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Abstract

CD44 is a cell surface receptor with fur ctions of
extracellular matrix binding, celi migration and
lymphocyte homing. The CD44 gene is made of
19 exons. The standard form (CD44s) -onsists of
exons 1-5 and 16-18. The variant forms arise from
alternative splicing of combinations of e:xons 6-15,
designated v1-10, onto CD44s framework. CD44
expression in human tumors is variable:.. Previous
studies on CD44v expressions in normal lung and
primary lung cancer have also given veriable
results. So we studied CD44v expression in
resected primary lung cancers and normal lung
tissue by reverse-transcription-polymerase-chain-
reacton (RT-PCR) and direct sequenciag. We

found that normal lung tissue expresse 1 CD44v10,

v8-10, v6-10, v3-10 and v2-10 (in decreasing
frequencies). In two cases of carcinoid tumor,

most of the CD44yv transcripts were lost. In 37
cases of adenocarcinoma, the expression of v6-
10, v3-10 and v2-10 were also diminished.
However, in 15 cases of squamous cell carcinoma,
the expression of the longer CD44v transcripts
(v6-10, v3-10 and v2-10) were all increased. The
staging of cancer did not affect the CD44v
expression. We conclude that CD44v expressions
in primary lung cancers were associated with
histologic types.
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INTRODUCTION

CD44 is a cell surface glycoprotein
receptor with functions of extracellular
matrix binding, cell migration, lymphopoiesis
and lymphocyte homing (1,2). It is a
heterogene-ous group of cell surface
glycoproteins.  The heterogeneity can be
generated by glycosylation (3), or by
alternative splicing of ten variable exons (4).
The CD44 gene is made of 19 exons. The
standard form, CD44s, has coding sequence
consisting of exons 1-5 and 16-18,
terminating in either exon 18 or 19. The
variant isoforms (CD44v), all larger in
molecular weight, arise from alternative
splicing of combinations of exons 6-15,
designated v1-v10, onto the CD44s
framework (4). Several CD44v isoforms have
been associated with acquisition of metastatic
potential by tumor «cells in animal
experiments (5). In human tumor cell lines,
the pattern of CD44 expression is variable.
Some cell lines expressed no CD44, some
only the standard form, and others various
isoforms (6). CD44 expression in human
primary tumors is also variable. Both gain
and loss of CD44 expression have been
correlated with dissemination of human
cancers (6). Previous studies on the CD44
expressions in normal lung and lung cancers
have shown different results. Washimi et al
(7) demonstrated that normal lung tissue and



non-small-cell lung cancer both expressed
CD44 v4, v5,v6 or v7. But Miycshi et al (8)
showed that only non-small-cell lang cancer
cells, but not normal lung tissue, expressed
CD44v6, and the expression of CD44v6 is
associated with lymph node metastasis. In
order to identify all the CD44v transcription
products of normal lung and lung cancers, we
began our study on surgically resected
primary lung cancers and their normal
counterpart lung tissue, using reverse-
transcription-polymerase-chain-reaction (RT-
PCR) with primers flanking the CD44
alternative splicing sites so as to amplify all
the transcripts of CD44v. We then directly
sequenced the amplified transcripts  to
identify the CD44v exons contained in each
transcript, and correlated the findings with
histology and staging of lung cancers.
MATERIALS AND METHODS
(1) Patients and Samples
Fresh tumor samples, along with
uninvolved lung tissue, were obtained
from 56 patients at the time of -esection.
All patients had preoperative diagnosis of
primary lung cancer. After esection,
tumor samples and the uninvolved lung
tissue were immediately frozen in liquid
nitrogen and stored at —700C until
processing.
(2) Extraction
Sequencing
Total RNA was extracted, using the
single-step method by acid guaidinium
thiocyanate. ~ First-strand cDNA  was
synthesized from total cellular RNA 2
ug), using random hexanucleotidc primers
and Moloney Murine Leukemia virus
(MmuLV) transcriptase. Subsequznt PCR
was performed using one-fifth of the
cDNA and the primers P1 and P2:
P1 (sense): ’CAC AGA CAG AAT CCC
TGCTACCA 3
P2 (antisense): 5’GTG GAA TGT GTC
TTG GTC TC 3°
The P1 primer is located at the end of
exon 5, and the P2 at the start of ¢xon 16.
The PCR protocol was: 940C 1 sec),
550C (1 sec), 720C (40 sec), for 35 cycles,

of RNA, RT-PCR and

followed by a 10-min extension at 720C.
The amplified products of CD44v were
electrophoresed in 0.8% agarose gel and
extracted using a gel exraction kit
(Viogene, USA). Direct sequencing of the
purified DNA was performed using an
automatic DNA sequencer, a sequencing
kit (BigDye Terminator Cycle Sequencing,
PE Applied Biosystems, USA) and
primers P1 and P2.
RESULTS

Tumor samples from 54 patients with
primary lung cancer were studied. Thirty-
five (64.8%) were male, nineteen (35.2%)
were female. Their ages ranged from 30
to 81 years (M+SD: 60.3+1 1.7). Thirty
seven (68.5%) had adenocarcinoma, 15
(27.8%) squamous cell carcinoma, and
two (3.7%) carcinoid tumor. Eleven
(20.4%) were at stage I, eight (14.8%)
stage II, thirteen (24.1%) stage Ila, ten
(18.5%) stage IIIb and ten stage IV,

PCR products of size 120, 300, 570, 930
and 1050 base pairs (bp) were detected on
agarose gel. These products were
amplified from cDNA of tumor as wel] as
normal lung tissue, with varying
frequencies and amounts. Sequence
analysis showed that the 120 bp product
encoded CID44v10, the 300 bp product
v8-10, the 570 bp product v6-10, the 930
bp product v3-10 and the 1050 bp product
v2-10. All these variant isoforms, except
for CD44v2-10, have been identified
previosly in other types of cells (6).
Expression of CD44v in normal lung
tissue CD44v10, v8-10 and v6-10 were
present in nearly all of the normal lung
samples. The longer transcripts, v3-10
and v2-10, were detected in 79.6% and
37% of normal lung samples,
respectively.

