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Summary 

Expression of CD44, particularly of certain splice variants, has been linked to tumor progression and meta- 
static potential in a number of different animal and human cancers. Although differential expression of CD44 
standard epitopes (CD44s) in human brain tumors has been reported, the expression of CD44 variant exon 
encoded sequences (CD44v) in primary brain tumors in situ has not been studied in detail. In the present 
study, the expression of CD44s and CD44v epitopes was analyzed immunohistochemically on frozen sections 
of primary brain tumors. In addition, the expression of CD44 on cultured glioma cells was investigated by 
immunofluorescence flow cytometry. The results demonstrate the presence of CD44s epitopes and of CD44 
splice variants containing CD44v4, v5 and v10 sequences in various types of brain tumors. A subgroup of 
highly malignant gliomas showed a strong (focal) expression of CD44v5. CD44v6 was absent in all brain 
tumors examined. CD44s appeared to be the dominant form of CD44 expressed in primary brain tumors, its 
expression was not correlated with tumor grade. We envisage that CD44 isoforms, in particular CD44s, may 
contribute to the invasive character of primary tumors by interacting with hyaluronate, one of the most abun- 
dant molecules in the extracellular matrix of the brain. 

Introduction 

CD44 is a major cell surface receptor for hyaluro- 
nate [1, 2] and exists as multiple isoforms [3-7]. 
These isoforms are generated by alternative splic- 
ing of at least 10 exons (exon vl-vl0), encoding 
parts of the extracellular domain [8]. A 85-95 kD 
isoform of the CD44 molecule, termed standard 
CD44 (CD44s), is widely expressed on cells of he- 
matopoietic and mesodermal origin and lacks all 10 
variable exons [9, 10]. In contrast, CD44 isoforms 
containing multiple alternative spliced exons 
(CD44v) are predominantly expressed on normal 
epithelia and tumors of epithelial origin [9]. CD44 
has been implicated in a variety of processes, in- 
cluding lymphocyte homing, hematopoiesis, lym- 

phocyte activation and extracellular matrix adhe- 
sion [1, 2, 7,11-13]. However, the exact physiological 
functions of the diverse CD44v are as yet unclear. 

Interestingly, CD44 isoforms containing exon v6 
have been shown to play a causal role in tumor me- 
tastasis in the rat [5,14]. Expression of homologous 
isoforms in human tumors is associated with tumor 
progression and adverse prognosis [9, 10, 15]. Fur- 
thermore, expression of CD44 exon v5 has been re- 
lated to tumor progression in colorectal tumors [15] 
and melanomas [16]. In astroglial brain tumors, 
CD44s expression has been reported [17-20]. In ad- 
dition, it has been shown that CD44s mediates glio- 
ma cell invasion in vitro [21]. Furthermore, in a re- 
cent study it was proposed that variants of CD44 
might be involved in the metastatic spread of sys- 
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temic tumors into the brain [22]. In order to gain 
more insight in the role of CD44 in the biology of 
brain tumors, we have studied the distribution of 
different CD44 isoforms in primary neoplasms of 
the brain. 

Materials and methods 

Tumor tissue 

rum-free Dulbecco's modified Eagle's medium 
(DMEM) for 30 min. The processed tissue was fil- 
tered through a 70 gm nylon cell strainer (Becton & 
Dickinson, 2350). Cells were cultured in a humified 
incubator at 37~ in a 5% COj95% air atmo- 
sphere. Cells were grown in DMEM supplemented 
with 20% heat-inactivated fetal calf serum (GIB- 
CO BRL, England), penicillin, streptomycin and L- 
glutamin. 

Primary brain tumors were collected from our files. 
A wide range of glial and non-glial neoplasms were 
included. The tumors studied are listed in Table 1. 
The tumor specimens were snap-frozen in liquid ni- 
trogen immediately after removal. For routine his- 
tology part of the specimens were fixed in 10% buf- 
fered formalin and embedded in paraffin. All tu- 
mors were diagnosed according to the criteria of the 
WHO classification [23]. 

