time as well as a shorter recurrence-free interval
(Stoll et al., 1998, 1999). The expression of CD44v9 was
found to be reduced in 19/40 (47.5%) primary oral SCCs
and this correlated with tumour cell differentiation and
primary and secondary metastasis to lymph nodes,
suggesting a role of CD44v9 in lymphatic metastasis (Ue
et al., 1998). A recent study evaluated the expression of
CD44s and splice variants CD44v2 and v6 by
immunohistochemistry in paraffin-embedded tissues of
89 head and neck squamous cell carcinomas (Kanke et
al., 2000). No change in CD44s or CD44v6 expression
was observed in cancer tissues, but a significant
correlation was found between the down-regulation of
CD44v2 and poorer differentiation of the tumour cells as
well as with shorter overall survival (Kanke et al., 2000).
Collectively, these studies showed that reduced or loss of
expression of one or more of the variant exons of CD44
may be used as biological markers during malignant
transformation of oral squamous cell epithelium.
Investigation of the expression of CD44v5 and v6
isoforms during development and progression of oral
squamous cell carcinomas in formalin-fixed and
paraffin-embedded tissues of 100 oral carcinomas by
immunohistochemical staining using splice-variant
isoform-specific monoclonal antibodies, showed that
both variant isoforms were strongly expressed in normal
and dysplastic mucosa and all primary and metastatic
SCCs suggesting that CD44v5 and v6 expression is not
altered during development and progression of oral
carcinomas (Piffko et al., 1996). However, the
expression of CD44v4- and CD449-variant isoforms was
significantly decreased compared to normal oral

epithelium (Piffko et al., 1999).
In contrast to these studies, investigation of the

expression of CD44 in only 9 oral squamous cell
carcinoma cases using RT-PCR/Southern blotting,
showed that all the tumour tissues overexpressed high
molecular weight CD44 variants, compared to their
corresponding normal stratified squamous epithelium,
and in particular CD44v6 and CD44 variants containing
the intron 9 sequence of CD44, but no correlation with
tumour stage or metastasis was found (Higashikawa et
al., 1996). Mab U36, which recognizes CD44v6, stained
more than 50% of the cells intensely in 188 of 196
(96%) head and neck SCC biopsies (Van Hal et al.,
1996). The expression of CD44v6 was examined
qualitatively and quantitatively in normal oral mucosa
and compared to that in a large panel of head and neck
squamous cell carcinomas (277 tumours) and cell lines
by immunohistochemistry using three different anti-
CD44v6 antibodies (U36, U39 and VFF18) and by RT-
PCR using CD44v6 splice-variant-specific primers on
head and neck SCC cell lines, microdissected normal
mucosa and primary as well as metastatic head and neck
SCC tissues (Van Hal et al., 1999). The results showed
that there was no, or only marginal, down-regulation of
CD44v6 in head and neck SCCs, as detected by
immunohistochemistry and the CD44v6 splice variants
present in the head and neck primary tumours and
metastases were identical to those expressed in normal
mucosa, indicating that CD44v6 does not play a role in
malignant progression of head and neck SCCs (Van Hal
et al., 1999). 

CD44 expression has also been studied in sinonasal
inverted papillomas (SIP) and associated squamous cell
carcinoma by automated immunohistochemistry on
paraffin-embedded tissue sections using mAb A3D8
which reacts with human CD44s (Ingle et al., 1998). All
76 SIPs expressed CD44, 2 SIPs with SCC in situ
maintained strong expression in benign and severely
dysplastic foci and 6 of 10 SIPs (60%) with SCC showed
complete loss of CD44s expression, while the remaining
4 cases of SIPs with SCC (40%) showed weak
expression. Thus, in SIPs developing an invasive SCC,
CD44s expression is lost or dramatically reduced (Ingle
et al., 1998). Examination of 20 cases of non-cancerous
nasopharyngeal mucosa and 80 cases of nasopharyngeal
carcinoma (NPC) by immunohistochemistry showed no
significant difference in the rate of positive expression of
CD44s, v3 and v6 proteins between non-cancerous
nasopharyngeal mucosa and NPC or in NPC with and
without lymph node metastasis, indicating that these
gene products did not correlate with lymph node
metastasis in NPC (Huang et al., 2000).

