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Abstract. CD44 is a transmembrane glycoprotein involved in
the interaction between cells and the extracellular matrix.
A large variety of alternatively spliced CD44 variants are
expressed by different tumors with possible implication for
tumor progression, formation of metastasis and survival. In
colon carcinomas, previous reports described higher molecular
bands of CD44 transcripts in neoplastic colonic tissue, although
a complete analysis of multiple combinations of CD44v tran-
scripts were not performed. We therefore analyzed the pattern
of CD44 standard and variant (v2-v10) transcripts in colo-
rectal adenomas and carcinomas by exon-specific RT-PCR
amplification and sought CD44v transcripts specific for
colonic neoplasias. Our data indicate that CD44 standard
transcripts, including the epithelial form (C-v8,v9,v10-C)
corresponding to a 720 bp transcript, were detected in 2/38
(5.2%) samples of normal mucosa, 20/20 (100%) adenomas
and in 21/33 (63%) colorectal carcinomas. High molecular
CD44v3,v8-10 (673 bp) transcripts were found in 2/33 (6%)
samples from normal mucosa, 19/20 (95%) from adenomas
and in 29/31 from colorectal carcinomas (93%). Similar
CD44v3,v8-10 transcripts were detected in five from seven
colorectal liver metastases, while normal liver did not contain
high molecular CD44v3 variants. The same CD44v3,v8-10
(673 bp) variant was detected in HT-29 human colon carcinoma
cells. Direct sequencing of the CD44v3 (673 bp) transcript in
samples from colorectal carcinomas and HT-29 cells confirmed
the assumed CD44v (-C-v3-v8-v9-v10-C-) cDNA sequence.
Analysis of other CD44 variant transcripts (v4-v10) using exon
specific primers were less frequently associated with colo-
rectal neoplasias. These data report for the first time frequent
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expression of neoplasia-associated CD44v3,v8-10 variants in
colorectal adenomas and carcinomas supporting the role of
increased CD44 variant expression as an early event in colo-
rectal carcinogenesis. The described CD44v3,v8-10 (673 bp)
variant might be relevant for diagnosis and treatment of
colorectal cancer.

Introduction

The colonic adenoma-carcinoma sequence has been
characterized by various changes in the expression of onco-
genes, tumor suppressor genes, growth factors and DNA
repair mechanisms (1-3). Adhesion molecules interacting with
extracellular matrix molecules such as CD44 mediate
interactions of the tumor cell with the microenvironment
leading to tumor invasion and progression (4). The trans-
membrane glycoprotein CD44 and its splice variants are
implicated in cell adhesion, proliferation, migration, tumor cell
invasion and metastatic disease (5,6).

CD44 is a transmembrane glycoprotein encoded by 20 exons,
at least 10 of which are variably expressed due to alternative
splicing (Fig. 1) (7). CD44 functions as a receptor for hyaluronic
acid and elements of the extracellular matrix including laminin
and fibronectin (8,9). Furthermore, CD44 expression is involved
in lymphocyte activation, hematopoiesis and stem cell
differentiation (10). Alterations in the CD44 variant expression
pattern were implicated to correlate with tumor progression and
prognosis of patients with colorectal cancer (11). Besides the
360-bp CD44 standard form (CD44s), various CD44 variants
(CD44v) were detected in several malignancies, including
breast, lung and colon cancer (12-14).

The role of CD44 variants with the metastatic potential of
tumor cells is supported by the introduction of a specific CD44
variant (CD44v6) into non-metastasatic pancreas carcinoma
cells and the ability of distant tumor spread (15). The intra-
venous application of antibodies against CD44 prevented the
development of distant metastasis following the injection of
CD44 positive, highly metastatic melanoma cells (16).

Several studies have shown the presence of CD44 variants
in colorectal cancer by immunohistochemistry and RT-PCR.
However, analysis of the entire CD44 variant exons (v2-v10)
and possible combinations of the different variants have not
been reported in detail so far. Therefore, the present study
investigated the expression of the CD44 standard form and the
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Figure 1. Human CD44 structure. A schematic presentation of the human CD44 structure with the variant region, the primer binding sites, the standard form
without variant expression, the epithelial form and an example of a tumor CD44 variant composition is shown.

different CD44 variants in colorectal adenomas and carcinomas
in comparison to histomorphologically normal mucosa.

Materials and methods

Patients and tissue samples. Tissue samples from 53 patients
with colonic adenomas (n=20) and carcinomas (n=33), normal
colonic mucosa (n=38), liver metastasis from colon cancer
(n=7) and normal liver (n=3) were investigated. Tissue probes
of colonic adenomas were obtained following an endoscopic
snare or surgical colon resection. Samples from colonic
carcinomas were received following colonic resection according
to the principles of oncologic surgery.