Cultured glioma cells 

Glioma cell cultures were established as follows: 
specimens of glioblastomas were collected at sur- 
gery and processed within 1 hr. The tissue was 
minced gently and thereafter incubated with 0.1% 
collagenase/dispase (Boehringer Mannheim) in se- 

Detection of CD44 variants 

Frozen sections, 5 gm thick, were tested for expres- 
sion of standard CD44 (CD44s) and CD44 splice 
variants (CD44v) by immunohistochemistry as de- 
scribed previously [9, 10], using a polyclonal anti- 
body (pAb) and a panel of monoclonal antibodies 
(mAbs) raised against a bacterially expressed fu- 
sion protein encoded by exon v3-vl0 of the human 
HPKII-type CD44 [9, 10]. Exons v3-v10 are corre- 
sponding to exons 7-14 of the human genomic 
CD44 [8]. The structure of CD44 and the location of 
the epitopes that are recognized by the pAb, anti- 
CD44v, and by the mAbs, NKI-P1, VFF11, VFF8, 
VFF4, VFF7, VFF18, VFF14 and VFF16 are shown 
in Fig. 1. A detailed description of most of these an- 
tibodies and their specificity has been published 
elsewhere [9, 10]. When more than 10% of the tu- 

Table 1. Expression of CD44 isoforms on brain tumors as analyzed by immunohistochemistry 

Tumor type Antibodies 

CD44s CD44v4 CD44v5 CD44v6 CD44v6 CD44v10 CD44v10 
(NKI-P1) (VFFll)  (VFF8) (VFF7) (VFF18) (VFF14) (VFF16) 

Gliomas 
Pilocytic astrocytoma 3/3 
Astrocytoma I or II 313 
Anaplastic astrocytoma 4/4 
Glioblastoma multiforme 7/7 
Oligoastrocytoma 3/3 
Oligodendroglioma 3/3 
Anaplastic oligodendroglioma 2/2 
Ependymoma 4/4 

Others 
Schwannoma 414 
Meningioma 3/3 
Medulloblastoma 3/3 

1/3 2/3 0/3 0/3 2/3 1/3 
1/3 2/3 0/3 0/3 2/3 1/3 
3/4 3/4 0/4 0/4 3/4 2/4 
117 6/7 0/7 0/7 5/7 5/7 
0/3 1/3 0/3 0/3 1/3 1/3 
0/3 3/3 0/3 0/3 1/3 0/3 
1/2 2/2 0/2 012 2/2 2/2 
0/4 1/4 0/4 0/4 3/4 3/4 

0/4 3/4 0/4 0/4 2/4 2/4 
0/3 2/3 013 0/3 1/3 2/3 
0/3 0/3 0/3 0/3 0/3 0/3 
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Fig. 1. Schematic representation of the CD44 gene. Open boxes indicate exons that are spliced out of the standard form of CD44. TM, 
transmembrane region. B: Schematic representation of the CD44 protein with location of the epitopes which are recognised by the 
monoclonal antibodies: NKI-PI, VFF4, VFF?, VFF8, VFFll, VV14 and VFF16, and by the polyclonal antibody anti-CD44v. Dark area, 
standard form of CD44; vl-vl0, domains encoded by the variant exons. 

mor cells were estimated to show staining, tumors 
were scored as 'positive'. 

The expression of CD44s and CD44v epitopes on 
glioma cell cultures was studied by FACS analysis. 
Three primary glioma cell cultures of early (2 to 5) 
passages were used: Glil5, Glil6, Gli25. Cells were 
harvested mechanically. Next, cells were sequen- 
tially incubated with the appropriate dilutions of 
the different anti-CD44 antibodies diluted in phos- 
phate-buffered saline containing 1 mg/ml bovine 
serum albumin. Thereafter, cells were incubated 
with biotin-conjugated Rabbit anti-Mouse Ig, for 
the mAbs, (Dakopatts, Glostrup, Denmark) or bio- 
tin-conjugated Swine and anti-Rabbit Ig (Dako- 
patts) for the pAb, for 30 rain at 0 ~ C. Subsequently, 
cells were incubated for another 30 min at 0 ~ C with 
streptavidin-phycoerythrin (Dakopatts). Flow cy- 
tometric analysis was performed on a FACScan 
(Becton Dickinson, Mountain View, CA). 