CD44 expression has also been implicated in
laryngeal carcinogenesis. Early studies examining the
expression of CD44s and CD44 splice-variant v6 by
immunohistochemistry using mAb 2C5 and mAb 2F10,
respectively, in paraffin-embedded archival tissue of 70
patients with laryngeal squamous cell carcinoma (LSCC)
revealed a decreased expression of both CD44s and
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CD44v6 which correlated with an increase in metastasis
and a decreased survival (Spafford et al., 1996). Analysis
of 12 laryngeal SCCs (7 laryngeal and 5 hypopharyngeal
cancers) by immunohistochemistry for the expression of
CD44v6/v3 exhibited a reduced CD44v3 expression,
irrespective of the TNM stages (Repassy et al., 1998).
Immunohistochemical staining of paraffin-embedded
sections of 28 laryngeal carcinomas without metastases,
26 with metastases and 20 lymph node metastases from
larynx carcinomas with anti-CD44v5 (VFF8) and v6
(VFF7) monoclonal antibodies showed that in all cases
the same staining intensity was observed, suggesting that
CD44v5 and v6 may be valuable markers of
proliferation but not of metastatic behaviour (Ostwald et
al., 1997). Further, there was no difference between
carcinomas with and without metastases or the lymph
node metastases but a strong difference in staining was
detected between the carcinoma cells of the outer and
the inner proliferative tumour areas. Whereas the former
cells stained very intensely, the latter showed a dramatic
reduction in intensity or no staining at all. These results
indicated a role of CD44v5 and v6 in laryngeal
carcinogenesis but no connection to metastatic ability
could be established (Ostwald et al., 1997). Irregular
expression of hyaluronan and its CD44 receptor was
associated with metastatic phenotype in laryngeal SCC
(Hirvikoski et al., 1999). Immunohistochemical analysis
for the expression of CD44 on paraffin-embedded tissue
sections of 27 dysplastic samples of laryngeal epithelium
and 172 LSCCs showed that hyaluronan (HA) and CD44
(Hermes 3) were expressed in 90% of the dysplastic and
neoplastic samples as compared to normal laryngeal
epithelium. However, while in the normal epithelium
their distributions were homogeneous, malignant
transformation was associated with focal reductions of
both HA and its receptor. Moreover, the loss of HA and
CD44 in LSCC was associated with poor differentiation
and increased mitotic index and nodal or metastatic
spread. The focal decrease in HA and CD44 staining
detected in more that a quarter of the LSCC, most
prevalent in poorly differentiated tumours, also occurred
in dysplasias, suggesting that it may be a common and
often early event in the set properties that LSCC adopts
during its development (Hirvikoski et al., 1999). 

CD44 functions as a 'part time' proteoglycan
expressing a chondroitin sulfate or heparan sulfate
glycosaminoglycan side chain (Jackson et al., 1995;
Piepkorn et al., 1997; Sleeman et al., 1997, 1998; Chiu
et al., 1999). Further support for reduction or loss of
CD44 during laryngeal carcinogenesis has been provided
by immunohistochemical analyses of Chondroitin-6-
sulfate chains of normal and tumour samples of
laryngeal epithelium. Immunohistochemical staining for
chondroitin-6-sulfate on paraffin-embedded sections
showed positive immunoreactivity in the cell/basement
membrane of basal and suprabasal cells of the laryngeal
epithelium. Focal immunostaining was observed in 67
out of 71 (94%) biopsies with no dysplasia, in 39/45
(87%) biopsies with mild/moderate dysplasia, and in

16/16 (100%) biopsies with severe dysplasia or
carcinoma in situ. However, it was seen in only 2 out of
18 biopsies with invasive squamous cell carcinoma of
the larynx, although in neither of these was chondroitin-
6-sulfate immunostaining seen at the actual site of
invasion (Uhlman and Niehans, 1999). The loss of
chondroitin-6-sulfate immunostaining concurrent with
squamous cell carcinoma invasion in the larynx suggests
that loss of a chondroitin-6-sulfate-containing
proteoglycan or a change in proteoglycan side-chain
composition, is a critical step in laryngeal epithelial
tumour invasion. 

In contrast, immunohistochemical staining of 66
cases of paraffin-embedded adult-onset squamous cell
papilloma, 67 cases of keratosis and 97 carcinomas
employing monoclonal pan-CD44 antibodies showed a
progressive overexpression of CD44 at successive stages
of human laryngeal carcinogenesis (Sugar et al., 1997).
Similarly, examination of CD44 expression using pan-
CD44 antibodies in 34 formalin-fixed, paraffin-
embedded squamous cell carcinomas, 13 in situ
carcinomas, 35 cases with various degrees of epithelial
dysplasia, 10 papillomas and 17 cases of keratosis
confirmed the progressive CD44 overexpression in
laryngeal carcinogenesis (Ioachim et al., 1999).
However, as mentioned above, pan-CD44 antibodies
cannot differentiate between CD44s and the CD44
variant isoforms, hence these studies investigated the
expression of all forms of CD44 during laryngeal tumour
progression. Similarly, it was shown that expression of
CD44s and CD44v6 in 32 samples of pharynx/larynx
squamous cell carcinomas and their lymph node
metastases, studied by immunohistochemistry, it was
essentially unaltered in relation to their primary sites
(Hernandez Gaspar et al., 1999). 