In patients with adenomas or carcinomas additional probes
from normal appearing mucosa were taken as paired samples
10-20 cm away from the neoplastic lesion. Corresponding
tissue probes were investiged by histopathological examination.

Tissue samples were immediately placed on ice and frozen
in liquid nitrogen until further analysis was performed.
Corresponding samples were transfered to histopathological
examination. Diameter of adenomas (n=20) ranged from 0.7
to 2.0 cm and were classified as a tubular adenoma (n=7) or a
tubulovillous adenoma (n=13) by histopathological examination.

Cell culture. HT-29 cells were obtained from the American
Type Culture Collection (ATCC, Rockville, MD, USA). Cells
were cultured in DMEM containing 2 mM glutamine, 1 mM
pyruvate, 100 pg/ml penicillin/streptomycin and 200 ITU/ml
nystatin, supplemented with 6% fetal calf serum (Gibco) in
75 cm? tissue culture flasks.

RNA isolation of cells and tissue samples. RNA from primary
colorectal tumors, normal mucosa, adenomas, primary colo-

Table I. Oligonucleotide primers used for CD44 RT-PCR.

CD44 primers Olignonucleotide sequence (5'-3")
C13 AAG ACA TCT ACC CCA GCA AC
pv2 GAT GAG CAC TAG TGC TAC AG
pv3I ACG TCT TCA AAT GAA GAA AA
pv4 TCA ACC ACA CCACGGGCTTT
pv5 GTA GAC AGA AAT GGC ACC AC
pv6 CAG GCA ACT CCT AGT AGT AC
pv7 CAG CCT CAG CTC ATA CCA GC
pv8 TCC AGT CAT AGT ACA ACG CT
pv9 CAG AGC TTC TCT ACA TCA CA
pv10 GGT GGA AGA AGA GAC CCA AA
C2A CCA AGA TGA TCA GCC ATT CTG G

rectal carcinomas, normal liver and colorectal liver was purified
by guanidium-thiocyanate-phenol extraction followed by iso-
propanol precipitation. Briefly cells and minced tissue samples
were lysed directly with RNAzol B reagent (Tel-Test). Cellular
protein and DNA was extracted with 1/10 vol chloroform and
centrifugation at 10,000 x g. RNA was precipitated with 1 vol
2-propanol and centrifuged at 10,000 x g. RNA pellets were
washed once in 70% ethanol, air dried and resuspended in an
appropriate volume of H,O at 65°C.

RT-PCR amplification. Total cellular RNA was used as
template for the synthesis of first strand cDNA with random-
primed oligonucleotide hexamers. The cDNA products were
then used as templates for PCR as described (17,18).
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tissues using variant specific primers.

PCR Exon Calculated  Observed
primer composition size (bp) size (bp)
C13/C2A C-C 320 324
C-v8-v9-v10-C 710 720
C-v6-v8-v9-v10-C 970 981
pv3/C2A v3-C 320 320
v3-v8-v9-v10-C 680 673
pv4/C2A  v4-v5-v6-v7-v8-v9-v10-C 1010 1039
pv5/C2A v5-C 320 320
v5-v6-v7-v8-C 730 721
v5-v8-v9-v10-C 800 796
pv6/C2A v6-v7-v8-C 520 514
v6-v7-v8-v9-C 610 604
v6-v7-v8-v9-v10-C 820 808
pv8/C2A v8-v9-C2A 330 337
v8-v9-v10-C2A 535 541

Amplifications were carried out with an initial cycle (2 min at
94°C, 1 min at 55°C and 2 min at 72°C) followed by 30 cycles
each 45 sec at 94°C, 1 min at 55°C and 1 min at 72°C using a
Biometra Uno Thermocycler (Biometra, Gottingen, Germany).
The oligonucleotide primer pair C2A and C13 hybridizes to
the constant region of CD44 flanking the alternatively spliced
exons. Eight more primers (pv3, 4,5, 6,7, 8,9, 10), each
specific to one of the alternatively spliced exons were used
for amplification of CD44 variants (Table I). PCR reactions
were performed under mineral oil in a total volume of 50 ul.
To check for RNA and cDNA quality, a portion of the
constitutively expresssed housekeeping gene, glycerin-aldehyd-
phosphate-dehydrogenase (GADPH), was amplified along with
the probes. PCR products were seperated on 1.4% agarose gel,
stained with ethidium bromide and photographed with a video
camera. The possible combinations of CD44 variants and the
calculated and observed CD44 variant compositions are given
in Table II.