Results and discussion 

Table 1 shows the CD44 expression of the various 
primary brain tumors. All tumors showed expres- 
sion of the standard CD44 (CD44s) epitopes, but 

the various tumor types differed in their expression 
pattern of CD44s. Astrocytomas (Fig. 2a), oligoas- 
trocytomas, oligodendrogliomas and schwannomas 
were strongly positive for CD44s epitopes in most 
of the tumor cells. Ependymomas also showed uni- 
form positivity, but stained less intensively. Focal 
immunoreactivity for CD44s was observed in me- 
ningiomas and medulloblastomas (Fig. 2b). Com- 
pared to the cells of origin in the normal brain 
[Kaaijk et al., manuscript in preparation], CD44 ap- 
pears to be overexpressed in primary brain tumors, 
but we did not find a correlation between CD44s 
expression and tumor grade. For example, low- 
grade astrocytomas showed a similarly strong ex- 
pression of CD44s as the highly malignant gliobtas- 
tomas. It has to be taken into consideration, how- 
ever, that the number of the tumors investigated is 
rather small. 

CD44 splice variants (CD44v) were also ex- 
pressed in the primary brain tumors studied. With 
the exception of medulloblastomas, CD44v5 and 
CD44v10 were present in all tumor types. Expres- 
sion of CD44v4 was only found in astroglial tumors, 
although not in those of mixed oligo-astroglial type. 
CD44v6 was absent in all tumors examined. It 
should be noted that, with the exception of strong 
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Fig. 2. Expression of CD44 isoforms on primary brain tumors. A: CD44s was strongly expressed on glioblastomas x 400. B: CD44s showed 
to be focally expressed on medulloblastomas x 200. C: CD44v5 was strongly expressed on some tumor cells of a glioblastoma x 400. 

staining for CD44v5 in three glioblastomas (Fig. 2c) 
and in one anaplastic oligodendroglioma, the stain- 
ing for the CD44v epitopes was far less intense than 
for CD44s. Furthermore,  CD44v epitopes were 
generally focally expressed, presumably reflecting 
the cellular heterogeneity usually found in these tu- 
mors. The strong expression of CD44s compared to 
CD44v epitopes strongly suggests that CD44s is the 
dominant form of CD44 expressed in primary brain 
tumors. However, the observation of strong (focal) 
expression of CD44v5 seen in a subgroup of highly 
malignant tumors (three glioblastomas and one 
anaplastic oligodendroglioma) suggests a possible 
role in the biological behavior of these tumors. 

The expression pattern of CD44s and CD44v epi- 
topes in primary brain tumors is comparable with 
the expression pattern of CD44 in malignant mela- 
nomas: strong expression of CD44s~ (weak) expres- 
sion of CD44v5 and CD44v10, but no expression of 

CD44v6 as detected by immunohistochemistry [16]. 
These tumors have their neuro-ectodermal origin 
in common. Hence, the CD44 expression pattern as 
observed in primary brain tumors and melanomas, 
might be a reflection of neuro-ectodermal differen- 
tiation. 

The expression pattern of CD44 on cultured glio- 
ma cells as measured by immunofluorescence flow 
cytometry was consistent with the immunohisto- 
chemical data; CD44s as well as CD44v epitopes 
were expressed at the cell surface of the cultured 
glioma cells (Fig. 3). Clearly positive staining was 
observed with antibodies against: CD44s, CD44v3- 
vl0, CD44v4, CD44v5 and CD44v10. In addition, 
CD44v6 appeared to be present at low levels. 
Hence, CD44v6 expression was detected by flow cy- 
tometry and not by immunohistochemistry. This 
may either indicate that the relatively low levels of 
CD44v6 are not detectable by immunohistochemis- 
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Fig. 3. Flowcytometric analysis of CD44 expression on glioma 
cell cultures. Abs, antibodies. 

try or that CD44v6 is upregulated as a result of acti- 
vation due to culture conditions. Our findings that 
different CD44v epitopes are expressed in glioblas- 
tomas both with immunohistochemistry on frozen 
sections and with flow cytometric analysis on cul- 
tured glioblastoma cells is in contrast with observa- 
tions of Li et aL, who did not detect CD44v expres- 
sion in glioblastomas [22]. However, Radotra found 
a 120 kDa and a 95 kDa isoform of CD44 expressed 
on astrocytic tumour cultures as detected by immu- 
noblotting [20]. 