Clinical implications of altered CD44 expression in
head and neck squamous cell carcinoma

Studies on early premalignant lesions and on early-
stage malignancies of several types of common tumours,
such as breast, bladder and colon, have reported
increased CD44 isoform expression and aberrant CD44
transcript processing, but also a marked heterogeneity in
the pattern of expression within the tumour. These
specific alterations in CD44 expression become clear
and distinct with tumour progression, with higher
expression levels achieved in invasive and metastatic
tumour cells. However, observations on deeply invading
late-stage tumours, there is a dramatic reduction or no
expression of any CD44 isoform, as the tumour cells
reach the boundaries of the organ or penetrate
surrounding tissues. Contradictory reports on whether
CD44 expression in a given tumour is elevated or
decreased may have resulted from lack of accurate
information on the staging of the tumours used and the
method and reagents of analyses (Goodison and Tarin,
1998a,b; Martegani et al., 1999). Several mechanisms,
based on the properties of CD44 as the major hyaluronan
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receptor and as a signal transmitter and growth-
presenting molecule, have been proposed to explain the
role of elevated CD44 expression during tumour
development and progression (Goodison and Tarin ,
1998a; Knudson, 1998; Ponta et al., 1998). 

Normal squamous epithelium of the head and neck
express CD44s and several splice-variant isoforms at
high levels. Although the different CD44 isoforms
appear to modulate ligand-binding and cell-cell and cell-
matrix interactions (Bourguignon et al., 1998; Hamada et
al., 1998; Knudson, 1998; Lesley and Hyman, 1998)
their functions in normal head and neck squamous
epithelium is poorly understood. However, the
concentration of CD44 along cellular boundaries in vivo
suggests that at least certain isoforms mediate homotypic
cell interactions within the epithelium. Reduction in the
expression of CD44 in squamous cell carcinomas of the
head and neck may have important functional
consequences to tumour cell proliferation and migration.
Since CD44 acts as cell adhesion and growth-factor
binding molecule, down-regulation of its expression
would decrease the homotypic cell interactions and
allow enhanced binding of the growth factor with its
specific receptor, thereby increasing the malignant
properties of tumour cells such as progressive growth,
invasion and metastasis.

Several monoclonal antibodies have been developed
and characterised as candidates for radioimmunotherapy
(RIT) of squamous cell carcinomas and these include
VFF18, specific for an epitope encoded by the human
CD44v6 (Heider et al., 1996), BIWA1 (Heider et al.,
1995) and U36 (Schrijvers et al., 1993; De Bree et al.,
1995; Van Hal et al., 1996) which are both CD44v6-
specific but bind to different epitopes. U36 binds to an
epitope consisting of amino acids 365-376 and BIWA1
to an epitope consisting of amino acids 360-370 and
with a 35-fold higher affinity (Van Hal et al., 1996;
Stroomer et al., 2000). A phase I RIT study of Rhenium-
186 (186Re)-labeled chimeric monoclonal antibody U36
was conducted in 13 patients with recurrent or metastatic
head and neck SCCs (Colnot et al., 2000). In this
carefully designed trial, some antitumour effects were
seen. Two patients with dose-limiting myelotoxicity
showed a marked reduction in tumour size and one
patient showed stable disease for 6 months after
treatment. Although these results provide
encouragenment for the approach, the use of RIT using
anti-CD44 monoclonal antibodies as adjuvant therapy in
patients with head and neck SCCs remains questionable
for several reasons (reviewed in Breitz, 1999), among
which is the antigen expression by the tumour cells. If
antigen expression is not evident or greatly reduced, then
the use of RIT will not be beneficial to the patient.
Although more experimental evidence is required,
particularly on laryngeal carcinogenesis, collectively, the
few above studies described in this review, using several
different high affinity monoclonal antibodies to CD44
isoforms on paraffin-embedded or frozen tissue sections
show that CD44s and one or more of its splice variants

are downregulated during head and neck carcinogenesis
(Tables 1 and 2). The focal reduction of these cell
adhesion molecules, particularly in the inner
proliferative mass of the tumour as detected, mainly, by
immunohistochemical studies, and the fact that knock-
out experiments do not give rise to spontaneous tumours
in the transgenic mice (Schmits et al., 1997; Protin et al.,
1999), but that CD44-negative cells isolated from these
transgenic animals are more susceptible to
tumourigenesis by activated oncogenes (Schmits et al.,
1997), points towards the use of CD44s and one or more
of its isoforms as a prognosis marker in head and neck
carcinogenesis.
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