Sequence-analysis. For sequencing of distinct PCR-products
DNA bands were cut from agarose gel and analyzed by cycle
sequencing. Linear amplification was performed in a thermal
cycler for ~20 cycles using fluorescent dye-labeled primers
followed by automated flourescence sequencing using an
ABI-sequencer.

Data analysis. For comparison of frequencies chi-squared
analysis was used. A p-value of <0.05 was considered
statistically significant.

Results

Expression of different CD44 variants was investigated in tissue
samples from 20 patients with colonic adenomas, 33 patients
with colorectal carcinomas and 3 patients with liver metastasis.
Normal colorectal mucosa and normal liver were used as
control for comparison with neoplastic tissue samples.
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Figure 2. CD44 standard and variant RT-PCR transcripts detected in
colorectal neoplasias and metastasis. CD44 variants were investigated in
indicated samples of human colonic mucosa (N), colonic adenoma (A),
colonic carcinoma (T), normal liver and liver metastasis (M). CD44s
indicates the CD44 standard form either without variant expression (324 bp)
or the CD44 standard form together with the epithelial form (720 bp).
Analysis of CD44v3 transcripts showed predominant expression of the
CD44v3,8-10 (673 bp) variant in neoplastic colonic tumor probes and
metastasis. RT-PCR amplification using primers specific for CD44v6
showed neoplasia-associated high molecular transcripts with different CD44
variant compositions (808, 604 and 514 bp).

The CD44 standard form, without additional variant exons
corresponding to a 360-bp RT-PCR transcript, was expressed
in every normal colonic mucosa and in every adenoma or
carcinoma sample. Using the same CD44 primers to amplify
the whole variant region, another 720-bp transcript was
frequently expressed, corresponding to the so called ‘epithelial
form’ and was identified in 2/38 (5.2%) samples of normal
mucosa, 20/20 (100%, p<0.001) colonic adenomas and in
21/33 (63%, p<0.01, both in comparison to normal mucosa)
colonic carcinomas (Fig. 2, Table III). CD44v2 containing
transcripts were not detected in any of the normal or neoplastic
colonic tissues investigated.

The single CD44v3 variant (320 bp) was weakly expressed
in the normal colonic mucosa of four patients. Higher molecular
CD44v3 (673 bp) transcripts were frequently detected in
colorectal neoplasias representing a combination of the CD44v3
variant and the epithelial form, including variants v8-v10
(Fig. 2). These CD44v3,v8-v10 transcripts were detected in
2/33 (6%) samples from normal mucosa, 19/20 (95%, p<0.001)
from adenomas and in 29/31 samples from colorectal
carcinomas (93.5%, p<0.001, both in comparison to normal
mucosa; Table III). Similar CD44v3,v8-10 transcripts were
detected in 5 out of 7 colorectal liver metastases, while normal
liver did not contain high molecular CD44v3 variants. The
same CD44v3,v8-10 (673 bp) variant was detected in HT-29
human colon carcinoma cells (Fig. 3). Direct sequencing of the
detected high molecular CD44v3 (673 bp) transcript confirmed
the assumed CD44v (-C-v3-v8-v9-v10-C-) transcript with
>98% homology to the known human CD44v cDNA sequence
(Fig. 4).
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Table III. CD44 RT-PCR transcripts detected in normal colonic mucosa, colorectal adenomas and carcinomas.

CD44 std v3 v4 v6 v7 v8 v9 v10
(320 bp) (673 bp) (1039 bp) (925 bp) (808 bp) (700 bp)

Normal mucosa 38/38 2/33 0/32 1/35 5/38 16/35 24/29 4/6 10/11
100% 6% 0% 3% 13% 46% 83% 67% 91%

Adenoma 20/20 19/202 8/15 18/20 17/19 13/17 13/13 8/9 14/14
100% 95% 53% 90% 89% 76% 100% 89% 100%

Carcinoma 33/33 29/312 8/30 12/30 14/32 22/28 13/30 4/8 8/10
100% 94% 27% 40% 44% 79% 43% 50% 80%

Shown are CD44 transcripts obtained after RT-PCR amplification using specific primers for amplification of CD44 standard or variant transcripts. The
numbers of the detected CD44 standard form (320 bp), the frequencies of high molecular weight CD44 transcripts (CD44v3, v4, v5, v6, v7 variants) and
CD44 transcripts of the epithelial form (v8, v9 or v10) are also indicated. *P<0.001.