Diffuse local invasion precludes effectiveness of 
therapy in the majority of primary brain tumors. 
Even low-grade tumors are poorly demarcated. In- 
vasiveness is greatly influenced by interactions of 
the tumor cells with other cells and extracellular 
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matrix components [24, 25]. In this process, adhe- 
sion molecules play a crucial role. It is noteworthy 
that glioblastomas preferentially invade the white 
matter of the brain, in which high levels of hyalur- 
onate, for which CD44 is the principal receptor, 
have been found [17]. Furthermore, CD44 has been 
reported to be involved in human glioma cell inva- 
sion in vitro [21]. We conceive that CD44 molecules, 
in particular CD44s, which appears to be the dom- 
inant form of CD44 in primary brain tumors, may 
contribute to the invasive character of primary 
brain tumors by interacting with hyaluronate, one 
of the most abundant molecules in the extracellular 
matrix of the brain. Alternative splicing of CD44, 
which can greatly influence hyaluronate binding [1, 
2] may regulate this interaction. 

Acknowledgements 

We thank Drs G.R. Adolf and E. Patzelt (Bender 
Co., Vienna, Austria) for the mAbs against CD44 
splice variants and Dr C.G. Figdor (Nijmegen, The 
Netherlands) for mAb NKI-P1. 

References 

1. Aruffo A, Stamenkovic I, Melnick M, Underhill CB, Seed B: 
CD44 is the principal cell surface receptor for hyaluronate. 
Cell 61: 1303-1313, 1990 

2. Lesley J, Hyman R, Kincade PW: CD44 and its interaction 
with the extracellular matrix. Adv Immunol 54: 271-335, 
1993 

3. Stamenkovic I, Amiot M, Pesando JM, Seed B: A lympho- 
cyte molecule implicated in lymph node homing is a member 
of the cartilage link protein family. Cell 56: 1057-1062, 1989 

4. Dougherty GJ, Lansdorp PM, Cooper DL, Humpries RH: 
Molecular cloning of CD44R1 and CD44R2, two novel iso- 
forms of the human CD44 lymphocyte 'homing' receptor ex- 
pressed by haemopoietic cells. J Exp Med 174: 1-5, 1991 

5. Gfinthert U, Hofmann M, Rudy W, Reber S, Z611er M, 
Hausmann I, Matzku M, Wenzel A, Ponta H, Herrlich P: A 
new variant of glycoprotein CD44 confers metastatic poten- 
tial to rat carcinoma cells. Cell 65: 13-24, 1991 

6. Jackson DG, Buckley J, Bell JI: Multiple variants of the hu- 
man lymphocyte homing receptor CD44 generated by in- 
sertions at a single site in the extracellular domain. J Biol 
Chem 267: 4732-4739, 1992 

7. Koopman G, Griffioen AW, Ponta H, Herrlich E van den 



190 

Berg F, Manten-Horst E, Pals ST: CD44 splice variants: ex- 
pression on lymphocytes and in neoplasia. Res Immunol 
144: 750-754,1993 

8. Screaton GE Bell MV, Jackson D, Cornelius FB, Gerth U, 
Bell J: Genomic structure of DNA encoding the lymphocyte 
homing receptor CD44 reveals at least 12 alternative spliced 
exons. Proc Natl Acad Sci 89: 12160-12164, 1992 

9. Heider KH, Hofmann M, Horst E, van den Berg F, Ponta H, 
Herrlich R Pals ST: A human homologue of rat metastasis- 
associated variant of CD44 is expressed in colorectal carci- 
nomas and adenomatous polyps. J Cell Biol 120: 227-233, 
1993 