Expression of CD44v in carcinoid
tumor In one case the tumor expressed no
CD44v at al. In the other case CD44v10)
and v8-10 transcripts were detected, but
other three longer transcripts (v6-10, v3-
10 and v2-10) were absent.

Expression of CD44v in adenocarci-



noma More than 90% of the 37
adenocarcinomas expressed the two
shortest CD44v transcripts. However,
those longer transcripts conta ning v6
were expresssed less frequently: v6-10:
81.1%; v3-10: 54.1%; v2-10: 10.8%.
Expression of CD44v in squamous cell
carcinoma In contrast to carcinoid tumor
and adenocarcinoma, all of thz 15
squamous cell carcinomas expressed
CD44v10, v8-10, v6-10 and v3-10
transcripts, and 13 of 15 (86.7%)
expressed the longest transcript v2-10.
The expression frequency of v3-10 and
that of v2-10 were significantly higher in
squamous cell carcinoma than in
adenocarcinoma or carcinoid.
Correlation with clinical, histological,
or staging parameters The patients with
expression of CD44v3-10 or v2-10 in
their lung tumors did not differ from
patients without expressions in mean age
or sex distribution. The frequency of v2-
10 expression seemed to be lower in stage
[ patients. This figure, however, might
have been distorted due to the large
proportion of adenocarcinoma in stage I
patients (9/10). None of the C1D44v
transcripts were associated with
metastatic (stage IV) disease. Neither
tumor nor nodal stage affected the
percentage of CD44v expression.

DISCUSSION
Our study showed that tae principal
CD44v mRNA transcripts in normal
lung tissue were CD44v10, v8-10, v6-10

v3-10 and v2-10. The former three

>

transcripts were present in almost all the
normal lung samples, while tae latter
two longer transcripts occurred less
commonly. Our study was the first to
show the entire sequence of t1e many
different CD44v transcripts in normal
and neoplastic lung tissues. Compared

with previous studies that used

immunhistochemical method or RT-
PCR-southern-hybridization to show
individual variant exons (7-10), our
study drew a clearer outline of the
extracellular CD44v transcripts. We also
came to know that all CD44v transcripts
of normal lung and lung tumors started
with v10, and that the most universal
CD44yv transcripts were short ones such
as v10, v8-10 and v6-10. Our results
also revealed that while CD44v mRNA
may vary in length, they never skipped
any variant exons before finally being
spliced to CD44s. Without sequencing
analysis, one might attribute certain
cellular biological behavior (such as
metastasis) to the presence of a single
exon (such as v6). Once the sequence of
the entire CD44v transcripts became
known, the importance of the entire
mRNA transcript became surfaced. The
association between biological
phenomenon and gene structure can be
further clarified.

Previous studies using
immunohistochemical method and RT-
PCR-southern-hybridization showed
that CD44v6 was associated with lymph
node metastasis in non-small-cell lung
cancer (8). Our study showed that
CD44v6 was associated with histologic
type of fung cancer. CD44v6-10 (or any
longer CD44v mRNA containing v6)
was absent in both carcinoid tumors. but
was present in over 80% of the
adenocarcinomas and all of the
squamous cell carcinomas. The finding

is similar to the results of previous



studies, which showed that CD44v
isoforms were rarely expressed in
another neuroendocrine tumor — small
cell lung cancer (9,10). As for non-
small-cell lung cancer, the CD44v
transcripts v10 and v8-10 were present
in both adenocarcinoma and squamous
cell cainoma. When the length of
CD44v transcripts increased, the
expression rate in adenocarcinoma
decreased, being 81%, 54% and 10.8%

for v6-10, v3-10 and v2-10, respectively.

But the expression rates of these
transcripts in squamous cell carcinomas
remained high, and were sigiificantly
higher than adenocarcinomas. These
findings suggested that CD44v
expression may be associate with
histogenesis of the lung cancers. The
neuroendocrine tumors lost the
expression of v6-10 and longer
transcripts; the adenocarcincmas lost
v3-10 and v2-10, while squemous cell
carcinomas overexpressed v3-10 and
v2-10. The presence of CD44 v6-10 in
non-small-cell lung cancers but not in
neuroendocrine-origined lung tumors
may be associated with the fact that
small cell lung cancer and carcinoids are
usually not or less infiltratec by
inflammatory cells, in contrast to
squamous cell carcinomas a1d
adenocarcinomas. Wittig et al (11) have
shown that CD44v7 (which were
present in the transcript v6-] 0) encoded
a region which was essentia for the
survival of infiltrating lymphocytes and

the persistence of inflammation in

murine experimantal colitis.
CONCLUSION
CD44v transcripts were overexpressed
in squamous cell carcinoma, but were
underexpressed in adenocarcinoma, and
mostly lost in carcinoid tumor of the lung.
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