Analysis of high molecular variants including CD44v4,
v5, v6 and v7 transcripts showed less frequent expression of
these variants in colorectal adenomas (v4, 53%; v5, 90%; v6,
89%:, v7, 76%) and carcinomas (v4, 27%:; v5, 40%; v6, 44%;
v7,79%), as shown in Table III. The predominantly detected
CD44v4-v7 variant compositions following RT-PCR
amplification using specific CD44 variant were: -v4 primer,
v4-v5-v6-v7-v8-v9-10 (1,039 bp); -v5 primer, v5-v6-v7-v8-
v9-10 (925 bp); -v6 primer, v6-v7-v8-v9-10 (808 bp); -v7 primer,
v7-v8-v9-v10 (700 bp); -v8 primer, v8-v9-v10 (541 bp).
Other smaller CD44 transcripts were less frequently detected
and not associated with colonic neoplasias.

Transcripts of the CD44v8-v10 variant (epithelial form,
720 bp) were analyzed using CD44v8, v9 and v10 primers.
This variant was expected to be expressed with high frequency
in intestinal epithelial cells. As shown in Table III, CD44v8,
v9 and v10 transcripts were found in normal colonic mucosa
(v8, 83%; v9, 67%; v10, 91%), adenomas (v8, 100%; v9,
89%; v10, 100%) and carcinomas (v8, 43%; v9, 50%; v10,
80%) with varying and lower frequencies in colonic carcinomas.
Five from seven samples of liver metastases from colorectal
cancer analyzed were positive for amplification of CD44v8, v9
and v10 transcripts, while normal liver was negative.

Discussion

CD44 is a transmembrane glycoprotein involved in the
interaction between cells and the extracellular matrix with
implications of cell migration, malignant transformation and
the metastatic potential of tumor cells (10,19). In the present
study we investigated the expression of CD44 standard
transcripts, different CD44 variants and possible CD44
combinations in colorectal adenomas or carcinomas and
sought for a distinct CD44 expression pattern associated with
colorectal neoplasias. The reported data indicate, that the most
specific and sensitive marker associated with colorectal neo-
plasias was the CD44v3 (673 bp) transcript, corresponding to
a CD44 variant combination including variants v3, v8, v9
and v10.

So far, several studies reported higher molecular forms of
CD44 variants expressed in colorectal adenomas and
carcinomas (20,21), although a detailed analysis of specific
tumor-asociated CD44 variant combinations has not been

T 8 GAPDH
|

Figure 3. CD44 standard and variant transcripts determined in HT-29 human
colon carcinoma cells. CD44 variant expression was analyzed in HT-29
cells after RT-PCR amplification using CD44 variant specific primers.

performed. Dall et al (22) isolated tumor mRNA from uterine
cervical carcinomas corresponding to CD44 variants containing
the variant exons v3-v10. The CD44v3 (673 bp) transcript
described in our study contains the combination of the CD44
variant v3 and variants v8-v10 (epithelial form). These findings
are supported by additional studies performed by our group
in tumor samples from patients with gastric carcinomas in
which we also detected the described CD44v3,v8-v10 (673 bp)
variant, especially in intestinal-type gastric cancer samples,
according to the Lauren classification (data not shown). In
contrast, the analysis of tissue samples from patients with
breast cancer, renal cancer and nasopharyngeal cancer were
negative for the described CD44v3,v8-10 (673 bp) transcripts.
In addition, further analysis of different cell lines including
breast cancer cells (MCF-7, T417), neuroblastoma cells
(SK-N-SH) and normal human peripheral blood cells did not
show a similar CD44v3 (673 bp) variant, either in unstimulated
cells or after incubation with hormones, growth factors or
phorbol ester. In the present study, analysis of CD44 v§, v9
and v10 transcripts showed relevant variations with
frequencies between 43 and 80%, especially in samples of
colonic carcinomas. According to the high expression of
these CD44 variants in colonic adenomas we exclude problems
with the CD44 variant primers or the method of RT-PCR
amplification used. However, the lower frequencies of the
CD44v8-v10 variants expressed in colonic carcinomas in
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Figure 4. Sequencing of CD44 RT-PCR transcripts. Sequence of the CD44v3 (673 bp) PCR-transcript found in HT-29 human colon carcinoma cells and in a
representative human colon cancer sample, compared to the known human CD44 squence (h-CD44). Single nucleotide exchanges and unresolved nucleotide

sequencing data are shown in light grey.

comparison to normal mucosa will exclude these variants
from possible use for diagnostic assays or therapeutic concepts.