10. Koopman G, Heider K-H, Horst E, Adolf GR, van den Berg 
F, Ponta H~ Herrlich R Pals ST: Activated human lympho- 
cytes and aggressive non-Hodgkin's lymphomas express a 
homologue of the rat metastasis-associated variant of CD44. 
J Exp Med 177: 897-904, 1993 

11. Jalkanen ST, Bargatze RE Herron LR, Butcher EC: A lym- 
phoid cell surface glycoprotein involved in endothelial and 
lymphocyte homing in man. Eur J Immunol 16: 1195-1202, 
1986 

12. Haynes BF, Telen MJ, Hale LR Denning SM: CD44 - A mol- 
ecule involved in leukocyte adherence and T-cell activation. 
Immunol Today 10: 423-428, 1989 

13. Miyake K, Underhill CB, Lesley J, Kincade PW: Hyaluro- 
nate can function as a cell adhesion molecule and CD44 par- 
ticipates in hyaluronate recognition. J Exp Med 172: 69-75, 
1990 

14. Rudy W, Hofmann M, Schwartz-Albiez R, Z011er M, Heider 
KH, Ponta H, Herrlich P: The two major CD44 proteins ex- 
pressed on a metastatic rat tumor cell line are derived from 
different splice variants - each one individually suffices to 
confer metastatic behavior. Cancer Res 53: 1262-1268, 1993 

15. WielengaVJM, Heider KH, Offerhaus GJA, Adolf GR, van 
den Berg F, Ponta H, Herrlich R Pals ST: Expression of 
CD44 variant proteins in human colorecta[ cancer is related 
to tumor progression. Cancer Res 53: 4754-4756,1993 

16. Manten-Horst E, Danen EHJ, Smit L, Snoek M, Le Poole C, 

Van Muijen GNR Pals ST, Ruiter DJ: Expression of CD44 
splice variants in human cutaneous melanoma and melan- 
oma cell lines is related to tumor progression and metastatic 
potential. Submitted for publication, 1994 

17. Kuppner MC, Van Meir EG, Gauthier TH, Hamou H-F, de 
Tribolet N: Differential expression of the CD44 molecule in 
human brain tumours. Int J Cancer 50: 572-566, 1992 

18. Asher R, Bignami A: Hyaluronate binding and CD44 ex- 
pression in human glioblastoma cells and astrocytes. Exp 
Cell Res 203: 80-90, 1992 

19. Pilkington GJ, Akinwunmi J, Ognjenovic N, Rogers JP: Dif- 
ferential binding of anti-CD44 on human gliomas in vitro. 
Neuroreport 4: 259-262, 1993 

20. Radotra B, McCormick D, Crockard A: CD44 plays a role in 
adhesive interactions between cells and extracellular matrix 
components. Neuropath Appl Neurobiol 20: 399-405, 1994 

21. Merzak A, Koocheckpour S, Pilkington G J: CD44 mediates 
human glioma cell adhesion and invasion in vitro. Cancer 
Res 54: 3988-3992, 1994 

22. Li H, Hamou M-E de Tribolet N, Jaufeerally R, Hofmann M, 
Diserens A-C, van Meir EG: Variant CD44 adhesion mole- 
cules are expressed in human brain metastases but not in 
glioblastomas. Cancer Res 53: 5345-5349, 1993 

23. Kleihues R Burger PC, Scheithauer BW: Histological typing 
of turnouts of the central nervous system. In: World Health 
Organization International Histological Classification of 
Tumours. Springer-Verlag Berlin, Heidelberg, 1993 

24. Albelda SM: Role of integrins and other cell adhesion mole- 
cules in tumor progression and metastasis. Lab Invest 68: 
417,  1993 

25. Ruoslahti E: Control of ceil motility and tumour invasion by 
extracellular matrix interactions. Br J Cancer 66: 239-242, 
1992 

Address for offprints: E Kaaijk, Academic Medical Center, De- 
partment of Pathology, RO. Box 22700, NL 1100 DE Amsterdam, 
The Netherlands 