Prognostic implications of CD44v3 in colorectal cancer
as analyzed by immunohistochemistry were reported by
Ropponen et al (23). In samples of colonic mucosa from
patients with colitis ulcerosa, Rosenberg ef al reported
positive CD44v3 immunoreactivity, while this variant was not
detectable in the mucosa of patients with Chrohn's disease
(24). In our study, we also found the described CD44v3
(675 bp) transcript in a lymph node sample from a patient with
acute diverticulitis, indicating an expression of the CD44v3
(673 bp) transcript in association with inflammation. However,
Hofmann et al (1991) described in HT-29 cells only one
isoform containing the epithelial form (v8-v10) (25). In
addition, an earlier study Heider et al, investigated CD44v3
immunoreactivity in colonic adenomas and carcinomas and did
not find epitopes corresponding to CD44v3 variants in
colorectal neoplasias (26). The authors concluded that these
distinct epitopes are masked on larger CD44 proteins.

The regulation of CD44 variant expression involves specific
splicing factors, RAS/MAPK signalling and intracellular
kinases including protein kinase C and c-Jun N-terminal kinase
(JNK) (27,28). We previously showed, that the expression of
CD44 variant isoforms is stimulated by growth factors like
PDGF or IGF-I and regulated by phospho-inositide 3-kinase
and protein kinase C in SK-N-SH human neuroblastoma cells
(18). Recently, we reported, that sodium butyrate, a potent
HDAC inhibitor, known to regulate intestinal epithelial cell
proliferation and differentiation, reduced the expression of
high molecular CD44v3, v5 and v8 variants in HT-29 colon
carcinoma cells (29). Similar findings were reported by
Barishat ef al in HM7 colon carcinoma cells showing
decreased expression of CD44 variants and reduced
metastatic potential following butyrate treatment, indicating

an association of CD44 variant overexpression with hyper-
proliferative and undifferentiated cells (30). In addition, in
HeLa cells, non-mutant ras signalling was shown to promote
CD44v6 splicing and CD44v6 then sustained late ras signalling
indicating a positive feedback loop (31).

Little is known about the cellular function of CD44 variants
in neoplastic cells. Probably the tumor cells are able to escape
from the detection by immune cells due to the similar pattern
of CD44 epitopes expressed on tumor cells and lymphocytes.
In addition, an increased binding to components of the extra-
cellular matrix might facilitate the invasion of tumor cells
and CD44 was reported to promote resistance to apoptosis in
colon cancer cells (9,32,33). Data from leukemia cells trans-
fected with various CD44 variants showed, that cells expressing
the CD44v3 variant show increased binding sites for heparin
binding epidermal growth factor (HB-EGF) and basic fibro-
blast growth factor (b-FGF), known to stimulate autocrine
tumor cell growth and angiogenesis (34). Co-expression of
heparanase and CD44v3 was shown to be correlated with a
more advanced, invasive and metastatic colon cancer disease
(35). Recently, colonic cancer stem cells were characterized
by specifc CD133 and CD44 expression, although the CD44
variant expressed in cancer stem cells associated with colon
cancer have not yet been further analyzed (36). CD44 variant
expression on colonic intraepithelial stem cells plays an
important role in WNT mediated induction of carcinogenesis
of colonic epithelial cells (37).

In addition to the reported involvement of CD44 variants
in colorectal carcinogenesis, CD44 variant expression might
be associated with possible prediction of antitumor response
and represents a target for new anticancer therapies. According
to the data from Bates er al (38) CD44 variant expression
seems to be involved in the induction of chemoresistance via
activation of Lyn kinase and phosphoinositide 4-kinase/Akt
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pathways. New therapeutic strategies targeting CD44 variant
expression using CD44 antisense cDNA or transfection and
intratumoral application of constructs producing silencing
(si)RNA against the transmembrane region of CD44 exons were
reported to show inhibition of tumor growth and reduced tumor
volume in colon carcinoma xenograft model systems (39,40).
In addition, adenoviral (AAV)-mediated gene therapy requires
specific binding to tumor cells via heparan proteoglycan and
b-FGF binding sites, which are detected on CD44v3 variant
molecules (41). Therefore, CD44v3 variant expression on tumor
cells might indicate specific targets for new antitumor strategies.

In summary, the reported analysis of distinct high molecular
combinations of CD44 variant transcripts showed a differential
expression pattern in samples from colonic normal mucosa,
adenomas and colonic carcinomas. The described CD44v3
(673 bp) transcripts are an interesting candidate for specific
diagnostic assays in patients with colorectal cancer and
additionally represent a possible target for new site-directed
antitumor strategies.
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